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Caxertak

YBoa. Y rororo 90% oapacie norynanyje NpucyTHa Cy aHTUuTeNna npema tumy 1 Herpes simplex
(HSV-1) Bupyca. Unrepdeponn tuma III (IFN-A) mmajy Beoma 3HauajHy aHTUBHPYCHY U
aHTUHH(IIAMAIM]jCKy aKTHUBHOCT, IITO j€é OJ MOCEOHOr 3Hayaja KOJ PEKYypEeHTHOT XEpIeTUYHOT
kepatutHca. Enurenercka mpupona peaktuBanuje HSV-1, usmel)y ocranor, Moxe 3aBUCUTH 0]1
MPUCYCTBA M KOHIICHTpAIKja JOKa3aHUX EMUTeHTCKUX MOJIYJIAaTopa Kao ImTOo cy BUTaMuH B12 u

(oJIHA KHCeNMHA, KOjU CY YKJbYUEHH Y TIpoliec Metuianuje mojiekyna JJHK.

HumweBu. Lum cryamje je ma ce uctpaxku moryha mosesanoct m3mely /L28B reHoTumna
noMahrHa ¥ IPEAHCIIO3UIHjE 32 PEKYPEHTHH CTPOMAJIHHM XEpPIETUYHH KepaTtuTHc. Takohe, musb
OBOT HCTpaKMBama je U aHaiu3a Moryhe moBe3aHocT u3Mel)y KOHIEHTpaluja BuTamuaa B12 u

(doIHe KHCeNUHE Y KPBU Ca Pa3BOjeM PEKYPETHOT XePIIETUYHOT KepaTUTHCA.

Metoae. VcnutuBame je CIpoOBEIEHO Ha Y30pKY OJ OcaMieceT MalujeHara crapujux ox 18
roJauHa, o0a 1oia, KOju cy y aHaMHE3U MMalli [10jaBy PeKYpPEHTHOT herpesvirus hominis labialis
(HSL). CBu ucniutanunm cy tectupanu Ha npucyctBo IgG anturena crnermuduunux 3a HSV-1,
Kako OM ce KOJ CEepONO3UTHUBHUX TojeauHarna Tunusupao reH [L28B (rs12979860snp).
Cenmamyecer U MeT CEPONO3UTUBHUX MCIUTAHHMKA YKJbYUYEHO je y CTyaujy. [[BameceTr u uetupu
nanyjeHaTa uMana Cy PEeKypeHTHH XEpIeTUYHHM KEPATHTHUC ca MOCICAHUYHUM OXKUIbABAEM
pOXKHade W 3HAYAJHAM CMamemeM BuaHe omrpuHe. YkynmHa [IHK wm3onoBaHa je u3 y3opaka
KpPBU HCNHTaHHUKA. McnuTaHuuMa ca peruIuBUpajyhuM XeprneTH4HuM KepaTUTHUCOM, JI0JaTHO
je yzero 2ml nepudepHe BeHCKe KpBH 3a oapehuBame HUBOA (poHE KUceInHe U BUTaMuHa B12

y aKyTHO] (a3u peluauBa XeprneTuyHe 00JecTu oka.



Pe3yaratn. Y HaiieM UCTpakMBamy IOKa3aHa je CTATHCTUYKU 3HAuajHA MOBE3aHOCT u3Mely
nojaBe pekypetrHor HSV keparutuca m aBa jenHoHykieoTwaHa mnonumopdusma (SNP) 3a
redotun /L28B (CCrs12979860 u CTrs12979860, p<0.05). Takohe, mpema pe3yiratuMa Harie
CTyJHje, CBH TAIMjCHTH Cy UMAJIM HIKE BPEIHOCTH BUTaMuHA B12 M dostHe KHCennHe y cepymy

y aKyTHOj (a3u peruanBupajyher xepneTHyHOr KepaTuTuca.

3akspyuak. Pesynraru Hamie cTyauje MoKasyjy Jla ce KIMHWUYKAa MaHUQecTalnuja peKypeHTHE
HSV-1 undexnuje moxe mose3aTu ca noiaumopduzMom [L28B rena. PeakTuBamuja Bupyca
HSV-1 moxe OuTH 1moBe3aHa ca MUHHUMAaJTHUM HeIOCTaTKoM BUTaMuHa B12 u ¢onHe xucenune

TOKOM JIaTeHTHE ¢aze Oosectu, 300r enurenercke npupoae HSV-1 supyca.

Kibyune peum: rencke Bapujauuje [L28B, peKkypeTHU XEepHETHYHU KEPATUTHUC, CMHUTCHETHKA,

ButamuH B12 u ¢onHa kucenuna.



Abstract

Introduction. Herpes simplex (HSV-1) type 1 antibodies are present in almost 90% of the adult
population. Type III interferons (IFN-A) have very significant antiviral and anti-inflammatory
activity, which is of particular importance in recurrent herpetic keratitis. The epigenetic nature of
HSV-1 reactivation may depend, among other things, on the presence and concentrations of
proven epigenetic modulators such as vitamin B12 and folic acid involved in the DNA

methylation process.

Objectives. The aim of this study is to investigate the possible association between /L28B host
genotype and the predisposition to recurrent stromal herpetic keratitis. Also, the aim of the study
is to find out the possible relationship between vitamin B12 and folic acid concentrations in

blood and recurrent herpetic keratitis.

Methods. The study was conducted on a sample of eighty patients over 18 years of age, of both
genders with a history of recurrent herpesvirus hominis labialis (HSL). All subjects were tested
for the presence of HSV-1-specific IgG in order to typify /L28B genes (rs12979860snp) in
seropositives. Seventy-five of these patients were found to be seropositive for HSV-1 and were
subsequently enrolled in the study. Twenty-four of the enrolled patients also had a history of
recurrent herpetic keratitis (HSK) associated with severe corneal scarring and visual acuity
deterioration. Total DNA was isolated using blood samples. Two milliliters of peripheral venous
blood were additionally collected from subjects with recurrent herpetic keratitis, in the acute

phase of the disease, in order to determine folic acid and vitamin B12 levels.



The results. A significant association was observed between recurrent HSK and two single-
nucleotide polymorphisms (SNP) of the /L28B genotype (CCrs12979860 and CTrs12979860, p
<0.05). Our results show that all patients in the acute phase of the recurrent herpetic keratitis had

lower B12 and folic acid sera levels.

Conclusion. The results from our study indicate that the clinical manifestation of recurrent HSV-
1 infection may be related to /L28B gene polymorphism. HSV-1 virus reactivation may be
associated with minimal vitamin B12 and folic acid deficiency during the latent phase of the

disease, due to the epigenetic nature of the HSV-1 virus.

Keywords: /L28B gene variations, recurrent herpetic keratitis, epigenetics, vitamin B12 and

folic acid.



3axBaJHHIIA

Benuka 3axBanHoct MmeHTOpKHu mipod. 1p Henn Honosuh Ha momohu u pazymeBamy TOKOM Li€JI0T

npolieca u3paje u Mucama JOKTOPCKE TUcepTalyje.

Benuka 3axBanHocT MeHTOpKH mpod. ap Onusepn MunomeBuh Bophesuh Ha cBuM unejama u

KOPUCHUM CaBETHMa, PEJI03UMa U TOAPIIIH TOKOM U3pajie JOKTOPCKE AUCEepTaLHje.
3axBasbyjeM ce u3y3eTHoj mpodecopku JeBpocumu CteBaHOBHh Ha HEM3MEpHO] oMohwu.

Benmuky 3axBasiHOCT myryjem npodecopurn ap CyHummm CpehkoBuh W JONCHTUKHEBH [P

Tatjanu Llapenan-Bymnosuh.

[Tocebna 3axBanmHOCT Tpodhecopy Muiienky CTojkoBuhy KOjU je MMao CiIyXa W Bepe y MEHEe Ja

mu omoryhu nonazak y Knunauky 3a oune 6omnectu Kimanukor nenrpa Cpouje.

OBaj pax je Hactao y3 Hajehy momoh Moje KOJIETHHHIIE, BPXYHCKOT O(TaIMOJIOTa HAYYHOT
pajHMKa U MOje MOIITOBaHE MpujaTesbulle MoueHTKHmbe ap Ceernane CraHojmoBuh, koja je

y4€CTBOBAJIA Y CBUM JI€TaJbMa ITMCakba MOje JOKTOPCKEC z(HcepTauI/Ije.

BEJIMKO XBAJIA!

Pax nocsehyjem Maptu, Tapu u JoBanu.



CAJIPXKAIJ:

LA 21 J 1 SO OO SUPRRRUSTO 10
1.1. AHATOMH]a U (DYHKIIAJA POMKEBAUC. ...eeuvvenrrerereenreeeeennreenseesnseenseesseenseessseenseesneeenseesnns 10
1.2. OnmTy NaTOJOMKHU HPOLUECH Y POIKEDAU . .c..neveeenereerrreerrreenieeesreeesreeeniseessnseessneenns 12
1.3, XCPHETHUHH KEPATHTHIC. ... uvveeenereeenrreenereeasreesseeensseeensseesssseesnsseesnssessssseessssesssseesnssees 14
1.3.1. [lamozene3a XepnemuitO2 KEPAMUMUCA. ..........ccveeerveeerreensreesssneessseeesseessseesnsees 14
1.3.2. Umyno-namonocuja XxepnemuuHo2 KEPAMUMUCA. ...........cecuveererveessreeensreesnsreesnsseesnnns 16

1.3.3. Ynoea Thil, Thil7, u CD8 T-henuja y nacmanky xepnemuunux kepamumuc ne3uja 18

1.3.4. O6nuyu XepnemuutHO2 KEPAMUMUC. ..........c.veeeeeveereereesirreenseeesseessseessseesssseesseesnns 21
1.3.5. Enudemuonowxe Kapakmepucmurke XepnemuiHo2 KEPAMUMUCA. .............cveerereeenn. 24
1.4. Xepnec cumrieke BUPYC THI 1 (HSV-1)..oooiiiiiieeeee, 25
1.5. Mexanusmu peakTuBalnje HSV-1 BUPYCA......coceviriiiiiiiiiiiiicicciciccccce 27
1.5.1. Bupychu ymuyaj Ha UMyHCKU CUCTNEM OOMARUHA. ........c.ceeceeaseeaeiaiieaiiesiieaeeeaean. 28
1.5.2. Cnomnu ghakmopu xoju cy ykmwyuenu y peakmusayujy HSV-1 eupyca................... 29
1.5.3. Enueenemcka pecynayuja peakmueayuje HSV-1 @UpYCa.............cooceeeveeeevceeennnee.. 32
1.5.4. DONHA KUCCTIUHA. ......eeeeeieiieaiieeeee ettt ettt et et e st e st e st e e sabeeeas 33
L.5.5. BUMAMUH BI2.....c...cooiiiiiiiiiiiiiiiieeeee ettt 34
1.6. THTEPIEYKHMH IL28B.......oeieiiieeiee ettt ettt e e s sbae e e e nnbeesnnneas 35

1.6.1. Cmpykmypa eena xoju kooupa unmepaeyKun IL28B...........ccccccoveveivieciieeniininiennns 38



2. usbeBU, XUTOTE3E M 3HAUA] UCTPAIKHBAIDA. ...c.uveenereenteerureenteesieeeseesueeaseesnsesseesnseanseesssesnses 40

2.1, [IATBEBH HICTPAIKHBAIDA. ..c.uvveernereeenereeanereensneesseeensseeessseesssseesnsseesnssesssssesssssesssseesnssees 40
2.2, XUTIOTE3€ UCTPATKHIBAIDA. .. .vveeeurreerurreennrreessseeensseeensseeassseeansseesnsseesnssessnsseessssesssseessssees 40
2.3. 3HaYA] HCTPAKUBAUKOT TTATAEDA. ....uveevveerreensreenseensseesseenssessseessseenseessseessesssessseessseensees 41
3. MATCPHJATT FE METOIC. ...eevveeereenrrerereeseensreeseessseeseessseeseessseessessssesssesssseensessssesssesssseessessssesnsens 42
3.1 BPCTA CTYIIHIC. ..cuveeneieeiiieiieeieeeite ettt et eetteeteeeeaeebeessaeenbaessaeenseesssesnseessseenseessseensens 42
3.2. [TOmyaIija KOJ& C& HMCTPAMKYJC..uuvrerrerureerureereanueesnseenseesseesseesnseenseesnseanseesssessseesnsesnne 42
3.2.1. BEMUUUHA YPIOPKA..cueeeeaiieeeiieeeieeeeee ettt ettt e s e e sbt e e st e et e st eenaneeens 44
3.3. Y30PKOBAHE M METOME QHATTHBEC. . .eeeeeeurrreeeesarreeeesureeesasssseeeesssseesessssseesasssseessanssseesanns 44
3.3. 1. FIMYHCKE QHAMU3C. .......eveeeeeeeeeeeiieeeeeieeeeesaeeeestaaeeessaaeeeesssseasensssseessnsnseeeesnseeens 44
3.3.2. Huso gonne xucente u UMAMUHA BI2.............ccooeeeeueieciiieeiieeeiieeeieeeeieeee e 45
3.3.3. Tenomunu3ayuja IL28B.............ccoooviiiiiiiiiiiiiiieeeeeteee et 45
3.4. CTaTUCTUYKA OOPAIIA TIOTATAKA. ...eeeuvreeerreererreesureeenureeasreesseeesnseeessseesssseesnseesnsessnnns 47
L e ) ¥ N SO TSR RRRR 48
4.1. Onpehusame IL28B rs12979860 reHOTHIIOBA U BHHXOBA JUCTPHOYIIH]a................... 50
4.2. ®onHa KUCeTHA, BUTAMUH B12 U OPOj PEIIUIMBA. ......ccveeereeieeeireenieeeereeiee e eneeeens 55
S JIICKYCHJA. .o euteeeeieeaieeeeteeteeeeteesteessteesaeseseesseessseessaessseesseaasseensaessseesseessseensaessseenseesssennseensseans 59
0. BAKIDYUIIH . ....eeeuvveeeuereeeiteeenteeeanseeensseesasseessnseeassaeeansseeanssesssseesnsseeanssesanssesssseessssessseessseesnseeens 68
7. ITonHC 03HAKA Ml CKPANCHHUIIA. ... . eeeevieeeieieeeieeeeiteeeeiveeeiteeesaseesaseessseesseeesaseeesssesessseeensseeennns 69
8. Crucak CIMKA, TAOCITA U TPAPTKOHA. ....cccuvvreerreeeireeereeesseeesseeessseeassseesssseesssseesssseessseeesssees 71

Q. JIATEPATYPA. ...ttt ettt st ettt et e 73



JlokTopcka aucepraruja Bbopusoje CaBuh

1. YBOJ

1.1. AHaToMuja 1 PYHKIHja POKHIade

Poxmwada ce Hamasu y CKJIONY NpPEIHEr 3aKPHBJBEHOT Jiea CIOJhAIllEl OMOTada OKa.
[IpencraBiba pBH ONTHYKHA MEIUjyM HA KOjU CBETJIOCHHU 3paly Majajy MPUIMKOM Ipojopa y
nyOJpe cerMeHTe oka. HajBakHMja KapakTEepHUCTHUKA POXKEbAUe je TIPOBUIHOCT, a 1a Ou oOaBbasa
CBOjY QYHKIM]y y MOTIIYHOCTU MOpa OWTHU riaTka, cjajHa u BinaxHa (1). Poxxmwaua je rpahena of

IIeT cnojeBa, dKO KpEHEMO CII0Jba IIpEMa YHYTpPaA CJ'IOjeBI/I Cy:

Ennren
boymanoBa memOpaHna
Crpoma

JlecuemeTroBa MeMOpaHa

A o

Enporen (Cnuxka 1)

], o O i - =
3 = >
—

L SL A "_-l—l-s (' - &

Cauxka 1. X1CTOJIOIIKY NPECEK POXKbaue

(uzsop, http://www.images.missionforvisionusa.org/anatomy/2005/10/cornea-histology.html)
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[Ipema monmanuma Csetcke 3apaBcTBeHe opranuzanuje (C30), mpouewyje ce na je oko 289
MUJIMOHA Jbyu cieno u cinaboBuao (1,3). [open karapakTe koja je Boaehu y3pok ci1aboBHAOCTH
y cBety, Meh)y Bogehum rinobamHuM y3pouHuiuma ciaboBUAOCTH cy U Oonectu poxmade (1).
TxuBO poxmaye je Cnenu(uIHO MO0 TOME IITO je MMYHCKH NPHUBHJICTOBAHO, HEMa KPBHUX U
mumHuX cynosa (4). Emuren poxmade je nebspuHe oko 50 um M cacToju ce oJ Oa3aHHX
henuja Koje cy UMIMHAPUYHO TOCTaBJbeHE HAa TaHKy Oa3zanHy MeMOpany. M3Han mux cy y
cllojeBMMa TOCTaBJbeHe KyOuuacte henuje, a Ha camoj MOBPIIMHHU cy Iulodyacte henmuje 6e3
opokaBama. Enmren ce oOHaBiba o muMmOyca (pyOHU €0 poKmade Ijie Cy MaTH4He hemuje)
npeMa HEHTPY pPOXKHade, OJHOCHO 0] 0a3alHOT Clioja MpeMa anmuKaaHoOM. Emmren poxmaue je
NPOKET MHOIITBOM HEPBHUX 3aBpIIeTaka, a MOry ce HahM M XHCTOLUUTH, JUMQOIHTH,

MEJIaHOIUTH U aHTUTeH npe3eHTyjyhe Jlanrepxancose henuje (5).

boymaHoBa MeMOpaHa je uBpCT aleyjlapHH cJ0j KOjU LITUTH CTPOMY poxmbaye. CacTaBibeH je
0Jl HENpPaBWJIHO pacnopeheHux KosareHuX BilakaHa JedsbuHe oko 10 Mukpona. boymanosa

MeMOpaHa Hema criocoOHoCT pereHepanuje (1).

Crpoma poxmaue unHU HajBehu neo poxmaue (oko 90%) u cacraBibeHa je oj koyarena (6, 7).
KonareHn je mocraBibeH y BHIY Jiamena, a u3Mel)y amerna cy KepaTOIMTH, aMHjeIMHCKa HepBHA
BIaKHA U ITyKOTHHE MOIYHEHE BOAOM. Y CJIOjeBHMMa CTPOME paaujajHO ca CBHX CTpaHa ce
rpaHajy HepBHH 3aBPILIETIIH, 300T TOra je poKiada HajoCeTJbUBUjU Jieo noBpmuHe Tena (1). Ta

OCTEJEUBOCT OMOTYhaBa 3allITUTY O] TIOBPE/a, jep MHHIMAJTHA TIPOBOKAIHja y3poKyje jak 00 (8).

JleciemeroBa MeMOpaHa je XoMoreHa 0azaiiHa MeMOpaHa, I0CTa je Tama OJl mpeame boymanose
MeMOpaHe, a Ha KpajeBruMa camMe POXKmade OHa IMpeJia3y y caM MouYeTak muiujapHor mumuha (8,

9).

Enporen ce y 0OCHOBHU cacToju Of jeHOT cjoja MJbOCHATUX Iectoyraonux henuja. Te henuje ce
HaKOH poljema He Jielie U Kpo3 LIE0 JKUBOT ce BUXOB 0poj mocreneHo cMamyje. CBaku ryourak

enoTenHux henwja ce Hampokaalyje yehameMm npeoctanux henmja (8).
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CrapemeM ao0sa3u 70 W3paxkaja MmojMMeratiusam H mieomopdusam enporenHux henmja. Yiora
eHjoTenHuX henmja je BaxkHa jep oHemoryhaBa ynaszak BoJie y poKibauy 300T uera oHa 3a/prkaBa
IPOBUAHOCT TOKOM XHBOTa. CBako omreheme eHoTeNna poKmbaue JOBOJH J0 €eMa pOXKibaue

u moryher Tpajaor 3amyhema Bua (8).

Poxmaua ce xpanu qudy3ujoM U3 MEPUKOPHEATHE apTEPUjCKe MPEXKe, jep HeMa KPBHUX CY/I0Ba.
300r pa3nMUYUTHX YMATHHUX MpoIeca MOXE JOhM 0 ypacTama KpPBHUX CYAOBa KOJU OKPYXKY)Y

POXIbauy U HbUXOBOT IPOAMpama y 1y0jbe CerMEHTE pOoXKibaue IITO ce HazuBa panus (8).

1.2. Oty NATOJIOMIKH NPOLECH Y POKEIAYH

Hu3 maromomkux nponeca MOKE TIOPpEMETHUTH CTPYKTYPY je,Z[HOI‘ O YKYIIHO II€T cnojeBa

pOXIade U JoBecTu 10 nopeMehaja GpyHkMje poxKmaye.
Poxmaua moxe na 6yzae 3amyhena u3 crienehux pasmnora:
1. Enem poxmwaue

Enem poxmade Moxe OWTH CcTpoMaiHu win enuTenHu. Hajuemhe Hacraje ycnen
JIeKOMIIeH3a1uje eHaoTenHe mymme. CTpoMaliHM €leM KapaKTepulle Mpa3aH MmpocTop u3mely
CTPOMAJTHUX JIaMeJia, a CMamkeHkhe MPOBUAHOCTH POKIbade HacTaje 300r mopeMeheHor mosjoxkaja
namena y crpomu. EmmrenHu exgem kapakrepuile mojaBa enutenHe Oyne. Hajuemrhu ysporm
omtehewa eHpoTena cy: XxepnetuuyHu auciubopMHu Kepatutuc (endotelitis), DykcoBa
enpotenna gucrpoduja (Dystrophia endothelialis Fuchs) n moBpeaa eHaorena poxmaue yciea

MHTpaAOKyJIapHux oneparyja (1).

2. Oxuipak

OxnJpak M BacKyJlapu3aldja €0 Cy HOPMAJHOI Ipolieca 3apacTamka y BE3MBHOM TKHMBY. Y
BehMHM TKMBa TH TPOIECH HMajy KOPUCHY YIOTY, MEhyTHM OXHJbaBambe POXKIaue MMa 3a

mnmociacauny CMETH:C BUIAHC OLITPHUHE. ,Z[GJII/I CC€ Ha H€6YKYJ103HO, MAaKyJIO3HO U JICYKOMATO3HO
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3amyheme. Nubecula je 6nen, jenBa BUAJBUB OXUJbak. Macula je jacHO orpaHuyeHo 3amyheme

KOje je IeTMMHUYHO MPOBUAHO. Leucoma je MOTIYHO HEMPOBUIAH 0XKHIbaK Ha poxkmwauu (1, 10).

[TojaBa KpBHHX CyaOBa Yy pOXHadyd YyBEK je 3HAK maTtosomkor mporeca. CrpomanHa
BaCKyjlapu3allija c€ T[OjaBjbyje Yy pa3HUM MAaTOJIOMIKUM mnopemehajuma y poXmbauu.
Jlokanu3oBaHe MOBPUIMHCKE BacKyJIapHu3alyje OOMYHO Cy YApYXKEeHE ca Creun(uIHAM Je3rjama
pOXmaue, JOK JAyOOKe BacKylnapHu3alyje NOTUIY OJ NpPeAmHUX LHWIMjapHUX KPBHUX CyJI0Ba U

nocneauile cy Xxponnynux nHdnamanuja (1, 10).

3. 3anaspeHcku HHOUITPAT (MHPEKTUBHU U HEMH()EKTUBHU )

CrpomanHu HHIIMTPATH cacToje ce OJ] JCYKOIMTAa U 3HAK Cy aKTHBHE ymaje. Ymajga U UMyHCKa
peaxiyja pe3ynrar cy pa3IuuuTUX MoBpena UH(EKIja 1 CUCTEMCKUX OOJIECTH BE3UBHOT TKHBA,

KOj€ MOTY JOBECTH JI0 PEBEP3MOUITHUX WIIH UPEBEP3UOUITHUX ITPOMEHa Ha poxkmadu (1).

4. [lemo3utu

[TocToje pa3nuuuTH MaTepHjalid KOjU C€ MOTY TAJIOKUTH Y POKEbAYH, & MOTY J1a Oyly €HIOreHOT
WIH €r30reHOr Mopekia. J[emo3uTu EHIOreHOr TMOpeKia Cy pe3ysTaT BHIIKa MaTepujaia
CTBOPEHOT TOKOM MeTaboinykux Oosiectd (HIp. BuiicoHoBa Oonect W jaemo3utu Oakpa y
JlecriemMeToBO] MeMOpaHH), WJIM TOKOM IUCTpo(dHje W JereHepanuje pokmade (HIp. BHIIAK

INIMKO3aMHUHOTTIMKAaHA Y CTPOMU M €HJIOTeNy Y MaKynapHoj auctpoduju) (1).

Jlero3uTH €r30reHor nopekyia ¢y y HajBehoj Mepu pesynraT Tanoxema JIEKOBa, ¥ TO BUIIE O]

50 Bpcrta nekona (1).
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1.3. XepneTHYHHU KePaATUTHUC

1.3.1. Ilamozenesa xepnemuunoz Kepamumuca

I'maBuu nyTt mmpewa HSV-1 Bupyca je JUpEeKTHUM KOHTAaKTOM, jep BUPYC yiazu y nomahuHa
Kpo3 ciy3Huly. O4yHa WH(]EKIHja ce MOXe MO0jaBUTH Kao MpHMapHa HHQEKIHja WM Kao

peunauBupajyha (1).

Hakon mnpumapHe wuH(peKnuje BUPYC IyTyje pPETPOTPaIHUM AaKCOHCKUM TPAHCIIOPTOM JIyXK
HepaBa JI0 TPUT'eMUHAITHOT TaHTJIMOHA, TJIe 0CTaje y JIATEHTOj (ha3u JIOK ce MOHOBO HE aKTUBUPA
(Cnuka 2). Kperame HSV-1 Bupyca nyxx odraimuuke rpaHe NeTOr KpaHUjaIHOT >KUBIA U3 (aze
JATCHIM]€ Y TPUTEMUHAIHOM TaHTJIMOHY M H-EroBa aKTHUBAIlMja MPEICTaBJbajy MPOLEC KOjH je
YCIIOBJbEH MHOTUM CUMOMOTHYKUM (paKTOPHMAa, Kao IITO cy (HaKTOpH CpeArHe, PUPOJIE BUpyca

u ocooune nomahuna (11, 12, 13, 14, 15, 16, 17, 18, 19, 20).
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Possible
Latency

L

Latency

HSV anterograde transport after
reactivation in trigeminal gan

HSV retrograde transport
after ocular infection

HSV retrograde transport
after oral infection

HSV transport to trigeminal ganglion
via neural or hematogenous spread
after extraocular infection

Camuka 2. Illema Tpanciopra HSV-1 Bupyca u3 narentHe dase y peungus (usgop, Faroog AV.

and Shukla D. 2012).

Jlatentna ¢aza HSV-1 Bupyca y poxmaun nomahuHa je KOHTpOBEp3Ha Tema, Mpe cBera, 300r

Hepa3yMeBamba HaulHa ojipXKaBama ucrte (22).

Hekonuko cryamja jmaje Jokase 3a JIATCHIH]y BUpYCa y CaMoj pPOXKEadd, Kao W JOKa3e o

MoryhHocTHMa TyropouHe BUPYCHE aKTUBHOCTH y TKUBY poxkmaue (23, 24, 25, 26, 27, 28).

HSV-1 Bupyc ce TOKOM TpaHCIUIaHTaLUje POKE-aue MOXKE IPEHETH ca JI0HOpa Ha ImpuMaorna 6e3
jacHe KJIMHWYKE CIMKE KEpaTUTUCAa KOJl camor JOoHOpa. KBaHTHUTATHBHY JIaHYaHy pEaKIujy
nonumepasze PCR je BaKHO ypaJuTH HaKOH €KCIUIaHTallMje€ TKUBA POKH-aue KOJ CBUX JIOHOPA, a

moce0HO KOJI IOHOpa KOJ KOJUX Ce MOCYMIba Ha XEepPIeTUYHU Kepatutuc (23, 24, 25).
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1.3.2. Umyno-namonozuja xepnemuyHnoz Kkepamumuca

TpeHyTHO pa3zyMeBame HMYHO-TIATOJIOTHjE XEPHETHYHOI KEepaTuThUCa KOJA JbYAH MNOTHYE U3
cTyauja koje cy pahene Ha xuBotumama (29, 30). HSV-1 undexnuja poxmaye KoJ MUIIEBA je
Hajuenthe KopunrheHn KUBOTUELCKU MOJIEIT 33 TPOyYaBamhe XEPIETUUYHOT KEPATUTUCA KO JbY/IH,
jep HyaH HEKOJHMKO npeaHocTH. Came ymaliHe Jie3uje Yy CTPOMH POKHbade OIOHAINAjy XepIiecHe
Jie3uje OMaKeHe KOJ JbYAU M MMYHCKA peakildja je CIIMYHAa UMYHCKO] peakiuju Koj by (32)

(cruka 3).
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LU'minfected

Day 3 PI Day 7 Post Mock Inf

Cauka 3. HSV-1 undexnuja poxmaue koa mumieBa - Koa HenHuuupane Muilje poxmade
TUMQHH CyJIOBH C€ Halasze y JTUMOYCy, He yia3e y pOoKiady MHIIA, HBHIA JTUMOYca je 03HaYCHA
ucnpekuganom nauaAjoM. Hakon mHdexnuje HSV-1 Bupycom, mocne 7 mana nuMmdHH CymnoBu

yJa3e y TKUBO pOXmadue Muia (uzeop, Park PJ, et al. 2015).
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Benuko orpannueme xkopunthema MUILIEBa Y €KCIIEPUMEHTY HacTaje 300T Tora IITO Ce YIIaBHOM
paau o mpuMapHOj UH(EKIUjHU, alli HE U PEeKYpeHTHO] OosiecTu, MITO je y BehuHu ciayyajeBa KoJ
Jbyau. Axo ce mocmarpa UMyHH ofarosop Ha HSV-1 okymapHy mHbexnmjy oH ykJbydyje aBe
¢daze, ypoheHe u amanTUBHE KOMIIOHEHTe UMYyHOT cuctema (33). TOKOM TpPEeTKIMHUYKE WU
akyTHe (ase, mpBH Tajrac MMyHUX helMja KOjU C€ YIJIABHOM CacTOju Off HEeyTpoduia u

Makpodara NoMaxy y yKJiamamwy BUpyca Koju ce perunupa (28).

VY caMo0j KIMHHUYKO] WM XpOoHUUYHO] (a3u Gonectu, CD4 T-henuje nmouumy na ce mnojaBibyjy y
POXKIbAUYM HAKOH 6 110 7 JaHa M TO je MEePHOJ y KOjeM OHE YIJIaBHOM YCIIEBAjy Ja CIMMHHUIIY
Bupyc (33). YouaBa ce ma cy CD4 T-henmje mpuMapHU HOCHOIM XEpIIETHUYHE JIE3Hje, jep
OJIaKIIaBajy TPWIMB Apyror Ttamaca Heyrpoduma (34). MacuHa henmjcka wuHbuTpanyja,
noceOHO HeyTpoduia, IpeacTaB/ba HajBAXKHUJU MEXaHHM3aM KOjH je€ OJIFOBOPaH 3a OTHIAKE U

YHUILITaBak-€ TKUBA poxkmaue (35, 36).

1.3.3. Ynoza Thl, Th17, u CD8 T-henuja y nacmanky xepnemuuHux Kepamumuc ie3uja

[TpumapHu pasyior 3a HacTaHAK XEPIIETUYHE JIe3Wje je MMYHONATOJIOMIKA OJIIOBOP 32 KOjU CY
onroopae T-henmje (Cnuka 4) (32). OBo miegumire je yreMe/beHO Ha Halla3uMa KOjU MOKazyjy
Ja Cy MMILIEBH KOjU HMMajy Mame T-henuja m Mame ocersbuBu Ha HSV-1 m3asany OGonect
poxmaue. TokoM BUpycHe MH(]EKIM]je U KO JbyIU U KoJl MullieBa npeosnanasajy CD4 T-henuje
y OYHUM TKUBUMA, W FHHXOBa (PYHKIMOHAIHA aKTHBHOCT YECTO j€ MoBe3aHa ca omrehemeM

TKHBa y poxxmauu (37).

CD4 T-henuje ko MUIIIeBa Ce TI0jaBJbYjy y pOKEbadaMa OKO IIECT JaHa mocie okynapae HSV-1
uHpeknrje W BUXOB Opoj HacTaBjba Ja ce moBehaBa TOKOM mochedme (ase pas3Boja
6onectu. Thl kao nomohne henuje UMyHCKOT cucTeMa eKCIIpUMEpajy dakTop TpaHckpumniuje T-
bet u Mpou3BOAE Pa3TUUUTE UMYHOMOMYJIATOPE KOJU MIPajy yJOTY Y eKCIPECHjH XEpIEeTUYHE
nesuje. Thl hemuje wm3myuyjy murokmne IFN-y m IL-2 koju Mory m3a3Batu ynaily u

BacKyJapu3anujy poxmaue (37, 38).
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Cauka 4. XuUCTONATOJIOMIKA TPECEK pOXKiaue 3apakeHor muma - CTpenuioMm je o3HadeHa
npomudepanuja CD4 T-henuja y TkuBo pokmade HakoH mHpeknuje HSV-1 Bupycom (uzsop,

Gangappa S. et al. 2015).

[Topen Tora, oBM IHMTOKMHH Takohe MOAynHpajy XEMOKHMHCKE (PaKTOpe W TaKo OJIAKIIaBajy
MacuBaH MPWIUB HeyTpodwia U Makpodara y poxmady TOKOM Hocieame ¢ase pas3Boja
xepnernune aesuje (40, 41). [dpyra rpyna CD4 T-henuja koja je HepaBHO 10o0OmiIa 3HAYajHY
yIIOTY y pa3Bojy xeprerudne ye3nje cy Thl7 hemuje (42). Ope henuje ekcipumupajy ¢axtop
tpanckpunuuje ROR-y u npousBone nurtokune momyt 1L-17, IL-21, u IL-22. Th17 hemuje ce
HaKymbajy y poxmaun uHpuuupanoj HSV-1 Bupycom ToxoMm kacHuje ¢ase maroreHese u

MOMaXy Yy OJip’KaBarby U NPOLIMPEHY XePIEeTUUHOT KepatuTtuca (43, 44).
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Ouna uHdexkunja HSV-1 Bupycom kox muieBa rie je u3BpllieHa HeyTpanuzauuja IL-17
KopuuihemeM MOHOKJIOHCKHX AaHTUTeNa JloBella je /10 CMamema HampenoBama 0oJecTd U
030mbHOCTH XepneTnuHux jesnja (43). [loganu u3 oBux cryauja cyrepuiy na IL-17 cHaxHo
WHIYKYyje TPOM3BOJKBY KJBYYHHX YHNATHUX Meauwjatopa kao mro cy IL-6 m IL-8 y
¢bubpobdmacTMa poxmade Koa Jbyau. Moxke ce pehm ma hemmje Thl7 mpomsBommom IL-17
MOJyJIUpajy HUBO XeMoTakTWdkux ¢aktopa nomyr CXCL-1 u IL-8 m yruuy Ha Murpauujy

HeyTpoduIia y ynajbeHO TKUBO poxkmbaue (43).

HNako ce CD4 T-henmje cmaTpajy TIJIaBHUM TIOKpEeTaunMa XEpIEeTHYHE Jie3uje, IOJalH
NPE/ICTAaB/bEHN HA HEKUM EKCIePHUMEHTATHUM Mojenuma umiumiupajy na u CD8 T-hemuje
MMajy BaXHY YyJIOTY y TaTOTE€HE3W XepreTudHe jesuje. VIcXox y BelMKOj Mepu 3aBHCH O]l COja
BUpyca KOju je kopumheH y ucrpakuBamuMma. Heke crynuje Ccy OTKpWie aa OKyJIapHa
uHoekuja mumesa HSV-1 Bupycom RE cojem yrnmaBHoM uHAyKyje Jie3ujy nocpenoBany CD4
T-henujama, nok nadeknnja mumesa ca HSV-1 KOS cojem uHIyKyje Je3ujy mocpenoBaHy o

CDS8 T-henmujama (45).

Kon mumieBa 3apaxkenunx pexkomOuHantHUM HSV-1-gK cojem ne3uja je WHIyKOBaHA YIIIABHOM
on crpaHe CD8 T-henuja (46, 47). PekomOunantau HSV-1-gK coj kopumhen y oBum
UCTPaXMBabUMa CaJIp’KU TPH KOMMje IIMKONPOTEHHA (IPOTEHHA HEONXOJHOI 3a peIUIUKaIujy

BHpYyca) y mopehemy ca jemHoM KormujoM y auBibeM Tuimy HSV-1 McKrae coja (46).

Otkpueno je na HSV-1 myrtupanu cojeBu Kojuma HemoCTajy (opMe TIMKOIpPOTEeMHAa HHUCY
ycrene na yhy y ¢asy JnareHiyje y HEypoHHMa y MHIIJUM MOJEINMa, IITO CYrepuIle Ja je
TIIMKONIPOTEMHCKA BUPYCHA EKCIpecHja KJbydHa 3a perumkanujy Bupyca (48). Omrosapajyhe
nojckynuie CD4 T u CD8 T-henuja urpajy yiaory y maroreHe3u XepreTHuYHe Jie3uje, a 0cTaje
HEJacHO Koje Cy O/ WuX IpuMapHo aomuHatHe. [lojenune crynuje nokasyjy nqa CD8 T-henuje
YIJIaBHOM HMMajy BHILE 3aIITHTHY yJOTY Y CMHUCIY pPEaKTHBAllMjeé caMOTl BHpYyCa Ha MOJEIHMA

KUBOTHUIbA (49).
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1.3.4. Obauyu xepnemuunoz kepamumuca

Wudexmuja HSV-1 Bupycom je gecra. I'oroBo 90% monynanuje je ceporno3utuBHo Ha HSV-1
antutena (50,51,52). 300r pa3nuuuTHX KIMHUYKHX U UMYHCKHX IpE3CHTalllja caMor BHpYca,

HSV undekunjy MoxxeMo nakie NOAeIUTH y JiBa TUMA:
— HSV-1 undexuuja xoja ce pazBuja U3HaJ cTpyka (BehuHOM /€70BH JIMLA, OYU U YCHE) U
— HSV-2 undexnuuja xoja ce pa3Buja UCHoOJ CTpyKa (TEHUTAIHH XEPIIeC).

HSV-2 undexnuja ce peTko Moke jaBUTH Ha OKY U y BehHHU CilyyajeBa ce paju O HEOHATaTHOM

KOHjYHKTUBUTHCY (53).

1. Ilpumapua HSV undexnuja

VY Behunu ciydajeBa 10 npumapHe MH(EKUMje A0JIa3U JOII Y PAHOM JETUHCTBY KallJbUYHUM
nyTeM y BuAy HecnenupuuHOr adTO3HOT CTOMAaTHTHCA. PeTko ce mpumapHa XepreThuHa

nH(EKIMja NCI0JbaBa Ha OKY Yy BUAY XepreTuaHor 0iedapokoHjykruButuca (1).

2. Pexyperna HSV undekunja

Pexyperna HSV undexnuja npencrasspa Hajuemhn o0auk ucrosbaBama HSV uHdeknmje Ha oKy
(1) (Cnuka 5). Knunnuku ce MaHudectyje Kao €NUTENHU KEPATUTUC, CTPOMAIHU XEPHIETHUYHU

KEpaTUTHUC U eHaoTenuTuc (auctudopmMau kepatuTuc) (1).
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Ciuka 5. PeKypeHTHI/I XCPINETUYHN KEPATUTUC Ca BACKYJIapU30BaAHUM IIPOMEHaAMa Ha POXKEbAUN

(uzsop, Jeffrey D, et al. 2012).

Ennrennu xepaturuc

Enurennun nnmm JACHAPUTUYKN KEPATUTHUC je YBEK IMOBE€3aH Ca aKTUBHOM pCHJ'II/IKaHI/IjOM BUpYyCa.

CuMritomMu cy IPBEHUIIO, 3aMarJbeH BuI, GoTododuja u HenpujaTaH ocehaj y oky.

Knuanuku 3Hanu oOyxBaTajy WHUIMjAIHA €1eM enuTenHuX henmja koju je mpaheH pa3BojeM

JEHIPUTUYHE WIN aMeOOMIHE JIe3Uje eNuTeIa POXKIbade ca CHIKCHEM OCETJBUBOCTH POXKIbAue

(D.
CTpOMaJ'IHI/I XCPINETUIHN KEPATUTUC

CrpoManHM KepaTUTHUC CE€ HCIoJbaBa Ka0 HMYHCKM OOJMK KepaTUTHCA WM HEUMYHCKH
KEepaTUTUC KOjU je MOBE3aH Ca aKTHUBHOM pEIIMKAIMjOM BHpyCa y CaMmoOj CTPOMH DPOXKHbaye.
O’xuspaBame ycie peunauBupajyher cTpoMaaHOr XepIeTHYHOT KepaTuTrca Hajuelhu je y3pok

CHUKEHa BUJIA KOJ XeprieTnyHe O6omectu oka (1).
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[TaTo¢puznonoruja CTpOMaIHOI KEPTUTHUCA j€ CIOKEHA U HUjE Yy MOTIYHOCTH jacHa. TpeHyTHH
MOJIAllK TOBOPE /1 Cy 3a pa3BOj U OJIP)KaBambEe CTPOMAIHOI XEPIETUYHOT KepaTUTHCA OJTOBOPHE

CD4 T-henuje ananTUBHOT UMYHCKOT cuctema (55).

Ha ocHOBY OICE&XHUX CTyaWja Ha XHUBOTHELCKUM MOJEIMMA, NOCTOjHU HEKOJIUKO TeopHja O
CTUMyJalju uMyHomartojomkor oarosopa CD4 T-hemuja. OcHoBHO je ma CD4 T-hemuje
cieuduyne 3a HSV-1 undeknujy Ha Hekn HauuH KOHTponuiny npucyctBo HSV-1 anturena y
crpomu (56). AyropeaktuBHe CD4 T-henuje, koje ycrnejy 1a U30eray 1€jCTBO Cynpecopckux T
henuja ctumynuIry mpoTeHHE Y pOKIbauH Koju onoHamajy HSV-1 BupycHe mpoTenHe u Ha Taj
HAYMH OJAp)KaBajy HMMYHCKY peakinujy Oe3 akTuBHE perumkanuje Bupyca (57). Crpomannu
XEpIIeTHYHH KePATUTHUC KapaKTepuIle HepocaenHo npucyctso HSV-1 Bupyca y aktuBHOj hopmH.
VY o00e ¢opme CTPOMATHOT XEPHETUYHOT KEepaTUTHCA MOCTOjU MMYHCKa peakiuja, alnd HeMma

MOKJIaNama ca BUPYCHOM perummkanujom (58).

Ennorenmuruc (JucrmdopMun kepaTutuc)

Enporenurrc, paHuje OMMCHBAaH Kao IUCHU(OPMHU KEPAaTUTHC HACTaje yclie[ BUPYCHOT
omrehewa ennoTenHux henuja, mTo je mpaheHo pa3BOjeM IEHTPATHOr CTPOMATHOT efemMa
poxmaue. HeneueHn oOJMIM MOTY JOBECTH JO TpajHE JCKOMIICH3AIMje CHIOTENa U pa3Boja

Oynosue keparomaruje (1).
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1.3.5. Enudoemuonouike kapakmepucmuke XepnemuiHoz Kepamumuca

logumima ydecTanocT CBUX THIIOBA XEPIIETUYHOT KepaTUTHCa Iporemkena je va 11,8 mo 31,5 Ha
100.000 ocoba (59, 60). Benuke crymuje y Cjenumenum AmepuukuM JlpxkaBama (CAJl) u
Benukoj bpuranuju (Bb) yrBpamie cy npa je mpocedHa CTapocT NaijeHata 3a MPBO
M0jaBJbUBAKE XepIETHUHOT Kepatutuca 37,4 roqune 3a CAJl u 25 ronuna 3a Bb (61). IN'ogumma
MHIMICHIIMja CBUX BpcTa xepneTnyHor keparutuca unocu 11,8 na 100.000 ocoda y CAJL (59).

Y ®paniyckoj je nHmaeHna npouemena Ha 31,5 va 100.000 ocoba (62).

Enurenna neHapuTUYHA Jie3Wja MPEACTaBJba Hajuelnu OOJIMK PElUINBHOT KEpaTUTUCA, 3aTHM
ciequ ctpoMainHu kepatutuc (59). Ykymnan Opoj obonenux of xeprieTuyHor kepatutuca y CAJL
je oxo 500.000 a camo neueme malMjeHara ca MOHOBJbajyhuMm uHpekujama xomra oko 177

MUJIMOHA J10J1apa roauinme (63, 64).

[upe enumeMUOIIONIKE CTyAWje Y HAIIO] 3€MJbH 32 PEKYPETHU XEPIIETUYHU KEPATUTHC HUCY
pahene. [Ipennsne mogatke o rIOOATHOM yTUIAJy XEPENTHYKOT KEPATUTHCA j€ TEUIKO YTBPIUTH

3001 HEOOCTaTKa CBGO6YXBaTHI/IX CIIMICMHNOJIOIIKHUX CTy,I[I/Ija.
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1.4. Xepnec cummiiexc supyc tun 1 (HSV-1)

Bupyc Herpes simplex Tunn 1 (HSV-1) je IHK Bupyc koju nmpunana nopoauiu herpesviridae n
jenaH je o1 ocaM xepriec BUpyca koju uHpuimpajy jbyzae (65). [Topen momenyTor xeprec Bupyca
tun 1 npucytas je u Tun 2 (HSV-2), 3atum Bapudena 3octep (VZV), nuromeranosupyc (CMV),
Epstein-Barrov Bupyc (EBV), xymanu xepmec Bupyc 6 (HHV-6), xymanu xepmec Bupyc 7
(HHV-7) u xymanu xepnec supyc 8 (HHV-8).

Hajuemrhu y3pok xepmeruunor keparutuca je HSV-1 tun Bupyca u to y 98% ciydajeBa (66).
I'enom HSV-1 Bupyca ce cacroju ox nureapuor monekyina JJHK ykymnne gyxune 152 kuio 6a3a-
Kb (Cnuka 6) (67). OBaj Tunm BUpyca MMa KpaTakK PEIUIMKAI[MOHU IUKIYC U KapaKTEPUCTUKY
Op3or mupewma. CBu andaxepnec supycu (HSV-1, HSV-2 u VZV) cy y cramy Ja yCHOCTaBe

JOKUBOTHY JIATEHIIN]y YHYTap HEYpOHa ca MEePUOTUIHOM CHIOTCHOM peakTuBanujoM (68).

Behuna cBeTcke momynanuje Hocu JIaTeHTHO BUpycHO ontepeheme (HSV-1) Bupycom. ¥V Behunun
cilydajeBa oBa MH(QEKIHja mpoja3u acuMmnromMarcku. [locne npumapHe nHEKIMje BUPYC 3ayBeK

OcCTaje y OpraHu3My yTHIIIaH y HajONIM>KUM HEpPBUM raHrauoHuMa (68).
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Bopusoje Casuh
(A) HSV Genome
VP16 ICP27 " .
Essential UL
Accessory LAT ICP47
ICPO UL41 ICPO

(B) HSV Particle

Glycoproteins
Viral dsDNA T
Genome - -

Viral Capsid

Envelope

Tegument
Proteins

Cauxa 6. HSV-1 opranuzamuja reaoma. (A) Hlemarcku npuka3 HSV-1 renoma, xoju mokasyje
jemunctene ayre (UL) u jenuactBeHe kpatke (US) cermente. Jlokanuja HEKOJTUKO OMTHHUX T€HA
(VP16, ICP27 u ICP4) xoju cy nmoTpeOHHM 3a peluIuKalujy BHpyca in vitro 1 moMoOhHUX reHa
(ICPO, LAT, UL41, ICP22 u ICP47) xoju ce mory u30Opucatu Oe3 3Ha4ajHOT yTHLaja Ha
perukanujy y kyiarypu TkuBa. (b) EmextpoHcko-mMukpockoncku mpuka3 Bupyca HSV-1 koju
O3HauaBa Karcuj u oH caapxu 152 Kb BupycHOr reHOMa, TEryMEHT MPOTEHH M OBOjJHHIIA KOja

ca/ip Ky TIIMKONPOTeuH (uzeop, Goins, WF. et al. 2008).
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1.5. Mexanu3mu peaktusanuje HSV-1 Bupyca

Behuna cimyuajeBa XepneTHYKOr KepaTUTHCA IMPEACTaBJba MOHABJbajyhy OoJiecT Koja ce jaBiba
kao pesynrar HSV-1 peaktuBaiuje Bupyca u3 jareHiuje. PazymeBame MexaHu3Ma M y3poka
peaktuBanuje HSV-1 Bupyca M3 JaTeHTHOT CTama MpEACTaB/ba BaXKaH 3aJlaTaKk 3a CaBPEMEHY
Bupycosiornjy. Kao mro je mpuka3aHo y >KHBOTHE-CKHM MOJICIIMMA, a KacHUje W Ha JbyauMa
JATCHIIMja BUPYyCa MOKE MMATH CMHUTCHETCKY PeryJaiujy, Ipe cBera 300r Tora MmTO JATCHTHH
BUpPYCHU TeHOM uma TpaHckpuntuBHO akTuBHM LAT (Latency-Associated Transcript) peruos.
AxtuBHoct LAT pervona je ycMepeHa Ha pacmopell XpomaThHa 0e3 Kojuparma IO3HaTHX

nporeuna (70).

Bupycu koju cy mytupanu u Henocraje uM LAT pervoH y reHomy joull yBeK Cy y CTamy Jla
YCIIOCTaBEe U OJIPKE PEaKTUBAIIM]Y U3 JIATCHIIH]C, ajli HeaBHH Hanma3u nmoTephyjy na LAT peruja
noBehaBa eUKACHOCT peakTHBAIMje W HAa HEKH HAYWH KOHTPOIIWIIE JIATCHIIU]y CaMOT BUpYyca

(71, 72).

HSV-1 Bupyc ycnocraBiba JaTeHTHY HMH(EKLIH]y Yy CEH30PHUM HEypoHMMa. Y Mepuoay
JaTeHIIMje caMoT BHpYyCa Onaka ce /1a JaTeHTHU BUPYCHU T'€HOM MMa TPAHCKPHUIITUBHO aKTHBHY
LAT perujy koja Koaupa MpOTEUH U TPAHCKPHUIILIMOHO HEAKTHBHE TEHCKE PETHje IITO CyTrepHIle
Ha enureHeTcky perynanujy. Cama LAT peruja Oenexu paznuyure 00JMKE pacropena XHCTOHA

0e3 Koaupama no3HaTux nporeuna (73, 74).
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1.5.1. Bupycnu ymuyaj Ha umyncku cucmem oomahuna

Ja 6u HSV-1 Bupyc nmao MmoryhHOCT 10XKMBOTHE HH(EKIHje TTOTpeOHA My je CTpaTeruja uMyHe
eBazyje. CaMm BHpYC je pa3BHO pa3IUUYUTE HAYMHE MAaHUIYJIalUje HMYHCKUM CHCTEMOM
nomahuHa. JeqaH THUNMYaH MPUMEP 3aCHOBAH je Ha MOJIEKYJIapHO] MUMHKpHUjU. Behnna Bupyca
Koaupa xomosore hemujckux uHTepreyknHa (IL), XeMOKMHA WM XEMOKHHCKUX pelenTopa
(75). Epstein—Barr virus (EBV) u meroB BCRFI-reH Ha npuMep KOJUpa BUPYCHH XOMOJOT
xymanor IL-10 (76). Bupycna Bep3uja IL-10 omera yHumraBame uHGUIUpaHUX henuja.

AxtuBHOocT CD4 T-henuja je Mogynupana oAroBOPOM BUPYCHOT LIUTOKUHA (76).

Manunynamnja UMyHCKUM CHUCTEMOM JoMahuHa HYAH pEaKTUBUPAHOM BHUPYCY ACTUMHUYHO
ONlaKIIarh€ O] UMYHCKOr Haa3opa aomahuna. EBomynuja je ouurieano umsbanaHcupalia OBY
MOTYhHOCT Ha Taj HaYWH J]a WIAaK UMYHU CHCTEM JoMahMHAa KOHTPOJUIIE PEILTUKAIU]y CaMOrT

BUpYCa TAaKO J1a IOCTOjU PABHOTEXKA.

Onucanu MexaHU3aM je HajBUJBMBHJH KO/ MTallMjeHaTa KOjU Cy Ha IMyHOCYIIPECHBHO] Tepanuju,
KOJI TakBHX OOJICCHHMKA je 4YecTa IpPEeKOMEpHA peakTHBAllMja BHpyCa Ca TEKOM KIMHUYKOM

ciukoM (77).

Jlpyre cTynuje HaBoJEe Jia XepIec BUPYCH MOTY OCTBApPUTH CUMOHMOTCKHM OJHOC ca JoMahMHHMA
(78). Y cryaujama Ha Moelly MHUIIIA MTOKA3aHO je J1a CHCTeMCKa akTuBanuja mMakpodara u [FN-y
MOKPEHyTa Xeprec BUPYCHUM HWHQEKIHjaMa INTUTH OJ HAKHAJHHUX OOJECTH KOje H3a3uBajy
BHUCOKO maToreHe 6akrepuje Listeria monocytogenes u Yersinia pestis (78). OBa BpcTa cumOuose

je y unrepecy u nomahuHa u BUpyca, jep ITUTH nomahuHa of 1o0ujama Ipyrux nHGEKInja.
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1.5.2. Cnomnu ¢pakmopu koju cy ykwyuenu y peakmusayujy HSV-1 eupyca

Kox excnepuMeHTaTHUX MOJea Ha KUBOTUIbAMa, AJIA M KOJ| JbY/IH, PEaKTUBAIHMja PA3TUIUTUX
XepIrec BUpyca MOXKe OMTH MHIYKOBaHa JIOKAJTHOM TPayMOM (HIp. XUPYILIKOM MHTEPBEHIIH]jOM)

WK cucteMckuM ctpecom (Cruka 7).

Trigeminal Ganglion

STRESS*
Latent program Lytic program
45min  2hrs 6hrs 14-22hrs
changes inassociated processed protein infectious-vir;ls bad
histones PTM viral RNA
activators/repressors riboregulators Beactization (by d eﬁniﬁon)
< = «—2 -:"“Exitfrom latency "
Pre-initiation
1,000s of neurons latently infected
100,000-1,000,000 genomes:

Initiation

Cauxka 7. Tpuremunanuau rauriauod (TG) naTeHTHO MHOUIMPAHUX MUIIEBA CAlpPKU BHPYCHU

re’HoM (uzeop, Sawtell NM, Thompson RL. 2016).

Hakon crpeca xox MuIIeBa J0Ja3W 0 XMCTOHCKHX TPAHCIAIMjCKUX MOAM(HKanuja y permy
xucrtoHa (PTM). Beh nakon 2 cara nerexryje ce BupycHa PHK (viral RNA), anu ce BupycHu
NPOTEUHH HE KOAMpPajy. BUpyCHN NpOTEHHHM ce OTKpUBa]jy IIECT CaTW HAKOH M3a3BaHOT CTpeca, U
Taja je BUPYC ,,|3amao’”’ u3 jateHiuje (o1. enri. exit from latency). /[Bagecer u 1Ba cara HaKOH

cTpeca, BUPYCHa aKTUBHOCT c€ JeTeKTyje y TpureMuHainHoM ranrnony (TG) (Cauka 7) (79).
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[Tpumep 3a peakTuBaIUjy BUpYCa je U MOBUIIICHA TeJIeCHA TeMIiepaTypa muiieBa Ha 43°C TokoM
10 munyrta (80). Ilojasa HSV mamyne je y kopemanuju ca OIMPOKUM CIEKTPOM CTpEcopa,

yKJbyuyjyhu MEHTaIHy HaMeToCT, YMOp U U3Jarame jakoj cBetyioctd (81).

I1pe Bume ox 100 roguHa mokasasio ce Ja NpUMEHa TpayMe Ha HEpB Y KOjeM je yTHUIIaH BUPYC,
Ha TIpUMEp y BE3HW ca JICYCHEeM XPOHWYHOI Oojla, MOKE JOBECTH 10 H30HMjama xepreca y
JIepMaToMy Koju je moBe3aH ca HepBoM (82). Ocranm hemmjcku cTpecopH, MOMYT TPEHYTHOT
NpeKuia CUHTE3¢ NMPOTEMHA WJIM XHUIIOKCHje, JOBOJFHH Cy Ja HMHAYKYjy BHUPYCHY aKTHBHOCT.
[To3nat je edexar koju Moxe OuTH mocpenoBaH mnopemehajem aktuBHOocTH MTOR kuHaze
(83). OBaj eH3uM MMa LEHTPATHY YJIOTY IIPU PearoBamy Ha MpexpamMOeHe Win cTpecHe hemmjcke
norahaje yrunajem Ha TpaHcmanujy PHK. YV pasnmuuntum mopenwma KynType TKHBa je
arcoJyTHO Moryhe WHIyKOBaTH PEaKTUBAIM]y XEMHjCKUM IyTeM Ha HAauWMHE Jla OHA yTHUYy Ha
aKTUBHOCT reHa, kopuctehu jeaumema Koja Ha MpuUMep OJIOKHpajy METHIIAlU]y XHWCTOHA WU

onrosapajyhom mpomenom Ha mosekyny PHK (82).

Ilto ce tnue HSV Bupyca, mo3HAaTO je Aa aKTUBHOCT CIIOJbHHX (hpaKkTOopa Kao IITO Cy
eMOIIMOHAIHU CTpec, TIPO3HMIA, M3JI0XKEHOCT YB 3panmma, XopMoHamHe NIpoMeHe, 3yOHa

XHpypruja u TpayMa Mory Jia u3a30BYy akTUBUpame (80).

Huje mosnato na nu oBu (hakTopu Aeiyjy OTUPEKTHO HA 3apa)XCHW HEYPOH, WM WHAMPEKTHO
noMohy pasnuuuTUX TenecHuX ¢QyHKIuja. OBO je BakaH JeTalb y CaMoj MaTOTCHE3U JIATCHTHE
uHopexuje HSV Bupycom, jep mMexaHH3aM peakTUBAlMje BUpyca OCTaje HejacaH U IOTIYHO
HenpenBubUB (82). Jenan on Moryhux MexaHu3ama je edekar moBe3aH ca MEHTAIHUM CTPECOM
npeko CD8 T-henmja ciennduunux 3a Bupyc. OBe henmje ce yecto Hanmase y ,,KOMyHUKaUju~
ca 3apaXeHUM HEYpOHHMMa, KOjHU Cy IIOBe3aHM IyTeM HMyHCKuX cuHancu. CD8 T-henwmje
npousBoie MHTEp(EpoHEe KOju JONPUHOCE OJApKaBamy JIATCHIMje BUpyca a HCTOBPEMEHO

MIOMa)Ky HEypoHy Jia oricraHe (83).
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[lognato je ma mncuxuyku W QU3MYKKA cTpecopu yTuduy Ha aktuBHocT CD8 T-hemmja
ocnobahameM HEypOeHAOKpUHUX (aKTopa, TO je MEXaHH3aM KOjU MOXKE MOBE3aTH KOHTPOIY

natennuje HSV ca aktuBHomhy cuMnaTUukor HepBHOT cuctema (84).

Axo ce mocMarpa OHMOJIONIKH IPOIEC CTapermha caM OpraHu3aM 300T MPOMEHAa Y HMYHCKOM
CHCTEMY HHje y CTamy Jia e(UKACHO KOHTPOJIMIIEC BUPYC, IITO MMa 3a MOCICIUIy U OMEpamhe
came JilaTeTHe ¢a3e BuUpyca ka Opxkoj peaktusaiuju (85). [[poMeHe y UMYHCKOM CHCTEMY KOj€ Cy
MOCJIE/NIIA CTapehba OpPraHu3Ma JJOBOJIE JI0 M0jayaHe akTHBHOCTH BHpPYCa, ajld HHje MO3HATO IITa
TAYHO Y3POKyje TOpacT aKTHBHOCTH Xeprec BHpyca. McTpaxkuBama MMOBE3aHa ca CTPECOM
acTpoHayTa MPHJIMKOM OOpaBKa y CBEMHUpY IOKa3yjy, Aa je Taj HUBO HMMYHCKE CyIpecHje
JIOBOJbAH JIa WM3a30BE PEAKTUBAIM]y JIATCHTHUX XepIec BHPYCa, BEPOBATHO CHUIKABAHEM

henujckor UMyHUTETa WM Kao MOCIEANIIa OKCUIAaTUBHOT cTpeca (86).
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1.5.3. Enuzenemcka pezynayuja peakmueayuje HSV-1 ¢eupyca

Kao mrro cmo Beh HaBesu JaTeHTHU BUPYCHU T€HOM MMa TPAaHCKpUNITHBHO akTUBHY LAT perujy.
AxtuBHocT LAT peruje ycmepeHa je Ha XpoOMaTHHCKO ypeheme U HeMa MO3HATUX KOJUPAHUX
npotenHa. OBa Bpcta aktuBHOCTH LAT peruje cyrepuiie Ha enureHeTcky perynanujy (Crnuka 8).
Enurenercka perynamuja peakTHUBaIMje BHpyca je MOBE3aHa ca MeTwianujoM Mosekyrna JIHK.
[Tpomene Bezane 3a metwinanujy mosiekyina JIHK noBozae go nmpomena y pemy XxuctoHa (0JI. €HTJL.
histone tail modification) henujckor xpomaruna. OBe MpoMeHe Cy CAaCTaBHH €0 CMUTECHETCKE

peryrnairje akTUBHOCTH BHpYyca Ha HUBOY henujckor xpomaTuHa (87).

VY narernoj ¢asu HSV-1 Bupyc y LAT peruja Oenexu pa3iuyuTe MPOMEHE y pacropemy
xuctoHa (73, 74). Butamun B12 u donna kucenuna cy ykbydeHu y npouec metunanuje JJTHK
MOJIEKyJIa, IITO jeé jeJaH OJf OCHOBHHMX MeXaHH3aMma emnureHerckor ypehema monexyna JJHK.
Metwmnanuja monekyna JJHK mose3ana je ca yHocoM oiaTa 1 HUBOOM KOHIIGHTpanwuje omara y
opranu3my (88). Jbyau He MOry camMOCTalTHO CHHTETU30BATH METHIIHE Tpyle, Ma HX YHOCE
XpaHOM WM Kao J0JaTak y BHUAY CyIUleMeHara. EmureHercka uCTpaxKuBama JOBEla Cy 10
MoryhHOCTH uAeHTHU(UKAIMje eMUTeHEeTCKor craryca onpeheHor nokyca. Ha oBaj HauuH je
Moryhe yTBpAMTH emHUreHeTcKu edekar onpeheHnx XpaHBbHBHX MaTeprja Ha TeHE KOje KEITMMO

na mocmarpamo (88).
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Cauxka 8. BupycHa enureHercka peryianuja peaktuBanuje (ussop, Balakrishnan, L, and Barry
M. 2017).

1.5.4. @oana kuceruna

VY npouecy mernnanuje moiekyia JJHK HajBakHUju HYTPUTHJEHTH Cy BUTAaMHHH B Komuiekca -
¢donHa kucenuHa wiu BUTaMuH B9, Butamun B6, Butamuu B12 u amMuHOKHCeNMHE Kao Besa,
OeTanH, XOMOIUCTEUH U METHOHHH. DOoJTHA KHUCETMHA Ce CacTOjH OJf TPH KOMIIOHEHTE, MpBa 2-
aMHHO-4-XUIPOKCUTITEPUAMHCKOT je3rpa, Apyra p-amuHo-OeH3ojeBe kucenune (PABA) 1 L-(+)
rinyramuacke kucenuHe (89) (Cnuka 9). OBakaB 00dMK (DonHE KUCENMHE HHje METa0OIUYKU
akTuBaH. TerpaxuapodonaTi Cy OHOJOIIKH aKTUBHH JepuBaTH (HOJIHE KHCEIMHE KOJH JCYjy
Kao KoeH3mMH 3a mpeHoc. Hajsehm neo ¢omara ce ynocu xpanoM. OHH Cy TMOBE3aHH ca
aMMHOKHCenuHaMa Hajuemthe rimyramarom. LlpeBa mory na amcopOyjy ¢onar camo y 0OIuKy
MOHOTJIyTamara. YeTkacra Cily3HHIIA TAaHKOT IpeBa MO yTHIajeM ¢oiaT-penykrase pasrpahyje

MOJIUTIIyTaMaT y MOHOTJIyTaMaT M Kao TakaB ce ouonouiku arncopoyje (90).
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@onatu ce y Hajsehoj MepH CKIAQAMIITE y XEMAaTOUUTHMA jeTpe, a MamH JICO Ce TAIOKH Y
apyrum henujama y oOauKy monuriyramara. YKOJIMKO jaohe 10 MeTaboiauukor BuliKa ¢ojara,

OHH C€ M3 jeTpe U3Ny4yjy y )Ky4HYy KeCcy U IyTeM ypHHa U cTonule u3daiyjy u3 opranuzma (90).
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Cauka 9. XeMujcka cTpykTypa QoiHe kucenune (uzeop, Kueanosuh B. u Kocmuh J]. 2008).

1.5.5. Bumamun B12

Buramun B12 je monekyn koju uma HajBehy mo3HaTy MOJICKYJICKY CTPYKTYpY Mel)y BUTaMUHUMA
(Ciuka 10) (91). Butamun B12 y oprannzam yHOCHMO y OOJNMKY IMjaHOKOOanamMuHa U HajBehu
JIe0 OBOT BUTAMHUHA C€ YHOCH Ca IIPOTEMHUMA )KMBOTHHCKOTI ITOPEKJIa. ANCOPIIIMja BUTAMHHA Ce
OJIBHja y >KEIylly IOJ YTHIajeM XJIOPOBOJAOHMYHE KHCeNuHe U merncuHa. CHUXKEHa cepyMmcka
KOHIICHTpanuja BuTaMHHAa Bl12 Moxe pesyntupaTa pasnuuutuM mnopemehajuma. Jledurur
ButamuHa B12 y3pokyje meranoOnacTH4Hy MEpHUIHMO3HY aHEMH]y Ca CHMIITOMHUMA CIMYHUM
aHeMUJU Y3pOKOBaHO] HEAOCTaTKoM (QonHe kucenuHe. Mako je MexaHu3aM y HOTIYHOCTH
Herno3HaT, Hejoctarak Bl2 wu3a3suBa mpomeHe HepBHOr cucTeMa YKJbyuyjyhu omreheme
MHjeJInHa MO3ra, KHUMeHe MOXKAMHE U nepudepHux KuBala, ITo ce MaHu(pecTyje ykoyeHohy

yIl0Ba, TyOUTKOM maMhema U 4eCTHM IIpOMEHaMa pacroyioxema (92).

34



JlokTopcka aucepraruja Bbopusoje CaBuh

EPA S COMNH-
j T N pe !

L & By P
or <
\ ™
HOCH; /

Cauka 10. Xemujcka ctpykrypa Butamuna B12, (useop, Kueanoeuh B. u Kocmuh /{. 2008).

1.6. Uurepaeykun IL28B

WHTepneykuHH Jienyjy Kao MOCPETHHIM H3Mel)y pa3nuuuTHX eleMeHaTa MMYHCKOT CHUCTeMa M
MMajy BaKHY yJory y 0opOu mpoTuB BUpycHUX HMHGpeknuja. UHTEpIeyKuHN cy Malld CUTHATHU
npoTenHCKH MoneKynu. Kimacugukyjy ce kao MpOTerHH, MEeNTHIN WU MIHKONpoTenHu. hemnnje
Pa3IMYUTOT MUMYHOT IMOpPEKJa CHHTETHINY WHTEpPJICYKHHE KaKo O MOMOTIHM M KOMIUIETHUPAIH
uMyHCKy pekanujy. IlpomsBoama unTepneykuHa tuna jemaH (IL-1) je HajBaxknHHja je 3a

KoHTpoxy BupycHe HSV-1 pemnukanuje (93).

Ha ocHoBy Tora 3a0einexeHa je mojayaHa BupycHa akTuBHOCcT HSV-1 konm wmwmmeBa ca
HegocratkoM IL penentopa tuna I (94). Unrepneykun IL-28B (unrepdepon-A3), 3ajenno ca IL-
28A u IL-29 (koju ce Takole HaszuBajy u uaTepdeponu IFN-A1, IFN-A2) ynHe HOBY ynpyxeHy
nopouily yayrap uarepgpepona IL-10 (95).
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Wnrtepdeponn nambaa (IFN-L) mokaszyjy 6pojHe OGHOIIONIKE KapaKTEepUCTUKE CIMYHE OHUMA KOje
uMmajy IFN-o/B, ykbyuyjyhu aHTUBUPYCHY aKTHMBHOCT, aHTHNPOJIU(epaTUBHY aKTHBHOCT Kao U
in Vivo aHTUTYMOpPCKO jejoBame. CHUTHaIM3alMjOM H IPOJACKOM KpO3 XETCPOIUMEPHHU
kommuiekc 28Ra/IL-10RB  wnHTepdeponn mamOnma IFN-A  Bpme cBoje aHTUBUPYCHE U
UMyHOpeTryJanuoHe akTuBHOCTH (96, 97). JlokasaHa je aHTHUBUpYCHa AaKTHBHOCT Koja je
noBe3aHa ca uHTeppepornnma amoaa IFN-A u ca akTuBHpameM UHTEPPEPOHOM CTUMYITHCAHUX
reHa (oxn. enri. interferon-stimulated gene ISG) (98). OBaj oOnuk naenoBama je OCHOBHU
Mexanm3am 3a wmHxuOuTopHH edekar IFN-A ma HSV-1 Bupyc. HemaBhHa wucrpaxkuBama cy
objaBuna Be3y usMmel)y crnemuduunor momumopdusma [L28B (rs12979860) u peaktuBarmje
HSV-1 xox manujenara ca xeprmec jgabujamucom (99), cyrepuinyhu na nonumophusmu y reHuma
KOjU Cy YKJbYUYEHU y AHTUBHUPYCHE OJrOBOpE MOTy moBehaTh pH3HMK 3a pa3Boja PEKypEeHTHE
HSV-1 undeknuje. BaxkHo je HamoMeHyTw Ja ce 3a OBaj moimMopdu3amM HaBOIM Ja uUMa
MO3UTHBHY Kopenanujy ca HuBomMa uHTepdepoHa IFN-A y cepyMy M HCXOHOM Jiedema KOJ

unpekuuje Bupycom xenarutuca C (100, 101).

Tperman wuntepdeponuma IFN-A noBoau no uHxuOHMpama pemnukanuje Bupyca HSV-1 u
cMamyje YHaJlHy peakiujy y eKCIIepuMEHTAIIHOM Mojieny xeprec curieke kepatutuca HSK kon

muiesa (102).

WuTepdeponn-o/ mmajy OCHOBHY ynory y ypoheHom mmyHutery henuja momahmHa mpoTuB
cBuX BUpycHUX HHpeknuja. [locraBpa ce BaxkHO muTame na ou uHTepdeporu IFN-A umajy

CIOCOOHOCT aKTUBHpama MyTeBa Koju MHAYKY]y ekcnpecujy IFN-o/f u IFN-ctumynucanux rena

(ISG)?

Crynuja koja je AeTajbHO olucana oBaj MexaHu3aM Ha mozeny npumene IFN-A y acrpornutuma u
HEYpOHHMMa OTKpPHUBA BakaH JIeTasb KOju je Be3aH 3a niejcTBo IFN-A Ha actporute u Heypone (98).
HemoBamem IFN-A y acTporuTima J1oyia3u 10 MHAYKyNHje u ekcrnpecuje eHporennx IFN-o/
(99). Y neyponnma IFN-A uaykyje camo excripecujy IFN-a, mTo 3Haun ga uaTepdeponn [FN-A
MIOKa3yjy CEJEeKTUBHOCT JIEJIOBamha y OJHOCY HAa MECTO JENOBama, LITO je jOlI jelHa HUXOBa
ocobuna (Cnuka 11) (97,99). Baxxna ocobuna nuntepdepona IFN-A je u cnocoOHOCT Aa UHIYKY]e

excripecrjy ISG rena (98).

36



JlokTopcka aucepraruja Bbopusoje CaBuh

Wurtepdepon-A MMa penaTUBHO IIMPOKY TUCTPHOYIH]Yy Y TKHBHMA, LITO CYTepHIIE Ja MHOTa
TKMBa cajpke henuje koje pearyjy aktuBHO Ha IFN-A. OBa ocoOuHa ce 1 MOrjia OUYeKUBaTH O
IIUTOKMHA Ca AHTUBUPYCHOM aKTWUBHOIINY, ali je y KOMIUIETHOM HMYHOM OJrOBOPY Ba)KHO
onapenutu koje Tauno T-henmuje mpousBone koju untepieykut (95). [lepudepun noackynosu T-
henmuja wecto ce neduHHUIIY Kao ,,lOMarayu’ WiH ,,MUTOTOKCHYHH' 0o0immu 300r melycoOHO
UCKJbyuuBOr JejctBa kao mro cy CD4 u CDS8-henuje. Y mnocneamuM cTyaujama Koje cy
npoydaBajie pa3sHOBPCHOCT JiejcTBa T-henmja mocTano je oumrienHo ia ce oaroBop T-momaraya
MOX€E TOJICTUTH, Y 3aBUCHOCTH OJ] Tora kako cy moisiapu3zoBane (103). Oe monapusoBane T-
hemuje cy nepunucane y ckiamay ca oipeheHHMM IUTOKMHAMA KOJU C€ MPOU3BOJE MPHINKOM

ctumynanuje (103).

Ha mpumep, Thl henuje npoussone IL-2 mox Th2 henmje mpoumssoge IL-4, IL-5 u IL-13. YV
HOBHj€ BpeMe, JoJaTHa MOArpyma, Tako3Bane ,, I-perymaropue 1 (Trl) henuje, nedunucana je
kao cnocobna na siyau IL-10 (104). HajuoBuja kmaca Th hemuja, Th17 henuje, cy moxnga u

BUTAJIHU UTPAYU y YIATHOM MPOIECYy U UMyHOM oaroBopy (105).

Crnoco6noct IFN-A 1a Moysimpa UMYHCKH OJITOBOD i1 Vitro je IPOy4aBaH OJIBOjEHO O FeTOBUX
aHTUBUPYCHUX UMYyHCHX oaroBopa (106). lokazano je nma IFN-A Moxe aa perynuiie eKcrpecujy

XxeMOoKHHa pa3znuuutux henuja (107).
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A Primary Astrocytes B Primary Neuron d
Control HSV-1 Control

HSV-1+ 4 1 HSV-1+12 HSV-1+ 11 HSV-14 1.2

Cauka 11. IFN-A1 u IFN-A2 unxubupajy excnpecujy nporeuHa HSV-1 Bupyca y xymanum
acTpolMTHMa U HeypoHuMa. [Ipumapuu xymanu actpouut (A) m HeypoH (b), mperxonHo

obpahenu ca mimm 6e3 IFN-A1 u IFN-A2, unpunmupanu HSV-1 Bupycom (u3zeop, Li J. et al. 2011).

1.6.1. Cmpykmypa 2ena xoju kooupa unmepaeykun IL28B

WNurtepneykun [L28B, OMHOCHO TeHH KOjU Ta KoaWpajy cy Beoma Onm3y renmma IL-29 Ha
xpomoszomy 19. Penenirop 3a IL28B canpxu jenuactBenn /L28B peuentop anda jmaHa Koju ce

HacrtaBsba Ha IL-10 penentop 6eta nanma (Ciuka 12) (108).
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Bopusoje Casuh
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Cauka 12. Cagpxaj u ctpykrypa IL28B rena, rs12979860 3 kbp y3BoaHo on IL28B Tena (uzsop,
Balagopal A. et al. 2010).
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2. [ln/beBH, XMIIOTE3€ M 3HAYA] HCTPAKUBALA

2.1. [In/beBM HCTPAKUBAHA

1. usb cryamje je na ce uctpaxku moryha moe3anoct uzMmel)yy /L28B renoruna qomahuHa u u
HojaBe PEKYpPEHTHOI XEpPHETUYHOI KEpaTHTUCA ca MOCICAUYHUM OXKHJbABAHEeM U

BACKYJIapHU3aLHjOM POXKEAUE YCIIE ] CTPOMAIHOT 00JIMKA XEPIEeTHYHOT KePaTUTHUCA.

2. wnie uctpakuBama je U aHanu3a Moryhe moBe3aHOCTH u3Mel)y KOHIEHTpaluja BUTaMHHA
B12 u ¢Qonne kucennHe y KpBH M pa3Boja PEKypEeTHOT XEPIETUYHOT KepaTHTHCA,

yKkJbydyjyhu cBe Mmoryhe o0imke aKkyTHOT XEpIIeTHYHOT KEPAaTHUTHCA.

2.2. Xunore3e HCTPAKUBAHA
Xumnore3e OBOT UCTPAKUBAA CY:
1. Bapuwjantre [L28B yrtuuy Ha NpPEOUCIO3UIH]y 3a I0jaBy PEKYpPETHOT CTPOMAIHOT

XEpPIIETUYHOI KEpaTUTHUCA.

2. JlarentHa nHdexkuuja HSV-1 u aktuBanuja camor BUpyca je €UI€HETCKU YCIOB/bEHA U
[OB€3aHa ca HeJocTaTkoM BuTtamuHa B12 u ¢onHe KucenuHe KO MCIMTHHKA ca

PEKYPETHUM XEPIIETUYHUM KEPATUTHCOM.
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2.3. 3Ha4aj HCTPaKUBAYKOI NUTAKHA

1. 3mauaj cryamje ce orjena y MNPBOM TE€HOTUIHM3UpPAmy HCIHTAHHKA Ca PEKypEeTHUM
XEpHETUYHUM CTPOMAJIHUM KepaTUTUCOM 3a [L28B m moryheM yTulajy reHOTUIIAa Ha HACTaHAaK

PEKYPETHOT XCPICTUIHOT KEPpATUTHUCA.

2. 3Hauaj cTyauje ce oryiefa U y OTKpuBamwy Moryhe ynore KoHLEHTpauuja BuTamMuHa B12 u
¢donHe KucenuHe y KpBH 3a peaktuBanujy HSV-1 undexuuje kog ucrnuTaHuka ca peKypeTHUM
XepHeTHYHnM KepatutucoM. Butamun B12 u donna kucenuna ce mpBu myT J0BOJIE y Be3y ca

PEKYPETHUM XEPIIETUYHUM KEPATUTUCOM Kao Joka3anu moayisaropu JJHK moiekyna.

Jocamamnma UCTpaKuBamka MIPUKa3aHa y YBOJAHOM JIeNly IOKa3yjy Ja BUPYCHE MH(QEKIHje Koje
Mory uHaykoBaTu ekcrnpecujy IFN-o/f takohe crumynumry ekcrnpecujy IFN-A. HctpaxuBama
[I0BE3aHa ca MCIUTUBAKbEM CHOHTAHOI KiMpeHca uHpekuuje BupycoM xematutuca C (HCV),

IMPEKTHO TIOBE3Y]y YTHUIAj pa3nuuuTHx axtopa qomahuna (100, 101).

[Tonumopdusmu y peruony reHa [L28B cy mnoBe3aHu ca cnoHTaHuM kiaupeHcom HCV,
umIunpajyhu reacku npoussoj, uatepdepon (IFN)-A3, y mmynckom oarosopy wHa HCV.
[Topen Tora, momumopdusmu y peruony rera [L28B cy moBezanu ca HSV-1 undexuujom
nabujanuor monapydja (99). Ananuza moryhe kopenanuje y Bapujauuju [L28B nomahuna u

MPEIUCIIO3UIIH]E 32 PEUUINB XEPIETHYHOT KEPATUTHCA j€ OCHOBA 3a HAIlIe CTPAKUBAILE.

ITopen tora, HSV-1 ycnocraBiba naTeHTHY MH(EKLIH]y y CEH30pPHHUM HEYpOHHMMA, a JIATEHTHU
BUPYCHH TeHOM uMa Tpanckpunuujcku aktuBan LAT (enrnm. Latency-Associated Transcript)
PETHOH Koju OeJeKu pa3uyuTe o0JMKe pacnopehrBama XUCTOHA MITO YKa3yje Ha €MUTEHETCKY
npupony Bupyca. Buramun Bl2 u ¢onHa KucenuHa Cy yKJbyY€HM y Hpollec MeTWiIaluje
monekyna JIHK. Merunanmuja wmonexkyna JIHK je mnoBesana ca yHocom (omara u

KOHIIEHTPANUjoM (oJTHE KucelnHe y Teny (88).
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3. Marepujau u meroje
3.1. Bpcra cryauje

HctpaxuBame je 00aB/bEHO y BUly €KCIIEPUMEHTAJIHE CTYyAUj€ Ha MaTepHujally XyMaHOT OpeKIa

in vitro.

Oga crynuja je paljeHa y ckiaay ca ImpoIMcuMa o10opa 3a PEeBU3H]y MHCTUTYIH]A, ypeadooM o

WHGOPMHCAHOM MPUCTAHKY U MOIITOBAKY Hadenaa XeJICHHIIKE JIeKIapalmje.

Etnuku komuter Knuanukor nenrpa Cpowuje, beorpan, je omobpuo cryaujy mama 21.03.2019.

noj pexHuM o6pojem 57/14.

lenorunmzanmja 3a IL28B  (1s12979860snp), ypahena je y Hayunom wuHCTHTYTY 3a
BetepuHapcTBo CpOuje. Y3opiu KpBH 3a BUTaMuH B12 u (hosiHy KUCETMHY aHAJIU3UPAHU CYy Y

ucToj nabopaTopuju, Koja je cepruduxkoBana cucreMoMm kBanutera Total Quality Management

(TQM).

3.2. [lonynanuja Koja ce HCTPaKyje

HcnutuBame je oOyxBatuno 80 wcnuraHuka crapujux ox 18 roauna, oba moma, ca wiu 6e3
UCTOpHjE PElUANBA XEPIIETHYHOT KEPATHUTUCA KOJU Cy aHAMHECTHYKH MOTBPAWIN A3 Cy UMK
MOHOBJCHE emu30Je JaOujasHor xepreca. VICHUTaHWUIM ca PEKypEHTHHM XEPIETHYHUM
KEPaTUTHCOM Ca MOCIEeIUYHIM 0)KUJBABAEM M BACKYJIApU3AIM]OM POXKEbAUe yCiel CTPOMAIHOT
o0/lMKa XEepHeTHYHOr KepaTuThca u3abpaHM Cy Ha OCHOBY pETPOCIICKTHBHE aHAJIN3e
MEIUIMHCKE JOKYMEHTalWje, yKJbydyjyhn 37paBCTBEHH KapTOH M HCTOpHjy Oonectn Ha

Kinanuu 3a oune 0oJiecTH.
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[TanujeHTH ca MCTOPHUjOM MOHOBJbEHE €MU30/€ JabujamHOr Xepreca 0e3 MojaBe XepneTUYHOT
KepaTUTHCAa PErpyTOBaHM Cy M3 peAa 3amocieHux y HaydyHOM MHCTUTYTY 3a BETEpHHApCTBO

Cp6uje u Knunnukom nentpy Cpbuje.

Memoo ucnumuearea

1. Csu wucnurammmu (80), ca wim 0e3 HUCTOpPHUje pEUUINBA XEPICTHYHOT KEPATHTHCA,
JTOOPOBOJBHO CY TMONMYHHWJIM YIUTHHK y KOjeM Cy MOTBPIWIHM Ja CYy MMAajd MOHOBJHCHE

enu30/1e J1adujaTHoT XepIiec.

2. CBu wucnurtanuuu tectupanu cy Ha IgG antm HSV-1 anturena. Cemampaecer u mer
UCTIUTAaHUKA O] ocamjeceT Ouyo je ceporno3uTuBHO Ha HSV-1, W Koj OBHX HCIUTaHUKA

pahena je renorunuzanuja 3a IL28B.

3. Ilemecer u jemaH MCHUTAHUK Of CEAaMECET MET HHUjEe UMA0 PEHUIUBHPAjyhul XeprneTHIHH

KCPpaTHuTuUC, Beh camo I/ICTOpI/ij IIOHOBJbCHHUX CIIN30Ja J'Ia6I/IjaJ'IHOI‘ xep1ueca.

4. JlBajmeceT W 4YETHPH MAIMjCHTA Cy MMaJla UCTOPHUjY PElUJIMBA XEPIETHYHOT KepaTHTHCA
YKJbY4yjyhu W CTpOMaaHH OOJIMK ca MOCICAUYHHM OXKHJbaBAKEM M BaCKyJIapU3allyjoM
poxmade. CBU HaBEJICHU TMAIMjEHTH UM Cy 3HAYajHO CHIDKECHY BUIHY OIITPUHY KOja je

oma (Mama win jeqHaka 6/60 CHeneH TabiuIa 3a TECTUPAkE ONITPUHE BUA).

5. MHcnuraHunu ca peKypeHTHHM XEpHeTHUYHMM KEpaTUTUCOM KIMHUYKHM cy mnpaheHu Ha
Knuaunu 3a oune 6onectu Knunuukor nentpa Cpouje y beorpaay Hajmame ronuHy JaHa.
VY akyTHOj (pa3u penuanBa XepIeTUIHOT KepaTHTHCA, KO/ OBUX MCHHUTAaHUKA, (YKymHO 24)
y3eT je y3opak ox 2ml nepudepHe BeHCKe KpBU paau yTBphuBama HUBOA (OJIHE KHCEITUHE
u BuTamuHa B12. PenuauBu cy neguHHMCaHM Kao ENUTENHU KEPaTUTHC, CTPOMAIIHU

KCPaTUTHUC, CHAOTCIINTUC, HPUAOLUUKIUTHC UJIK KAaO KOM6I/IHaHI/Ija HaBCICHUX 00JIHKa.

6. JIBanaect meceru mnpe onpehuBama HUBoa BuTamMuHa B12 u (oiHe kucennHe UCIUTaHULIA
HUCY KOPUCTWJIM CYIUIEMEHTAIMjy KOMIUIeKca BUTamMuHa B u ¢onne kucenunue. Taxobe,

WCTIUTAaHUIIH, HUCY jelTd HajMarbe § CaTH Mpe y30pKOBamba.
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Kpumepujymu 3a neykwyuusare ucnumanuka y cmyoujy:
1. UcTopuja ouHUX KOMOpOUAUTETA.

2. IIperxoxaHa omneparyja oka.

3. buo koju o6nuk anemuje.

4. CBe CHCTEMCKE U HCYPOJIOLIKE 0oJIeCTH.

3.2.1. Beruuuna y3opka

[IpopadyH yKymmHOT y30pKa je 3aCHOBaH Ha pe3yjTaTHMa JIPYTHX ayTopa KOju Cy MpoydaBaliud
yTHIIa] UCTIUTUBAHOT T€HOTHUIIA KOJ| MCIUTAHMKA ca nadujanHuM xeprecoM (95). Kopunthemem
onropapajyher pauynapckor mporpama G*Power 3.1.9.4 u y2 Tecra y3 BepoBaTHohy ainda
rpemke on 0,05, cuary crymmje ox 0,08, nmoOujen je muHMManan Opoj ox 40 WCHUTAHHKA.

VYKyIHa BeIMYMHA Y30pKa y CTYIUjH je 75 UCTIUTaHHKA.

3.3. Y30pkoBame U MeTO/Ie aHAJIU3e
3.3.1. Umyncke ananuze

On cBakor ucnurtaHuka yzero je 5 ml mepudepHe BEHCKE KpBH Kako OM ce HACHTH(PHKOBAO
HSV-1 IgG craryc. Ypahen je Elisa tect 3a kBanutatuBHO ojpehuBame antutena IgG kmace 3a

HSV tuna 1 y seynckom cepymy win minazmu (GenWay Biotech, Inc San Diego, CA, USA).

I'pannuyna BpenHocT 3a aHTuTena kiace IgG koja cy crnenuduuna 3a npucyctBo HSV-1

uHoexmuje: HSV-1 IgG < OINTU.
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3.3.2. Hugo ¢ponne kucenne u sumamuna B12

Hcnuranumuma, KOJ KOjUX j€ KIMHAYKAM TMIPETJICOM YCTaHOBJBEH pElHIUBUpPajyhu
XEepIeTUYHU KepaTHTHC, y3eTa ¢y 2ml mepudepHe BEHCKE KPBH y CTaHIapIHO] OMOXEMU)CKO]
eNpyBeTH, y aKyTHO] (a3u OoJecTH, Kako OW ce oapenuo HUBO (DOJIHE KHCEIMHE W BUTAMHHA

B12.

Hugo Butrammuna B12 je mepen Ha amapary "Roche Cobas 6000" analyzer, (ECLIA Method), a

HUBO (ostHe KUcennHe je MepeH Ha arpary "Roche Cobas E411" analyzer, (ECLIA Method).

VY30puu KpBH cy aHalu3upaHu y nadboparopuju Hayunor mHcTuTyTa 32 BetepunapctBo CpOuje

koja uma Total Quality Management (TQM) cucrem.
Pedepentne Bpeanoctu 3a Butamut B12: 6,9 noma rpannna — 44,4 ng/ml ropmwa rpanuia.

PedepenTtHe BpenHocTH 3a QonHy KucenuHy: 4,6 noma rpanuna — 18,7 ng/ml ropma rpanua.

3.3.3. I'enomunuzayuja IL28B

[ler mumunurapa nepudepHe BEHCKE KPBU MPHKYIUBEHO j€ O CBaKor IIaljeHTa 3a
reHotunuzanujy IL28B rs12979860. UzonoBame ykynHe JIHK BpmieHo je KomepiujaHUM
KUTOM TI0 ymyTcTBY npousBohaga QIAamp DNA Blood mini kit, (QIAGEN, Hilden, Germany).
VY reHoMy je ucnuTHBaH noiauMopduszaM nojeauHadHor Hykseoruga (engl. Single Nucleotide

Polymorphism, SNP) rs12979860 y 6nusunu /L28B Ha xpomozomy 19.

3a ucnutuBamwe nomumopdusma kopumhen je SSP-PCR (Specific Primer-Polymerase Chain
Reaction) koja ymHokaBa kparko JIHK mompydje y3BOAHO WM HHU3BOJHO O] MOJIMMOpdu3Ma
nomohy crierudugHor npajmepa 3a anen (Tadema 1) (110). PCR npousBoau cy aHamu3upaHu y
2% arapo3HoM reny y3 6ojewe etuaujym Opomuznom (Cnmka 13). OapehuBame nojequHavYHUX
TCHOTHIIOBA TMOJUMOpP(H3Ma H3BPIICHO j¢é HA OCHOBY IPHUCYCTBA WM OJICYCTBA IUJBHHX

CCKBCHIIU.
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Awmmnudukaiiyja je u3BpIieHa mno cienehem nocTymnky:
e nunujanau nukiyc Ha 95 °C — 5 MuHyTa, 3aTUM
e 35 mukiyca Ha 95 °C— 30s, 58C —45s, 72 °C — 60s u

e 72°C—10 munyra.

Ta6esa 1. Hykieotuane cekBeHlle mpajMepa KOpUIheHux y Halloj cTyauju 3a IL28B

Beauuuna PCR
IL28B SNP HykieoruaHa cekBeHIa
NMPOAYKTA
Gen (sense) 5'-TTATCGCATACGG CTAGGC-3'
rs12979860 C (antisense) S TGCAATTCAACCCTGGTTC G-3' 153 bp

T (antisense) 5’ TGCAATTCAACCCTGGTTC A-3
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Cauxka 13. ITonumopduzam rs12979860 - onpehuBame renorunona (Bennunna PCR npoxaykra:
153 6m). Jluauja 1, JHK 6m; Tpake 2-3, TT xomo3uror; Tpake 4-5, CC xoM03Uror, tunuje 6-7,
CT xerepo3urot. XeTepo3uroTHN y30PIU PE3YITHPAIH Cy aMILTU(UKAIIU]OM 00a Oricera, ITo

yKa3yje Ha IMPUCYCTBO JBa ajena.

3.4. CratucTtuuka o0paja nogaraka

3a cratucTuuky oOpaay mojaTaka kopuiiheH je xommjyrepcku mporpam SPSS® (Statistical
Package for the SocialSciences, ver. 20). CtaTucTudka 3Ha4ajHOCT MOCTaBJbEHA HA HUBOY OJI
p<0,05. 3a ommc pe3ynrara ol 3Ha4yaja KopuIIheHe Cy METOJC JIECKPHUIITUBHE CTATUCTHKE,

rpaduuKo 1 TabeaapHO NPUKA3HBAKE.

W3pauyHaBameM IUCTpUOYLMje T€HOTUIIOBA, IPOLCHEHO j€ J1a JIM Ce MCIMTHBaHAa BapHjaluja

rera Hana3u y Hardy-Weinberg exsmmbpujymy (HWE) 3a BepoBatnohy ox p>0,05.
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3aBHCHOCT BapI/Ija6J'II/I, THUII TCHOTHUIIA H nojaBa PEKYPETHOI' CTPOMAJIHOI' XCPHECTUYIKOI

KEpPaTUTHCA aHAIM3UPAHH Cy TIPUMEHOM ) TecTa, y3 Tpar 3Hayajaoctu o 0,05.

I/IJ'IyCTpaI_[I/Ija acounjaunje 1/13Meljy IFCHOTHUIIOBA U PHU3UKaA 34 HACTAHAK PCKYPCTHOT XCPIECTUUKOI
CTPOMAJIHOI' KE€paTUuTUCa IPCACTABJbCHA je HU3pavYyHaBAKHLEM BCJIIMYUHC YTI/II_Iaja u IIPHUMCHOM

KOpCIalfluOHC aHaJIn3e.

[Tpumenom CrupMaHOBOT KOepHIMjEeHTa KOpeJalHje paHra aHaTU3upadd CMO 3aBHCHOCT
KOHIICHTpanyja ButamMiuHa B12 u ¢onHe KucennHe KOJ MCIUTAHUKA Y aKyTHOj ¢a3u Oojectu, u

l'[Oj aBC PCKYPCTHOT XCPIICTUIHOI' KECPATHUTHCA.

4. Pesyaratu

HcnutuBame je oOyxBatwino 80 umcnurtanmka crapujux ox 18 rommua, o6a moma. Y 1uiby
XOMOFGHI/I?;aIII/Ije HUCIIUTUBAHC Tpylne, CBH HUCIOUTAHULIMU Ca HIU oe3 I/ICTOpI/Ije peuuauBa
XEpHEeTUYHOI KepaTuTHhca, crapuju ojf 18 roxmHa, uMaau Ccy MOHOBJbEHE €MH30/€ Ja0ujaHOT
xepreca, IITO Cy HOTBPAWIM Yy YIUTHUKY KOjU Cy JOOpOBOWHO MoONMyHWIU. Takobe, cBU
ucnuTaHuu cy tectupanu Ha IgG antu HSV-1. CenamaeceT u et UCHUTAHUKA OF OCaMIECET

6uno je cepono3utuBHO Ha HSV-1 1 OHU Cy YKJbYUEHU Y CTYIH]Y.

Ha ocHOBy ananmm3e MEOUIIMHCKE JOKYMEHTAIM]e W KIMHUYKUM TIperiiejoM yTBpheHo je ma cy
JBaJICCET M YCETHPH TMAallMjeHTa WMalla WCTOPUjy pEIHANBa XEPIETUYHOT KepaTuTuca ca
W3pOKECHUM OXHJbLIMMA W BAaCKyJIapU3alldjoM pPOXKEaue YCJel CTPOMAIHOT XEPIETUYHOT
Keparutuca. HaBejeHe mpomMeHe Ha pOXIBAYM JIOBENE Cy JI0 3HAYajHOT CHIDKEHa BHJIHE
OIIITPHHE KOJI OBUX IMalrjeHaTa,. [I[peoctany UCIIUTAHULN, BUX MEECET U jeaH, UMK Cy CaMo
UCTOpH]y TIOHOJbEHOT JlabMjasiHOT Xepmeca 0e3 mnpomeHa Ha ouuma. Jlemorpadcke

KapaKkTepUCTHUKE CTyAM]jCKe MoIyanuje caxere cy y Tabemnn 2.

48



JlokTopcka aucepraruja Bbopusoje CaBuh

Tabena 2. Jlemorpagcke KapakTepuCTHKE MOy JIaluje

Kapaxkmepucmuxe nonynayuje Ceu nayujenmu
n - yKyna Opoj UCTUTaHUKa 75
Onnoc nonosa (M:2K) 36:39
Crapoct ucnuranuka, X = C.J1. 4495+ 11,294

Nmajy kepatutuc (M) 5 (6,7%)
Hemajy xeparuruc (M) 31 (41,3%)
Nmajy keparutuc (K) 19 (25,3%)
Hemajy keparutuc (2K) 20 (26,7%)

X - aputMmetndka cpeauna = C.J1.- cranaapana aesujanuja, M, mywxu nou ; XK, sicencku noa.
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4.1. OnpehuBame IL28B rs12979860 reHoTnnoBa u \UX0BA AMCTPUOyLHja

Huctpubytmja IL28B rs12979860 renoTunosa 3a UCITUTHBAHY ITOJTMMOP(H3aM je y CKIaay ca

Hardy-Weinberg exsunu6pujymom (HWE) (Ta6emna 3).

Ta6ena 3. luctpulyiyja reHOTUNA 32 UCIUTUBAHU roimMopdu3am u Hardy-Weinberg

eKBUIMOpHjyM, X2- Tect je 0,63, p>0,05.

IL28B nonumoppuzam Tenorun % X2 P
CC (35%)
rs12979860 CT (45%) 0,63 0,43
TT (20%)

Jucmpuoyyuja zenomuna IL28B rs12979860

Huctpubynuja renorumnona /L28B rs12979860 3a uenokynHy CTYIUjCKy MOMyJalyjy IpuKa3aHa

je Ha Ciumm 14. Y namoj crynuju CTrs1279860 je 6uo Hajuemrhe naeHTH(UKOBAH T€HOTHIT Y

CTYIMjCKO]j TIOIyJIalliju, @ Ouo je mpucytan kox 45% manujenara (34/75). [lotom cienu reHOTUTT

CCrs1279860, ca mpucytHomhy ox 35% vy mnonynanuju (26 mnanujeHara), ¥ TI€HOTHII

TTrs1279860 koju ce jaBba y mpeoctanux 20% mnomynanuje (15 manumjenara) (Ciuka 14).

[Iponientyanna auctpudyiuja 00oIenux U HeoOOJEINX NalKjeHaTa 0] PEKYPETHOT CTPOMAITHOT

XCPIETUYHOT KEePAaTUTHCA y 3aBUCHOCTH OJI TEHOTHIIA 33 IEIOKYIHY CTYIUJCKY TOIYJIALU]jy

npenacraBibeHa je y Tabemnu 4.
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rs12979860

T
15 naumjeHata
(20%)

43 7
34 naumjenTa (45%)

BCCHCTETT

Cauka 14. Tuctpubynuja IL28B rs12979860 reHoTuna y LEIOKYITHO] CTYIUjCKO] MOIYJIALUjH.
ITponentyanna auctpubyuuja 3a IL28B 1s12979860. CC: CCrs1279860, CT: CTrs1279860, TT:
TTrs1279860.
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TaGena 4. Juctpubyuumja IL28B 1s12979860 renoTuma y 1eJ0j CTYAMJCKO] TPYIIH.
[TpouenTyanHa qucTpuOynyja 1Mo reHOTUIy y TPYIH 000JeNuX U HEOOOIeNHX O/l XePIEeTHYHOT

CTPOMAJIHOI' KEPATHUTHUCA.

I'enorun
Huctpubymmja
CC CT TT YkymHO
YKkynHo 16 8 0 24
Vmajy Wwmajy kepatutuc % | 66,7% 33,3% 0% 100,0%
KCpaTuThe I'enotun % 61,5% 23,5% 0% 32,0%
VYxynHo % 21,3% 10,7% 0% 32,0%
Crame
YkynHo 10 26 15 51
Hemajy Hewmajy kepatutuc % | 19,6% 51,0% 29,4% 100,0%
Kepatutue I'enotun % 38,5% 76,5% 100,0% 68,0%
VYxymHo % 13,3% 34,7% 20,0% 68,0%

VY HameMm HCTpaXuBamy 3alaKeHa j€ CTAaTUCTUYKM 3HayajHa IOBe3aHOCT u3Mel)y Imojase
pekypetHor ctpomanHor HSV keparutuca um nBa SNP renotuma 3a [L28B (CCrs12979860 u
CTrs12979860, ) x> = 18,605; p<0,05. Benuuuna yruiaja usmel)y Bapujabiu y HaIoj CTyauju je
ouna 0,498 u yka3yje Ha BeNMKH 3HAayajaH YTHIQ] HABEJACHUX T'CHOTUIIOBA Ha TI0jaBYy
pexyperTtHor crpoManHor HSV  keparutuca. JluctpuOymuja renotumnoBa [L28B mpema
KJIMHUYKO] MaHu(pecTauuju pekypeTHor crpomanHor HSV kepartutuca npukazaHa je Ha CIMLU
15. Bapujanuje renoruna CCrs12979860 u CTrs12979860 nokazane cy 3HauyajHy MOBE3aHOCT ca

pexyperHuM crpomanHuM HSV keparutucom (Tabena 5).
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Ako ce y3me y o03up na je renoruncka Bapujauuja TTrs12979860 mpumehena camo kon
namujeHaTa Koju ¢y npHjaBuiIM Aa UMajy JabujaiaHu Xepriec, yKynaH Opoj mauujeHara ca [L28B
TTrs12979860 je 15 (Cnuka 15), moxkemo pehm nga ce reHoturicka Bapujanuja [L28B

TTrs12979860 y Hamioj CTyIUju HE OTKPUBA KOJI MAlMjeHATa KOJU UMa]y PEKYPETHH CTPOMATTHU

XEpIETUYHHU KEPATUTHC.

8 naymjeHaTa 26 na].pd_j&ﬂara

16 naumjeHarta 10 naumjeHarta

15:'[13LLH]-:EHHT3

W Wmajy HSK ™ Hemajy HSK

Cauka 15. [uctpuOyuuja renorunosa /L28B npema KIMHUYKO] MaHU(ECTALUJU PEKypeTHOTr

crpomannor HSV keparutuca.
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Jauuny acoumjanmje wusmely renotunoBa [L28B 1s12979860 wu mnpahenor o6osbema,

permauBupajyher crpomannor HSV kepatutuca, u3pasuiii cMO KOpETalMOHOM aHaJIH30M 3a

reaotun CCrs1279860 u CTrs1279860.

W3pauynaBaweMm [lupconoBor koedunujenta kopenamuje uzmehy CCrs1279860 renotuna u
nmojaBe pekypeHTHOr crpomairHor HSV keparutuca 3akipydyjeMo J1a MOCTOJH CTaTUCTHYKU
3Ha4yajHa moBe3aHocT m3Mmehy CC reHoTHNa M 1ojaBe PeKypeTHOT CTPOMATHOT XEPIETUYHOT

kepatutuca (Pearson Correlation = 0,843), (Tabena 5).

Anammsupajyhu nobujenn I[lupcoHoB koeduuujeHT Kopenanuje 3a reHotun CTrs1279860
3aKJby4yjeMO Ja MOCTOjU craTucTHuka rnose3aHocT u3Mmely CT reHoruna u mojaBe peKypeTHOT

CTpOMAJTHOT XepreThudHor keparutuca (Pearson Correlation = 0,735) (Tabena 5).

Ta6ena 5. Jaunna aconujanuje renoruna CC, CT u mojaBe peKypeTHOT CTPOMAaTHOT

XCPICTHUYHOI' KEPATUTHCA.

I'enorun 3HavajHOCT Pearson Correlation
(R)
CC: CCrs1279860 000 0,843

CT: CTrs1279860 000 0,735
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4.2. ®osHa KHUceIuHA, BUTaMuH B12 n Opoj peunausa

Kox nBanecer u ueTnpu mamujenra, ca peuuauBUpajyhn XeprneTHIHuM KePaTUuTUCOM, y3€TO je 2
ml nepudepHe BEeHCKE KpBU Kako OM ce M3MepHo HHMBO (OJHE KUCEIMHE W BHUTaMHHA B12 y

aKyTHOj (ha3u peruanBa O0JIECTH.

Kox ncnutuBanux namyjeHara HUBO BuTamMuHa B12 y KpBH KpeTao ce y OKBUPY pedepeHTHHX
BpeaHocTH (6,9 - 44,4 ng/mL) u Ha ocHOBY KoedwuimjeHTa Bapujanuje (cv<30%) 6uo je xomoreH,
tabena 6. Takohe, HUBO oTHE KHCETUHE y KPBU IMOCMATPaHUX MalijeHaTa KPEeTao ce y OKBUPY
pedepentHux BpeaHoctu (4,6 - 18,7 ng/mL) u Ouo je xomoreH, Tabena 6. C o0G3upoMm Ha
XOMOTEHOCT TO[aTaKka, apUTMETHYKE CPEUHE Cy aIeKBaTHU ITOKa3aTeJbu MPOCEYHNX BPEIHOCTH,
a je KoJ maryjeHara npocedan HUBo ButamuHa B12 y kpBu uszHocuo 8,33 ng/mL , a nmpocedan
HUBO (oiHe kucenuHe y KpBu 6uo je 6,50 ng/mL. bpoj peunauBa XxepneTHuHOT KepaTUTHUCA CE
kpetao ox 1 1o 3 u Huje 6uo xomoreH (Cv=50,72%), na ce Ha OCHOBY MeJljaHe 3aKJbydyje Aa ce
y MPOCEKY jaBHO jeJlaH PEeUUANB XEPIEeTHIHOT KepaTuTuca. Kox ueTpHaect nmanujeHara yrephex
je To jeaH penuIuB XepIeTUIHOT KePaTUTHCA, a KO TI0 MeT MalyjeHaTa jaBiia Cy ce 0 1Ba U
TPH PELUIMBA XEPIETHYHOI KEpaTUTHCA. Pesynraty y>-TecTa yKasyjy Ha CTaTHCTUYKU 3HAYajHO
pa3IMuUUTy YydecTajocT Opoja peuuauBa XepHneTHuHor kepatutuca (y2=4,263; p=0,034).
CratucTHYKH 3HA4YajHO Yemhe ce jaBHMO jelaH pEelUIWB XepHEeTHYHOT KepaTuTHca, x2=4,263;

p=0,039.

Shapiro-Wilk-oBUM TE€CTOM je UCIUTAHA CArJaCHOCT PAaCIojielie eKCIICPUMEHTATHUX IOaTaKa
ca TEOPHUjCKUM MOJIEIIOM HOopMaiHe pacmnojene, TabGema 6. Ha ocHOBy pesynrata TecTupama
MOJXKE ce€ 3aKJbyYUTH Ja MOJAllM 32 HMBO BUTaMuHAa B12 y KpBH ciiefie HOpMaJIHY pacroery
(p>0,05) u na momanu o HUBOY (oJIHE KHUCEIMHE Yy KpBU M Opojy peuuauBa XepHeTHUHOT

KepaTUTHCA CTATUCTHYKH BPJIO 3HAYAJHO OJICTYIIA]y OJ1 MoJiena HopMaiHe pacnoene (p<0,01).
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Ta6esa 6. CTaTUCTHUKH MOKa3aTeJbH 32 aHAIM3UPAHE KapaKTepUCTUKE KPBU U Opoj peuuauBa

XCPHCTHUYHOI' KEPATUTHCA

Shapiro-Wilk’s
WHTepsan Aputmer. Meujana Koed -TeCT
) BapHjaIyje CpemHa Crannapana R
Bapwujabne P saprjatuje
rpeuika (%) \\Y p

Huso
gl/i";aMI/IHa 7,0-10,0 8,33 8,10 0,204 11,99 0,92 | 0,061
(ng/mL)
Huso
(omnne 4,6-7,9 6,50 7,00 0,226 17,01 0,85 | 0,003
KHCEJIHHE
(ng/mL)
bpoj
peIIHBa 1-3 1,63 1,00 0,168 50,72 | 0,71 | <0,001

C o03upoM na momanu 3a Opoj peUuAMBa XEPHETHYHOT KEPAaTUTHCA HUCY XOMOTEHH M HHCY
HOPMAJTHO JHUCTPUOYMpPAaHU 3aBHCHOCT OBE ITI0jaBE IMOjeAMHAYHO OJl HUBOA BHTaMuHA Bl12 u
HUBOA (OJIHE KHMCEIMHE Y KPBHM HcHHUTaHa je npeko CnupMaHOBOI KoeHIMjeHTa Kopesauuje
panra. Ha ocHoBy moOujeHuX BpenHOCTH, OpOj peuuaAMBa XEpHETUYHOI KepaTUTUCA BpIIO
3HAYajHO 3aBHUCHU Of] HUBOA BuTtamuHa B12 y xpBu (p=-0,619; 1=3,694; p=0,001) u HuBoa domHe
kucenune y kpBu (p=-0,518; 1=2,843; p=0,009). Heratuue BpeaHoctd CHupMaHOBUX
Koe(uljeHaTa Kopenaiuje paHra ykasyjy Aa Opoj peluanBa XeprneTHYHor KepaTuTrca omnaja ca
[IopacToM HUBOA BUTamMuHa B12, kao u ca mopactom u HMBOA (hosIHE KUCEIMHE Y KPBH, a TO Ce

Buan 1 Ha ['paduxony 1. u I'paduxony 2.
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3,2 7
3,0
2,8
2,6
2,4
2,2
2,0
1,8
1,6

1,4 1

pbol benNNBY xchu6INdHOL KehyLNINCY

1,2 1

1,0 1

0,8

6,5

7,0

7,5 8,0 8,5 9,0 9,5 10,0

Hwugo Butamuua B12 y xpBu (ng/mL)

10,5

I'paduxon 1. Ognoc HuBoa BuTamuua B12 y xpBu u Opoja penuuBa XepneTHUHOT KepaTUTHuca
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2,8 1

2,6 1
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Hugo honuexucenmuey kpBu (ng/mkL)

I'padpuxon 2. OnHoc HuBoa (onHE KHUCETMHE y KpBU M Opoja penuanBa XepreTUYHOT

KCpaTuTuca
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5. Iuckycuja

Bupyc Herpes simplex Tun 1 (HSV-1) je Hajuemthu BupyCHM MaToreH y CBETCKO) HOITyJIalH]jH.
Bbpoj 3apakeHux HOCHOIA BUpYca CTAHO pacTe u gocexe dak 80-90% crapujux ox 50 romuHa
(64). Y Behumnm cnyuajeBa oBa wuH(]EKIHWja mpojasd acumnToMmarckd. [locie npumaphHe
HHQEKIMje BUPYC 3ayBEeK OCTaje y OpraHu3My YTHIIAH Y HajOJM)KUM HEPBHM TaHTIHMOHHMA.
XepreTuvyH! KEpaTUTHC CE jaBJba Y pasiuuuTHUM (hopMama, a TO HajBHIIEC 3aBHCU O] TyOWHE
npoJiopa BHpyca y TKHBO poKmaue. Behuna ciydajeBa XeprneTHYHOT KepaTUTHCA MPEACTaBIba
pekypeTHy OoiiecT, Koja je Hacraga kKao pesyiarar peaktuBamgje (HSV-1) Bupyca wus
JATEHTHOCTH Yy HAjOMMDKUM HEpPBHHM TaHTiIMoHuMa (65). M3 Tor pasnora pasymeBame
MeXaHu3Ma JIATEHTHOCTH W ToOyhuBama BUpyca, Kao M TpENO3HaBamke MOTyhHX y3pOYHHKA,

MpeCTaBJba BAXKHY KApUKy y pa3yMeBamy HACTaHKA came WHQEKIHje.

Y namoj crynuju, nonumopduszam rena [L28B (rs12979860) ananusupan je xom HSV-1
CEpOINO3UTUBHUX MalMjeHata ca ucTopujoM pekypeHTHe HSV OGonectu, yxipyuyjyhu HSV
keparutuc uin xepnec jgabuanuc. I'enotun CTrs12979860 Guo je najuemrha Bapujanuja SNP-a
KoJ mamnmjeHara ca penuauBupajyhom HSV-om Oonectm, a moToM ciene Te€HOTHUIIOBU
CCrs12979860 u TTrs12979860. 3anumibnBo je na je BehnHa nmamnujenara ca peuuauBupajyhum
HSV crpomannum keparutucom nokaszana reHorun CC (16 ox 24, 66,7%), nok je camo 10 ox 51
(19,6%) nojeaunana ca nadujaaHoM Gopmom xepreca (6e3 anamHese pekypeHTHHX HSV oununx

6omnectn) nokazano CC reHoTHII.

Griffiths u capaguuiu u3Hoce nogarke aa nojeauHnu ca CT wnu TT renorunosuma 3a IL28B
reH uMajy demrhe emu30/ie TEIIKOT J1a0ujalHoT Xepreca, CTama Koje je pe3yiTaT peakTHBalluje
HSV-1 (99). Ha ocHOBY THX Haya3a, ayTopH Cy Cyrepucaiy Ja cy pekyperne uadeknuje HSV-a
BEPOBATHO IMOBE3aHe ca rnmosmMopduamom /L28B reHa mTo je jelHa OJ] MOoTa3HuX Tadaka Halier

HUCTpaXKrBamba.
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VY Haoj cTyauju pe3yiaraT nokasyjy aa cy reHorunosu CTrs12979860 u TTrs12979860 6unu

BHIIC paCIIpoOCTpamkbCHU KO HOje,I[I/IHaI_Ia Cca U30JI0BAHUM J'Ia6I/IjaJ'IHI/IM XCpHCcCoOM.

MehyTtum ako nocmarpamo nasse, CC rernotumn 3a /L28B 610 je BUCOKO TOBE3aH Ca PEKYpPETHUM
crpomatauM HSV  keparutcom. OHO mrTo mpumehyjeMo je Aa ce MOXAa W KIMHHYKA
MaHudecranja U MecTo caMe peakTuBauvje HSV-a U3 TpuremMuHanHMX TraHIVIMja MOXeE
MIOBE3aTH Ca Pa3IMuUTHM T€HOTHIIOBMMA JoMahnHa, ykibydyjyhu u apyre ¢akTope Koju yTHay
Ha reHoTun nomahuaa. Kao mTo cy MUKpO OKpyXeme, eureHoM goMahnHa, Makpo OKpYyKeme,

BUPYJIETHOCT BHpYCa U YTHIIA] CIIOJbHUX (haKkTopa

300r Tora je on Hajpeher KIMHMYKOI MHTEpeca HACHTHU(PHUKOBATU MOATPYIY MalMjeHaTa ca
PEKYypeHTHHUM JaOWjaIHUM XEeprecoM, KOju HMajy Behum pu3uKk 3a pa3BOj PEKypeTHOT

XEPIETUYHOT KePaTUTHUCA, KOJH MOKE JIOBECTH H JIO CIIETINIIA.

Mopamo yka3aTH Ha YME-EHUILY Jla IOTIIYHH OJIFOBOP HAa OBO MUTame MOTy naTu Oyayhe cryauje
ca BehuMm OpojeM ydecHHKa, Kako O Ce MOTBpAMIA XHIIOTe3a Ja TeHOTUN jJomahuna 3a [L28B

T'CH MOXKE YTHIIATH Ha KIMHUYKY MaHudecTanujy 6onectu HakoH HSV undekiyje.

Kon nanujenara ca xponnunuM xenarutucom C, mpodun renotuna CCrs12979860 noesan je
ca HI)KMM HHMBOOM TPAHCKpHUIIIHMje TeHa crtumynucanux uHtepdpeponom (ISG) (111, 112).
I'enotunoBu CTrs12979860 u TTrs12979860 cy moBe3aHm ca BHIIUM HHUBOOM EKCIIPECH]E
untepdepon crumynumyhux rena (ISG) y Hacranky xponunyHe uHpeknuje xemarutucom C
(111). Ca ppyre crpane reHorurnoBu CTrs12979860 u TTrs12979860 cy moBe3aHu ca HUXHUM
cronama CroHTaHor uuinhema Bupyca xematutuca C, MITO MPEICTaBJba CBOJEBPCHU MapaoKC
(111, 112). CynpotHo Ttome, rerotunt CCrs12979860, y kome ce mpumehyje ekcrpecuja ISG
HUCKOT HMBOA, MIOBE3aH j& ca BUCOKUM CTOIaMa CIIOHTaHOT uuiihema Bupyca. OBaj mapajokc je

TeMa JaJbUX UCTpaXKHBarma U HUje MOTIyHO jacaH (111).
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AKO OBe pe3yinTare MOBEKEMO Ca HallUM HCTPaXHUBAmHEM TIe je MPUCYCTBO BapHjaHTE
CCrs12979860 renoTtuna [AOMHUHATHO KOJ TMallMjeHaTa ca PEKYpPeHTHUM CTPOMATHHUM
XEpIETUYHUM KEpPaTUTUCOM, MOXE c€ 3aKkjbyduTu Ja Moxnaa ynpaBo CCrs12979860 renorun
JOBOJM JIO HENOTITyHE KOHTpOJIE MH(MEKIHMje W HCIOoJhaBamka WH(MEKIHjEe YCIIel HUKET HHUBOA
tpanckpunuuje ISG, xao mTo je panuje moTBpheHo KOJ marnmjeHaTa ca XpoHUMIHOM HH(EKIIHjoM

xematutucom C (111, 112).

Crynuje ca >KMBOTUE-CKHM MOJISIIMMA OTKPWIIC CY Jla TeHETCKHU cacTaB qomahwHa UMa yTHIA] Ha
texuny HSV-1 Gomectn poxmaue. [[okazaHo je nma ce MuieBu-inbred pasivkyjy y CBOjO]
ocersbuBocTH Ha HSV undexnujy poxmaue (113). Mehytum y cBUM TUM HUCTpakMBamUMa
yJjora crerupuuHuX reHa JoMahnHa y OTHOPHOCTH Ha PEKYPETHU XEPIETHYHU KEPATHTUC HUjE

JIOBOJbHO pa3yMJbUBA.

I'enn momahuHa cBakako Ja MOTY yTHIATH Ha ucxoj] u TexxuHy HSV-1 undexuuje yruuyhu Ha
ypohene daxrTope pezucreHIyje, Kao U Ha PYHKIHM]Yy UMYHCKOT CUCTEMa U HETrOBY pPeakiujy Ha
pasnmuunte natoreHe (114). IloTmyHo jacHO je J0Ka3aHo Ja je oceTIbUBOCT Ha mHpeknnjy HSV-1
MOJYJINCaHA WM 3aBUCHA OJl moJmMopdu3mMa y TIeHMMa KOjU KOHTPOIUNIY e(eKTOpCKe
¢bynkiyje uurorokcnynux T-henuja u nmumponura NK henuja (Natural killer cells), npupoaHux

youna (115).

Bpojue cryamje cy ucrpaxuBaiie ogHoc u3mely nomumopduszama rena qomahuHa U 030MBHOCTH
permauBa HSV-1 undexuuje (99, 114, 115). ¥ ToM KOHTEKCTY, HEIaBHO je 00jaB/bEHO JAa je
excrnpecuja reHa IFN-A noBe3ana ca penuauBoM u o30uspHouthy pekypentHe HSV-1 Gonectu

(99).
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OtkpuBeno je na untepdeponn tuma III (IFN-A) umajy antuBupycHe edexrte npotuB HSV-1
unpexkuuje (116, 117). Pica u capaguuim u3BeNITaBajy Ja CMambeHa IPOU3BOAmha HHTephepoHa-
nam0a MoXke OUTH y Kopesalju ca pa3BojeM pekypeHTHux HSV-1 nabujannux undexumja koxa

MMYHOKOMITETEHTHHX TojeauHana (52).

HenaBHO mcTpakuBame U3BECTUIIO j€ J1a j€ JIeYeHhe HHTePPEPOHUMA-A PE3YITUPAIO 3HAYAJHUM
cy3oujamem perumkamuje HSV-1 y acrponutuma u y HeypoHuMa. OBO HCTpaKHBame je
MOBE3aHO Ca peryJiallijoM eHjoreHe (yHKIUje HHTepPepoHa-o/f W HEKOIUKO HHTEPPEPOH
crumynmucaanx reHa (ISG) (98). OBm Hamasu mokaszyjy aa wHTEphEpOH-A (QYHKIIMOHAIHO
nojceha Ha unHTepdepone tuna I, uzasuBajyhu ISG excnpecujy mTo pesyntupa cy3doujameMm

BUpYCcHE perukaiuje (99).

Nwmyncka koHTposa peaktuBanuje HSV-1 Bupyca je jako BakHA U OHa MOpa OWTH y3eTa y 003up
Kajga ce roBopu O peakTuBauuju u nateHuuju HSV-1 Bupyca. CrnosbHU M (DU3HOIOMIKK
Ha/lpakaju Koju uHaykyjy HSV-1 Bupyc u3 nateHuuje ykipydyjy MHOre gaxkrtope: uziarame ¥YB
CBETJIOCTH, CTPEC M HMYHCKY CYIpEcHjy, IITO Cyrepulle jako BaxkHy yiory T-hemwmja y

cnipedaBamy peaktuBanuje HSV-1 Bupyca (118).

[lonaBspajyhu cTpomManHu XepHeTUYHU KEPAaTUTUC MPEno3HaT je Kao Hajuemhu MHQPEKTUBHU
y3pouHHK omrehema BHUlla KOjU JAOBOAM A0 OXHJbaBamba POXKI-aue y pa3BujeHoM cBety (119).
CXOOHO TOME BEJNHKY MaXky y HAIIo] CTYAHWjU CMO TOCBETHJIM MAIMjeHTUMa KOjH HMajy
pekypeHTHH cTtpoManHn HSV kepatutnc. Y HameM UCTpakMBamby CBU TAlMjeHTH ca
XEPHETUYHUM KEPAaTUTHCOM MMM Cy TEeXaK OOJIMK CTPOMAIHOI KEpaTUTHCA Ca OICEKHUM
OKUJbABAEM Ha POXKH-AUU M 3HAYaJHUM CMAambEHEeM BHUJIHE OLITpUHE. Y TOM CMHCIY, Ipyma je

BC€OMa XOMOI'CHaA.
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VYnanHu npouec Koju Hactaje 300r aejctBa paznuuutux T-henmuje u npyrux uH(IamMaTopHUX
henmja moBonme MO XPOHWYHOT MMYHCKOT OJIroBOpa Koju omTehyje TKHBO poKmbade y CBHM
BEHUM cTpykryTama. [lopen mupekTHuX BuUpycHUX edekata Ty cy u (akTopu HHOUITpaImje
HeyTpoduIIa KOju MOJCTUYY BacKylapu3amuje y poxmaun (119).

Bupyc HSV-1 ce monama Bpii0 MHTEIWIEHTHO y Telny nomahuwHa, mpaBehm Oamanc u3mehy

MMYHCKE peakiiyje JoMahiHa U COTICTBEHE MOTpede 3a PeIrIHKAIIjOM.

CamM Bupyc ce nonama kao nomahun y henmmjama nomahuna, ogHocHO kana ,,yrpaaun’ ¢Boj JJHK y
henuje nomahwuHa, ,,pecypcn” henuje nomahuHa ce He Tpole, U HE J03BOJbaBa C€ MCUPIHHBAKE
henuje ox cTpaHe Apyrux maToreHa KOju MOTy OWTH BEJIMKHU TEpeT 3a orncraHak henuje. ['eHoTumn
nomahiHa WM BeTOB MMYHCKHM OJI'OBOP Ha caMy MH(MEKIN]y NpeACTaBiba U pe3ysiTaT cuMOnose
KOjy BUpYC U goMahuH HampaBe. Hekonuko cTBapu yrude U Ha Opoj peruIrkaija caMmor BUpyca,
TO cy: (akTopu cpeamHe, mpupoja Bupyca u npupoja nomahuna (80, 82, 84). Kama cy oe tpu
KOMITIOHEHTE Y CKJaly, OJHOCHO HHMKO HHje JOMHHATaH, YMHU CE Ja je BUPYC Taaa Jeo

MCXaHH3Ma KOjI/I IITUTH ,Z[OMahI/IHa Ol APYTHUX IIATOTCHA.

I'me u y xakBoMm 00mKy he ce BUpyC M0jaBUTH 3aBUCH MOHAjBUIIE o7 pupoxae nomahuna. Kama
TOBOPHMO O BUPYJCHTHOCTH CaMOT BHpPYCa, BUPYC MMa CBOj€ OCOOCHOCTH, KOj€ je jaKO TELIKO
kBaHTH(uKoBaTH. Kako je cama mpupoja BHpyca HENpeaBHIMBAa HEjaCHO je Koju he myT

n3a0paTH 3a CBOje KIIMHUYKO HCIIOJbABAIE.

VY (a3u naTeHnmje cam BUpYC ce TPYAH Ja HE HapyIIu HopMaiaH (pu3nosomku npouec y henuju.
CymTuHa MexaHHW3Ma peakTHBAllMje M JIaTCHILMje BUpYycCa j€ Pe3ysTaT CMUIeHETCKE MPHPOAe
BHpYCa, TCHETUKE BHpYyca, F'eHETHKE JoMahnHa u yTuimaja crojbHuX (pakTopa. CBe 0BO 3ajeHO
7aje jelaH CIIOKEH MEXaHW3aM aKTUBAIMje W peakTHBAIMje KOjH jé CHUTYpHO IOBE3aH ca jOIl

HEKOJIMKO (haKTopa KOjU JOIII HUCY OTKPUBEHH Y CaBPEMEHO] BUPYCOJIOTHjH.

OBa cryamja je crojuia HEKOJIMKO (aza Koje Cy MOBe3aHe ca aKTHBAIMjOM W PEaKTHUBAILIA]OM
Bupyca. [IpBO moOBe3aJin CMO TE€HETCKe OCOOMHE J0oMahMHA-OJHOCHO TEHOTHII Ca I0jaBOM

Oonectd, a Apyro mo mpBU MYT CMO TMoBe3ald Moryhe emureHeTcke crojbHE (hakTope 3a

63



JlokTopcka aucepraruja Bbopusoje CaBuh

aKTI/IBaL[I/ij n peaKTI/IBaHI/ij BHUDpYCaA. CBakako HHCMO Aajii TOTIIYH OAroBop ajJii CMO

aHOCTpO(bI/IpaHI/I I10JIa3HC Ta4KC KOje MOT'y JaTu KOHA4YHE OATOBOPC 34 TIOMCHYTU MCXAaHU3aAM.

UnHE ce Ja caM MeXaHHW3aM PEaKTUBAIMje HHJje TOJMKO CJIOKECH KOJHUKO j& CJIOXKEH OJHOC
u3Mely ¢akropa Koju 10Bojie A0 peakTuBanuje. CBakM MOjeAMHAYHN €IEMEHT UMa CBOjJy YJIOTY.
CnoseHM yTHIAj, TIPUpOJA BUpyca M ocoOuHe nomahuHa Cy eneMeHTH KOjHu ce JOMHHATHO
[0jaBJbyjy Y MEXaHHU3MY, alld Cy HEKaJ Mame WM BHIIC JOMHHATHHU INTO UMa 3a MOCICIAUILY

paznuunTe 00JIMKE XePIETUIHOT KePaTUTHCA.

JlyOuHa mpojopa BHpyca y TKHBO POXHbaye, a KaCHHje M MMyHCKa peakilhja Ha IMPHCYCTBO
BUpYCa, Cy €JIEMEHTH KOju cy Beh mocnenuia nomeHyTor Mmexanusma. EjiemeHTH Koju 10BOJIE 10
peaKTUBaIlMje Cy 3aCy’)KHH y HEraTHBHOM CMHCIY 3a T0jaBy OOJIECTH, aau HE TOjeIUHAYHUM
VTHIAjeM, HEro 3ajeIHMYKMM JOMHUHATHUM YTHIAjeM Yy TMOojequHuM ¢a3zama OOJIECTH.
PazymeBame OBHX ejleMeHaTa JIOBOJM JIO OCHOBHOT MOTHBA 32 OBO HCTPOKHUBAHE a TO je
MPEBEHIMja XepIEeTHYHOr KepatuTuca. Butamun B12 u ¢oaHa kucenuHa cy MOXZa IOJIa3HE
Tayke 3a oBy Te3y. ['eHoTHn nmomahmHa je 1e0 TOr MO3aWKa M MPECTaBJba OCHOB 32 MPEBEHIU]Y

KOJI TaIMjeHaTa KOju MOTY JIa Pa3BHjy HEKH OOJIHMK PEKYPETHOT XEPIETUYHOT KEPATUTHUCA.

Cge je BuILE CTyAM]ja Koje MOTBPlYjy eNUIreHEeTCKYy peryialujy peakTuBaluje BUpyca, rpe cBera
YUBbEHUIIOM JIa BUPYCHU T'€HOM HMMa TPAHCKPUIIIIMOHO AaKTHBAaH JIATEHTHH peruoH (Latency-

Associated Transcript- LAT).

AxtuBHOCT LAT-pernona je ycMepeHa Ha XpOMaTHHCKO ypeheme 0e3 Koaupama NpOTeuHa,
OJTHOCHO HEMa BUPYCHHX IPOTEHHA KOje IMpero3Haje Haml UMyHH cucteMm. M Burtamun B12 u
¢dosHA KHCeNHA Cy YKJbYYeHH y Tporec MeTwianuje monekyna JIHK. Merwnanuja mMonekysa
JIHK moBe3ana je ca yHOCOM W KoOHILeHTpauujoM Qorara y opranusmy (79). bomu yBug y
eMUIeHEeTCKY MPUPOJIY CaMOTl BUpyca MOTrao OM OUTH KOPUCTaH 3a KOHTpOJIy peaktuBanuje HSV-
1 uadexnmje, kopumhemeM AOAATHUX CyINIEMEHATa KOJ MalHjeHaTa KoJ Kojux mocroju Behu

PH3HK 0J1 peruuBa 60JIECTH.
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3aHUMIBHBO je Ja je cTyAuja ciydaja u3 1956. ronuse, Koja HUje y3ena y 003Up EMUTEHETCKY
IPUPOJY peakTUBAllMje BUpyca, MOKa3aja Ja JojaTak BuTamMuHa B12 3HayajHo moGosbinaBa
KIMHUYKY CcIUKY XeprnetuuHor kepatutuca (120). [lanujenty u3 oBe cTyauje Cy UManu Olaxy
KJIMHUYKY CIIMKY U JIAKIIM TOK PEKYpPETHOI XeprneTuyHor keparurtuca (120, 121).

3akJpydyjeMO Ja MOXKJa peakTHBallMja BUpyca W3 JaTeHTHE (ase Oosectw y aktuBHy HSV-1

I/IH(beKI_II/ij MOKE€ 3aBHCHUTH O MUHHMMAJIHOI' HCAOCTAaTKa BUTaMHHAa B12 nmm (1)OJ'IH€ KHCCIIMHC.

VY Hamoj cTynuju, CBU TMalWjeHTH Cy MMalil HUXKe pedepeHTHEe BPEIHOCTH OBUX BUTAMHHA Y
akyTHO] ¢azu Oonectr. OBO je BakHO mcTahw, jep HmKe pedepeTHe BPEIHOCTH MOXKIA MOTY
OWTH TOTCHLHWjaJTHM OKHJAa4yM 3a PEaKTHBAIMjy BUpyca M TEXE KIMHWYKE MaHu(ecTaiuje

XCPICTHUYHOI' KEPATUTHCA.

Hekonuko cryndja je moka3aio CIMYHE pe3yiTare ca JIpPYyrMM BUpyCHUMa. 3aHUMIBUBO je
uctpaxuBamwe Piyathilake v capagnuka y KoMe Cy IpOILEHIIN YTHUIIQ] KOHIIEHTpAIKje BUTAMHUHA
B12 na pusuk 3a HacTaHak KapuuHoma rpiauha marepure. 3akbydmiu ¢y 1a (pojaTd ¥ BATAMUH
B12 mory mmaTm BakHy YJIOTY Yy CHW)KaBamy pHU3HMKa TOBe3aHUX ca Mmerwianujom HPV 16
BHpYca U pa3Boja je3uja (122).

CnuyHO McTpaxuBame crpoBoje Lopes u capagauiy. OHM OTKpHBAjy J1a je YHOC BUTamuHa B12

o0OpHYyTO MoBe3aH ca npucytHouthy onkorenor HPV-a (123).

Hoga crynuja Slebioda Z u capagauka u3 2018 rogmae OTKpuBa 1a ce NMOHaBJbajyhu adTo3HU
CTOMATHUTHUC, YKJbY4yjyhH XepIeTH4Hy €THOJIOTH]Y, JaCHO TOBE3yje ca HEJIOCTaTKOM BHUTAMHHA

B12 (124).

NMyHCKa KOHTpOJIa peaKTHBAIMje BHpYyca je jako BakHA. Y CKJIaQy ca THUM, CTyIdje Ha
KyHuhrMa M MHIIEBHMA jacHO ToOKa3yjy na cy T-henuje mHuUATpUpaHEe y CEH30pHU HEYPOH
o4He peruje oko 8 1o 10 maHa HaKOH MH(EKIMje POKIbaye U J1a OCTajy Ha TOM MECTY M IOoCIie

MpecTaHKa aKTHBHOCTH BUPYCa, OJHOCHO Berope perumkanuje (125, 126).
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Bupyc He cTBapa mpoTenHe y IepHOAYy JIaTEHIMje W TaKo Ce ,,CKpHBa““ OJf MMYHOT CHCTEMa
nomahuna. Huje jacHo mira oznpikaBa Be3y usMmelhy umyHckux henuja xao mro cy CD8 T-henuja,
U JATEHTHO WHQUIMPAHUX HEYpOHA. Y OBOM TPEHYTKYy AeduHMIIMja MOjMOBA ,JIaT€HIUja* U
,peaKkTUBaIMja™“ je BaXHA jep C€ BHPYC MOXKE CHOpPaIWYHO aKTUBHpaTH MaHudectyjyhu

pa3nuunTe KIMHUYKE CIMKE Y OJHOCY Ha MecTo akTuBanuje (127).

Kao mro je HaBeneHo 1o cana, JlaTeHIMja aCUMIITOMATCKOT BHUpyca MOKe OMTH IMOBE3aHa ca
eMUTeHeTCKOM IpuposioM Bupyca (73). Y Hamioj crynuju Hmwke pedepeHTHe BpenHoctu (GoiHe
KHCeNnHEe ¥ BUTamMuHa B12 jacHO cy moBe3aHe ca BHIIOM CTOIIOM IOHaBJbajyher XepreTuaHor
KepaTuTHca. 3akjpydyjeMo na emureHercka mpupona HSV-1 Bupyca moxkna yruue Ha mojaBy
PEKYpETHOT XepHEeTUYHOT KepaTuTuca. bynyhe KIMHUYKE M MOJEKYyJIapHE €MUTCHETCKE CTYrje

Cy HEOIXOJIHE J1a OM ce OBO JI0JIATHO Pa3jacHUIIO.

Buii HHBO 1Mo3HaBama CMUICHETCKE MPUPOJIE BUPYyca HaM Jaje OJIrOBOp Ha BAKHOCT yrmorpede
J0JIaTHE CYIUIEMEHTALMje y JIeYClhy W INPEBEHLHUjH PELUINBA XCPIECTUYHOI KepaTutuca. Y
HAIIO] CTYAHMjH TOBE3YjeMO Te IBE CTBapu, 00Jbe TO3HaBame enureHercke npupoge HSV-1
BUpYyca 1 MOTYhHOCT JJa 00jaCHUMO Ba)KHOCT IPUMEHE JTOKa3aHUX €MUTEeHETCKUX MOIH(HUKaTOpa

mounekyna JJHK.

Hamehe ce jacHO muTame KOJHMKO je BaXXKHO Ca CMUTEHETCKE CTpaHe MOAM(DHUKOBATH MOJEKYI
JIHK ca mokazaHuM JOHOpHMa METHIJIHHX Tpylia Kao mTo cy ButamMuH B12 u donna kucenmna?
[TorpeGe opranusMa y akyTHO] (a3u XepHeTUYHOI KepaTUTHCAa MOry OWTH YCJIOBJbEHE
MUHUMaJIHUM HegocTaluMma BUTamMuHa B12 u ¢onHe kucenuHe. 3akibydyjeMO Jla JoJaTHa
CylUIeMeHTanuja BUTaMHHOM Bl12 u ¢oaHOM KHCEeTMHOM KOJX TamnMjeHaTa KOju HMajy
XEPIETUYHH KEPATUTHUC, Y3 CTaHIApJHY AaHTHBHPYCHY TEpaIujy, MOXeE JIOBECTH IO CMamemba
nocnenuna peaktuBauuje HSV-1 Bupyca y oky. Y oHO 1ITO je BaXXKHO OBO je OCHOB 3a Moryhy
IIPEBEHIIU]Y PEaKTHUBALMje CaMOTI BUpYCa, y3UMameM cyluieMeHara (ojiHe KUCETMHE U BUTaAMHHA

B12 npe, y TOKy, 1 HAKOH MaHU(ECTALH]je XEPIETUIHOT KEPATUTHCA.
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Enurenercke npomene y moisiekyny JJHK cy BaxHe 3a JbyJICKH OpraHn3aM, a OCHOB THX IIPOMEHa
Cy U3MEHe M0BEe3aHe ca eKCIPECHjoM I'eHa 0e3 yTHIlaja Ha IpUMapHy CTpyKTypy Moiekyna JJHK.
Hekonuko mpomena uyuHe enureHercky perynanujy JHK monekyna, kao mTo cy merunanuja

JHK monekyna, xucrtoncke npomene y mosexkyny JAHK u nqpyre xpomatuncke npomene (88).

Mogen 1mo KojeM ce eUIeHOM MEma j€ JIeJIOM HaclielaH, a JeJIOM 3aBHCH O] HaYyMHA JKUBOTA
nojenuHna. [Ipomene enureHoMa Cy moJ BEJIMKUM YTHIAjEM CIIOJbHE CpPEIUHE, IITO Pe3yJITUpa

IpoMeHaMma y akTUBHOCTHMA IreHa OJHOCHO eKcIpecHju reHa (88).

Te npomMeHe MOry A0BECTH JI0 TpOMEHa Y (PEHOTHUIICKOM HM3TIIELy 1OjeInHIa, 0€3 HEKOT BEITHKOT
yTHIIaja WK 0 BEJIMKHUX CTPYKTYpHUX IpoMeHa y henuju u pa3Boja manmraux henuja. Xpana ce
MOJKE TMOHANIATH Kao JOKa3aHW CMUICHETCKU MOJAYJIaTop. PasmuuuTH IUKIyCH JOBOJAE JO
MIPOMEHA Y €IMTCHOMY KOjU MOTY OWTH IOBE3aHH Ca HEIOCTaTKOM HEKUX €JIeMEHAaTa y UCXPaHU
nojenunna (88). Y Hamoj CTyauju MUHUMAJIHA HenocTtatak BuTamuHa B12 m donae xucennne

MOJKE JIOBECTH JIO IPOMEHA Y EIIUTEHOMY, KOje Cy Ba)KHE 3a HACTAaHAK XEPIIETUYHOT KEPATUTHCA.

Jako je Temko nmpenns3Ho oOJIpeIuTH YyTUIIA] HEKE CYTICTAHIE Ha eMUTECHOM, aJld Cy JIOKa3aH!
moaynaropu monekyna JJHK oaroBopHu 3a ekcrnpecujy reHa 1 UMyHCKH OJIrOBOp Ha ojipeheHu

MaTOTEH.
PexypeTHu xepreTHUHM KepaTUTHC je OosecT Koja je y3pokoBaHa BupycoM HSV-1 y najehem

Opojy ciyuajeBa. OBaj BUPYC j€ SMUTCHETCKH 3aBUCTAH Y CMUCITY PEaKTUBAIH]e.

Enurenom nomahunHa je OWTaH eJNeMEHT y peaKTHBAIMjH BHpyca M IOjaBU PEKypETHOT

XCPIHICTHUYHOI' KEPATUTHCA.
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6. 3akibyunm

Ha ocHoBy noOujeHnx pe3ynrara JOHUTH cMO 10 cienehux 3akipydaka:

1. Konuko je HaMa MO3HATO OBO j€ MPBO UCTPAXKUBamE Koje MoBe3yje renorun /L28B reHa u

pPEKypeHTHU cTpoMaiHu xeprnetuyHu keparutuc (HSK).

2. PesynraTm Hamie CTyauje TOKa3yjy Ja ce KiIMHWYKa MaHudecramuja pexkypeatHe HSV-1

uH(peKIMje MOKe MoBe3aTH ca nmonumopduszmom /L28B reHa.

3. Tenorun CTrs12979860 je najuentha Bapujaruja SNP xon manujenara ca penuanBupajyhom
HSV 6onemthy, 3atum ciene rerorunosu CCrs12979860 u TT rs12979860.

4. MHaxo cy renotunoBu CTrs12979860 u TTrs12979860 uenrhe nzonoBanu KoJ mojeInHaIa ca
nabujannum xeprecoM, HSV-cepono3utuBuu nojeaunuu koju uspaxansajy CC rs12979860

TeHOTHIT UMa]y TCH/ICHIIM]Y Ka Pa3B0jy PEKypEHTHOT CTPOMAITHOT XEPIETHYKOT KEpPaTUTHCA.

5. OBo je mpBa CTyAMja K0ja je UCTpaKHMBaja MOTCHIMja]IHy [TOBE3aHOCT yJjore BUTamMuHa B12

u ¢onHe Kucenune y peaktuBauuju HSV keparurtuca.

6. CBu manujeHTH Cy y aKyTHOj (pa3u OojecTn uMalld HIKe peepeHTHE BPEAHOCTH BUTAMUHA

B12 u ¢ponne kucenune.

7. Bpoj penmmuBa XepneTHYHOT KepaTUTHCA je OMO HWKH KOJI TIaIlfjeHaTa ca BUIIMM HUBOOM

BuTamuHa B12 y kpBu 1 oiiHE KHCENHHE y aKyTHO] (a3u OonecTy.

8. PeaktuBanmja Bupyca HSV-1 Moxe OMTH mOBe3aHa ca MHUHUMAIHUM HEJIOCTATKOM
ButamuHa B12 wu ¢onne xucenmuHe TOkoM JaTeHTHE (ase OosecTH 300T EMUTEHETCKE

npupone HSV-1 Bupyca.
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7. Ilonuc o3Haka u ckpahenuna

HSV-1 - xepnec cummiekc Bupyc tan 1
CDA4 T - nomohne T henuje umyHor cucrema
PCR - naHuaHa peakiiyja moinumepase

Thl - momohue T henuje umyHor cucrema
IFN-y - uatepdepon rama

IL-2 - unTepneykun 2

T-bet - paxTop Tpanckpunimje

Th17 - momohne T henuje umyHOT cucrema
ROR-y - TpaHCKpHIIIUCKU (DaKTOP

IL-17 - unrenpykun 17

IL-21 - unrepneykun 21

IL-22 - unrepneykun 22

IL-6 - unaTepneykun 6

IL-8 - unTepneykun 8§

CXCL-1 - xemoTakTH4KuX (pakTopa

CDS8 T - nomohne T henmje umyHor cucrema
HSK - xepnec curiekc kepaturuc

VZV - Bapuyena 30cTep BUPYC

HSV-2 - xepne cunekc Bupyc tvun 2
CMV - nuromerajioBupyc

EBYV - Epstein-Barrov Bupyc

HHV-6 - xymanu xeprec Bupyc 6

HHV-7 - xymanu xepruec Bupyc 7

HHV-8 - xymanu xepriec Bupyc 8

LAT - TpaHCKpUNITUBHO AKTUBHH PErMOH
BCRFI- ren Epstein—Barr Bupyca

PABA - p-amuno-0eH30jeBa KHCEIMHA
L-(+) - rmyTamMuHCKa KHCeIrnHa

IL-28B - unrtepneykux 28B
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IL-28A - unrepneykun 28A

IL-29 - unrepneykun 29

IFN-A1 - uaTepdepon Al

IFN-A2 - untepdepon A2

IL-10 - unrepneykun 10

IFN-0/p uaTepdepon o/

28Ro/IL-10RB xeTepoauMepHH KOMILIEKC

IFN-A - uaTEepdepoH mamod1a

ISG - unTepdepon cTuMynrcaHu TeHH

Th2 - nomohne T henuje umyHor cuctema

Trl - perynatopue T henuje umyHor cucrema
TQM - cucrem KBamuTeTa

HWE - Hardy-Weinberg exBuimoOpujym

NK - henuje numbonutu npupoane youie

HPV - xymanu nanuiomMa BUpYC

SNP - nonumop¢uzam nojeAMHAYHOT HYKIJICOTHAA
SSP-PCR - cnenuduyna 1aHYaHa peakiyja mpajMepa u nojmmepase
JIHK - ne3oxkcupuOoHyKIEUHCKA KUCETHHA

PHK - pubonyknenHcka KuceanHa
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8. Cnucak cimka, taéesia u rpag)MKoOHa

Cauke:

Crnuka 1. XUCTOJIOIIKH MPECEK POIKEBAUE ...vveeervrreeereerureesureesssreessresssseesssseesssseesssseesssseesssseesns 10
Cnuxka 2. [llema Tpancniopra HSV-1 Bupyca u3 nareHTHE $a3e y PELUAUB. .........cevveeruveennennne 15
Crnuxka 3. HSV-1 uH}eKIja POKHAYE KOJT MUIIIEBA. .....c..veeereenreeneeeanreeseeeeseesaeeeseessseeseesnseenne 17
Cnuka 4 . XUCTONATOJIOMIKHI MPECEK POKEHAUE 3APAKECHOT MUIIA. ..cc.nvveernereernereerureenueeenveeanns 19

Cnuka 5. PeKypeHTHI/I XCPIECTUYHU KEPATUTUC Ca BACKYJIAPU30BAHUM IIPOMCHAMa Ha POKHEAYIU.

Cruka 6. HSV-1 OPraHM3aIH]a TEHOMA. .....cccuuietieeuieeiieeieeeteesieeenteessteenseesaeeanseesnseenseesaseeseesnnes 26

Cnuxka 7. Tpuremunanuu rauriuoH (TG) naTeHTHO HHOUIIUPAHUX MUILEBA CaIPKU BUPYCHU

TEHOM . c..utemteeutteutetteateeateste et eateeue et e eaaesae e st easeebe e bt e it e s bt e bt easeeuee bt e et e eue et e easeeas e bt e st e eune bt enneennens 29
Cnuka 8. BupycHa elUIreHeTCKa perynanija PEAKTUBALIA]C. .....eueerreererrrenreenreenrenseenaeseenseenens 33
Crnuka 9. XeMUjCKa CTPYKTYPA (DOITHE KHCEITHHE .....eeuveerueeereennreeseesseeeseesueeeseesnsesnseesnseenseesnns 34
Crauka 10. XeMujcka CTpYKTypa BUTAMUHA B12.. ..o, 35

Cauka 11. IFN-A1 u IFN-A2 uaxubupajy ekcrpecujy nporeusa HSV-1 Bupyca y xymanum

ACTPOLIUTUMA U HEYPOHUMAA. ......eeenureeiitiesiteesuteesuteesstesssseessseeessseeessseeansseesasseessseesseeesseeesanes 38
Cnuxka 12. Cagpxaj u ctpykrypa IL28B rena, rs12979860 3 kbp y3Boano ox IL28B reHa......39
Crnuxka 13. TTomuMopduzaM 15129798 60.......c..ooiuiiiiieiieiieie et 47

Cnuxa 14. Quctpubyuuja IL28B 1s12979860 renotuna y 1eJIOKyIHO] CTYI1]CKO]
L0017 €1 107§ SR OO 51

Cnuka 15. Juctpubynuja renotunona /L28B npemMa KIMHUYKO] MaHU(ECTALUJU PEKYPETHOT

CTPOMATTHOT HSV KEPATUTHCA. .......viiiiiiiiiiiiiiiie ettt e 53
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Tab6eute:
Tabena 1. Hykneotuane cekBeHIe npajMepa kopunrheHux y Haioj ctynuju 3a IL28B.......... 46
Tabena 2. Jlemorpadcke KapaKTEPUCTUKE TOTTYITALIH]C. ... .eeuveerureenreesnreeeeesneeeseesnseenseesnseenseennns 49

TaGena 3. luctpubynuja reHoTHIA 32 HCIUTHBaHK oauMopduszam u Hardy-Weinberg

S N: 78102 (0] 017 1) SR OO USSP 50
Tabena 4. {uctpubyuuja IL28B 1rs12979860 renotuna y 11e510j CTyAHjCKOj TPYIH................. 52

TaGena 5. Jaunna acounjanuje resoruna CC, TT u nojaBe peKypeTHOI CTpOMAIHOT

XCPIETUTHOT KEPATHTHCA. ...veeuveeeureaureanteenueeauseanseesnseessseanseesseeanseesssesnseesssesseessseanseessseenseesnseenne 54

Tabena 6. CTaTuCTUYKY NTOKA3aTEJbU 32 aHAIM3UPAHE KapaKTePUCTUKE KPBU U OpOj peluiruBa

XCPIIETHUHOT KEPATHTHICA. ..c..uvveenutreeueeeesuseeenteeenuseeaaseesnuseesseeessseesseeesaseeesaseeesaseesssseesssseessnsens 56
I'pad¢ukonn:
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HPUJIOT

8.1. KIbYUHA JOKYMEHTAIINJCKA UH®OPMATHUKA

YHUBEP3UTET Y KPAT'YJEBIY
PAKYJITET MEJUIIUHCKUX HAYKA Y KPATI'YJEBIY

Pennu Opoj - Pb:

Unentuduxanmnonu opoj - UbP:

Tun noxkymentaumje - T/I: Monorpadcka nyOiukaiuja

Tun 3anmmca - T3: TexcryanHu mramnaHu MaTepHjail

Bpcra paaa - BP: JlokTopcka aucepTanuja

AyTop - AY: bopusoje CaBuh

Komentopu - MH: Ilpod ap Hena Honosuh, Ilpod ap Onusepe Munomeuh-bHophesuh

HacuaoB paga - HP: Viora ¢onne kucenune, Butramuna B12 u renernuke Bapujauuje IL28B
reHa y HaCTaHKY PeKYPETHOT XepIeTUYHOT KepPaTUTHca

Jesuk myoamnkanuje - JII: cprcku (hupuimia)

Je3uk m3Bojaa - JU: cpricku /eHriecku

3emsba nyoaukoBama - 3II: Cpouja
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¥Yike reorpadgcexo noapyuje - YI'TI: CpOuja

T'oguna - 'O: 2020

U3pnasau - U3: AyTopcku penpuHT

Mecto u aapeca - MC: Kparyjesar 34000, CBero3apa Mapkosuha 69

®u3uyu onuc paaa - ®O: 92 crpane 15 cnuka ,6 Tabena, 2 rpadpukoHa

Hayuna o0uaacr - YIK: Meaununa

Hayuna qucuuniuna - {U: ['eneruka

IIpeamerHa oapennnua/ kbyuHe peun - [10: rencke Bapujauuje IL28B, peKypeTHU
XEpIeTHYHH KEPAaTUTHUC, eIIUTCHETHKA, BUTaMUH B12 u ¢onna kucenuHa.

Yysa ce - UY: bubmuortenn Pakynrera MEIUIIMHCKUX HayKa

Baxna nanmomena - MH:

HUsBoa - U:

¥YBoa. Y rororo 90% oapacie norynanyje IpucyTHa Cy aHTuTena npema tumy 1 Herpes simplex
(HSV-1) Bupyca. Unrepdpeponu tuma III (IFN-A) umajy Beoma 3HauajHy aHTUBHPYCHY U
aHTUUH(IaMAIM]CKy aKTHBHOCT, ILITO je OJ MOCEOHOI 3Hayaja KOJ PEKYypEHTHOT XEepIeTHYHOT
keparutuca. Enurenercka npupoaa peakrubanuje HSV-1, nusmel)y ocranor, Moxxe 3aBUCUTH OJ1
MPHUCYCTBA M KOHIICHTpAIMja JOKa3aHUX EMUTeHTCKUX MOJIYJIAaTopa Kao ImTOo cy BUTaMuH B12 u
¢donHa KHCelIMHA, KOJU Cy yKJbydeHM y mnpouec metwnauuje monekyna JHK. HubeBn. Lusmb
CTyauje je na ce uctpaku Moryha mnosesaHocT wusmel)y [L28B reHotuna pomahuHa wu
NPEIUCIIO3UIje 3a PEKYPeHTHH CTPOMAIHM XEpIEeTHYHH KepaTtuTuc. Takobe, musb oOBOT
UCTpaXMBama je W aHanm3a moryhe moBe3anoctu m3mel)y koHmeHTpanuja ButamuHa Bl12 u
¢donmHe KucelMHE y KpBH ca pPa3BOjeM pPEKYpPETHOI XepIeTHYHOr Kepartutuca. Meroze.

HcnutuBame je cipoBeIeHO Ha Y30pKy OJ1 OcamjieceT MalujeHara ctapujux o 18 roauna, oba
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110J1a, KOjU Cy Y aHaMHE3HM UMaJli [10jaBy PeKYpPEeHTHOT herpesvirus hominis labialis (HSL). CBu
UCIUTAHUIM Cy TeCTUpaHu Ha mpucyctBo IgG antutena crneuunduynux 3a HSV-1, xako 6u ce
KOJ CepOIIO3UTUBHUX MOjeAnHana Tunu3upao red /L28B (rs12979860snp). CenamumeceT u met
CEpOIO3UTHBHHX MCIUTAHUKA YKIbYUEHO je y cTyaujy. JlBajeceT u 4eTupHu namyjeHara umajia cy
PEKYpPEHTHH XEPIETHYHU KEPATUTHC Ca MOCICIUYHUM OXHJbABAKEM pPOXKIbaue U 3HAYajHUM
cmamemeM BuaHe omTpuHe. YkynHa JIHK w3onoBaHa je w3 y3opaka KpBU HCIUTAHHKA.
Hcnutanunyma ca peuuauBUpajyhuM XepHneTHUYHUM KEpaTUTHUCOM, JOJaTHO je y3eTo 2ml
nepudepHe BEHCKE KpBH 3a oipehuBame HUBOA (OJTHE KUCENUMHE M BUTamMuHAa B12 y akyTHO]
¢da3u peruamBa XeprerudHe OojecTr oka. Pedyaratu. Y Hamem HCTpakuBamy IOKa3aHa je
CTaTUCTUYKM 3HauyajHa moBe3aHocT wu3Mel)y mojaBe pekyperHor HSV kepatutuca u 1Ba
jenHonykieotuaHa nonmumopdusma (SNP) 3a renorun /L28B (CCrs12979860 u CTrs12979860,
p<0.05). Takohe, mpema pe3yaTaTMa Haille CTy1je, CBU MAIUjSHTH Cy UMAJId HUXKE BPSITHOCTH
ButamuHa B12 u ¢onHe kucenune y cepymy y akyTHoj (a3 peumauBupajyher XxeprneTuaHor
KepaTuTHca. 3ak/py4yak. Pesynratu Hamie crynuje Mmokasyjy Ja ce KIMHMYKa MaHudecrainuja
pexypentHe HSV-1 undexuje moxe nosezaru ca nonumopdusmom /L28B rena. Peaktupanuja
Bupyca HSV-1 moxe Outm moBe3aHa ca MUHHUMAaJIHHM HEJOCTaTKOM BHTamuHa B12 u domnne

KHCEITMHE TOKOM JIaTeHTHE (pa3e Oosectu, 300r enureHeTcke mpupoae HSV-1 supyca.

Jatym npuxBatama teme o crpane HHB - JII1: 04.09.2019.

Jdatym oxpopane - /10:

YnanoBu komucuje - KO:
1. Ipog. np Cynuuna CpehkoBuh, Banpennu npodecop Pakynrera MEAUIIMHCKUX HayKa
Yuusep3utera y Kparyjeriy 3a yxxy HaydHy obmact Odranmororuja, mpeace THuK
2. lou. ap Tartjana Ilapenaun-Bynaosuh, nouent @akynrera MEAMLIMHCKHX Hayka
VYuusep3utera y Kparyjesiy 3a y)xy Hayuny o6aact O¢ranmosoruja, 4iaH
3. pod. ap JeBpocuma CreBanoBuh, Banpennu mnpodecop dakynrera BeTEpPUHAPCKUX

Hayka YHuBep3uTera y beorpany 3a yxxy HaydHy obiact buonoruja-reHernka, diaH
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activity, which is of particular importance in recurrent herpetic keratitis. The epigenetic nature of
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proven epigenetic modulators such as vitamin B12 and folic acid involved in the DNA

methylation process.

Objectives. The aim of this study is to investigate the possible association between IL28B host
genotype and the predisposition to recurrent stromal herpetic keratitis. Also, the aim of the study
is to find out the possible relationship between vitamin B12 and folic acid concentrations in

blood and recurrent herpetic keratitis.
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Methods. The study was conducted on a sample of eighty patients over 18 years of age, of both
genders with a history of recurrent herpesvirus hominis labialis (HSL). All subjects were tested
for the presence of HSV-1-specific IgG in order to typify IL28B genes (rs12979860snp) in
seropositives. Seventy-five of these patients were found to be seropositive for HSV-1 and were
subsequently enrolled in the study. Twenty-four of the enrolled patients also had a history of
recurrent herpetic keratitis (HSK) associated with severe corneal scarring and visual acuity
deterioration. Total DNA was isolated using blood samples. Two milliliters of peripheral venous
blood were additionally collected from subjects with recurrent herpetic keratitis, in the acute

phase of the disease, in order to determine folic acid and vitamin B12 levels.

The results. A significant association was observed between recurrent HSK and two single
nucleotide polymorphisms (SNP) of the IL28B genotype (CCrs12979860 and CTrs12979860,
p<0.05). Our results show that all patients in the acute phase of the recurrent herpetic keratitis

had lower B12 and folic acid sera levels.

Conclusion. The results from our study indicate that the clinical manifestation of recurrent HSV-
1 infection may be related to IL28B gene polymorphism. HSV-1 virus reactivation may be
associated with minimal vitamin B12 and folic acid deficiency during the latent phase of the

disease, due to the epigenetic nature of the HSV-1 virus.
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Oopazay !

H3JABA AYTOPA O OPHTHHAJTHOCTH JOKTOPCKE JHCEPTAITHIE

Ja, Casuh Bopusoje , M3jaBibyjeM Ja NOKTOPCKA

nucepTalnja nojl HacaoBOM:

Viora thonHe kucenuse, ButaMuAa B12 u renerimike papujarmje 11288 rena y
HACTAHKY PEKypETHOT XCPICTHYHOL KepaTHTHCA

Kkoja je onbpareHa Ha QaKyJITCTY MEJHIHMHCKIX HAYKa

YVuusepaurera y Kparyjepuy NpecTaB/ba opueunanto aymopero deso HACTATIO KAO Pe3yiTarT

CORCINMBENOE UCHMPANCUHEAUKOS pa()a.

Oaom Hsjasom makolje nomsphyjea:

o 113 caM jedunu aymop HABEJEHE JIOKTOPCKE AuCcepTauuje,

o Jlay HABE/EHO] AOKTOPCKO] IMCEPTAUM|H Hicam usepUHO/Aa ROBPedy ayTOPCKOT HUTH
J{PYTOT [PaBa MHTENEKTYATHE CROjUHE APYTHX JIHLA,

s 2 YMHOXEHH PUMEPAK JOKTOPCKE ANcepTalije y LITAMMAHO] ¥ €JIEKTPOHCKO] (hopid
y umjeM ce npuiory Hanasu osa Msjasa canpiu JOKTOPCKY JMCEPTALIU]Y HCTOBETHY
onbpaibeHaj I0KTOPCKO]j IHCEPTALU]HU.

YV Kparyjepuy , 103.2020. roaune,

MOTIHC ayTOpa
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Oobpasay 2

H3JABA AYTOPA O HCKOPHIITRABAIY JOKTOPCKE JUCEPTAITHIE

Ja, Capuh Bopugoje .

o/ | no3s0sbABAM
He 103B0JbABAM

Yuusepsurerckoj dubnuoreun y Kparyjesily 1a HauMHH [Ba TpajHa yMHOIKEHA NPUMEPKA ¥

enekTponckoj popmu JOKTOPCKE AMCEPTaLIHje N0JI HACTOBOM:

Viora donue Kuce/1uHe, ButaMuna B12 u reneTHuke Bapujarije TL28B reua y
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Abstract: Background and objectives: Recurrent herpes simplex keratitis (HSK) is the most common
cause of corneal blindness in the developed world. A relationship between host gene polymorphisms
and the recurrence of herpes simplex virus (HSV) infection has previously been proposed. Thus,
the aim of this study was to investigate a potential association between the IL28B host genotype and
recurrent HSK. Materials and Methods: Eighty patients older than 18 years of age of both genders
with a history of recurrent herpes simplex labialis (HSL) were considered for inclusion. Seventy-five
of these patients were found to be seropositive for HSV-1 and were subsequently enrolled in the
study. Twenty-four of the enrolled patients also had a history of recurrent HSK associated with severe
corneal scarring and visual acuity deterioration. Total DNA was isolated from whole blood samples.
A single-nucleotide polymorphism (SNP) rs12979860 near the IL28B gene on chromosome 19 was
genotyped. Results: A significant association was observed between recurrent HSK and two SNPs of
the IL28B genotype (CCrs12979860 and CTrs12979860, p < 0.01). The variation CCrs12979860 showed
a significantly greater association with HSK (16 out of 26 patients) compared with CTrs12979860
(8 out of 34 patients). Conclusion: Seropositive individuals with a history of recurrent HSK are likely
to have the CC IL28B genotype. This genotype may be related to incomplete control of the infection
and more frequent periodical viral shedding along the first nerve branch of the trigeminal ganglion,
which clinically manifests as recurrent herpes keratitis. The clinical manifestation of recurrent HSV-1
infection seems to be influenced by polymorphism of the IL28B genotype.

Keywords: type Il interferons (IL28B) genotype; keratitis; herpes simplex virus type 1 (HSV-1)

1. Introduction

Herpes simplex virus (HSV) infection is ubiquitous in humans, infecting 50-90% of the world’s
population [1,2]. HSV-1 causes a wide range of diseases, including herpes labialis, gingivostomatitis,
and keratitis. The prevalence of ocular HSV disease has been estimated to be 149 in a population of
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100,000 and in about one-fifth of the cases, leads to the development of stromal herpetic keratitis [3].
Herpes simplex keratitis (HSK) is one of the leading causes of corneal blindness, primarily because of
its recurrent nature [4].

After primary infection of the sensory nerves innervating the skin and mucosal epithelium, HSV-1
has the ability to establish lifelong latency, most commonly within the trigeminal ganglion. The HSV-1
virus uses actin and microtubules for retrograde transport from the plasma membrane during entry and
exit along axons. The composition of the viral particles, especially their protein complement, seems to
determine the direction of transport during the entry and exit of the virus in neuronal and non-neuronal
cells [5]. It has been estimated that one-third of the world’s population suffers from recurrent HSV
infections [3]. Upon periodical reactivation, the virus may follow any of the three branches of the fifth
cranial nerve, regardless of the innervation branch of the primary HSV infection area. It is believed
that cycles of HSV reactivation in latently infected neurons accompanied by anterograde axonal spread
to the cornea lead to recurrent infections and scarring of the cornea [6]. Antiviral cytokine secretion as
a result of host immunity plays a vital role in virus clearance; however, the concurrent inflammatory
response is a major cause of corneal scarring, leading to vision loss [2,3,7].

The production of Type [ interferons (IFNs) is most important for controlling viral replication [8].
Accordingly, enhanced HSV virulence has been reported in Type I IEN-receptor-deficient mice [9].
Interleukin (IL) 28B (interferon (IFN)-A3), together with IL-28A and IL-29 (also termed IFN-A1 and
IFN-A2) constitute a new subfamily within the IL-10 interferon family [10]. Indeed, IFN-A exhibits a
number of biological characteristics that are similar to those of IEN-o/, including antiviral activity,
antiproliferative activity, and in vivo antitumor activity. By signaling through the heterodimeric
IL-28Ret/IL-10RP complex, IFN-A performs antiviral and immunoregulatory activities [11,12]. It has
also been shown that IFN-A-mediated antiviral activity is linked to the activation of type I IEN-stimulated
gene factor 3 (ISGF3) and the induction of IFN-«/- and IFN-A-stimulated antiviral genes [13]. This
provides a potential mechanism for the inhibitory effect of IFN-A on HSV-1. Additionally, IEN-A has
the ability to activate the same JAK-STAT (Janus kinase-signal transducer and activator transcription
factor) and MAP (mitogen-activated protein) kinase pathway as Type I IFNs [14-16].

Recent studies have reported a relationship between a specific polymorphism of IL28B (rs12979860)
and HSV-1 reactivation in patients with herpes labialis [17], suggesting that polymorphisms in genes
involved in antiviral responses might modulate the risk of developing recurrent HSV infection. Of
note, this polymorphism was also reported to have a positive correlation with IFN-A3 serum levels and
the treatment outcome in patients with hepatitis C virus infection [18,19]. Treatment with IFN-A also
inhibited virus replication and inflammatory reaction in an experimental model of HSK in mice [20].

The aim of this study was to evaluate possible correlations between host polymorphisms of the
IL28B genotype and recurrent HSV keratitis in HSV-1 IgG-seropositive patients. To the best of our
knowledge, the potential relationship between IL.28B genotype and recurrent HSK has not previously
been previously reported.

2. Materials and Methods

2.1. Study Setting

This was an in vitro experimental study using material of human origin. The study was conducted
in accordance with the Institutional Review Board regulations, adhered to the tenets of the Declaration
of Helsinki, and informed consent was obtained from all participants.

The sample consisted of 80 patients over the age of 18 of both genders. All participants filled out a
questionnaire to confirm their history of recurrent herpes simplex labialis (HSL) infection (cold sores).
In addition, blood samples were collected from all patients in order to confirm the HSV1 IgG-positive
status. Seventy-five of the tested patients were seropositive for HSV-1 and were subsequently enrolled
in the study.
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Twenty-four of the enrolled patients also had a history of recurrent HSV keratitis, leading to
severe corneal scarring and, consequently, visual acuity deterioration. Recurrences were classified as
epithelial keratitis, stromal keratitis, endothelitis, iridocyclitis, or combinations of these conditions.
All patients were followed up for at least one year, from January to December 2018, at the Clinic for
Eye Diseases, Clinical Centre of Serbia, Belgrade. Participants with no history of herpetic eye disease
were voluntary employees from the Scientific Institute of Veterinary Medicine of Serbia. Genotyping
for IL28B (rs12979860snp) was performed in the laboratory of the Scientific Institute of Veterinary
Medicine of Serbia.

2.2. Inclusion and Exclusion Criteria

The study included participants with a history of recurrent HSL infection and confirmed HSV-1
IgG-seropositive status. Participants lacking anti-HSV-1 IgG antibodies were excluded (5 out of 80).
This selection step resulted in a main study sample of 75 subjects.

Inclusion criteria for patients exhibiting recurrent herpetic eye disease were as follows: recurrent
herpetic keratitis associated with corneal scarring and neovascularization and significant deterioration
of visual acuity (less than 6/60, Snellen).

Exclusion criteria were as follows: a history of associated ocular comorbidities and previous
ocular surgery, systemic and neurological diseases.

2.3. Immunological Analyses

Five milliliters of peripheral venous blood was collected from each patient in order to identify
HSV-1IgG status. An enzyme immunoassay was conducted for the qualitative determination of IgG
class antibodies against HSV Type 1+2 in human serum or plasma (GenWay Biotech, Inc., San Diego,
CA, USA). The cut-off value was HSV1 IgG < 9NTU.

2.4. Determination of IL28B Genotype

Five milliliters of peripheral venous blood was collected from each patient in order to identify the
polymorphic gene IL28B rs12979860.

Total DNA was isolated using a commercial QIAamp DNA Blood mini kit (QITAGEN, Hilden,
Germany) in accordance with the manufacturer’s instructions. The single-nucleotide polymorphism
(SNP) rs12979860, near the IL28B gene on chromosome 19, was genotyped.

Polymorphism was evaluated using the Sequence-Specific Primer-Polymerase Chain Reaction
(SSP-PCR) method, which multiplies a short DN A region upstream or downstream of the polymorphism
with an allele-specific primer (Table 1) [21]. PCR products were analyzed in 2% agarose gel with
ethidium bromide staining (Figure 1). Determination of individual-polymorphism genotypes was
performed on the basis of the presence or absence of amplified target sequences. The amplification
was performed using the following parameters: initial denaturation step at 95 °C for 5 min, then 35
cycles at 95 °C for 30 s, 58 °C for 45 s, 72 °C for 60 s, and 72 °C for 10 min.

Table 1. Nucleotide sequences of the primers used in this study. SNP: single-nucleotide polymorphism.

IL28B SNP Nucleotide Sequence Size of PCR Product
Gen (sense) 5'-TTATCGCATACGG CTAGGC-3
512979860 C (antisense) 5 TGCAATTCAACCCTGGTTC G-3 153 bp

T (antisense) 5 TGCAATTCAACCCTGGTTC A-3
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Figure 1. Polymorphism rs12979860—determination of genotypes (size of PCR product: 153 bp). Line
1, DNA ladder; lanes 2,3, TT homozygous; lanes 4,5, CC homozygous, Lines 6,7, CT heterozygous.
Heterozygous samples resulted in the amplification of both bands, indicating the presence of the
two alleles.

2.5. Ethical Approval

This study was approved by the Ethics Committee and the Institutional Review Board of Clinical
Center of Serbia, Belgrade (decision No. 57/14, approved on 21 March 2019). Please mention that the
study was done according to the Helsinki declaration.

2.6. Statistical Analysis

The statistical analysis was performed with SPSS Statistics 20. We used the Chi-square test to
determine if there was an association between IL28b genotypes and prevalence of HSV infections.

The Chi-square independence test was applied in order to determine a possible association between
IL.28b genotypes and incidence of HSK infection; p-values below 0.01 were considered statistically
significant. The calculation of the total sample was based on the results of other authors who had
studied the impact of the examined genotype in subjects with labial herpes and patients with hepatitis
C. Using a G*Power 3.1.9.4 and 2 test with a significance level (alpha) of 0.01 and a study strength of
0.08, it was deemed that a minimum number of 40 subjects was required to achieve significant results.
The total sample size comprised 75 respondents; thus, the sample size was sufficient.

3. Results

3.1. Clinical Characteristics

This study included 75 participants with confirmed HSV IgG-positive status. Twenty-four patients
had experienced recurrent HSK, and the remaining 51 individuals only had a history of recurrent HSL
disease. The demographic characteristics of the study population are summarized in Table 2.

Table 2. Demographic characteristics of the study population.

Characteristics All Patients
n 7]
Gender (M/F) 36:39
Age,y 4495 +11.294

Have keratitis (M) 5(6.7%)
Do not have keratitis (M) 31 (41.3%)

Have keratitis (F) 19 (25.3%)
Do not have keratitis (F) 20 (26.7%)

Data are reported as mean + standard deviation. M, male; F, female.

3.2. Distribution of IL28B Genotype Polymorphisms

The presence of the host IL28B 151279860 genotype was investigated in all participants. The
distribution of the polymorphism in the [L28B gene region for the study population as a whole is shown
in Figure 2. CTrs1279860 was the most common genotype identified and was estimated to be present
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in 45% of patients (34 out of 75), followed by the CCrs1279860 genotype, present in 35%of patients
(26 patients), and the TTrs1279860 genotype, observed in the remaining 20% of patients (15 patients)
(Figure 2).

rs12979860

sCC oCT =TT

Figure 2. Distribution of the IL28B genotype rs12979860 in the study group as a whole. Percent
distribution of the IL28B genotype rs12979860. CC: CCrs1279860, CT: CTrs1279860, TT: TTrs1279860.

A significant association was observed between recurrent HSV keratitis and two SNPs of the IL28B
genotype (CCrs12979860 and CTrs12979860, p < 0.01). Interestingly, the variation in CCrs12979860
showed a more significant association with recurrent HSV keratitis compared with CTrs12979860
(16 and 8 patients, respectively), as demonstrated in Figure 3. Furthermore, the TTrs12979860 genotype
variant of IL28B was observed in 15 participants with HSV labialis disease. Of note, in our study,
patients with recurrent HSV keratitis did not show the TTrs12979860 genotype variant (Figure 3).

(2]

o
w

10 15 20 25 30 35 40

mHave HSK  ® Do not have HSK

Figure 3. IL28B genotype distribution according to the clinical manifestation of recurrent herpes
simplex virus (HSV) infection. Patients with herpes simplex keratitis (HSK) are marked in blue, and
patients without HSK are marked in orange.
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4. Discussion

In our study, the polymorphism of the IL28B (rs12979860) gene was analyzed in HSV-1-seropositive
patients with a history of recurrent HSV disease including HSV keratitis and/or herpes labialis. The
CTrs12979860 genotype was the most common SNP variation in patients with recurrent HSV disease,
followed by the CCrs12979860 and the TTrs12979860 genotypes. Interestingly, the majority of patients
with recurrent HSV keratitis demonstrated the CC genotype (16 out of 24, 66.7%), whereas only 10 out
of 51 (19.6%) individuals with herpes labialis (without a history of recurrent HSV eye disease) showed
the CC genotype variant of IL28B.

Recurrent stromal HSV keratitis is recognized as the most common infectious cause of
vision-threatening corneal scarring in the developed world [22]. Accordingly, in our study, all
patients with recurrent HSV keratitis exhibited severe corneal scarring accompanied by significant
visual acuity reduction. The inflammatory process orchestrated by Thl cells and non-lymphoid
inflammatory cells leads to a chronic tissue-damaging response in addition to direct viral effects [4].
Most of the corneal damage results from neutrophil infiltration and neovascularization [23].

Studies with animal models have revealed that the genetic make-up of the host has an impact on
the severity of HSV-1 corneal disease. Strains of inbred mice were shown to differ in their susceptibility
to HSV corneal infection [24]. However, the roles of specific host genes in the resistance to HSK are
poorly understood. Host genes may influence the outcome of an infection by affecting innate resistance
factors as well as the function of the immune system [25]. It was also shown that susceptibility to HSV-1
infection is modulated by polymorphisms in genes that control the effector functions of cytotoxic T
and natural killer (NK) lymphocytes [26].

A number of studies have investigated the relationship among host gene polymorphisms and
both the severity and the recurrence of HSV infection [17,26,27]. In this context, it was recently
reported that IFN-A gene expression is associated with the recurrence and severity of recurrent HSV-1
disease [17]. Indeed, the minor T allele at rs12979860 was found to be associated with the severity
and frequency of labial herpes recurrence. Griffiths et al. found that individuals with the CT or TT
genotypes for IL28B had more frequent episodes of severe labial herpes, a condition resulting from the
reactivation of HSV-1 [17]. On the basis of these findings, the authors suggested that recurrent HSV
disease is likely to be associated with the IL28B polymorphism. Likewise, in our study, the CT and TT
genotypes were more prevalent in individuals with isolated labial herpes. However, the CC genotype
for IL28B was highly associated with recurrent HSK. It seems that both clinical manifestation and site
of HSV reactivation from trigeminal ganglia might be related to different host genotypes as well as to
the micro-environment. It is therefore of utmost clinical interest to identify a subgroup of patients
with recurrent HSL who possess a higher risk for developing HSK, a potentially blinding disorder.
Future studies with larger numbers of participants are necessary to confirm the hypothesis that the
host genotype of IL28B might have an influence on determining which one of the three branches of
trigeminal ganglion is most likely to be followed upon periodical HSV reactivation.

In patients with chronic hepatitis C, the CC genotype profile has been associated with a lower
level of transcription of interferon-stimulated genes (ISGs) compared with TT individuals [28,29]. The
non-CC genotypes, associated with a higher level of ISG expression in the setting of chronic hepatitis C
infection, have previously been related to lower rates of spontaneous virus clearance. In contrast, the
CC genotype, in which a low level ISG expression is observed, has been associated with high rates of
spontaneous virus clearance [28].

The presence of the CC genotype variant in our patients with recurrent HSK might have led to
incomplete control of infection and periodical viral shedding due to a lower transcription level of ISGs,
as previously reported in patients with chronic hepatitis C infection [28,29].

Type III IFNs (IFN-A) have been found to possess antiviral effects against HSV [30,31]. Pica et
al. reported that reduced production of IFN-A might be correlated with the development of recurrent
HSV-1 labialis in immunocompetent individuals [32]. A recent study reported that IFN-A treatment
resulted in significant suppression of HSV-1 replication in both astrocytes and neurons. Furthermore,
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this was associated with the upregulation of endogenous IFN-o/f3 and several ISGs [13]. These findings
indicate that IFN-A functionally resembles that of type I IFN, inducing ISG expression and resulting in
the suppression of viral replication [13]. Immunological control of virus reactivation should also be
taken into account. The environmental and physiologic stimuli that induce HSV-1 reactivation from
latency include exposure to UV light, stress, and immune suppression, suggesting a possible role for T
cells in preventing viral reactivation [33].

5. Conclusions

In our study, the CTrs12979860 genotype was found to be the most common SNP variation in
patients with recurrent HSV disease, followed by CCrs12979860 and TTrs12979860.

While the CT and TT genotypes were more prevalent in individuals with isolated labial herpes, our
results indicate that HSV-1-seropositive individuals expressing the CC IL.28B genotype have a tendency
toward developing recurrent herpetic keratitis. Clinical manifestation and the severity of recurrent
HSV-1 infection seem to be influenced by polymorphism of the IL28B genotype. Further studies on
host genetics in patients with recurrent herpetic eye disease are necessary to support our results.
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Abstract

Background/Aim. Most cases of herpetic keratitis present a recurrent disease, as
a result of herpes simplex virus type | reactivation from latency the nearest sensory
ganglia. Therefore, understanding the mechanisms of latency and reactivation of latent
virus is an important link in understanding the onset of recurrent eye disease itself.
Epigenetic regulation of virus reactivation as a result of the presence of transcriptionally
active LAT region (Latency-Associated Transcript - LAT) in the latent viral genome has
already been demonstrated in several studies. The activity of the LAT region is directed to
the chromatin arrangement. Epigenetic modulation of DNA methylation is associated with
folat and vitamin B12 intake or their serum concentartions. The aim of this study was to
analyze the potential role of folic acid and vitamin B12 in the control of ocular herpes
simplex keratitis reactivation. Methods. The study included 50 patients older than 18 years
of age with recurrent herpes simplex virus eye disease. Levels of vitamin B12 and folic
acid were measured in the acute phase of the disease. All patients were followed up for at
least one year and episodes of recurrent herpetic eye diseases were recorded. Results.
Recurrence rate of herpetic keratitis is lower in patients with a higher blood level of
vitamin B12. There is statistical significance between these two variables. In addition,
recurrence rate of herpetic keratitis is lower in patients with higher blood level of folic acid.
However, statistical significance is lower in comparison with vitamin B12.
Conclusion.Vitamin B12 and folic acid might have important role in herpes simplex
keratitis reactivation. To our knowledge there is no report on potential role of vitamin B12

and folic acid in HSV keratitis reactivation.

Key words: Herpes simplex virus reactivation, HSV-1, keratitis, vitamin B12, folic

acid, epigenetics.

Apstrakt

Uvod/Cilj. U vecina sluCajeva herpeti¢ni keratitis predstavlja rekurentnu bolest,
kao rezultat reaktivacije herpes simpleks virusa tipa 1 iz latentnosti u najblizoj senzornoj
gangliji. Prema tome razumevanje mehanizma latentnosti i reaktivacije latentnog virusa
predstavlja vaznu kariku u razumevanju nastanka recidivne bolesti oka. Sve je vise studija
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koje potvrduju epigenetsku regulaciju reaktivacije virusa kao posledicu prisustva
transkripciono aktivnog LAT regiona (transkripti vezani za latenciju - LAT) u latentnom
virusnom genomu. Aktivnost LAT regiona usmerena je na hromatinsko uredenje.
Epigenetska modulacija metilacije DNA je povezana sa unosom folata i vitamina B12 ili
njihovim koncentracijama u serumu. Cilj ovog rada je bio da se analizira moguca uloga
folne kiseline i vitamina B12 u kontroli reaktivacije okularnog herpeti¢nog keratitisa.
Metode. Studija je obuhvatila 50 pacijenata starijih od 18 godina koji imaju razlicite forme
herpeti¢nog keratitisa kao posledica reaktivacije herpes simpleks virusa tipa 1. Nivoi
vitamina B12 i folne kiseline su mereni u akutnoj fazi bolesti. Svi pacijenti su praceni
najmanje godinu dana, a belezen je broj recidiva virusne infekcije. Rezultati. Stopa
recidiva herpeti¢nog keratitisa je niza kod pacijenata sa viSim nivoom vitamina B12 u krvi.
Postoji statisticka znacajnost izmedu ove dve varijable. Pored toga, stopa recidiva
herpeticnog keratitisa je niza i kod pacijenata sa visim nivoom folne kiseline u krvi.
Medutim, statisticka znacajnost je niza u poredenju sa vitaminom B12. Zakljucak.Vitamin
B12 i folna kiselina mogu imati vaznu ulogu u reaktivaciji herpeti¢nog keratitisa. Prema
nadim saznanjima, ne postoji izve$taj o potencijalnoj ulozi vitamina B12 i folne kiseline u

reaktivaciji HSV keratitisa.

Kljuéne reéi: Reaktivacija herpes simpleks virusa, HSV1, keratitis, vitamin B12, folna

kiselina, epigenetika.

Introduction

The results of recent studies have shown that 50-90% of adult humans have serum

antibodies to herpes simplex virus type 1 (HSV-1)..

The annual incidence of all types of new ocular HSV infections has recently been
estimated at 11.8 to 31.5 per 100,000 person a year . Epithelial dendritic lesion is the most
frequent type of recurrent keratitis, with prevalence as much as 56.3%, followed by stromal
keratitis, 29.5% . The clinical manifestations of primary HSV ocular infection are rare.
Reactivation of latent virus in the ophthalmic branch of trigeminal ganglia can result in its
shedding with subsequent infection of the overlying corneal epithelium-. Herpetic keratitis

occurs in various forms, and this largely depends on the depth of virus penetration into a

4
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corneal tissue. Direct effect of virus and potent immune response to the viral proteins
trigger corneal inflammation and neovascularisation leading to corneal thinning and

scarring.

Most cases of herpetic keratitis represent recurrent disease that occurs as a result of HSV-1
reactivation from latency. Due to its recurrent nature, herpes virus keratitis is the second
leading cause of corneal blindness, after cataract, in developed world. Therefore,
understanding the mechanism and causes of HSV-1 reactivation from the latent state has
long been the holy grail of herpes virologists. In animal models and later humans, latency
of the virus may have epigenetic regulation, primarily because latent viral genome has a
transcriptionally active LAT region. The activity of the LAT-region is directed to
chromatin arrangement without encoding of known proteins. Although viral mutants
lacking LATs are still able to establish and maintain reactivatation from latency, recent
findingsindicate that the LAT-region increases the reactivation efficiency and in some way

controls the latency of the virus itself -

The aim of this study was to analyze the potential role of folic acid and B12
vitamin in the control of ocular HSV-1 reactivation. To our knowledge there is no report on

potential role of vitamin B12 and folic acid in HSV keratitis reactivation.
Methods

This study was conducted in compliance with the institutional review board
regulations, informed consent regulation and adhered to the tenets of the Declaration of
Helsinki. It included 50 patients older than 18 years of age, regardless of gender, with
recurrent ocular HSV-1 disease. Recurrent herpetic keratitis was confirmed by slit lamp
examination on the basis of clinical findings. Recurrences were classified as epithelial
keratitis, stromal keratitis, endothelitis, iridocyclitis or as combinations of these conditions.
Exclusion criteria were as follows: history of associated ophthalmic comorbidities,

previous ocular surgery, some form of anemia or systemic and neurological diseases.

All patients were followed up for at least one year between January 2017 and

January 2018 at the Clinic for Eye Diseases, Clinical Centre of Serbia, Belgrade. In all
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patients, levels of vitamin B12 and folic acid were measured during the acute phase of

recurrent ocular HSV disease.

All patients were fasting 8 hours before taking blood samples. In addition, none of
the included patients took any form of vitamin B complex supplementation for at least 12
months prior to blood sample harvesting. Two milliliters of venous blood was collected in a
standard biochemical tube. Vitamin B12 level was measured on the "Roche Cobas 6000"
analyzer, (ECLIA Method) and folate level on the "Roche Cobas E411" analyzer, (ECLIA
Method). Blood samples were analyzed in the same laboratory, certified by the Total
Quality Management (TQM) quality system. Correlation analysis was performed

using SPSS Statistics 17.
Results

The analysis of our results shows that in all patients blood levels of vitamin B12
and folic acid were in lower reference range. According to the scatter diagrams (Figure 1
and Figure 2), there is a drop in number of relapses (as dependent variable) depending on

both, the blood level of vitamin B12 and folic acid (independent variable).

Analysis of Variance (ANOVA) table and F-test (F = 5.031) Table 1, show that
there is highly statistically significant differences between dependent (number of
recurrences) and independent variables (B12 level in the blood); thus, the model has a

statistical significance.
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Fig. 1 Scatter plot for vitamin B12 levels vs. number of recurrences
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Fig. 2 Scatter plot for folic acid levels vs. number of recurrence

Table 1 Differences between number of recurrences and vitimiB12 level in the blood

Model um of Squares If 1ean Square  F Sig.

legression 3,265 1 3,265 ,031 )30
Residual 31,155 8 ,649
Total 34,420 9

a. Dependent Variable: Number of recurrences

b. Predictors: (Constant), B12 in blood

Pearson correlation coefficient Table 2 shows that there is a statistically significant
correlation between the level of vitamin B12 in the acute phase of the disease recurrence
and the number of HSV keratitis recurrences. The higher level of vitamin B12 was
associated with a reduced rate of disease recurrences. The higher folate level has also an

impact on decrease the number of HSV keratitis recurrence; however, not as significantly

as vitamin B12.
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Table 2 Correlation between the level of vitamin B12 in and the number of HSV recurrences

312 acid 1ber of

pod >lood Tences

B12 in blood Pearson 1 ,587- -,308

Correlation

Sig. (2-tailed) ,000 ,030

Folic acid in blood 'earson Correlation 1 -,200
Sig. (2-tailed) 164
{umber of recurrences 'earson Correlation 1

Sig. (2-tailed)

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Discussion

Both, vitamin B12 and folic acid are involved in methylation process of DNA
molecules. Methylation of DNA molecules is associated with folate intake and serum folate
concentrations in the body-. A better insight in epigenetic nature of the virus itself might be
helpful in controlling HSV reactivation by using additional supplements in patients at
higher risk of disease recurrence. Interestingly, a case study from 1956, did not consider
epigenetic nature of virus reactivation, however, additional vitamin B12 supplementation
significantly improved clinical course of herpetic keratitis. Those patients experienced

milder clinical picture of recurrent herpetic eye disease .

Reactivation of the virus from a latent phase of disease into active HSV-1 keratitis

may depend on the minimal deficiency of vitamin B12 or folic acids.
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In our study, all patients had lower reference values of these vitamins in the acute
phase of disease, thus it may be a potential trigger for virus reactivation and more severe

clinical manifestations of herpetic keratitis.

Several studies have also found similar results with other viruses. Interesting,
Piyathilake CJ et al. evaluated the influence of plasma folate and vitamin B12
concentrations on cervical cancer risk. Folate and vitamin B12 may play a critical role in
lowering the HPV 16 methylation-associated risk of developing higher grades of cervical
intraepithelial neoplasia -. Likewise, Lopes et al. revealed that vitamin B12 intake was
inversely associated with non oncogenic HPV persistence -. Recently, it has been observed
that recurrent aphthous stomatitis, including herpetic etiology was also related with iron

and vitamin B12 deficiency .

Herpes simplex virus establishes a latent infection in sensory neurons. The fact
that the latent viral genome has a transcriptionally active LAT region that encodes the
protein and transcriptionally inactive lytic gene regions suggests epigenetic regulation. The

LAT region itself records various forms of histone arrangement ---.

Immunological control of virus reactivation should be also considered. The
environmental and physiologic factors that induce HSV-1 reactivation from latency include
exposure to UV light, stress, immune suppression suggesting a possible role for T cells in
preventing viral reactivation ----. Studies in rabbits and mice also demonstrated that T cells
infiltrate sensory neuron of the eye region around 8—10 days after corneal infection and

remain there -

The virus does not produce proteins in the latency period and in that way it
“hides” from the immune system. Therefore, it was unclear what maintained the attraction
of CD8+ T cells for latently infected neurons. At this juncture a definition of the terms
“latency” and “reactivation” is important. The virus is able to hide from the host immune

system during latency since the immune system can only respond to viral protein synthesis.
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As recently postulated, asymptomatic virus latency may be related to the
epigenetic nature of the virus, as well. In our study, lower blood reference values of both,
folic acid and vitamin B12 were associated with reduced rate of recurrent herpetic keratitis.

Future clinical and molecular epigenetic studies are necessary to further clarify this.

Conclusion

Our study showed that all patients in the acute phase of the disease had lower
reference values of vitamin B12 and folic acid. Moreover, recurrence rate of herpetic
keratitis was lower in patients with higher blood level of vitamin B12 and folic acid during
follow-up period.

Here, we assume that reactivation of the HSV virus may be related with the
minimal deficiency of vitamin B12 and folic acid during latent phase of disease.

Therefore, additional supplementation with vitamin B12 and folic acid may be
helpful in the prevention of reactivation of herpetic keratitis, potentially due to the
epigenetic nature of virus reactivation. Further molecular epigenetic research and clinical
studies may contribute in understanding and application of the epigenetic therapy in

herpetic eye disease.
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Abstract

Inroduction. To describe a rare case of cataract surgery in a patient with an extreme,
widespread anterior staphyloma following severe bilateral necrotising anterior scleritis
associated with granulomatosis with polyangiitis (GPA). Case report. A 61-year-old man
with a history of GPAdeveloped bilateral rapidly progressive necrotising scleritis and
peripheral ulcerative keratitis (PUK). Inflammation compromised the entire anterior globe
and peripheral cornea in both eyes. More than 90% of the surface area healed within 8
weeks following treatment with 3 pulsed doses of methylprednisolone in addition to
cyclophosphamide treatment. Systemic steroid therapy was slowly tapered over 6 months.
Extraordinary scleral loss with a uveal bulge developed following severe necrotising
anterior scleritis associated with PUK. Once full remission had been achieved for 6 months,
uncomplicated phacoemulsification was performed in his left eye; only the left eye was
functional. Conclusion. Preoperative and postoperative control of inflammation, careful
surgical planning and meticulous surgical techniques are critically important for optimal
surgical outcomes. To our knowledge, phacoemulsification in a patient with coexisting
uveitic cataract and severe anterior staphyloma has not been previously reported.

Key words:
scleritis, peripheral ulcerative keratitis (PUK), staphyloma, cataract surgery
granulomatosis with polyangiitis.

Apstrakt

Uvod. Prikazujemo veoma redak sluc¢aj operacije katarakte kod pacijenta sa ekstremnim,
opseznim prednjim stafilomom sklere koji je nastao nakon bilateralnog nekrotizujuceg
skleritisa u sklopu granulomatoze sa poliangitisom (GPA). Prikaz bolesnika. Muskarac,
starosti 61 godinu razvio je obostrani, progresivni nekrotizujuéi skleritis 1 periferni
ulcerozni keratitis (PUK). Inflamacija je obuhvatila celu prednju polovinu bulbusa i
periferiju roznjace na oba oka. Nakon primene 3 pulsne doze metilprednizolona uz
povecanje doze odrzavanja ciklofosfamida, inflamacije je sanirana u vise od 90% povrsine
nekroticne sklere u periodu od 8 nedelja. Sistemska steroidna terapija postepeno je
redukovana tokom 6 meseci. Kao posledica teskog oblika nekrotizujuéeg skleritisa i PUKa
doslo je ekstremnog istanjenja sklere sa prolabiranjem uvealnog tkiva. Sest meseci nakon
potpune remisije bolesti uradjena je nekomplikovana operacija katarakte na levom, jedinom
funkcionalnom oku. Zaklju¢ak. Preoperativha i postoperativna kontrola inflamacije,
pazljivo planiranje operacije i izbor hirurSke tehnike od kriticnog su znacaja za optimalan
ishod operacije. Prema naSem saznanju, fakoemulzifikacija kod pacijenta sa uveticnom
kataraktom i ekstremnim prednjim stafilomom do sada nije publikovana.

Kljuéne reci:
skleritis, periferni ulcerozni keratitis (PUK), stafilom, operacija katarakte,
granulomatoza sa poliangitisom.
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Introduction

Granulomatosis with polyangiitis (GPA), formerly known as Wegener’s granulomatosis, is
proteinase-3-ANCA-associated vasculitis with a presumed autoimmune aetiology.
Necrotising scleritis is an uncommon inflammatory disorder of the sclera. This severe form
of scleritis is almost always extremely painful and can lead to vision-threatening
complications and visual loss. The presence of necrotising changes and inflammation of the
adjacent cornea is highly suggestive of underlying systemic vasculitis, and GPA is the most
common form (1). Here, we report a rare case of severe necrotising scleritis associated with
peripheral ulcerative keratitis (PUK) that simultaneously occurred in both eyes of a patient
with GPA. Recently, uncomplicated cataract surgery was reported in a patient with
refractory GPA presented with scleral thinning; however, this was without any signs of
associated inflammation or active necrosis (2). To our knowledge, here presented case is
the first report of uneventful cataract surgery in a patient with extreme, widespread
staphyloma following inflammation that compromised the entire anterior globe and
peripheral cornea.

Case report

A 61-year-old man with a one-year history of GPA developed bilateral rapidly
progressive necrotising scleritis and PUK. Acute exacerbation of ocular inflammation
occurred during maintenance treatment with oral cyclophosphamide (CYP) (100 mg per
day) and 3 months after the induction regimen with 6 CYP pulsed was given (1000mg
monthly). The patient presented with extreme discomfort and visual loss. Upon admission,
visual acuity was light perception with projection (L+P+) in the right eye and 20/200
(Snellen) in the left eye. An examination revealed white, thinned avascular areas of the
sclera and conjunctiva. The area of inflammation involved the entire anterior globe and
peripheral cornea of both eyes (Figures 1A and 1B). However, PUK was slightly less
severe on his left eye, and a small part of the limbus was uninflamed in the upper temporal
quadrant (Figure 1B). Slit-lamp biomicroscopy finding also included anterior chamber
inflammation. There were no visible lental opacities in the left eye; however, dense
vitreous opacification was observed (vitritis). Fundus examination revealed no clinically
significant abnormalities at the posterior pole. Progressive ocular inflammation was
associated with a significant increase in serum levels of anti-proteinase-3 (anti-PR3)
antibody titre, as well as inflammatory markers. Nonetheless, pulmonary and renal diseases
were clinically stable.

e
Necroighclera with exposed uvea

Ll

Central é6ncal j

Figure 1.
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More than 90% of the surface area healed within 8 weeks following treatment with 3
pulsed doses of methylprednisolone (1000 mg per day) in addition to oral CYP. Systemic
steroid therapy was slowly tapered over 6 months. During this time, the patient’s visual
acuity further declined to L+P- in the right eye and L+P+ in the left eye. Although
inflammation was halted in both eyes, advanced prolonged scleral necrosis associated with
PUK led to vision loss in his right eye (no light perception) over a period of 12 months
after disease onset. B-scan ultrasonography of the right eye revealed a large optic disc cup.
Flat anterior chamber in this eye was caused by both extensive posterior synechiae that
involved the entire lens surface and anterior peripheral ring-shaped iris synechiae (Figure
2). Pupillary block glaucoma and secondary angle closure may coexist in the eye as a
consequence of severe anterior segment inflammation with uveitis.

Figure 2.

In the left eye, following resolution of PUK, the area of contiguous scleral necrosis
developed into furrow-like corneal thinning with adjacent widespread anterior staphyloma
(Figure 3). Corneal guttering extended circumferentially, leaving central corneal tissue
unaffected. Mature cataract with extensive posterior iris synechiae precluded fundus
examination (Figure 3D). Visual acuity in the left eye was L+P+. B-scan ultrasound
showed a relatively smaller optic disc cup in the left eye than in the fellow eye. Intraocular
pressure was within the normal range in both eyes (up to 21 mmHg) during the follow-up
of the patient. Active inflammation may suppress ciliary body function, whereas scleral
necrosis and consequent scleral thinning may lead to increased aqueous outflow and
decreased pressure.
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Figure 3.
Once full remission had been achieved for 6 months, cataract surgery was performed
in his left eye; only the left eye was functional. We adopted a perioperative
immunomodulatory drug regimen from Foster et al. (3) that has been proposed to control
inflammation when cataract surgery is performed in uveitic eyes. Oral steroid prophylaxis
(0.5 mg /kg/day) was started 1 day before surgery and continued with tapering to the
preoperative level over the following month (10 mg/day) while maintaining the dose of
concurrent immunosuppressive therapy (CYP, 50 mg per day). In addition, topical
dexamethasone 0.1% drops were frequently administered 1 day prior to surgery. Topical
steroids were continued with tapering 2 months postoperatively.

Surgery was performed under topical anaesthesia using the Infiniti Vision Phaco
System (Alcon, Inc. ). A nearly square clear corneal incision of 2.4 mm width was made at
the 10 o'clock meridian with a stainless steel keratome. Corneal incision entry was placed
at the inner edge of the peripheral corneal gutter in the nasal eye quadrant corresponding to
the area of less severe adjacent anterior staphyloma (Figures 3A and 4). Another 0.6 mm
side incision was created in the clear cornea, nearly 90 degrees from the main incision, and
the anterior chamber was expanded with a viscoelastic substance comprising sodium
hyaluronate 1% (Healon, AMO, Santa Ana, California, USA). Massive posterior iris
synechiae were gently loosened by a conventional iris spatula. Next, additional viscoelastic
substance was injected to achieve adequate mydriasis. Trypan blue was used to enhance
visualisation of the anterior lens capsule. Continuous curvilinear capsulorhexis measuring
approximately 5.5 mm in diameter was performed with microforceps. After
hydrodissection, phacoemulsification of the nucleus was performed in torsional mode using
a 0.9 mm mini/flared aspiration by-pass system (ABS; Alcon, Inc.) with a 45° Kelman tip
with an ultrasleeve on an Infiniti Vision System (Alcon, Inc.). Torsional ultrasound
amplitude was set at a maximum of 100% with linear control. Longitudinal phaco was off,
and Intelligent Phaco was turned on. Surgery was performed with low fluidic parameters
(aspiration flow rate 25 cc/min, bottle height 60 cm and vacuum 350 mm Hg). The same
parameters were used for direct chopping and quadrant removal. Following unimanual
aspiration of the residual cortex, a foldable hydrophilic IOL (LEDAphil IOL, Optix) was

6
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implanted in the capsular bag with an injector through the main incision. The method for
IOL implantation was strictly consistent with product manuals. Additional 10-0 nylon
interrupted sutures were placed along the corneal guttering to provide adequate wound
closure (Figure 4). Following cataract surgery, visual acuity slightly improved from L+P+
to 20/400 (Snellen). Fundus examination revealed untreatable findings, including a pale,
atrophic optic disc and retinal gliosis.

Figure 4.

The patient underwent regular clinical, serological, and immunelogic examinations
for disease activity and extent, as well as for treatment-related side effects. Serum anti-PR3
antibody titres and inflammatory markers were within the normal range before cataract
surgery and during the 1-year follow-up after cataract surgery. Two years after the initial
presentation and one year following cataract surgery, the patient remained in remission
with an uncorrected visual acuity of 20/400. The mechanisms contributing to vision loss in
the right eye and restricted vision in his left eye most likely included vascular occlusion
and inflammatory destruction of the retina and optic nerve, as well as retinal findings
related to the underlying GPA disease associated with prolonged inflammation, loss of
structural tissue and secondary glaucoma.

Discussion

The management of GPA-associated PUK is challenging and lacks definitive
guidelines. Rituximab and CYP, either alone or in combination with other agents, are the
most successful agents in controlling inflammation (1). In our patient, the introduction of
high-dose pulsed methylprednisolone in addition to maintenance doses of prednisone and
increased oral CYP treatment arrested bilateral necrotising scleritis and PUK with
generalised GPA associated with ophthalmic inflammation refractory to CYP induction
regimen.

Presence of long-standing anterior uveitis associated with severe scleral tissue
necrosis as well as chronic corticosteroid usage may lead to the formation of a cataract.
Uneventful cataract extraction or any other surgical procedure can precipitate necrotising
scleritis in patients with an underlying autoimmune vasculitic systemic disease (4, 5).
Therefore, surgery should be attempted only in the absence of scleral inflammation and
during remission of systemic disease.

Although the diagnostic value of a positive PR-3 ANCA (c-ANCA) for GPA is well
established, the usefulness of measuring ANCA titres in assessing disease activity and
guiding therapy is somewhat controversial. In one study of 20 patients with refractory
ophthalmic GPA, disease relapse seemed to be predicted by rising anti-PR3 titres (6).
However, this finding was not confirmed in another similar study on ocular GPA (7).

7
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Nevertheless, since increases in ANCA occur in some patients prior to relapse, serial
measurement of the cANCA titre was performed in our patient. Serum anti-PR3 antibody
titres were within the normal range before cataract surgery and during the follow-up period
after cataract surgery, which lasted 12 months.

Successful surgery generally requires a quiet eye devoid of active inflammation for
at least 3 months (1). In our patient, phacoemulsification was performed 6 months after full
remission of ocular disease activity had been achieved. Preoperative addition or increase in
systemic therapy, mainly corticosteroids, seems to be mandatory in eyes at risk of
developing disease recurrence, such as necrotising scleritis or PUK. In a study by
O’Donoghue (8), patients who had recovered from SINS and required further ocular
surgical procedures were given perioperative pulsed methylprednisolone to protect against
the recurrence of necrotising disease. Here, we demonstrated that standard perioperative
oral steroid prophylaxis that is currently proposed to control inflammation for cataract
surgery in uveitic eyes was also sufficient to prevent SINS.

Phacoemulsification using a clear corneal approach is generally preferred in patients
in remission from PUK (1). O’Donoghue et al. (8) showed that surgically induced
necrotising scleritis usually occurred after cataract surgery and that the disease site was
closely related to the wound site; 80% of these sites were limbal. This finding suggests that
greater relative vascular disruption associated with the limbal approach may be a
contributing factor in scleral disease development (8). Dick et al. (9) also demonstrated that
compared to surgery through a sclerocorneal incision, cataract extraction through a clear
corneal incision results in less inflammation in the immediate postoperative period.
Generally, we make a clear corneal incision temporally. Here, a clear corneal incision was
rotated to the nasal eye quadrant. In this area, the adjacent anterior staphyloma was slightly
less severe than the extreme scleral thinning in both superior and temporal eye quadrants
(Figures 3B and 3C). A corneal incision was made on the corneal guttering; thus, single
corneal sutures with 10-0 nylon were required to ensure adequate wound closure (Figure
4). Interestingly, although necrotising scleritis after ocular surgery has been described in
patients after cataract surgery via a corneal incision, O’Donoghue and coauthors found that
sutures used to close the wound had entered the sclera (8).

To increase the safety of cataract surgery, reduce trauma to the surrounding tissue,
and particularly to avoid rupture of the ciliary staphyloma, we combined lower fluidic
parameters and a low bottle height with a torsional ultrasound setting. For uncomplicated
cataract surgery, we generally prefer to use higher fluidic parameters, such as flow rate 35
cc/min, bottle height 100 cm, and vacuum limit 550 mmHg. Vasada et al. (10) evaluated
the impact of different flow rates on corneal thickness (CCT), anterior segment
inflammation, and endothelial cell density (ECD) using longitudinal ultrasound. These
authors found that compared with high flow parameters, lower aspiration flow rates
resulted in a reduced rate of increased CCT in the initial week after surgery and decreased
anterior segment inflammation. Another important benefit of low aspiration flow rates and
low bottle height is lower intraoperative IOP associated with these parameters (10,11).
Although relevant in all eyes, this benefit is particularly important in eyes with glaucoma or
other vascular compromise (10), as well as in patients with extensive anterior staphyloma.
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In conclusion, phacoemulsification can be successfully performed in a patient with
coexisting uveitic cataract and staphyloma of the entire anterior globe following necrotising
scleritis with PUK. Preoperative and postoperative control of inflammation, careful
surgical planning and meticulous surgical techniques are critically important for optimal
surgical outcomes. The final visual outcome depends on the posterior segment
complications of necrotising scleritis associated with GPA.

FIGURE LEGENDS

Figure 1. Clinical pictures of the right (A) and left eye (B) showing severe bilateral
necrotising scleritis associated with PUK. Inflammation affected the entire anterior
hemisphere of the sclera and peripheral cornea, leaving a central corneal island uninvolved
in both eyes.

Slightly less severe PUK on his left eye with a small part of the unaffected limbus
(asterisk) in the upper temporal quadrant (Figure 1B).

Figure 2. Slitlamp examination of the patient’s right eye showing flat anterior chamber
(arrow) associated with corneal scaring following resolution of a severe anterior segment
inflammation.

Figure 3. Clinical photograph of the patient’s left eye, examined in daylight, showing the
extensive area of anterior staphyloma and an inactive corneal gutter (arrow) following
resolution of a severe sclerokeratitis episode (A). Clinical pictures of the upper scleral
hemisphere of the left eye (B) and temporal scleral region in the same eye (C). Of note is
the extraordinary degree of scleral loss with a uveal bulge (arrows). This uvea is covered
by remaining scleral fibres and a thin layer of conjunctival epithelium only (B and C). Slit-
lamp examination showing uveitic cataract with extensive posterior synechiae (D).

Figure 4. Slit-lamp examination of the patient’s left eye one week after uneventful cataract
surgery. A clear corneal incision was made in the nasal eye quadrant at the edge of the
remaining central corneal island (arrow).
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