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Quotkn lotopia Twy lwv twv OnAwpatwy (

® JUYKPOTOUV TNV olkoyevela twv Papillomaviridae
e AikAwvol kukAwkoi DNA ot

e Mey€Bouc 8000 bp

o  Xwplc e€wTePLKO TEPIBANUQ

e ‘Exouv duapetpo tng tdénc twv 50-60 nm

e [IpooBaAlouv tnv Baoikn otolBdada tou emBnAiov
ToUu BAevvoyovou, emBnAiou tou dEpaToC

e Eilval umevBuvol yla tnv avantuén evboemiBnAlakwyv
oAAOLWOEWVY, Ao KOWa BnAwpata LEXPL KopKivo

e 60 TUMOL €Y0oULV amopovwBel amno ta (wa

e 150 tumot €xouv amopovwBel amno tov avBpwro (HPV)



lotopiatwy lwv twv OnAwpatwy (Papillemavirus)

e Ta BnAwpota ATAV yVWOoTA omnod TNV €moxn Tou
Immokpatn (460-377 M.X)

e H kg o¢von twv avBpwnmvwv OnAwpdatwv
npoodlopiotnke to 1907 (Ciuffo, 1907)

 Qutpaplopa kowwv BOnAwpdtwyv kot poOAuvon
UYLWV OTOUWV

* Anuoupyla vewv BnAwpatwyv

* Népacav oxedov 40 xpovia HEXPL VA ATTOOVWOEL N
ULKPOKPUOTOAALKy Sour) tou U (Strauss et al.,
1949)

Strauss et al., Proc Soc Exp Biol Med. 1949
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OnAwpatwy (Papillomav

Quotki lotopia Twy I Tw

Agppotikd BnAwpATa O KOUVEALQ
(Shope, 1933)

Kouvéllaa Ttou yévouc sylvilagus
eudavilov  OnAwpata  ta  omola
LLETATPETIOVTOV OE KOKONOELC OYKOUC

OWtpaplopa OyKwv
Metadopd O€ OLKOOLTOUGC UVYLELG
Aayoug, oL ortoiol avemtuéav Tig idLeg

QAAOLWOELC

Shope Papillomavirus 1  CRPV
(cottontail rabbit papillomavirus)

INFECTIOUS PAPILLOMATOSIS OF RABBITS
By RICHARD E. SHOPE, M.D.

Wit A NoTE oN THE HISTOPATHOLOGY
By E. Westox Hussr, M.D.

(From the Department of Awimal and Plant Pathology of The Rockefeller Institute for
Medical Research, Princeton, N. J.)

Prares 33 1o 35
(Received for publication, July 19, 1933)

Our attention was recently called to a disease occurring in wild
cottontail rabbits in northwestern Jowa.! Rabbits shot there by hunt-
ers were said to have numerous horn-like protuberances on the skin
over various parts of their bodies. The animals were referred to pop-
ularly as “horned” or ‘“‘warty’’ rabbits.

Warts from a naturally occurring case of the disease in Towa were
obtained and sent to the laboratory in sterile 50 per cent glycerol.
‘These gly lated 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.
These eleven animals serve as the basis for our description of the
naturally occurring disease.

Description of the Naturally Occurring Disease

In wild cottontail rabbits the presence of warts has caused no .pp.mu dis-
comfort in our experience and induced no
illness. Most of the animals were sacrificed, shortly after their lrnv-l for patho-
logical material, but four, kept under observation for 7 weeks or longer, at no time
appeared ill and were in good physical condition when finally killed. ‘The number

' We are grateful to Mr. T. A. McKichan of Cherokee, Iowa, who first told us
of the disease, and to Mr. (hﬂurd Peck nf Cherokee and Mr. Earl Johnson of
Rago, Kansas, who d us with ing cases of the discase.




lotopia twy lwv twv OnAwpatwy (Papillomavirt

To 1935 o Francis Peyton Rous cuo)€tLoe TOUG
loUC TwV ONAWHATWY HE KAPKIVO TOU SEPUATOC
OTO LOAUCLEVO AUTA KOUVEALLL

30 xpovia xpnotlponolovos BnAwpata yia Ty
npokAnon oykwv (Rous, 1935; Rous, 1940; Rous
et al., 1952)

MNpwtn amodelén mou €vVoXOTOLOUCE TOUC LOUC
oTNV MPOKANGCN KapKivou ota BNAaoTikd

Francis Peyton Rous

THE PROGRESSION TO CARCINOMA OF VIRUS-INDUCED
RABBIT PAPILLOMAS (SHOPE)*

By PEYTON ROUS, M.D., ANp J. W. BEARD, M.D.
(From the Laboratories of The Rockefeller Institute for Medical Research)
Prares 19 10 24

(Received for publication, June 28, 1935)

The ¢ papillomas induced by a virus procured by Shope (1)
from “cottontail” rabbits possess the traits whereby tumors are
recognized (2). After they have grown for some weeks they frequently
thrust processes into the tissue beneath them, sometimes entering the
blood and lymph vessels. If even earlier they are transplanted to
favorable situations within the host they may look and behave
like epidermoid carcinomas, invading, destroying, and causing death.
These observations, and the malignant aspect of sections from
one of our rabbits and from one of Shope’s, have led us to keep
animals with actively proliferating papillomas consequent on virus
inoculation, to learn whether they would become carcinomatous. This
has happened in 7 domestic rabbits of 10 kept more than 200 days,
while in an 8th animal a new tumor has developed of problematic
malignancy. The cancers have been multiple in every animal, and
metastasis has taken place in 5 of them,—to the regional lymph nodes
in 4, to the retroperitoneal nodes in addition in 1, and to the lungsina
Sth instance. One cancer has been successfully transplanted.

Incidence of the Cancers

The cancers have developed from the papillomas of domestic rabbits
inoculated with extracts of the glycerinated growths of cottontails.
Malignancy has never appeared in the latter, though 10 with induced
papillomas have been under observation several months longer than
the domestic rabbits. These were chosen for preservation because

* Reported in abstract before the Society of Experimental Biology and Medi-
cine, Jan. 16, 1935.
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To 1976, o Tlepuavog loAdyoc Harald zur Hausen
dnuooicvoe OtL oL lol Twv AvBpwriivwv OnAwHATWVY
(Human Papillomaviruses, HPV) eumA€ékovtal otnv
avantuén Kapkivou tTou TpaxniAou tng LATPOC.

Ta €tn 1983 kot 1984 amopOvVwoe Ta MPWTA OTEAEXN
HPV16 kot HPV18 oe yuvaiko mou peE Kopkivo Tou
TpaxnAou tn¢ HATpag (Gissmann et al., 1984, Zur
Hausen, 1996).

BpaBeio Nobel latpikig, 2008

Harald zur Hausen

[CANCER AFSEARCH 38 T84 Furiiwry 1474

Condylomata Acuminata and Human Genital Cancer

Harald zur Hausen

Instiut e KA inahe Vroige der Urves

Eranpan Nomowg, 852 Enangen,

TOR subsequent raview nd Graves (8)

ceevical
SUQOeSt 8N sEs0ciation of MSV-2 witn this lype of cancer
(12, 14), repeatod atterpls, with ¢ exception 6}
to domonstrate viral DNA by nucleic acid hybndizatio
cervical cancer cells | 9and 21; M. Echutte-Molthausen
and H. zur Hausee, unpublished dals), oven when asseys
were perlormed under very senstive conditions. Although
these negathe resulls are nat yel conclusive, additiona
argumunts have been raised that do not support the HSV.2
etology of cercal cancer (16)

1t 15 tha ntention o! this nceo to draw attention to 8 vius.
Induced and vins particle-containing tumer ravesting a
ical patiern. ss coss carvical cancer
ndylomats scumirata. €

) o Immunoiogically (1), These
5 by @lectron microscopy in about
ondylamas examined (13) Attempts fo grow this
virus = fissus culture or 16 isclate A directly trom
condyiomats have not boen very successful in the past
{unpubiiened dat
Genital warts soem o be vansmitled premardy by sex
contact and are predominant in populations of high sexua
promiscidty. In contrast to common warts, condylomata
may Become malgrant {although ratoly). and thare axist &
number of clinical observations on malignant Lransiton of
s twmor (3. 4, 7. 8-11, 15, V7). In particular, perite
carcinomes have been observed to develop within ce at &
site of condylomata acuminats
The condyloma agent has been entirely neglected thus far
i all epidemiologics’ and serological studles relating not
vical 3 penée, bul 50 10 vulvar 3nd
his is particularly unusual n view
locaizaton of gemital warts, thew mode Of venorea
tranamisson, the numbae of repora on  malignant
transitian, and the presonce of an agent belonging 1o a wall
characterized growp of ancogenic DNA viruees

Lovcnpestrates 7 Avpute

of Qermeny

*omg
Warpesnvas Trae 2 and
Coidamal, 85 547-554,

e
Soge. A Maignart Traraiceraten of Contyions Aummuun An. )
Surg, 180 41540, 1942

:? dyfova Assmisaam ol Peria
Carcinama of R leguiral Lymob Nate

Stumiess 1) Dbergang i Karzinem. 2 Mavs

nd

"
2 K. Mantol, W Screse W and Bomkanm, O W
16 Detacl Vrus soaesf DNA Seauances in Maman Temore

Aok Itraaaticns wen Compurentaey WNA of Hamen WAl
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Queoikn letopia twy lwv twv OnAwpatwy (Papillomavi
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Ta&wounon PVs

Alapopdwon puloyevetikwy Sevipwy e Baon: - A~
a-papiliomavirus 6 - 789 @
7 32932 0 32

5 45
(5169 8 \ \
82

1. NoukAgotidikr) aAAnAouyia

Beta-
papillomavirus

2. BLOAOYLKA XOPOKTNPLOTLKA
(€(6n Eeviotwv, LoTOC, TTaBoyEveLa, 0pyEvwan DNA) sonavis /

OvPV1
3(
OvPV2
BPVS

o o o . '
Epsilon-papillomavirus EcPV1

Zeta-papillomavirus ¥ -

MmPV o 4 63 BPV3~ Ja
CRPV | FdPV
. L L2 v\

BPV4
\\ /PsPV Pi-papillomavirus
Eta-papillomavirus {™PY / M -/
\' - * ¥ Omikron-papillomavirus
\P:PV Mu-papillomavirusx Xi-papillomavirus

Theta-papillomavirus Lambda-papillomavirus

Kappa-papillomavirus  Nu-papillomavirus
lota-papillomavirus

Ta&wvopnon PVs o€ yévn

To 2004 opyavwBnkav o€ yévn xpnotlpomnolwvtag tnv eAAnviki aAdapfnto amnod to ypapua
AAda pExpL To ypappa Mu

de Villiers et al., Virology, 2004



Quokn letopiatwy lwv Twv Ondwudtwy (Papillomavirus

- A -

JUEPQ, Nn olkoyEvela Twv Papillomaviridae xwpiletol o€ eikooL evwéa yévn

Alpha

1. MNévte yévn €xouv amopovwBOel amno tov avBpwro =

2. Elkoot yévn amo ala OnAaotikd N7 A e
* (% NS v/ .i Dyodelta Lambda
=\ ~,_' \\\\\ \ 1 9 ; i
3. Tpila y€vn amno mtnva N e S
o S .a ! :_ My
’ ’ ’ ’ a —: ; .' - m:ﬁ v i . Dyozela
4. Eva yEVOG Ao €PTETA 0 e g, = T
73 e A C Els
Dyothela A 3 = = " g Osila Dyoaepsion
: i q \ \\. \ .; s Epsilo
’ ’ ’ B 'J = T/ﬂ '\ \\\\ \ Ny a8
Tagwopnon pe Baon to yovidio L1 o B2 RN Vi O
\ '_.‘_ a Omikron
H aAAnAouyia tou yovibiou L1 dtadépel -
i » A _,; ! 3 Tau
* Aladopetikol TUToL >10% 5

Dyoota

* AladopeTikéC mapoaAayec 1-3%

Bernard et al., Virology, 2010



Queikn letopia twy lwv twv OnAwudtwy (Rapillemavirus)

réVO c 'AA¢ ol Alpha-Papillomavirus

Mu-Papillomavirus

e 40 HPV tUmol mpokaAouv aANOLWOELC OTO
erOnAto tov BAsvvoyovou

e Avaloya HE TNV Ektacn tng aAlolwong
katnyoptlormotovvtal o€ SU0 OUASEC

Beta-Papillomavirus

High risk : HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 55, 56, 58, 59, 68, 73, 82, 83
Low risk: HPV®6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81
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Queikn letopia twy lwv Twv Ondwpdtwy (Papillemav

rus)

e KupLotepo mapdyovta avantuéng tpoxnAkng evboemiBnAlaknc veornAaoiog Ko
KopKivo Tou TpaxAAou tnG UATPAS

e Tpitn o ocuxvn €vdelén kakonBelag oto yuvalkeio mAnbuouo

e 270.000 Bavatouc eTnoiwg

W HPV16 (56,6%)
W HPVIS (16%)
W HPVS8 (4,7%)
W HPV33 (4,6%)
m HPVAS (4,5%)
BHPV31 (38%)
BHPV52 (3,4%)
WHPV35 (1,7%)

M HPV51 (1%)
WHPVS9 (1,3%)

W HPV39(1,3%)

B Aot oot (1,1%)

Ferlay J et al., International Journal of Cancer, 2019



Quotkn lotopia twy lwv twyv OnAwpatwy (Papillomavirus)

S000

poly-A (early)
» 4000




Quoikn lotopiatwy lwv twyv OnAwpatwy (Papillomavirus)
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* Eloodo¢ Tou Lov ota KuTTapa
¢ Baoknc otolfadac peow
ULKPOTPOU LATLO OV TOU
emOnAiov
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* Mpoodeon tou oL o€
KUTTOPLKOUC UTIOOOXELC

* HPV DNA otov uprva




Quotkn lotopia twy lwv Twv OnAwpatwy (Papillemavirus)

- Extracellular matrix/ _ =
basement membrane

L1/L2
conformational
changes

Decreased affinity to
primary receptors

Membrane pitting
and invagination

GFR mediated
transport

Basal epithelial cell
l Actin-induced
scission
Downstream signaling

required for infection

Clathrin-, caveolin-, flotillin-,
cholesterol, and dynamin-

independent d tosi
3% Laminin-332 Integrin Limited L2 SR AESHSSEYSess Y
(a6 31/4) L N-terminus SR
exposure
/\\:\\-I::\;:SPG i Increased L2
Proprotein @ N-terminus
convertase
o Growth exposure
factor
@ L1 pentamer
T Tetraspanin
GFR
%?J‘? Altered L1
=N
< CyPB “ A2t

Raff et al., J Virol, 2013
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(Bousarghin et al., J Virol, 2003)

(A-E) Evéokuttapwon tou HPV16, (F-J) Evéokuttdpwon tou HPV31
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Normal cervical HPV infected CIN1 or LSIL CIN2 or HSIL CIN3+ or HSIL Cervical carcinoma

epithelium cervical cells (low-grade (high-grade (high-grade
intraepithelial intraepithelial intraepithelial
lesions) lesions) lesions)

v  Eudavion oAowoewv 3 eBEOUASEC — 8 LAVEC Ao TNV OTLYUN TS LOAUVONG

v’ Mepoodtepeg HPV poAvoelg e€aleidovtal pHOVEC TouC

v’ Meploodtepec AAOWWOELS ATTOMOKPUVOVTOL QUTOMOTA XWPIC LOTPLKY TtopEUaon
v’ MPpo-KAPKWIKEC OANOLWOELC UTTOPOUV VO LLETATPOTIOUV O€ KapKivo, 15-20 £tn
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Mopdn HPV DNA:

* Enlowpa
* EvowpatwEVO

* Melypa

Evoopdatoon
rp;,)?ﬁ(l)\ (late) l
5' Opavon 3' Opdvon
A A
” x ) \
5000 Kvrrapwko DNA LCR Kvrrapwo DNA
e T | D N P [E6 JE7] _E1 E2

-------------------------------
...............................



Quoikn lotopiatwy lwv twyv OnAwpatwy (Papillomavirus)

v Evowpdtwon deiktng npoBAsdng €EAEng aAloiwong
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Tsakogiannis etal., ] Med Microbiology, 2014



H evowpdatwon tou HPV16 DNA

a.

HPV16

HPV16

HPV16

HPV16

HPV16

B'______

I. Kowvég ebBpavoteg BE0ELC TOU KUTTAPLKOU
yovibiwpatoc (CFS)

Il. Tovidla mou epmA£kovTal 0TV avamtuén
kapkivou (oykoyovidlo Myc)
ll. EmavoAapPoavOopeveg TEPLOXEC TOU
Kuttopltkol DNA

IV. eploxéc Ttou  KuttOoplkou  DNA
napouvolalouvv opototnta HPV16 yovibiwpa
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Moptrakn Arayvwen HPV

-

Ol KUTTOPOAOYLKEG €EETACELC EXOUV MELWOEL TA TIEPLOTATLIKA KAPKiVOU TOU TpaxAAou TNG
LATPOG KAl TOL TTOOOOTA BVNoLUOTNTOG

* ‘Exouv xapnAn ewdkotnta

* YTTOKELUEVLKOTNTA

v Avartuén HopLOKWV TEXVIKWV Tovu Bacilovtat otnv aviyvevon tou HPV DNA/RNA
» AcBeveic pe kivbuvo avamntuéng SuoTAaciog LE apvNTIKO KUTTOPOAOYLKO EAEYXO

*H HPV yovotumon (HR HPV DNA) cupBdaAet otnv Sldyvwon YUVALKWY TIOU €XOUV
pHeyoAUutepo kivouvo avamtuénc vpnAdtepou Babpol duoTAaciog Kot KapKivo



Moprakn Atayvwen HPV

. YBP1010uOG NOUKAEIVIKWY OLEWYV ME EVioXUuon OHHATOG
Hybrid capture: Hybrid capture 2 (HC2; Qiagen)
In situ hybridization (ISH): in situ uBp1diIoudc Tou DNA e xpon probes

MéEBodocg dicioduTikr¢ didoTraong (Cervista HPV-HR; Hologic)

Evioxuon otéyxou
MéEBodoi Trou Baoilovral otnv PCR

looBepuik evioxuon E6/E7 mRNA



Moprakn Atayvwen HPV

1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC

Hybrid Capture 2 (Qiagen), FDA, 2003

« 13 HR HPV yovéturouc (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68)

* 5 LR HPV yovoturouc (6, 11, 42, 43, 44)
* Aev SLOOETEL ECWTEPLKO pAPTUPQ

 AlatiBeTal auTopaTomoltNEVO cUoTNU




Mopraxn Arayvwen HPV

1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC
1. DNA Specimen denaturation

3. Capture hybrids using monoclonal
antibodies on microtiter plates

§$5 ‘é 5) ige ¢
2 it i 3

HPV RNA probe 4. A second monoclonal antibody

conjugated to alkaline
phosphatase

is added ; 5

5. Alkaline phosphatase splits
a chemiluminescent
substrate to emit light
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Moprakn Atayvwen HPV

1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC

In Situ YBpdiopog - HPV Il probes (Ventana Medical Systems)

* 12 HR HPV yovotumoucg (16, 18, 31, 33, 35,
45, 51, 55, 58, 59, 68, 70)

e 3 - ] S i e ®%, . =
, T el e BE o/ nn ) dentEa
* 5 LR HPV yovotumouc (6, 11, 42, 43, 44) : SRR T v e
- . L e 3 ey ‘\‘- o\ .
v & . f: ~° bl .':‘bezg“ v
; & ﬁ‘: ¢ L s 3
ay SN \;
2 ? F,‘-L; :‘.'."; 2 A0
* AviyveUeL Liko DNA oTtov muprva Tou L a8 T e iy .
KUTTAPOU — ' e
* Topéc mapadivng

e Juvbualel popdoloyia TWV KUTTAPWYV Kol
napoucia HPV DNA

Guo et al., J Clin Microbiol, 2008
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1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC

DIGX™ DNA DNA from
probe tissue sample Single stranded DNA

Hybridize and re-anneal with
digoxigenin label attached

@

DIGX™ DNA probe added Denaturation
to specimen
POLYVIEW® PLUS HRP or AP detection

Anti-digoxigenin linker binds to probe reagent binds to linker

Hybridization of DNA probe
to DNA specimen

Add substrate. HRP or AP modifies the

substrate to produce color.

pARNN—.

Binding of anti-digoxigenin linker Binding of anti-species
to hybridized DNA probe detection reagent

Localized production of
colored precipitate




Moptakr Atdyvwen HPV

-
-

1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC
Cervista™ HPV HR and Genfind™ DNA Extraction Kit (Hologic), FDA, 2009

Cervista™ HPV16/18 (Hologic)

* Cervista™ HPV HR aviyvevel 14 HR HPV tonouc (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 68)

* Cervista™ HPV16/18 avixvevel povo HPV16/18

* AlaBETeL ecWTEPLKO paptupa (histone 2-gene)

* AlatiBeTal avtopatonolnpeEvo ocuoTnUd |



1. YBpOLopo¢ NOUKAELVIKWV OEEWV ME EVIOXUON OLOTOC

29 Reaction

L

Probe
Invader oligo 'M, Clesvage position
! gy %
rl LI ILILE ETI LILIL
N o N

v

1° Reaction

5' Flap

T

Fluorescence

A

FRET Cleavage



. YBP1010uOG NOUKAEIVIKWY OLEWYV ME EVioXUuon OHHATOG
Hybrid capture: Hybrid capture 2 (HC2; Qiagen)
In situ hybridization (ISH): in situ uBp1diIoudc Tou DNA e xpon probes

MéEBodocg dicioduTikr¢ didoTraong (Cervista HPV-HR; Hologic)

Evioxuon otdéyou
MéEBodoi Trou Baailovral otnv PCR

looBeppikn evioxuon E6/E7 mRNA



Moptrakn Arayvwen HPV

2. Evioxuon otoxouv — PCR

2nd cycle 3rd cycle nth cycle
Tl 2222224000

‘ Denaturation e Annealing e Extension > Vo r M

Juiiabindd WA
Illllm

1st cycle

DNA template _x 1 3y 5 J” mm
with sequence ? b W
of interest J” T 44y b > ML AARRAME = PCR product
5 3 2 2
M ssssilil e P 1
VEEE ek ¢ J_. T SRR ]
3 5
5 L LA ARAARA ) v 1 W+ DL ~2" copies
» N\ A "t Y i W
dNTPs Frimers RN 5 Vs le i
4w ey
Polymerase = "'"d ‘ m
. "
- T | dddbiak
> ""'m' mm’
Iy

n3¢= 68,719,476,736 copiesin ~ 2 hrs



2. Evioxuon otoxouv — PCR

— 2 | u [er| e [ & | E1 E2 —

* BLOTLVIALOMEVOL EKKLVNTEG

MY09-MY11/PGMY

GP5+/Gp6+

SPE10 _—

* Avixveutég (probes) akwvntomownpévod:

1. Strips
*INNO-LiPA HPV Genotyping Extra (Fujirebio)
Linear Array HPV Genotyping Test (Roche Diagnostics)

2. MikpoouaoTtolyieg
* CLART® Human Papillomavirus 2 (Genomica)
* PapilloCheck assay (Greiner Bio-One)

3. Mikpoodarpidia
e Luminex xMAP platform (Mebgen™ HPV Kit)

AvVo BApata:
1.PCR

2.0ntikomnoinon AnNoTEAECHATOC



Moptaki Atayvwan HPV

2. Evioxuon otoxouv — PCR

.\'rrrm'_.

Multiplex PCR with biotinylated
HPV L1 Primers and B-globin primers

w

A

ﬁ

Globin

o~
<

w©
<

—

Denature PCR
product strands

Wy Compare strip to key

L L] [l
Add hydrogen peroxide substrate

-

Add streptavidin conjugate

Wash

LLUJJJJJ.U.U.U.UJ{'

Apply to BSA-conjugated
probe-coated strip in
hybridization buffer

L i}




2. Evioxuon otoxouv — PCR

;CSOMAnAu\v_

BHEBEENZEg 23 ran

INNO-LiPA HPV Genotyping Extra

Data reporting sheet

TTY———r—

n

O

T

7 .
[ !

[ 1

) ‘.

:{

14

o

MR

=1z

17

TI¥]3

Narbar nn
Cay comtwl
NONA cormrol
WPV contwd 1
WYY cortad 2



2. Evioxuon otoxouv — PCR

Real Time PCR (PCR npaypotikol xpovou)

v Ta mpolovto evioyuonc mapatnpouvtol o€

TIPAYHATLKO XPOVO

v’ Aev aratteitot SsUTEPO PO OTTTLKOTIONONG

Real Time PCR vs PCR
* MeyaAUtepn taxvtnta
* MeyaAuUtepn svalcOnoia

* EmavaAnypotnta

Flusrascance (455510}

i
B

g o~
- Q0 e BN )

© D W D -3

Amplification Curves
s
/
/s .,
J /
/
/ /
(/
/ / / /
/ /
J
74 / //
/'l' /‘ ! v/"
/ / / / =
J -
e
-~
— ol -~ g




Mopraxn Atayvwen HPV

2. Evioxvon otoxou — PCR olyiistization S:Roii%r;?;r
Real Time PCR (PCR rtpaypatikoV xpovou) . b \0\ Probe Qa,
3 5
5' 3
< —
Reverse
Primer
Strand Displacement ?
5' > 3
3 5'
* Abbott Real-Time High Risk HPV test (Abbott 5 .
(¢ c———

Molecular)

Cleavage
* Cobas 4800 HPV (Roche diagnostics) (FDA, 2011) E ;!.‘ 4 \\Ja
3. 7

2
o e—

Polymerization
Completed S,

N
L)




Moprakn Arayvwen HPV

* Cobas 4800 HPV (Roche diagnostics)

TestA Recovery 05-OCT-2015 15:15 Test A

,‘ 12 pooled hrHPV HPVI6  HPV 18
3 [——
——(+)CChe
= (3)C Chi

(cce 31) (33) (35) (39) (45

= (CCh

Following run has been completed: 05-OCT-2015 15:15 Test A

g 592 56 58 59 66 68
Start time of cobas z 480 run 05-Oct-2015 15:25:13 5
2
Estimated time to complete 0 min
Elapsed time 1 h 27 min
T TrT T T T T TTTTT TTTT \7\77‘71 1 ! /
1357 91113151719212325272931 3335373941 43 454749 / A lJ. n l'l r] lJ.
24 6 81012141618202224 26283032 34 36 38404244 46 4850 UTO aTOT[OL EVO 0 U GT a
Cycles
Start Load microwell plate into cobas z 480 End

v EOWTEPLKOC paptupac B-globin
| oo



Moprakn Atayvwen HPV

-

looOepkn evioxvon E6/E7 mRNA

mRNA
m’G¥Y/] E6 ! E7 ————AAAAAA

1. Nuclisens HPV (Biomerieux)

2. APTIMA (GenProbe), (FDA, 2011)

& \ \

poly-A (late)

L1 HPV

poly-A (early)

V4000

...............................

L2

* L1 prién katd tnv evowpdtwon (Wevdwe apvnTiko AMOTEAECUA LE PLOPLOLKA TECT
TIOV gvioxvouv L1)

e Evepyn HPV poAuvon



Mopraki Atdyvwen HPV

looOepkn evioxvon E6/E7 mRNA
1. Nuclisens HPV (Biomerieux)

v' Baoiletat otnv aviyvevon mnoapayopevou E6/E7
MRNA HPV 16, 18, 31, 33 ka 45

v NASBA (Nucleic acid seguence-
based amplification)

v’ Avixveuon ONfHATOC HME HOPLAKOUC LXVNOETEC
(molecular beacons) oe mpaypatikd xpovo (Real-
Time)

v Eowtepkd RNA pdptupa (ULIA mRNA)

v' Autopatornotnpévo clotnpa



3" Primeri

A Lo

Primer 1 Wbﬁdizaﬁéﬁl
containing T7

AT (1]

1. cDNA synthesis
2. RNA degradation
3. ds DNA synthesis

Molecular beacon _

RNasa H (2)and L,
primer 2 hybridization

3 . A
Fortranscription -
T7 RNA polymerasa

B Fluorescent signal
{real time)

Specific targeted ¥
St . 4 //’——

Intensity

Molecular
beacon
T ! ; : l :
0 10 20 - “ i N
Time (min)




looOepkn evioxvon E6/E7 mRNA

Panther® System

2. APTIMA (GenProbe), FDA 2011 —

v Evioxuon péow petaypadrictov HPV mRNA

HOLOGIC

v E6/E7 mRNA ywa 14 HR HPV tumoug (HPV16, 18, 31, ! ——

33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68)

v APTIMA HPV test GT avixveuon HPV16 kat HPV18/45
v AViXVEUON OAHLOTOC LE OVIXVEUTEC XNUELODWTOUYELOS
v EowTtepkd RNA paptupa

v Autopatornolnpévo cloTnua



(A) Target Capture

Detection

T
& &

(B) Transcription-
mediated Amplification

i 4

/ 3

Target mRNA
Sequence
«“— —_—y
DNA copy / ‘
RNA
amplicon ‘
\ .
| S |
| ‘——
S
(C) Hybridization
Protection Assay
Probe
(protected)
— O
Selection

Bennett et al., Diagnostic Molecular Pathology, 2017



TABLE 1.

BRIEF DESCRIPTION OF FDA AND NON-FDA APPROVED COMMERCIALISED HPV TESTS.

Methods Methodology HPV detection Control Automation Sensitivity Specificity  Analytical Sensitivity
CINIT+ CINIT+

Digene HC2 HR and  Hybrid capture 13 HR HPV or five LR No available Automation 87-96% 20-85% 5.000 copies/assay
LR (Qiagen) HPV types available

Cervista™ HPV HR Invader 14 HR HPV types Histone 2 gene Automation 90% 47% 6251250 copies/
(Hologic) chemistry available reaction

Cobas HPV test Real-time PCR Detection and genotyping [f-globin Fully automated >93% 59.3% 80-2.400 copies/ml
(Roche Molecular of HPV16, HPV 18,

Diagnostics) detection of 12 HR
HPV types

Aptima HPV test Transcription- 14 HR HPV types Exogenous RNA Fully automated  >95% 63% 300 copes/reaction
(Hologic Gen- mediated target
Probe) amplification

Abbott RT HR HPV ~ Real-time PCR Detection and genotyping f-globin Fully automated 88.3-97.8% 273-61.7% 500-5000 copies/
(Abbott Molecular) of HPV16 HPV 18, assay

detection of 12 HR
HPV types

INNO-LIPA HPV Reverse Detection and genotyping HLA-DPBI Partially 92.5% 35.1% 20-70 copies/assay
Genotyping Extra hybridisation of 28 HPV types automated
(Innogenetics)

Linear Array HPV Reverse Detection and genotyping  [P-globin Partially 96-98% 26-32.8% 508000 copies/ml
(Roche Molecular hybndisation of 37 HPV types automated
Diagnostics)

CLART"™ Human PCR-microarray ~ Detection and genotyping  Human CTFR Partially 93-96% 28-73.6% 10-100 copies/
Papillomavirus 2 of 35 HPV types gene + plasmid automated reaction
(Genomica)

PapilloCheck assay PCR-microarray ~ Detection and genotyping  human ADATI Partially 955-98.2% 82.7-91.6% 30-750 copies/
{Greiner Bio-One) of 25 HPV types gene automated reaction

ISH In situ Detection and genotyping No available Partially 89.5% 39.9% 1-2 copies
(DakoCytometion, hybridisation of 13 HPV types automated
GenPoint)

Tsakogiannis etal., Expert Reviews in Molecular Medicine, 2017



MuAAoyevetikn avaAlvon HPV16

v'4 lineages (A-D)
> A

v’ 16 sub-lineages (A1-4, B1-4, C1-4 and D1-4).

* Lineage A: A1-A3 (European variant), A4 (Asian
variant)

* Lineage B: B1-B4 (African type | variant)

* Lineage C: C1-C4 (African type Il variant)

* Lineage D: D1 (North American variant), D2

(Asian American type 1), D3 (Asian American type
11), D4

> D

~

Mirabello et al., Viruses, 2018



1 XA HPV16 , ' !
®uAoyevetikn avaiuon v'MIAApN aAAnAoUxLon 7000 HPV16 yoviSiwudtwy

HPV16
North America Eurcpe East Asia sub-lineage
{4238) (225) (594) (pie chart key)

B~

N~
B »s
Ad
B s
B s
B e
| B4
ct
(112) c2
c3

c4

. D1
D2

03

D4

-~

*_.1\ North Africa

(231)

g
South Ag
{543)

South/Ceniral America Sub-Saharan Africa Cceania
626) {847) \

* Al sub-lineage amoteAel to 70% twv HPV16 oteAexwv otnv Eupwrn, Notio/Kevtpikn
Apeptkn, Bopelta Apepikny, Notia Acia kat Qkeavia

* A2 sub-lineage armnoteAet 10 10-20% twv HPV16 oteAexwv otnv Evpwrn, Bopela ApepLKN
Kot Qkeavia

* A3 kat A4 sub-lineages evtornilovtal Kupilwcotnv AvatoAlkn Acia

Clifford et al., Papillomavirus Res, 2019
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MuAAoyevetikn avaAlvon HPV16

HPV16
North America Eurcpe East Asia sub-lineage
{4238) (225) (594) (pie chart key)

B~
B
B »s
Ad
B s
B2

?ﬁ e
So;g:;;\;d )
\ Olc‘a’azr;m c2
c3

c4

B o
D2

D3

D4

o

North Africa
(231)

Rrdac
» Se

South/Ceniral America Sub-Saharan Africa
(626) 1547)

* B1-B3 kat C1-C3 sub-lineages avixvelovtal otnv umooaxadpta AbpLkn
* D1 sub-lineage aviyvevetal otnv Apepikn, Evpwrn, ko avatoAkn Acila
* D2 oxedOV AIOKAELOTLKA 0TNV APEPLKNA

* D3 evtomiletal og S1APOopEG TEPLOXEC AVA TOV KOOUO



MuAAoyevetikn avaAlvon HPV16

* D lineage nmapouotalel uPnAn oykoyovikotnta o€ oxeon A, B
kat C lineages

* A1, A2 sub-lineages unAo kivbuvo avamtuénc kapkivou
otou¢ Kauvkaoloug

., , , - A
* A3 sub-lineage unAo kivbuvo avamntuéng Kapkivou Tou
TPOXNAOU TNG UATPOC O0TNV avatoAlkn Acia

* A4 sub-lineage unAo kivduvo avamtuénc kapkivou tou i
TpaXAAOU TNG UATPAC OTOUC ACLATEC

> D




MuAloyevetikny avaAvon HPV16 otov eAAnviko mAnOucpuo

AvaAuon yovibiwyv E6, E7, E1, E2, E4

» ATtopOVW O YEVETIKOU UALKOU
»PCR

» AMNnAoUXLoN
»NoukAeotidikr) AvaAuon

» Kataokeuny pUAOYEVETIKWVY SEVTPWV

E6

LCR \ E7

L1
El

L2 E2
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MuAloyevetikny avaAvon HPV16 otov eAAnviko mAnOucpuo

» Eupwmnaikn tapaliayn (A)

» Mn Evpwnaikéc mapaAiayeg (B, C, D)

E6: 9 véeg peTaAAAgelg
E7: 7 véeg petaAAdéelg
E2: 3 véeg petaAAdéelg
E4 : 15 veeq METAANAEES | reyypadikn

TPOEAEUGON
El: 27 véec pETAAAAEELC HPV16

ATTOD O

ATV O

Sean o

ATTIO O

.> European
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Expert Revivws in Mokeculr— Genetic variability of the HPV16 early genes

Medicine

E 6’ Q14H , H7 8Y’ L83V — s and LCR. Present and future perspectives

G. Bletsa*, F. Zagoar, 6. D. Amoutziac?, N. Nikolaidic?, E. Zografos?,
9. Markoulans? and O, Tsakogianeis!
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HPV16 genotyper

* Kataokeury pUAOYEVETIKWV SEVTPWV

* Avixvevuon HPV16 svéoturmikwyv
TLOAU LoPpPLOHUWV

* Avixvevuon petaA\a&ewyv mou
ouvOEovTal PE TNV OYKOYOVLKOTNTO

. dn versity mopt

HPV16-Genotyp 1 Tool for Risk-A
Lineage Gcnotypmg and Recombination Detection in HPV16
Sequences, Based on a Large-Scale Evolutionary Analysis

Maio NIkt A iies Bboglnah " Gyl Bl Dt Mosea 3, Chiine Koward 2,
Tomares penien |, Panayetis Mashoalatos  amsl 1

Pepilorainses (V| i rwerines 06 S0
ervtiad groap of s, nv-ea velopad, e

Input fasta file (Genomic)

Filter non BLAST" search
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1. Moplakn avixvevon HR — HPV DNA

2. Avixveuon HPV napaAAayng

3. MetaAAagsic HPV DNA

4. Evowpatwon v

Mrmopel va mpoodlopioel e€atoplkevpeva tov Kivbuvo avamtuéng kat €€EAENC TNG
TpaxNALKN G evboemiOnAlakn ¢ aAAoiwong
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