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CaxeTak

MoTBpAa eTvonoLlKe nNoBe3aHOCTU M3Mehy pasBoja kapuuHoma rpnuha
maTepuLe 1 UHeKLumnje BUCOKOPU3NYHUM FrEHOTUMOBMMA XYMaHWX nanu-
noma supyca (vr-HPV) ykasana je Ha ynory HPV Tectupama y npumapHoj
1 ceKyHOapHoj npeseHuuju paka rpnuha matepuue. Metoge HPV tectu-
patba rpynucaHe cy y AujarHoCTUYKe W NMPOrHOCTUYKE TECTOBE Y3 KOpW-
Wwhehe pasnMuuTMX TeXHWKa MonekynapHe Guonoruje. OujarHoCTUYKu
TectoBu omoryhaBajy oTkpuBawe npucyctea HPV [OHK (CkpuHWHF) 1
naeHTudukaumjy HPV reHotunosa (reHoTunusaumja). MporHoctuyku nnm
TpWjaXKHW TECTOBM ce kopucTe 3a oapehuBarwe HPV nHdurumpannx xexa
KOje Cy y BMCOKOM PU3WKYy 3a pasBoj w/unu nporpecujy paka rpnuha ma-
Tepuue. TecTupame 3a BucokopuanyHe HPV reHoTunose y npoTokonuma
CKPUHWMHra 3a pak rpnvha maTtepuue MoOXe ce NnpumeruBaTu Kao npu-
MapHO TecTUpake UK KoTecTupame ca LMTONOrMjoM 1 Kao TecTuparbe
y TPWjaxm xeHa ca BUCOKUM PU3UKOM. YKIbyymBare TecTupama 3a Bu-
cokopuanyHe HPV reHoTVnoBe kao npMmapHoOr TecTupaka Unm KoTecTu-
paka 3acHuMBa Ce Ha BULLOj OCETIbMBOCTU U HEraTUBHO] NPeauKTUBHO]
BpegHocTu 3a otkpusare CIN 3 neswvja y nopehery ca LMTONOrnjom kao
jeanHnm TectoMm. Mpenopy4yje ce HEKONMKO TPUjaKHUX TecToBa 3a Mpo-
LieHy XeHa Koje Cy Yy BUCOKOM PU3HKy 3a pa3Boj LiepBMKanHoOr kapLmHoma,
Kao wWTo cy reHotunusauuja 3a HPV 16 n 18, getekunja E6/E7 iPHK n
TecToBn Mapkepa OHK metunaumje. 3a edmkacHO cMareHe pacnpo-
cTpareHocTu paka rpnuha matepuue y Cpbuju HeonxofHa je npumeHa
OpraH1M30BaHOr MOMyNaunoHOr CKPUHUHE MporpaMa Koju ykibydyje HPV
TecTupate.

KrbyyHe peum: kapuvHom rpnuha martepuie, BUCOKOPU-
3nyHn HPV tunoswu, ckpuHuHr, HPV reHotunusaumja, Tpu-
jaxa, koTecTupare

YBop

XymaHun nanunoma supycu (HPV) cy manu OHK Bupycu
06e3 omoTaya ca BMCOKMM adUHUTETOM 3a enuTenuvjan-
He henwuje, Koju goBoAe A0 MHMEKUMje KoXKe U Cry30KO-
Xe (Hnp. aHoreHUTanHor TpakTa, opodapwuHkca) [1, 2].
[o capa je npeno3HaTo n cekBeHUmpaHo npeko 220 HPV
reHoTunoBa [3]. lNpema Tponuamy Bupyca, reHOTUMNOBK Cce
Aerne Ha tunose HPV koxe n cnysokoxe. Oko 30-40 Tu-
nosa HPV Bupyca koju Hanagajy cry3oKoxXy nHdpuumpajy
FEHUTarnHy Cry30KOXY, a NpemMa OHKOreHOM MoTeHLmjany
OHWU ce fene Ha BucokopuanyHe (hr-HPV) un HuckopmsmndHe
(I-HPV) [1, 4].

Summary

The well-established etiological association between cervical cancer de-
velopment and the infection with high risk genotypes of Human papillo-
ma viruses (hr-HPV) signify the role of HPV testing in both primary and
secondary cervical cancer prevention. HPV testing methods are grouped
into diagnostic and prognostic tests with the use of various techniques
of molecular biology. Diagnostic tests enable detection the presence of
HPV DNA (screening) and identification of HPV genotypes (genotyping).
Prognostic or triage tests are used for the determination of HPV infect-
ed women who are at high risk for the development and/or progression
to cervical cancer. hr-HPV testing in cervical cancer screening protocols
can be implemented as primary testing or co-testing with cytology and
as testing in a triage of women with high risk. The inclusion of hr-HPV
testing as primary testing or co-testing is based on higher sensitivity and
negative predictive value for the detection of CIN3 lesions compared to
cytology alone. Several triaging tests are recommended for risk stratifi-
cation such as genotyping for HPV 16 and 18, detection of E6/E7 mRNA
and DNA methylation marker tests. For an efficient reduction of cervical
cancer pervasiveness in Serbia, the implementation of cervical cancer
organized population-based screening program that includes HPV testing
is essential.

Key words: cervical cancer, high risk HPV types, screen-
ing, HPV genotyping, triage, co-testing

Introduction

Human papilloma viruses (HPV) are small, non-envel-
oped DNA viral particles with high affinity for epithelial cells
causing infections of the skin and mucosa (e.g. anogenital
tract, oropharynx) [1, 2]. So far, the genomes of over 220
HPV genotypes have been recognized and sequenced [3].
According to their tissue tropism, genotypes are grouped
into cutaneous or mucosal HPV types. Approximately 30-
40 mucosal HPV types infect genital mucosa and based on
their oncogenic potential have been classified into high risk
(hr-HPV) and low risk (Ir-HPV) [1, 4].

During last few decades, numerous virological and epide-
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Y nocnegrunx HEKOMNMKO AeueHuja, 6pojHe BUpOnoLLke 1
envaemMmnonoLLKe CTyauje Cy nokasane Y3poyHo-nocre-
Anyny Besy nsmehy hr-HPV Tunosa v aHoreHnTanHux Kas-
uepa. Npema MehyHapoaHoj areHUMju 3a UCTpaXxunsare
paka (IARK, eHr. International Agency for Research on
Cancer), 12 pasnuuntux hr-HPV Trnosa knacudukyje ce
Kao kapumHoreHo (rpyna 1), ykrbydyjyhmu tunose 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58 n 59, Tun HPV 68 je ka-
TeropmvcaH Kao BepoBaTHO kapLuHoreH (rpyna 2A), a HPV
reHoTunosu 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 851 97
ce knacudukyjy kao moryhu kapumHorenu (rpyna 2b) [5].

[eHOTMNOBM KOjU ce Hajyellhe Hanase y TKMBUMa paka rp-
nvha matepuue Ha rnobanHom Husoy cy HPV 16 n HPV
18, y npubnmxHo 50% n 20% cny4vajeBa ckBamoLenynap-
HOr KapuuHoma rpnvha martepuue, pegoMm. Mehytum, oba
osa tTuna hr-HPV-a jaBrbajy ce kog oko 35% apeHokap-
uumHoma rpnuha matepuue. HegaBHa enuvaemuonoLuka
NUCcTpaxusara Cy nokasana ga je yoeo kaHuepa rpnvha
mMaTepuue Koju ce gosoge y Bedy ca HPV 16/18 cnvyaH y
CBUM reorpadckum permonnma (70-76%). Wrasuwe, gun-
cTpubyumja gpyrmux hr-HPV tunosa, kao wto cy HPV 31,
33, 35, 39, 45, 52, 58 n 59, notepheHa je kao gocneagHa y
CKOpO CBUM pervoHnma wupom ceeta [1, 5, 6].

[obpo OoKymMeHTOBaHa €TMOMOLIKa MoBe3aHoCT mn3Mehy
pasBoja kapuumHoMa rpnvha martepuue 1 nHdekumje hr-
HPV Bupycuma ykasyje Ha 3Havaj Tectupanwa Ha HPV y
npUMapHoOj U CekyHAapHoj NpeBeHUMju paka rprnvha maTe-
puue [7, 8]. Ycnen orpaHnyeHux MOryhHoOCTU OMpeKkTHOr
OTKpMBaH-a BMpyca, KOHBEHLMOHarnHa naboparopujcka gu-
jarHosa HPV-a npeactaerbana je npobnem. Hanve, HPV
ce He MoXe m3onoBaTtu 13 henujcknux Kyntypa a npuMmeHa
€neKkTPOHCKE MWKPOCKONWje 3a Bu3yanusauujy BUPYCHUX
yecTuua, Kao M getekumja aHTUreHa BUpanHoOr omortada
(kancmpa) UMYHOMOLLKMM MeTofamMa Cy orpaHuyeHe, jep
BMPYCHE YeCTULE U aHTUreHN Kancuga HUCY paBHOMEPHO
pacnopeheHu Yak H1 Ko, XMCTOMNOLLKU AnjarHOCTU(UKOBa-
HUX NanuroMa unu KapLmHoma. Y3 To, nako ce 3Ha Ja ce
TOKOM UHpekumje HPV-om cTumynuiie nponsBoaHa aHTu-
Tena, ceporoLlka AujarHosa Huje of BenuKOr KIUHUYKor
3Havaja. [lokasaHo je ga ce aHTMTena cneumduyHa 3a
BMPYC, KOja ce MOry AeTekToBaTun, Mory Hahu kog oko 50—
70% >XeHa ca Nep3NCTEHTHOM LEPBUKANHOM MHMEKLNjOM
HPV-om, ook ce kog BehunHe eHa ca nponasHoM UMHAEK-
LUMjOM aHTUTENa He MOry OEeTeKToBaTW WM Cy MpUCyTHa
camMO TOKOM KpaTkor BpeMeHckor nepuoga [9, 10].

Pa3Boj TexHuka MonekynapHe Guonorvje TOKOM ocampae-
ceTtux rognHa 20. Beka omoryhuo je noysgaHy nabopato-
pujcky amjarHo3y uHdpekumnje HPV-om Ha ocHOBY AeTekumje
BUMPYCHE HYKMEWHCKE KUCEMWHE Y KIMHUYKUM y3opuuma.
lMpumeHa TexHWka MonekynapHe Guornoruvje, koje cy BUCO-

miological studies have demonstrated the causative as-
sociation between hr-HPV types and anogenital cancers.
According to the International Agency for Research on
Cancer (IARC), 12 different hr-HPV types are classified as
carcinogenic (Group 1) which includes types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59, type HPVES is cat-
egorized as probably carcinogenic (Group 2A), and HPV
genotypes 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, and
97 are classified as possibly carcinogenic (Group 2B) [5].

The genotypes most frequently found in cervical cancer
tissue worldwide are HPV16 and HPV18, in approximate-
ly 50% and 20% of cervical squamous cell carcinoma,
respectively. However, both of these hr-HPV types are
demonstrated in about 35% of cervical adenocarcinoma.
Recent epidemiological studies have reported that the pro-
portion of HPV 16 /18-associated cervical cancer cases is
similar throughout all geographical regions (70-76%). Fur-
thermore, the distribution of other hr-HPV types, such as
HPV 31, 33, 35, 39, 45, 52, 58 and 59, was confirmed to be
consistent in almost all world regions [1, 5, 6].

The well-established etiological association between cer-
vical cancer development and hr-HPV infection signify the
role of HPV testing in both primary and secondary cervical
cancer prevention [7, 8]. Due to the limited possibilities of
direct viral detection, conventional laboratory diagnosis of
HPV was problematical. Namely, HPV cannot be isolated
in cell cultures and the application of electron microscopy
for visualization of viral particles, as well as detection of
viral capsid antigens by immunological methods, is lim-
ited, because viral particles and capsid antigens are not
uniformly present, even in histologically diagnosed pap-
illomas or carcinomas. In addition, although it is known
that the production of antibodies is stimulated during HPV
infection, serological diagnosis is not of great clinical im-
portance. It has been demonstrated that detectable viral
specific antibodies can be found in about 50-70% of wom-
en with persistent cervical HPV infection while in majority
of the women with transient infection antibodies cannot be
detected or are present only for a short time [9, 10].

The development of molecular biology techniques, during
the 80's, enabled the reliable laboratory diagnosis of HPV
infection, based on the detection of viral nucleic acid in
clinical samples. The application of molecular biology
techniques, which are highly specific and sensitive, in the
laboratory diagnosis of HPV infections, has significantly in-
creased the possibility of monitoring HPV infection [10, 11].

HPV testing methods
Molecular HPV diagnosis includes detection of viral nucleic
acids (DNA or RNA) with the use of various techniques
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KocneundunyHe n ocetrbuee, y naboparopujckoj anjarHo-
cTvum nHdpekumnja HPV-om 3HavajHo je ysehana moryhHocT
npahewa HPV nHdekuuja [10, 11].

MeTope Tectupamwa 3a HPV

MonekynapHa gujarHoctuka HPV-a ocnawa ce Ha getek-
unjy BupycHe HykneuHcke kucenuue (OHK nnm PHK) npu-
MEHOM pasnMYNTMX TEXHMKA MorekynapHe buornoruje, kao
LUTO Cy MeToae xmbpuamnsaumje, uurbaHa amnnudukaumja,
amnnudukauymja curHana, amnnmdukaumja npoba 1 MeTo-
Oe cekseHuupawa OHK. MeTtoge koje ce kopucte 3a au-
jarHocTuky HPV nHdekuuja ykpaTKo cy npeacTtaBrbeHe y
Tabenun 1 [10, 11, 12].

Ta6ena 1. Kpatak nperneg Hajyewwhe kopuwheHnx mone-
Kyrcknx metoga 3a gunjarHoctuky HPV-a

MeTtome
Methods

Xubpugusaumja
Hybridization

of molecular biology, such as hybridization methods, tar-
get amplification, signal amplification, probe amplification
methods and DNA sequencing methods. The methods
used for HPV diagnosis are summarized in the Table 1.
[10, 11, 12].

Table 1. Summary of the commonly used molecular meth-
ods for HPV diagnosis

BpcTte metopna
Types of methods

In situ xubpuaunsauumja (ISH)
In situ hybridization (ISH)

IlaHyaHa peakuuja nonumepa3se (PCR)
PCR y ctBapHoM BpemeHy (RT-PCR)
PCR ca noct PCR xu6pugusaumnjom
MwukpoHusoBu

PCR ca peBep3HOM TpaHCKpuUnuujom

Lursana amnnudmkaumja
Target amplification

PCR eH3nmcku umyHotect (PCR-EIA)
Polymerase chain reaction (PCR)

Real-time PCR

PCR with post-PCR hybridization
Microarray

PCR with reverse transcription
PCR-Enzyme immunoassay (PCR-EIA)

Amnnudmkaumja curHana
Signal amplification

Amnnudmkaumja npobe
Probe amplification

XBaTawe xubpupa
Hybrid capture

NaH4yaHa peakcuja nurase (LCR)
Ligase chain reaction (LCR)

[npekTHO cekBeHUMupawe (Sanger)

CekBeHUMpare
Sequencing

CekBeHUupame HoBe reHepauuje (NGC)
Direct sequencing (Sanger)

Next-generation sequencing (NGS)

MeTtone 3a Tectupawe Ha HPV ce gene Ha gujarHocTuu-
Ke 1 NpOrHocTnyke Tectose. [AnjarHOCTUYKM TECTOBU OMO-
ryhaeajy oTkpuBawe npucyctBa HPV [OHK (CKpuHWHI)
n ngeHtndukaunjy HPV reHotunosa (reHoTtunusaumja).
Oetexkumnja OHK HPV-a nma npBeHCTBEHO AMjarHOCTUYKU
3Hauaj, AOK reHoTunmn3aumja Takohe nma v BENUKM NporHo-
CTUYKM 1 Tepanujcku 3Havaj, jep omoryhasa pasnukoBare
naumjeHTKMHa Koje Cy Mo BUCOKUM PU3UKOM, Of OHUX Koje
Cy NoA HUCKMM pU3MKOM of pasBsoja paka [9, 10, 11].

HAunjarHocTnykm TectoBmn 3a HPV
HepaBHu npernegHyu pafoBu Cy WOEHTUMWUKOBaNU Haj-

HPV testing methods are grouped into diagnostic and
prognostic tests. Diagnostic tests enable detection the
presence of HPV DNA (screening) and identification of
HPV genotypes (genotyping). The detection of HPV DNA
has primarily diagnostic significance, while genotyping has
also great prognostic and therapeutic significance, as it en-
ables the differentiation of patients who are at high or low
risk for the development of cancer [9, 10, 11].

HPV diagnostic tests
Recent reviews have identified at least 254 commercial
HPV tests and 425 tests variants which are available on
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Mahe 254 komepumjanHa Tecta 3a HPV u 425 BapujaHtu
TEeCToBa JOCTYMHMX Ha rmobanHoM TPXULLTY, O KOjUX ce
CKOPO MnornoBuHa npoussoau y pervoHy Asuje/lMaumndu-
ka, yrnaBHom y Kunn (Tabena 2). BehunHa oBux TecTtoBa
(oko 90%) Huje ouereHa nNyTeM PUropo3HOr MPOTOKOMa
KNuHuyke Banugauuje [13, 14]. Y cknagy ca axypvpaHum
cmepHuuama C30 3a npeBeHUMjy paka rpnvha matepuue,
CKOpO cBWY, Tj. 252 TecTa, ycMepeHu cy ka 12 hr-HPV tuno-
Ba (kapuuHoreHu rpyne 1), OOK Cy HEKM, y3 TO, YCMepPEHU
n ka Tunosuma HPV 66 n 68 (14 hr-HPV tunoea) [13, 14,
15]. Oko 15% cBUX TeCcToBa Ce KOPUCTU 3a CKPUHUHI 3a
OHK hr-HPV Bupyca kojum ce getekTyje camo npucycTeo
OBUWX reHoTUnoBa 6e3 naeHTudUKaumje KOHKpeTHor Tuna.
BehuvHa oBMX TeCcTOBa je KIMHWYKM BanugupaHa v OHu ce
Hajuewhe KopucTe y AujarHocTU4kum nabopatopujama
[13, 14].

Tabena 2. 'pyne HPV TecToBa koju ce KopucTe y More-
Kyrickoj aujarHosu nHdekumje HPV-om

the global market and almost half of these assays are
produced in the Asia-Pacific region, mainly in China (Ta-
ble 2). The majority of these tests (about 90%) have not
been evaluated by rigorous protocols of clinical validation
[13, 14]. According to the updated WHO guideline for cer-
vical cancer prevention, almost all or 252 tests target 12
hr-HPV types (Group 1 carcinogens) and some of these
in addition target types HPV66 and 68 (14 hr-HPV types)
[13, 14, 15]. About 15% of all tests are tests used for hr-
HPV DNA screening that detect only the presence of these
genotypes without the identification of specific types. The
majority of these tests are clinically validated and the most
widely used in diagnostic laboratories [13, 14].

Table 2. Groups of HPV tests used in molecular diagnosis
of HPV infection

BpcTa Tecta 3a HPV
Type of HPV testing

[unjarHOoCTUYKM TECTOBU
Diagnostic tests

CkpuHuHr TectoBu 3a [1HK hr-HPV-a

CkpuHuHr TectoBu 3a fIHK hr-HPV-a ca genMmunyHuM TectoBMMa reHoTMnu3auuje
TectoBwu 3a AAHK hr-HPV-a ca TectoBuma reHoTunusaumje cneund4HnM 3a ogpefjeHn TMn unu rpyny
TectoBwu 3a AHK hr-HPV-a ca notnyHOM reHoTunu3awujom

hr-HPV DNA screening tests

hr-HPV DNA screening tests with partial genotyping tests
hr-HPV DNA tests with type- or group specific genotyping tests

hr-HPV DNA full genotyping tests

MporHoCTUYKM TECTOBU
Prognostic tests

TectoBu 3a hr-HPV E6/E7 nPHK

TectoBu metunaumje AHK HPV-a/tectoBu metunaumje henmnjcke JHK

hr-HPV E6/E7 mRNA tests

HPV DNA methylation tests/Cellular DNA methylation test

Opn 254 komepuujanHa Tecta oko 67% cy TecToBuM 3a Ae-
NMMWYHY reHOTUNn3aumjy, reHoTUNn3aLumjy cneunduyHy 3a
TUM UNK TPYNY, Kao 1 NyHY reHoTununsauunjy. Tectosu 3a ae-
NYMWYHY reHoTunm3aunjy omoryhaBajy CKPUHUHI 3a Kap-
umHoreHe hr-HPV reHoTunose v ngeHTudukaLmjy tunosa
KOju cy Hajjaum oHkoreHun (yrmasHom HPV 16 n HPV 18).
Hekn of oBux TectoBa omoryhaBajy reHoTunusauujy He-
Konvko gogatHux reHotunoea (HPV 45, 31 n 33). TectoBu
crneumduyHK 3a TUN UNW rpyny 3acHuBajy ce Ha AeTekumjn
Heobwn4yHux hr-HPV Tunoea vnu rpyne cneundunyHmx Buco-
KOpM3n4HUx Tunosa. BehrHa oBMx TeCTOBa KOPUCTU METO
PCR-a y ctBapHom BpemeHy (RT-PCR) [13, 14, 16]. OBu
TECTOBU Ce Hajyellhe kopucTe 3a TecTupawe Ha HPV y
aujarHoctuykum nabopatopujama y Cpbuju.

Out of 254 HPV commercial tests, about 67% are tests
for partial, type- or group-specific genotyping and full ge-
notyping. The tests with partial HPV genotyping enable
screening for carcinogenic hr-HPV genotypes and identi-
fication of types with highest oncogenicity (mainly HPV16
and HPV18). Some of these tests allows the genotyping
of few additional genotypes (HPV45, 31 and 33). Type- or
group specific tests are based on the detection of peculiar
hr-HPV types or a group of specific high-risk types. The
majority of these test utilize Real-time PCR method [13,
14, 16]. These tests are the most frequently used for HPV
testing in diagnostic laboratories in Serbia.

HPV DNA full genotyping tests are commercially available
in the largest number and are used for individual identifi-
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TectoBM 3a notnyHy reHotunu3aumjy OHK HPV-a cy ko-
MepuujanHo OOCTYMHU, UMa UX HajBuLLE U KOpUCTe ce 3a
nojeauHayHy wuaeHTudukaumjy CBuUX KapuuHoreHux hr-
HPV reHotunosa, y camo jegHoj peakuuju. BehunHa wunx
Cy TeCTOBM Koju ce 3acHuBajy Ha PCR-y y ctBapHOM Bpe-
MeHy, koju omoryhasajy ngeHTudukauunjy n/mnu keaHtuta-
TUBHO ofpefhuBamwe cneunduyHux hr-HPV tunoea, kao n
PCR TecTtoBu ca noct-xubpuamsaumjom koju omoryhasajy
camo ngeHTudukaumjy cneundpundHmnx hr-HPV reHotmnosa.
Y Tum TectoBuma, 6poj hr-HPV Tunosa koju ce mory ngeH-
TndmkosaTu kpehe ce oag 12 go 28 [13, 14, 16].

JeouHn mornekynapHu metod Koju omoryhaBa geTekunjy
HPV-a gupekTHO y 3apaxeHum henujama/TkmBuMma jecte
in situ xnbpuausauuja (ISH). OBm TecToBM ce aene y aBe
rpyne: TectoBu Ha 6a3n HPV-OHK 3a CKpuHWUHT n/unu reHo-
Tununsauujy hr-HPV trnosa u TectoBn Ha 6a3m HPV-iPHK.
[MaBHO orpaHuyerwe TecToBa 3acHoBaHux Ha ISH HPV-
IOHK je Hucka ocetrbmBocT. OeperynucaHa nponudepa-
unja henuvja Tokom HPV unHdekunje, manu 6poj konuja m
rybutak BMPYCHOr reHoMa Mory fa cnpeve AeTekuujy Bu-
pycHe OHK [13, 16].

MporHocTMYKKN nnu TpujaxxHu tectosu 3a HPV
[MpouereHo je Aa je pusnk of reHuTanHe nHdekuuje hr-
HPV-oM TOKOM Lenor XWBOTHOI BEKa BWCOK, anu camo
Manu geo oBuX MHdekunja gosoan OO0 passoja paka rp-
nuha matepuue. MNpubnuxHo 90% unHdekumja HPV-om ce
n3rybu y poky og 18 oo 24 meceua ycnea gejctea UMyHor
cucTema. YKOmnuKO je UHekumja ynopHa, Moxe ce yteme-
TbUTK Kao MpoayKTUBHa MHAEKUMja Koja ce LIMTONOLLKM U
XVCTOMOLLKW jaBfba y BUAY CKBamoLenyrnapHe UHTpaenu-
TenvjanHe nesuje H1ckor ctenena (LSIL) nnu uepsukanHe
WHTpaenuTenujanHe Heonnasnje Huckor cteneHa (CIN 1),
unu y Bugy TpaHcopmumlyhmx nHdekumja koje ce jaBrba-
jy Kao ckBamouenynapHe MHTpaenutenujanHe nesunje Bu-
cokor cteneHa (HSIL) nnu uepsukanHe nHTpaenutenuvjan-
He Heonna3auje Bucokor cteneHa (CIN 2 n 3) [1, 5].

MonekynapHo TecTuparwe Ha HPV mMoxe aa geTtektyje nH-
dekumjy paHo y TOKy OBOr mpoLeca, CTora je of BenvKor
3Havaja ga ce Hanpasu audepeHumjaumja, O4HOCHO Tpuja-
a XeHa ca 0BOM MHEKLIMjOM Koje Cy rnog BUCOKUM pUsun-
KOM o pa3Boja u/vnu nporpecwuje paka rpnuha martepuue.
MaeHTndmrkoBaHo je Hekonmko Gruomapkepa Koju mory ga
ce KopucTe 3a MaeHTUUKaunjy xXeHa Koje cy nog BUCO-
KMM pu3nKoMm oA paka rpnvha matepuue. On Gromapkepu
MOry Aa ce OeTeKTyjy NnomMony MPOrHOCTUYKUX UNK Tpuja-
XXHUX TecToBa (Tabena 2) [17, 18].

lMokasaHo je ga petekumja E6/E7 iPHK nma Buwy nosu-
TUBHY NPEAMKTMBHY BPeAHOCT of TectoBa 3a HPV Ha 6a3u
OHK. Bucoka ekcnpecuja HPV E6/E7 TpaHckpunTa je Map-

cation of all carcinogenic hr-HPV genotypes in a one reac-
tion. The majority of them are Real-time PCR based tests
which enable identification and/or quantitation of specific
hr-HPV types and PCR with post-hybridization based tests
which allow only identification of specific hr-HPV geno-
types. In these tests, the number of hr-HPV types targeted
for identification varies from 12 to 28 [13, 14, 16].

The only molecular method which allows the detection of
HPV directly in infected cells/tissue is in situ hybridization
(ISH). These tests are classified into two groups: HPV-
DNA based test for screening and/or genotyping of hr-HPV
types and HPV-mRNA based test. The main limitation of
ISH HPV-DNA based tests is low sensitivity. Due to the de-
regulated cell proliferation during HPV infection, low copy
number and loss of viral genomes may prevent the detec-
tion of viral DNA[13, 16].

HPV prognostic or triage tests

It has been estimated that the risk for genital hr-HPV in-
fection during lifetime is high, but only a small portion of
these infections leads to the development of cervical can-
cer. Approximately 90% of HPV infections are cleared by
the activity of immune system within 18-24 months. If the
infection persists, it may be established as productive in-
fections which is cytologically and histologically present-
ed as Low-grade squamous intraepithelial lesion (LSIL) or
low-grade cervical intraepithelial neoplasia (CIN 1), or as
a transforming infections, presented as High-grade squa-
mous intraepithelial lesion (HSIL) or high-grade cervical
intraepithelial neoplasia (CIN 2 and 3). [1, 5].

Molecular HPV testing may detect infection early in the
process, therefore it is of great importance to differentiate
or triage infected women who are at high risk for the de-
velopment and/or progression to cervical cancer. Several
biomarkers have been identified that can be used in the
identification of women who are at high risk for cervical
cancer. These biomarkers may be detected using prognos-
tic or triage tests (Table 2). [17, 18].

It has been demonstrated that the detection of E6/E7
mRNA have higher positive predictive value as compared
to HPV DNA-based assays. The high expression of HPV
EG/E7 transcripts is a marker of hr-HPV types activity and
therefore, predictive for cervical pre-cancer lesions [18,
19]. Nine commercial prognostic tests for EG/E7 mRNA
detection are available at global market which are mainly
Real-time PCR based tests [13].

In recent years, numerous studies have demonstrated the
reliable correlation between severity of cervical disease
and HPV DNA methylation levels where hypermethylation
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Kep aktmBHocTn hr-HPV TunoBa u ctora je npeavkTuBHa
3a npekaHueposHe nesuje rpnvha matepuue [18, 19]. Oe-
BET KOMepLMjariHUX NPOrHOCTUYKNX TECTOBA 3a AeTeKumjy
E6/E7 iPHK gocTtynHo je Ha rmobanHoM TPXULITY, U TO Cy
yrnaBHOM TecToBu Ha 6a3n RT-PCR TexHuke [13].

Mocneawunx roguHa OpojHe cTyamje cy nokasane noysaa-
Hy Kopenauujy nsmehy cteneHa o36urbHocTn 6onectu rp-
nuha matepuue n cteneHa metunauunje AHK HPV-a, npu
yemy je xunepmeTtunauuja L1, L2, E2 n E4 pernona HPV
OHK y kopenauuju ca nosehannm pusmkom og =CIN 2 ne-
3nja 1 nepsncTeHTHe MHMekuunje. BehnHa oBux TecTtoBa
KOpMCTU MeToAde 3acHOBaHe Ha cekBeHuupawy cnegehe
reHepauuje, a ogpehenn 6poj cy TectoBu Ha 6asn PCR y
ctBapHom BpemeHry (RT-PCR) [12, 20, 21].

Pasnuuntn HPV TecTtoBu, 1 AnjarHOCTUYKM U MPOrHOCTNY-
KW, KOpUCTE Ce y AnjarHoCTUYKMM nabopaTtopuvjama LWMpom
ceeta. Ogabup TecToBa YMHOroMe 3aBUCU O OOCTYIMHO-
CTM N KapaKTepucTuka TecToBa, LieHe, JOCTYMHOCTU onpe-
Me 1 00yyeHe pagHe cHare. EdmkacHoCT npeBeHuUmje paka
rpnvha matepuue ocrnakwa ce Ha ynoTpeby oarosapajyhux
KNUHUYKKM notepheHnx Tectosa 3a HPV.

Tectupawe Ha HPV y npeBeHuuju paka rpnuha mate-
puue

OCHOBHU NpUHLMN NPeBEHLMje paka jecTe aeTekunja npe-
ManurHmx nesuja Kog acuMMnToMaTcke, HaBOO4HO 34paBe
nonynauuje nNpMMeHoM CrneLndUYHUX TecToBa 3a CKpu-
HUHT. [1pBM CKPUHWUHF TECT 3a pak rpnuha martepuue, Koju
je jow yBek Hajyewhe kopuwheH WKMPOM CBeTa, jecTe
uutornowku lNana TecT, Koju je yBegeH y nporpame npe-
BeHUMje paka rpnuha matepuue TOKOM LLe3eceTux u ce-
nampecetux rogmHa 20. Beka. OBaj TecT ce 3acHMBa Ha
MMKPOCKOMNCKOM npernegy obojeHux uepBukanHux henuja
Koje cy y3eTe Opucom 30He TpaHcdopmalumje LepBukca u
eHpouepsukca. Kog Behmnx abHopmanHoctn henuja, nesu-
je ce gopaTtHo npoBepaBajy KOMMOCKOMNMjoM I NOHOBIbE-
HUM LIMTONOLLIKMM TecToM. [Jokas o Tome Aa je uHekLmja
HPV-oM kiby4yHu dhakTop y pa3Bojy paka rpnvha matepu-
Le JOBeO je A0 MMnneMeHTauuvje tectupama Ha hr-HPV y
NPOTOKONE 3a CKPUHUHT Ha pak rpnvha matepuue [21, 22].

MpumapHo TecTupamwe Ha hr-HPV nnu kotectupame y
CKPUHUHTY Ha pak rpnuha matepuue

Tectnpawe Ha HPV je Bucoko oceTrbua, 06jeKTUBHA U
penpoayKTMBHa MeToAa 3a CKPUHUWHT Ha pak rpnvha mare-
puLie Koja He YKIby4yje MHTepnpeTauujy pesyntarta 6asvpa-
HUX Ha mopdponoruju henwvja, WTO je y uutonoruju cybjex-
TVMBHO U N3BOP BapuwjabUNHOCTK pesynTarta y 3aBUCHOCTM
op ocobe koja nocmatpa bpuc [22, 23]. BpojHe NoHruTy-
OVHanHe ctyauvje kao wTo cy SwedeScreen y LlBeackoj,
ARTISTIC y EHrneckoj, POBASCAM y XonaHauju, NTCC

of L1, L2, E2 | E4 regions of HPV DNA correlates with an
increased risk of 2CIN2 lesions and persistent infection.
The majority of these tests utilize Next-generation se-
quencing based methods and several are Real-time PCR
based tests [12, 20, 21].

Different HPV tests, both diagnostic and prognostic, are
used in diagnostic laboratories around the world. The
selection of tests largely depends on the availability and
characteristics of tests, cost, availability of equipment and
trained personnel. The efficiency of cervical cancer pre-
vention relies on the use of proper clinically validated HPV
tests.

HPV testing in cervical cancer prevention

The basic principle of cancer prevention is detection of pre-
malignant lesions in asymptomatic, allegedly healthy pop-
ulation with the use of specific screening tests. The first
and still the most frequently used screening test for cervi-
cal cancer around the world is Pap smear cytology, which
was introduced in cervical cancer prevention programs
during 1960s and 1970s in many countries worldwide. This
test is based on the microscopic examination of the stained
cervical cells collected by swab from the transformation
zone of cervix and endocervix. Due to the severity of the
cell abnormalities, the lesions are further assessed with
colposcopy or repeated cytology. The demonstration that
HPV infection is a key factor in the development of cervical
cancer has led to the implementation of hr-HPV testing in
cervical cancer screening protocols [21, 22].

Primary hr-HPV testing or co-testing in cervical cancer
screening

HPV testing is a highly sensitive, objective and reproduc-
ible method to screen for cervical cancer which does not
include the interpretation of results based on cell mor-
phology, which is in cytology subjective and the source of
inter-observer variability [20, 23]. Numerous longitudinal
studies such as Swedescreen in Sweden, ARTISTIC in
England, POBASCAM in the Netherlands, NTCC in lIta-
ly, Finnish RCT, CCCaST in Canada, KPNC in USA efc.,
have proven the significantly higher sensitivity of primary
hr-HPV testing as a screening method compared to Pap
cytology for the detection of premalignant lesions and cer-
vical cancer. The results of these studies have showed that
the sensitivity of primary hr-HPV testing was 90-95% for
CIN3 lesions or worse while sensitivity of cytology was 30-
87% [12, 20, 23, 24]. In addition, hr-HPV testing is found
to be more effective than cytology in the diagnosis of ad-
enocarcinoma, where HPV testing significantly missed
less cervical adenocarcinoma in situ and adenocarcinoma
in comparison to Pap test (18.7 vs. 51.1% and 11.4 vs.
47.4%, respectively) [12, 20, 23, 24]. It has been also re-
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y Utanuju, RCT y ®uHckoj, CCCaST y Kanagu, KPNC y
CA[Ll vto. nokasane cy 3HayajHO BULLY OCETIBUBOCT Mpu-
MapHor Tectupara Ha hr-HPV kao meTtogme CKpuHMHra,
y nopehewy ca yutonowkum ana TecTomM 3a geTekunjy
npemManurHmx nesvja u paka rpnuha matepuue. Pesyntatu
OBWX CTyauja nokasanu cy Aa je oCeTrbUBOCT NpuMapHor
Tectupawa Ha hr-HPV 90-95% 3a CIN 3 nesuje unu ne-
3uje BULLET rpagyca, AOK je OCETIbMBOCT LuTonorvje ouna
30-87% [12, 20, 23, 24]. Y3 T0, NOKa3aHo je Aa je TecTnpa-
e Ha hr-HPV genoteopHuje of untonoruje 3a gujarHosy
ageHokapumMHoMma, rge cy TectoBu Ha HPV nponyctunum ga
OETeKTyjy 3Ha4yajHO Mawu Opoj uepBuKanHUX ageHokap-
uMHoMa in situ n ageHokapunHoma y nopehewy ca Nana
Tectom (18,7 Hacnpam 51,1% un 11,4 Hacnipam 47,4%, pe-
aom) [12, 20, 23, 24]. Takohe je 06jaBrbeHO fa TECTOBM Ha
hr-HPV umajy BUCOKY HeratuBHy NpeavkTUBHY BPEAHOCT.
OBe cTygmje cy nokasane fa je HuugeHumja nHBasmBHoOT
KaHuepa rprnvha MaTtepuue KO XeHa Koje Cy HeraTuBHe
Ha HPV 3HauajHO mara HakoH nepuoga npahewa og 3,5
n 5,5 roguHa, y nopehemwy ca rpynom xeHa koja je buna
HeraTMBHa Ha LIMTOMOLLKOM CKPUHUHIY. Y CKnagy ca OBUM
pesyntatuma, NOCTaBibEHa je XMnoTe3a Aa je CKPUHWHI
nomohy TectoBa Ha hr-HPV cBakux net roguHa y Hajropem
cnyyajy nogjegHako 6e3befaH Kao LMTOMOLLIKN CKPUHMHT
Ha CBake TpW roguHe ako ce kopuctu cam [20, 23, 24].

Kotectupane je kombuHaumja Tectupawa Ha hr-HPV u
LMTONOLLKOT TeCcTMpara Y CKPUHUHIY 3a pak rpnvha ma-
Tepuue. Hekonvko paHAoMM30BaHUX CTyaMja ca KOHTPOS-
HUM rpynamMa npouewmBarno je epmkacHOCT KOTecTupara
Yy CKPUHUHTY Ha pak rpnuha matepuue. PesyntaTu cy noka-
3anu Beoma BWMCOKY Cneungn4HOCT, OCET/bUBOCT 1 Hera-
TUBHY npeaunkTueHy BpeaHocT (92, 100 n 100%, penom).
MehyTtum, Huje npoHaheHa 3HavajHa pasnuka nsmenhy He-
raTMBHOI KOTecTa M HeratuBHor HPV pesynTaTa y oueHu
neToroguLUKEr KyMynaTuBHOM pusrka of, paka; getekuuja
HPV je Buwe og 10 nyta nosehasana pusuk og CIN 2+
nesuja (37,4 3a HPV+/uutonoruja + y ogHocy Ha 3,24 3a
HPV-/untonoruja +) [12, 20, 23, 24, 25].

JeHo BaXxxHO orpaHuyense Tectupara hr-HPV jecte Hucka
cneundmryHoOCT, WTo MoXe ga noseha 6poj konnockonuja,
KOHTPOINMHUX Mpernega wunuM npetepaHor TpeTMaHa XeHa
ca nponasHum HPV uHdekumjama, nocebHo koa mnagmx
XeHa, rae je ydectanoct nponasHux HPV mnHdpekunja Be-
oma Bucoka. Ctora EBpornicke n Amepudke cmepHuue 3a
npeBeHuujy paka rpnvha martepuue npenopy4dyjy npuMeHy
npumapHor HPV Tectupara unm kotectnpama noyes of
30. rognHe cTtapocTu. ¥3 To, kako 6u ce ybnaxune nocne-
JviLie OBOr orpaHuyer-a, BeomMa Cy BaXKHe cTpaTervje Tpu-
jaxke >xeHa No3nTMBHUX Ha nNpucycTteo hr-HPV-a [11, 12, 23,
24].

ported that hr-HPV test has high negative predictive value.
These studies have revealed that the incidence of invasive
cervical cancer in HPV negative women was significantly
lower after 3.5 and 5.5 years follow-up compared to nega-
tive cytology group. According to these results, it has been
suggested that hr-HPV screening every 5 years is at least
safe as cytology alone every 3 years [20, 23, 24].

Co-testing is combination of hr-HPV testing and cytology in
the screening of cervical cancer. Several randomized con-
trol trials evaluate the efficacy of co-testing in cervical can-
cer screening and have showed very high specificity, sen-
sitivity, and negative predictive value (92.5, 100 and 100%,
respectively). However, no significant difference was found
between negative co-test and negative HPV result in five-
years cumulative risk of cancer but HPV detection by more
than 10-fold increased the risk of CIN2+ lesions (37.4 for
HPV+/cytology+ vs. 3.24 for HPV-/cytology+) [12, 20, 23,
24, 25].

One of important limitation of hr-HPV testing is low spec-
ificity which can increase the number of colposcopy, fol-
low-up or overtreatment of women with transient HPV
infection, especially in young women, where the frequen-
cy of transient HPV infection is very high. Therefore, it is
recommended by European and American guidelines for
cervical cancer prevention to use primary HPV testing or
co-testing after the age of 30 as the starting age. In addi-
tion, in order to mitigate this limitation, triaging strategies
for hr-HPV-positive women are off great importance [11,
12, 23, 24].

Currently, 10 clinically validated hr-HPV DNA assays have
been suggested for use in HPV-based cervical cancer
screening using cervical samples collected by gynecolo-
gists: HC2, GP5p/6p PCR-EIA, Cobas4800/6800, Abbott
RealTime, PapilloCheck, Alinity, Xpert HPV, Anyplex HR,
HPV-Risk and Onclarity [14].

hr-HPV testing in triage of women with high risk
Several triaging tests are recommended for risk stratifica-
tion such as genotyping for HPV

16 and 18, detection of E6/E7 mRNA and methylation
marker tests [20, 22, 23].

hr-HPV Genotyping

Numerous studies have demonstrated that cervical infec-
tion with HPV 16 and HPV 18 have the highest risk for the
development of premalignant lesions and cancer. The most
prevalent HPV genotype is HPV 16 in both squamous cell
carcinoma (59.3%) and adenocarcinoma (36.3%) around
the world. Type18 has been found with the higher frequen-
cy in adenocarcinoma (36.8%) compared to squamous cell
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Y 0BOM TpeHyTKy ce npenopy4yje npumeHa 10 KNUHWUYKKM
npoeepeHunx OHK TectoBa 3a hr-HPV y ckpuHuHry 3a pak
rpnuha matepuue 3acHoBaHoMm Ha HPV-y, u3 y3opaka uep-
BUKCa Koje y3umajy ruHekonosu: HC2, GP5p/6p PCR-EIA,
Cobas4800/6800, Abbott RealTime, PapilloCheck, Alinity,
Xpert HPV, Anyplex HR, HPV-Risk n Onclarity [14].

Tectupawe Ha hr-HPV y Tpujaxu xeHa nog BUCOKUM
pU3MKOM

Hekonunko TpujaxkHMx TecToBa ce npenopydyyje 3a ctpatu-
dukauujy pmsmka, kao WTO cy reHoTunuaaumja 3a HPV 16
n 18, petekunja E6/E7 iPHK n TecT 3a meTunaumjy mapke-
pa [20, 22, 23].

FeHotunusaumja hr-HPV

BpojHe cTyauje cy nokasane ga uHdekuuja rpnuha ma-
Tepuue HPV 16 n HPV 18 Bupycom gosoam Ao Hajseher
pu3nka o4 pasBoja NpemManurHux nesvja u kaHuepa. Haj-
yewhu reHotun HPV je HPV 16, kako koa ckBamoueny-
napHux kapuuHoma (59,3%), Tako 1 Ko ageHokapunHomMa
(36,3%), Ha rmobanHoM HuBoy. Tun 18 yewhe ce Hanasu
koA ageHokapumHoma (36,8%) y nopehemny ca ckBamoLle-
nynapHum kapumHomuma (13,2%). Y nutepatypu je obja-
BIbEHO [a je npesaneHumja apyrux oHkoreHnx HPV supy-
ca Ko paka rpnvha matepuue Huxa, anu Huje 6e3 3Havaja
[1,5, 6].

Hekonuko noHrMTyguMHanHuxX ctyguja uctude 3Hadvaj yny-
huBara xxeHa no3nTneHux Ha HPV 16 n HPV 18 Ha konno-
ckonujy 6e3 ognarawa, 3a paHujy AeTekumjy npekaHuepo-
3HUX nesuvja. BehnHa Tux cTyavja nokasana je ga je Bue
o4 90% CIN 2 neswvja unv nesuja BuLer cteneHa no3uTumBs-
Ho Ha hr-HPV y nepwuopgy ckpuHuHra y kome je HPV 16 6uno
npegomuHaHTaH Tun [12, 20, 22]. Ctora ngeHtudurkaumja
KoHKpeTHor hr-HPV Tuna moxe ga npeasuan Behu pusmk
o[ HacTaHKka npekaHuepo3Hux nesuja Ha rpnuhy martepu-
ue.

hr-HPV E6/E7 iPHK

[oGpo je mo3HaTO [a je ekcrnpecuja BUPYCHUX OHKOreHa
E6 v E8 kpyuujanHn mexaHnsam oHkoreHe3e HPV. Ctora
ce Mepere ekcnpecunje E6/E7 y henvjama nHduumnpaHmm
HPV-om MOXe KOpPUCTUTW Kao MPOrHOCTMYKM MapKkep 3a
naeHTUMrKaumjy BUCOKOPU3NYHUX nesuvja. Y nutepartypu
je objaBrbeHo aa cy koHueHTpauuje E6/E7 iPHK hr-HPV-a
MHOFO BULLIE Y MPEMarnurHiM LepBukanHum nesunjama y no-
pehewy ca nponasHumMm MHdekunjama HPV-om. Hekonnko
cTyamja Koje cy ouewmBane TectoBe 3a E6/E7 iPHK hr-
HPV-a (HPV 16/16/45) nokasarno je Behy cneumpuyHoCT 1
CMWYHY OCETIBMBOCT Kao M TECTOBM KOju Cy Ce 3acHuBanu
Ha OHK HPV-a. ¥3 10, oBe cTyauvje cy nokasane ga HPV
iPHK TectoBuM nmajy Beoma BMCOKe HeraTyBHe NpeanKTvB-
He BpegHocTu of > 99% 3a ogcyctBo CIN 3+ HakoH 5-7

carcinoma (13.2%). The prevalence of other oncogenic
HPVs in cervical cancer have been reported to be lower
but not without significance [1, 5, 6].

Several longitudinal studies highlight the importance of
immediate referral for colposcopy in women with HPV 16
and 18 for earlier identification of precancerous lesions.
The majority of these studies have showed that more than
90% of CIN2 lesions or worse were hr-HPV positive at the
screening period where HPV16 was the predominant type
[12, 20, 22]. Therefore, the identification of particular hr-
HPV types can predict an increased risk of development of
cervical precancerous lesions.

hr-HPV E6/E7 mRNA

It is well known that expression of the viral oncogenes E6
and E7 is crucial mechanism of HPV oncogenesis. There-
fore, the measurement of E6/E7 expression in HPV infect-
ed cells may be used as prognostic marker for the identi-
fication of high-risk lesions. It has been reported that the
levels of hr-HPV E6/E7 mRNA are much higher in cervical
premalignant lesions compared to transient HPV infec-
tions. Several studies evaluating the hr-HPV E6/E7 mRNA
assays (HPV 16/16/45) showed higher specificity and sim-
ilar sensitivities as a HPV-DNA based assay. In addition,
these studies have demonstrated that HPV-mRNA tests
have very high negative predictive values of >99% for ab-
sence of CIN3+ after 5-7 years of follow-up of women aged
more than 30 years of age [7, 17, 18, 19].

HPV DNA methylation tests/Cellular DNA methylation
test

DNA methylation is biochemical process which includes
the transfer of methyl group onto DNA molecule. This
enzyme-induced modification usually occurs within cyto-
sine-guanine dinucleotide-rich areas (CpG islands) in hu-
man gene promoter regions, that induce changes in gene
activity or function. One of the important mechanism during
oncogenesis is inactivation of tumor suppressor genes in-
duced by CpG methylation. Usually, this process occurs
in early phase of the development of the cancer and it is
often present in premalignant lesions of different types of
cancers. HPV genome does not possess classical CpG is-
lands but high-density CpG sites are presentin L1, L2, E2
| E4 regions of HPV DNA.

It has been suggested that CpG methylation levels with-
in promoter regions of viral genes and cellular genes may
be used as a prognostic marker of precancerous lesions.
These markers are stable and may be used for identifica-
tion of women who are at increased risk for cervical cancer
development [7, 20].

Currently, there is no unified opinion on which host gene
methylation profiles can be used as prognostic biomark-
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rogmnHa npahewa kof xeHa ctapujux og 30 roguHa [7, 17,
18, 19].

TectoBu metunauuje JHK HPV-a/tectoBu meTunaumje
henujcke OHK

Metunaunja OHK je Guoxemujckn npouec Koju ykrbyuyje
npeHoc metun rpyne Ha JHK monekyn. Oa mogmdukaum-
ja nog gejctBoMm eH3uma obuyHO ce oaBuja y obractuma
6oratum LMTO3MH-ryaHuH auHykneotnamma (CpG octpsa)
y MPOMOTEPCKNM PErMOHMMa XyMaHuX reHa, wto AOBOAM
00 NpOMeHa y akTMBHOCTW unun OyHKUMju reHa. JegaH o
Ba)KHNX MeXaHu3ama TOKOM OHKOreHese je MHakTusauwuja
TYMOPCKNX CYMNpPeCcopcKnx reHa o koje gosoan CpG me-
Tunagmja. OBm4HO ce oBaj Npouec Aelwlasa y paHoj dasu
pa3Boja paka 1 YecTo ce cpehe y npemanurHium nesnjama
pas3nuunTux Bpcta kaHuepa. leHom HPV-a Hema knacu4vHa
CpG ocTtpBa, anu cy Mecta 6orata CpG gvHykneotuguma
npucytHa y L1, L2, E2 n E4 pernonnma OHK HPV-a.

Ykas3aHo je ga creneH metunaumje CpG yHyTap npomo-
TEePCKUX permoHa BuMparnHux u henujckmx reHa Moxe fa ce
KOPMCTU Kao NPOrHOCTUYKM MapKep 3a npekaHueposHe ne-
3unje. OBU Mapkepu cy CTabunHy 1 Mory Aa ce KopucTe 3a
naoeHTudrkaumjy xeHa kKoje cy nog nosehaHvm pusmkom
o[ pa3Boja kaHuepa rpnvha matepuue [7, 20].

TpeHyTHO He MOCTOjU jeAMHCTBEHO MULLILEHE O reHMMa
4nju 61 NpodpmnM MeTunaumje Mormn ga ce KopucTte Kao
nporHocTuykn Gromapkepun. Heku og henwvjckux Guomap-
Kepa Koju Hajsuwe obehaajy cy reHn 19 (chemokine
(C-C)-motif)-like) member A4 (FAM19A4) n mukpoPHK
124-2 (miR-124-2). PesyntatM ouewMBawa MaHena
FAM19A4/miR-124-2 y uepBuKanHum y3opLmmMa nokasanu
cy oceTrbmBocT of oko 70% u cneumndmyHocT of 68 go
76% 3a petekumjy nesunja = CIN 3 nesuja [27]. Y apyroj
CTyAmju, pesynTtatn ucnutmeara metunaumje AHK kacHnx
BMpycHux pernoda HPV 16, 18, 31 n 33 n EPB41L3 pervo-
Ha gomahvHa OTKpUNu Cy BULLY YKYMHY OCETIbMBOCT 1 Crne-
UMAUYHOCT 0, reHoTMNU3auuje y naeHtudukauunjm nesuvja
> CIN 2 ko »eHa no3ntueHux Ha hr-HPV [28].

Mako cy oBv TECTOBM NePCNEKTUBHU, ePUKACHOCT TeCcToBa
metunauuje OHK mopa ce notBpaMTK fa 6v ce oHM Mornm
NPYMEHMBATK Y KITMHWUYKO] MPAaKCK.

3akrby4ak

MocToje 0bunHKM Ookasyn O TOMe Aa Cy AUjarHOCTUYKA U
NPOrHOCTUYKM TecToBK 3a hr-HPV BaxHu anatu 3a ckpu-
HUHI Ha pak rpnvha matepuue. Ogrosapajyhe cmepHuue
C30 wn EBponcke cMmepHUUe npenopydyjy ykibydvBahe
TecTupawa Ha HPV y HaumoHarnHe nporpame 3a CKPUHUHT
Ha pak rprnvha matepuue, Kao JoAaTHUX TECTOBA UMK Kao

ers. One of the most promising cellular biomarkers are
19 (chemokine (C—C)-motif)-like) member A4 (FAM19A4)
and microRNA 124-2 (miR124-2) genes. The results of
biomarker panel FAM19A4/miR-124-2 evaluation in cervi-
cal samples have showed sensitivity of about 70% and a
specificity of 68-76% for the detection of =CIN3 lesions
[27]. In other study, the reports of DNA methylation levels
of viral late gene regions of HPV 16, 18, 31, and 33 and
host EPB41L3 region have revealed a higher overall sensi-
tivity and specificity than genotyping in the identification of
2CIN2 lesions in hr-HPV-positive women [28].

Although, these tests are promising, the efficacy of DNA
methylation assays needs to be validated for clinical prac-
tice.

Conclusion

It is well demonstrated that both diagnostic and prognostic
hr-HPV testing is an important tool in the screening of cervi-
cal cancer. Relevant WHO and European guidelines have
recommended the inclusion of HPV testing into national
cervical screening programs as an adjuvant test or as a
primary screening method. The incidence and mortality of
cervical cancer in Serbia is among the highest in Europe.
For an efficient reduction of cervical cancer pervasiveness
in Serbia, the implementation of cervical cancer organized
population-based screening program that includes HPV
testing is essential.
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npuMapHor mMetoga 3a CKpUHWHL. VHunaeHumja n mopta-
nuTeT of paka rpnuha matepuue y Cpbuju cy mehy Haj-
BuwMMa y EBponn. 3a eprkacHO cManewe pacnpocTpa-
HEeHOCTU paka rpnuha matepuue y Cpbuju HeonxogHa je
npuMeHa opraHn3oBaHOr NoMnynaunoHOr CKPUHWUHE nporpa-
Ma Koju ykrbydyje HPV Tectuparse.
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