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BbuorpacgpumuHm gaHHM 3a AOKTOpaHTa

[O-p Benuzap CredpaHoB LUnBapoB e pogeH Ha 09 man 1980 r. B rp. Benuko TbpHOBO.
MpuoobvBa MarncTbpcka cTeneH no MeauumHa npe3 2003 r. ¢ oTAMyeH ycnex B MeauuMHCKM
dakynteT Ha MY — Codwms. MNpodecnoHanHMAT U HaydeH MbT Ha A-p LUMBapoB 3ano4ysa KaTo Hay4yeH
CbTPyAHWK KbM Jlabopatopusata Mo xemonaTonorus u umyHonornsa Ha CBAJIX3 — Codus (2004 -
2014). B cnegsawmute 4 rogvHu e u3cnegosaten B Kategpa no MMyHONOMMSl U reHOMHa MeauumHa,
YHuBepcutetr Knoto, ANOHUS M MOCTAOKTOPAHT B PakoOB UEHTbP KbM MeauMumMHCKM (akynTeT Ha
YhusepcuTeT WMeiin, Hio XeiisbH, CALLL. OT 2015 r. noctbnea B OTaeneHne no KnmHnuHa xemartonorus
Ha YMBAJ1 ,Codumamen”, nocnenoBaTeniHO KaTo siekap, Siekap CheunanusaHT 1M nekap — crneumanuct
(npe3 2020 r.) Ot 2015 r. e HavanHWK Ha JlabopaTopusi MO KAMHWYHA WMYHONOMMS B CbluaTa
6onHuua. OT 2018 r. e poueHT B kaTegpa [eHeTuka, Buonorndecku dakynteT Ha Coduicku
yHuBepcuteT ,CB. KnumeHT Oxpuackn®", KbAETO MoHAcTosiLeM e XOHopyBaH npenogasaten. Ot 2020
r. e MegnumHckun gupektop — Xematonorusi/OHkonorusi, PRAHS/ICON plc, Codusi, benrapusi.

Mpe3 2011 r. a-p WwueapoB npuaobuea OHC ,JdokTop" B HL3IMB, Codusa, ¢ anceptaumoHeH
Tpya ,[lpoyuBaHWs BbpXy MEXaHM3Ma Ha [AEUCTBME Ha €EH3WMa aKTUBAUMOHHA-MHAyUMpyeMa
uMtTnamHaeammnHasa (AID) npu npoueca Ha M30TOMHO MPEBK/IOYBAHE U COMAaTUYHU XUMNepMyTauun Ha
nMyHornobynmHoeuTe reHn”. lpe3 cbllaTa rogMHa cnep ycneweH u3nuT npugobusa cneumanHocT
JKMHnyHa  umyHonorus™  (2011). [MpuTexaBa cnegavniioMHa Kkeanuduvkaums no  3apasBeH
MEHUMKMBHT (2014). Mpe3 2019 r. npugobvea BTOpa K/AMHMYHA cneunanHocT — ,KanHuYHa
xematonorus®. OT uyxbuHa: OT YHuBepcuTeT B YnM, epMaHus nputexaBa CBMAETENCTBO 3a
Maructbp no Onkonorus npe3 2014 r. u ESO CeptudukaT 3a KOMMNETEHTHOCT Mo nnMdomMn npes
2019-2020 r., ceptudwmkaT no KnuHnyHa xematonorusa ot European Hematology Association (2018) u
craTyc ,3aBbpumn” Konex Ha EBponeiicko yunnuuie no oHkonorus (2021).

MHorobpoiiHM ca yyactusta Ha A-p LUvBapoB B nporpamMu 3a cneaaunyioMHO obyyeHve K
cneumanusaumnm B YykbuHa: EBponelickaTa xeMaTonoriyHa acoumnaumst (EHA) - Classical Master Class



(2016-2017), B YHmBepcuTeTa [KOH XOMKMHC - cneumanu3aumm no Genomic Data Science (2014-
2015) , B XapBapa — knMHU4Ha buonorus un tepanus (2016-2017).

OcBeH TOBa, B nepumoda 2003-2020 r. e vyyactBan B 14 OCHOBHM KpaTKOCPO4YHMU
KBaNM(MMKALMOHHN KypcoBe, NoBeYeTo B 06/1acTTa Ha AMArHOCTMKaTa M IEYEHMETO Ha ManurHeHuTe
XEeMOoMaTum1, YOBELIKNTE eMOPMOHANHN CTBOJSIOBO-KNETBYHN KYNTypu, dnoyumntometpusi, PHK aHanms -
MicroRNA Profiling n ap.

Brnagee oTAMYHO aHIMNIACKK €3UK, 406pe HEMCKM €3UK M MMA OCHOBHM MO3HaHWS Mo peHcKu
e31K. MiMa npuioXKHM KOMMIOTbPHM YMEHUS C pa3fiMyHy NporpamMm, CTaTUCTMKa U NporpaMupaHe.

UneHyBa B 6bArapckM M 4Yy>KaeCTpaHHM Hay4yHW oOpraHv3aumm B obnactrta Ha KAMHM4YHaTa
XEMaTosIormsl, UMyHOOrnsl, UMyHOreHeTUKa, OHKOSOruSl.

3HaAUYMMOCT U aKTYaJIHOCT Ha AUcCepaTaLuoOHHUA TpyAa

[okTopaHTbT A-p Benusap LUnBapoB, KaTo CneuMannct no KAMHUYHA XeMaTosoruns, B CBoOUTe
Hay4YHM TbpCEHUS W W3CNEeABaHUS Ce HacouyBa KbM 3/10Ka4eCTBEHUTE Xemonatuum — octpa B-
numdobnactHa neskemusi, NMM@POM Ha XOMKKUMH C JMMAOUMTHO NpeaoMUHUpaHe, daMuiHa
epuTpounTO3a U ApYru, Npu KOUTO Ype3 CEKBEHWPAHE TbPCU Pas/IMyHM MyTauuMu M acoumaumun c
KIIMHUYHW CUHAPOMM.

B HacToAwmsa auceptaumMoHeH Tpya A-p LUuBapoB TemMa M 06eKT Ha wu3y4aBaHETO ca
MuenonponudepatneHutTe 3abonsiBaHus, KOMTO ce KnacuduumpaT KaTo peakM XeMaToNnornyHu
Heonnasun. MeauuMHCKaTa 3HAYMMOCT Ha Te3u 3abonsBaHMS € MocoYeHa KOPEKTHO B yBOAA Ha
AMCepTaUMOHHMS Tpya, KaTo A-p LUnBapoB ce no3oBaBa v Ha EBponelickaTta nbTHa kapTa 3a 6baelm
Mpoy4YBaHUs B XeMaTosnornaTa, KOSTO OTAeNs CneunanHo BHMMaHue M npeasiara OCHOBHM HAcCOKM 3a
6baewn nscneaBanHms B Tasm 061act - Ha KNETbYHUTE M MOSIEKYNSPHUTE MEXaHU3MK, yyYacTBaliM B
natoreHesaTta, nMPOTMYAHETO W TepanusaTa Ha XEeMaToNIOrMYHUTE HEeonnasunM, rEeHETUYHOTO
npeapasnonoXXeHne, XPOHMYHOTO Bb3nasneHne, M3bsarsaHeTO Ha WUMYHHMS HAA30p M TepanusaTa Ha
Te3n 3abonaBaHusl. BcMuko TOBa nokasBa, Ye AOKTOPAHTBLT CE € HAacouWM/ KbM aKTyasHa M 3HauuMMma
TeMa, OT rnefHa ToYka Ha CbBpeMeHHaTa Hayka.

CTpyKTypa Ha aucepTauMoHHMS TpyA

MpenocTtaBeHMST MW 3a peleH3ns aucepTaumMoHeH Tpya Cbabpka o06wo 136 crpaHuum,
pasnpeaenHn KakTo cnegsa: TUTynHa ctpaduua (1 ctp.), obwm vactu (9 cTp.), cneumanHa vact (126
CTp.). TuTynHaTa CTpaHMua M 0bLmMTe YacTU KOPEKTHO OTpa3siBaT €CTeCcTBOTO M CbAbpPXAHMETO Ha
avceptaumoHHus Tpya. CneunanHaTa 4acT e pasfeneHa Mo Cekuuu, CbrnacHo obuonpuetute
npyvHUMNK 1 cneundunyHnTe naunckBaHms Ha 3PACPB, kakTo cnegga: YBoad, CbCTosiHME Ha npobnema,
MaTtepnann wn M™etoau, Pesyntatn, O6cCbxpaaHe, 3akalyeHMe — OCHOBHWM u3BOAM, [lpuHOCK,
Mpunoxenusi, bubnuorpadus, Jeknapauus 3a opurnHanHocT, Mybnnkaumm.

[AncepTaumoHHUAT TPyA € HanMcaH Ha BMCOK Hay4deH CTUA U Ha npaBufieH 6barapcku esuk,
KaTo e oHarneaeH ¢ uHcdopmMaTuBHU nepdekTHo paspabotenn 34 durypu n 20 Tabnnum.

JinTepaTtypeH o0630p

B nutepaTypHusa 0630p a-p LLUMBapoB aopa3smBa cobcTBeHUTE cM pa3bupaHus 3a buonorusTa
Ha paka, obsicHsBa CBOM Myb6nMKYyBaHW TEOPETUYHWM MOCTAHOBKM, KOMTO OMpeaensT KaTo OCHOBHA
XapaKTepUCTMKa Ha paka CnocobHOCTTa 3a reHepupaHe 1 NoaAbpXXaHe Ha reHeTMYHA U enureHeTMYHa
XETepOoreHHOCT, N03B0/SBALLA M3K/IOYMTENTHATA aAanTUBHOCT Ha PaKOBUTE KIETbYHU MONynaumMm KbM
M3MEeHeHYMBOCTTa Ha MUKpocpeaaTta. CneumanHo ce pasrnexaa ponsta Ha MMYyHONOrMYHWUS Haa30p U
OCHOBHWTE MEXaHW3MW 3a HEroBoToO n3bsireaHe.

[O-p LWnBapoB normyHo ce ¢okycrpa BbpXy PONsiTa Ha rnaBHMS KOMMEKC Ha TbKaHHaTa
CbBMECTMMOCT y 4oBeka - HLA cucrtemaTta, KaTo OCHOBEH MexaHM3bM Ha Npuaobutus MMyHUTET 3a
PECTPUKLMS Ha TYMOPHUS pacTex ype3 eheKTUBHO NpeacTaBsHe Ha TYMOPHU aHTUreHu. ucepTaHTbT
npeacraBs OCHOBHUTE MOMOXEHUS B NO3HaHusTa 3a HLA cuctemata, KOMTO ca Heobxoaumu 3a no-
HaTaTbWHOTO pa3bupaHe Ha MNOCTAaHOBKUTE W pe3ynTatuTe Ha AUCEPTALMOHHMSI TPYA, KakTo M
OCHOBHM acnekTW B naToreHesata Ha MuenonponudepaTMBHuTe Heonnasuu 6e3 dunagenduiicka
xpomo3oMa (MIMH), Bb3 OCHOBa Ha pa3rneaaHuTe acnekTn B 6uonormsta u MMyHONOMMSTa Ha paka u



Ha MIMH. Taka norn4yHo CTura Ao MacnegoBaTesnickata XxmnoTesa, 40 POopMyIMpaHeTO M CXEMATUYHOTO
npeacTaBsHe Ha OCHOBHUS U3CneoBaTeNCKU BLMPOC - Aanu cbulectByBa HLA-MeannpaHa pecTpukums
Ha paHHaTa OHKoreHesa npu MIH.

Bubnmorpadckata cnpaBka BkIoYBa 318 nnTepaTypHU M3TOYHMKA Ha aHIIMINCKM €3UK, KaTo
63,52% ca nybnukyBaHu B nocneaHute 10 roamHu, a ot Tax 72,65% ca oT nocnegHuTe 5 roauHu.

NMpeacraBeHa e wu3cnepoBaTesickaTa XunoTe3a, CBbp3aHa C Bb3MOXHOCTTa HLA
reHoTunbsT Aa AdonpuvHaca 34 pa3sutveto Ha JAK2 V617F+ MIMH u cbuwectsyBaHeTo Ha HLA-
MeauMpaHa pecTpukuMs Ha HuMBO MIMH CTBOMOBM K/ETKM, KOWTO MMAaT NeKko nponvdepaTnBHO
NpeaMMCTBO U CKTIOHHOCT KbM MmenonaHa avdepeHumnaums.

OcHOBHaTa Uesl Ha NpoyYyBaHMETO € ,[a Ce u3CneaBa ponsta Ha KnacuveckuTe
MMyHoreHeTU4HM akTopyn HLA-I 3a pa3sutmeTo Ha JAK2 V67F+ MIMH".

UscnepoBaTenckute 3apjaum ca 8, Wu3UAN0  aQHANUTUMYHKM, NOAPOOHO  pasnucaHu,
CbOTBETCTBAT Ha CbBPEMEHHOTO CbCTOSIHNE HAa HayKaTa M M3MbJHEHNETO MM 61 MOrIo Aa CNoMOrHe 3a
noJslyyBaHe Ha OTrOBOP Ha OCHOBHWA U3C/ief0BaTesICKu BbMpoc.

MaTtepuanu n metogu

O-p LLUvBapoB KOPEKTHO OMWCBa OCHOBHWUTE aHalMTUYHW METOAM, KOMTO € M3Mnon3san 3a
U3Mb/HEHWETO Ha U3CnefoBaTesnickuTe 3aaaun. Ha npaktuka Toi nogbupa nonynaumMoHHO reHETUYEH
noaxoA, 3a Aa Mosyyuu AoKasaTencTsa 3a HanuvyumeTo Ha pasnukm B HLA knac I reHotuna npu JAK2
V617F+ MIMH nauveHTM cnpsMO 34paBW KOHTPOMW. TOBa € NpaBWieH MNOAXo4, Tbi KaTo ako
xnnote3aTta 3a HLA-MeanmnpaHa pectpukuma Ha JAK2 V617F+ MIMH e BsipHa, TO Ha MNonynauMoHHO
HMBO TpsibBa Aa cbluecTByBa pasnuka B HLA knac I reHoTuna.

O-p LWwueapos u npod. M. MWMeaHoBa noseye oT 10 roauHM paboTaT BbPXY
mMuenonponudepaTnBHNTe 3abonsiBaHWs, KaTo MbpBOHA4YalHO ca pa3paboTwnm  MeToaM 3a
MONEKYNAPHO-reHEeTUYEH aHanM3 Ha MyTaummTe, CBbp3aHn C Te3un 3abonsisaHus. Taka npes rognHuTe
Te ca cbbpanu ronam 6poin JAK2 V617F+ npobu reHomHa AHK ot 139 MMH nauueHT u oT 622
30paBu KOHTPOMHM Nuua OT Obarapckata nonynaumsl, KOMTO ca reHotunuavpaHn wm 3a HLA-I
reHoTuna.

HLA reHOTUNU3WpaHETO e M3BBLPLIEHO 4Ype3 T.H. CeKBeHMpaHe OT cfleABallo MoKosieHne
(NGS), c Bucoka pesontoums, a HLA reHOTUNBLT € onpeaeneH Ype3 KOMMITbPHA nporpama.

O-p LUvBapoB e wu3BbLPWKMA aHaNM3UTE Ha [aHHUTE 3@ reHOTMNa Ha nauueHTuTe W
KOHTPOJIHATE NIMLA Ha aNeflHo HMBO, KaTo AETAWIHO OMNMCBa CTaTUCTUUYECKUTE METOAMN 3a M3CleaBaHe
Ha HLA anenHu v xannoTUMHW acouMaTUBHU aHanusu, OOMbAHUTENIHUTE METOAM 3a u3cneaBaHe Ha
€BOJIIOUMOHHATa AMBEPreHTHOCT Ha HLA reHoTMna, HeroBaTa CrocObHOCT NOTeHUMaNHo Aa nNpeacrass
HeoaHTUreHn, noslydeHn ot MyTaHTeH JAK2 V617F nenTtug, cuMynaumm Ha MosiekysiHaTa AuHaMuka u
a@Hanu3M Ha reHHaTa ekcrnpecusi Ha pasnn4YyHM gaHHuW oT MIMH nauneHTn M 34paBuM KOHTPOM, MULLIK
CTBOMOBU KMETKM WM KAETbYHM NnHMK. KaTo usno, Tasm cekumss AeMOHCTpupa 3aabniboyeHoTo
nosHaeaHe M oBnaasBaHe oT A-p LLIMBapoB Ha CbBpeMeHHUTE METOAM 33 aHasM3 Ha rosieMn MacuBeM
OT 6MONOMMYHN AaHHM U OYEBMAHO BCUYKM aHANM3N Ca HEroBO JINYHO Aeno.

Pesyntatu

PazgensbT 3a pe3yntatute CUCTEMATUYHO CrledBa  M3MBLAHEHWETO Ha  OTAeNHuTe
n3cneaoBaTesiCkM 3ajadu, KaTto TEeKCTbT € MpeacTtaBeH B noanaparpadu, KOUTO ca 03arnaBeHu
CbI/1TaCHO OCHOBHUTE Hax04KW Npw aHanusa.

1. [-p WuBapoB He HaMupa 3HAYMMKM pa3nU4UMg MO OTHOLUEHME Ha XETepO3UrOTHOCTTA,
€BOJIIOUMOHHATa ANBEPreHTHOCT M CNOCOBHOCTTa 3a npeacTaBsiHe Ha JAK2 V617F HeoaHTUreHn mexay
naumeHTute ¢ MIMH u 34paBuTe KOHTPONW.

2. AHanusupaHu ca anenHu u xanaoTUMNHKW acoumaumun ¢ HanuyHneTo Ha JAK2 V617F myTtaums
JIOKYC MO JIOKYC, KaTO MpPaBW/IHO € M3BbpLUeHa KOpeKuMsi MO MO U Bb3PacT, KAKTO € Mnpuet u
acoumaTMBeH Mogen Ha BnusiHue Ha otaenHute HLA anenn. geHtudwmumpaHu ca Tpu anena, KouTo
Ca 3Ha4YMMO Mo-psAKO cpellaHn npy naumeHTn ¢ JAK2 V617F+ MITH, 0TKONKOTO Npu 34paBu KOHTPON
- HLA-A*02:01, HLA-B*35:01, HLA-C*15:02.



3. MpeHTMdUUMpaHn ca v NOTEHUMANHO MPOTEKTUBHM XarnsjoTUMM C Te3W aNenn, KaTo Haii-
BaXHuAT e A*02:01~HLA-B*35:01 (p=0.006). Te3n pJaHHM nNpegnonarat HaJAMUYMETO Ha
noTeHuMasnHo NpOTEKTUBHU anenu 3a passutue Ha JAK2 V617F+ 1 ca nbpBOTO AOKA3aTesICTBO B TO3M
Tpya B NOAKpPeNa Ha uscneaoBaTenckata xunoresa 3a HLA—mMeaumnpaHa pectpukumst Ha JAK2 V617F+
MIH.

4. [1-p lUnBapos npefoctaBs AOMbHWUTENHW AOKa3aTencrsa 3a TOBa, Ye MNOTeHUManHo
NPOTEKTUBHUTE anenun buxa MOrnv Aa NpeacraBsiT AMPEKTHO HeoenenuTonu oT JAK2 V617F-MyTaHTeH
nentund. Ypes nsnonseaHe Ha cbpBbpa NetMHCIIpan-4.0, nporHo3upall CBbpP3BaHETO Ha NenTuA KbM
Bcaka Monekyna MHC II ¢ wm3BecTHa nocnegoBaTenHocT., A-p LUvBapoB nokasea, 4ye nentnabT
LVLNYGVCF 6u morbn ga ce cebp3sa ¢ HLA-B*35:01, a stopusat nentng VLNYGVCFC - ¢ HLA-
A*02:01. Ype3 npunoxeHue Ha [JOMbIHUTENHM OMOMHMOPMATUYHM MNOAXOAM 3@ OLEHKa Ha
noTeHumana 3a cBbp3BaHe Ha HLA-B*35:01 n HLA-A*02:01 c gBata nentuaa, MoSlyYeHUTe AaHHM
npeanonaraT no-crabunHo cebp3saHe Ha HLA-B5*35:01 ¢ LVLNYGVCF, otkonkoTo ¢ VLNYGVCFC.

5. JonbAHUTENHO Ca U3BbpLUEeHN BMoNHGOPMaTUYHN aHanM3n Ha NoTeHuMana 3a NoslyYyBaHe
Ha nentuaa LVLNYGVCF npu nNpoTea3oMHOTO pasuensaHe Ha eHporeHHus JAK2 V617F-myTtupan
6enTbK, KakToO U Ha CrnocobHOCTTa 3a aHTUreHHa obpaboTka M 3a CBbp3aHe C TpaHCnopTHuTe TAP
6entbum. Taka A-p LUnBapoB MpefocTaBs WHAMPEKTHWM [0KA3aTeNCTBa, KOMTO MoraT Aa ObsaAcHAT,
3awo HLA-B*35:01 anenbT e NoTeHUManHo NpoTeKkTUBeH 3a pa3BuTue Ha JAK2 V617F-meanvpaHa
OHKOreHesa.

6. [-p LLinBapoB npeacraes cepust OT aHanu3n Ha reHHaTta ekcnpecvs Ha CD34+ cTBONOBM
knetkn ot JAK2 V617F+ naumeHTtn ¢ MIMH u 3apaBm nHameuan. Ypes nsnon3saHe Ha CbBpPEMEHHUS
aHanu3 Gene Set Enrichment Analysis (GSEA) Tolt nokasea, ye HLA-I He e c TOTa/fHO MOTUCHaTa
ekcripecns npyu MIMH. Ho npn pasnuyHute 3abonsisaHusi, obade, Moxe aa ce HabnoaaBa MOHWXKEHa
eKkcnpecms Ha K4voBWU reHn kato 7AP1, TAPBP, HLA-A, HLA-B. ToBa npegnonara, Yye B OTAENHU
cnyydau n3barsaHeTo Ha UMYHHUS Haa3op npu MIMH Moxe fa ce Ab/MKM Ha NoTMCHaTa ekcnpecusl Ha
KJ1I040BM KOMMOHEHTH oT HLA-I nbTs Ha aHTMreHHa 0bpaboTka 1 npeacTaBsiHe.

7. MHOro MHTEpeCHU ca AaHHUTE OT aHanu3 Ha reHHaTa ekcrnpecust Ha SET-2 KneTbyHa NNHUS
cnef KpaTKOCPOYHO M ObJrOCPOYHO TpetupaHe ¢ JAK2 uHxubutop (pykconuTuHmub). Tesm SET-2
KNeTKN UMaT MOHWXeHa ekcnpecus Ha HLA-A, HLA-B, HLA-C, HLA-E, HLA-G, CALR, TAP1 n HSPAS5
reHUTe W 3HauuMo MoBuLIEeHa ekcnpecns Ha PD-L1 B CcpaBHEHWE C HETpeTUpaHaTa KNeTbyHa JIMHUS.
To3n akT npeanonara, 4Ye AbATOCPOYHOTO TPETUMPAHE C PYKCONUTUHMOG MOXe Aa [AorpuHacs
AMPEKTHO 3a m3bsareaHe Ha MMYHONOrMYHKMA Haasop. Crnopea aHanusuTe B AucepTaumsaTa, nogobeH
edekT Ha noBuWeEHa ekcrpecuss Ha noseyeto MHC-I rewnm u Ha Cd274 ce ycTtaHoBsiBa cnej
NPOAB/MKUTENHO TPETUPaHe Ha MULLIK CTBOJIOBM KneTku ¢ IFN-a.

O6cbxpaaHe

B Tasu uact a-p LUvBapoB 06CTOMHO Aopa3BuBa pa3bupaHusita CM 3a eBOJIOLMOHHOTO
npeaMMcTBO Ha CrnocobHOCTTa Ha paka fda reHepupa WM NoAAbpXa FEHETUYHO W enuUreHeTUYHO
pa3Hoobpasne, HeE3aBMCMMO OT CKOPOCTTa M NMPOABL/MKUTENHOCTTA Ha TO3W npouec. B To3n cMncbn ca
obcbaeHn M pesyntaTuTe OT NpPeACTaBeHUTE AaHHWM W aHanu3u, KOUTO MNOAKPeNnsT uaesita, 4ye B
paHHaTa eBostoumnsi Ha JAK2 V617F+ ctBonoBu knetku npy MIMH Moxe aa aencrea HLA-I-MeammnpaHa
pecTpukums upes cneumduyHn HLA-I anenu, T.e. Aa cbluectsyBaT npoTektnsHn HLA-I anenu, kouto
JOMbJIHATENHO MOraT Aa MoAy/MpaT eKCcrnpecusTa Ha HSAKOM OCHOBHM reHn oT HLA-I nbTe Taka, 4ye
JOMbAHWUTENHO Aa u3bsArBaT MMyHHUS HaA30p. YCTaHOBeHaTa Mo-HWUcKa 4vectota Ha HLA-B*35:01
npy reHOTUNM3MpaHETO Npeanosiara NPOTEKTUBHATA POA HA TO3M anen 3a pa3sutne Ha JAK2 V617F-
cBbp3aHu MIMH, ocobeHo B yCnoBusiTa Ha HUCKA eKCrpecust BbPXy KNeTb4YHaTa NMOBbPXHOCT UK Ype3
npeacraBsHe Ha HeoaHTureHa LVLNYGVCF.

HacroswumTe aHanu3n rnokaseaT, Ye KPaTKOCPOYHOTO TpeTupaHe Ha 4yoBewku u muwun JAK2
V617F+ CTBOMOBM KNETKN C pykconuTtuHnb nnu ¢ IFN-a, Boau A0 NOBULLIEHA EKCNPeCcus Ha MHOXECTBO
reHn oT MHC-I nbTa 1 noBuweHa ekcnpecnst Ha PD-L1, ocobeHo cnea neyeHne. Bb3 OCHOBA Ha Te3n
HabnioaeHns e npegnoxeH mogen 3a HLA-meauMmpaHa uMyHHa peakums npu JAK2 V617F+ MIH,



KaKTO ¥ NpeanoxeHue 3a paspaborsaHe Ha BakcuHM npu JAK2 V617F+ MIH, 6a3upaHn Ha eK30reHHU
6enTbum.

Hannuneto Ha HLA-B*35:01 n HLA-A*02:01 vnn gpyry nNpoTEKTUBHU anenn Moxe fAa
6bae NpeavKTUBEH MapKep 3a OTrOBOP KbM MMyHOMOAyMpallaTa Tepanusi.

UsBsoam

MNpvemaM HanpaBeHMTE  3aK/OYHMS UM M3BOAM OT  MU3MBJHEHMETO Ha  HAy4yHO-
nscnegoBaTenckMTe  3agayn.  Te  oTpas3siBaT  TOYHO  HanpaeBeHuTe  HabnwoageHns  6e3
CBPbXMHTEpNpeTaums, a CbLUEBPEMEHHO MOCTaBAT BbMNPOCM M HACOKM 3a ObAely AOMbAHWUTENHU
n3cneaBaHus.

OcHOBHUTE U3BOAM Ca TpU:

1. Hakon HLA anenn, kato HLA-B*35:01 moraT ga pecTpukTupaT pa3sutueto Ha MIMH c
JAK2 V617F+ myTaums.

2. CtBonosuTte knetku npu MMH MoraT aa m3berHaT MMyHHa peakuusi, MeammpaHa ot HLA
cucTemaTta, KaTo Ce MOHWXKaBa eKCnpecusta Ha MofekynuTe 4pe3 aHTureHHa obpabotka u
npeacraesHe ype3 HLA knac I.

3. HaKkou nekapcTBeHu cpeacTBa MoraT Aa 3acuniaT MbpPBUYHUS TepaneBTUYeH OTroBop 4Ypes
NnoBULLABaHE Ha eKcrpecusiTa Ha MOMEeKynn 4pe3 aHTUreHHa obpaboTka n u npeacrassiHe ype3 HLA
knac I MIMH-cTBonosuTe KNeTku.

MpuHocKn

MNpvemaM npeacrtaBeHUTe 7 OpUrMHANHW HayyHW MPUHOCM Ha AMCEPTAUMOHHMSA Tpya wn 2
Hay4YHW NpUHOCa C NOTBbLPAUTENEH XapaKTep.

MpeanoxeH e Mmoaen Ha HLA-I-MeaMMpaHaTa UMyHHaA pefakumus Ha paHHaTa OHKOreHesa npwm
JAK2 V617F+MIH.

My6nukauun

MpeacraBeHnTe Nybnmkaumm BbB Bpb3Ka C ANCEPTALMOHHUS TPy HaMb/AHO MOKPUBAT M AOPU
HaAXBLPNAT MUHUMANHUTE U3UCKBaHWA Ha lpaBuiHMKa 3a NpuiaraHe Ha 3akoHa 3a pa3BUTUETO Ha
aKaeMMYHNS cbCTaB B Penybnvka bbnrapusa (MN3PACBE).

[ncepTaumMoOHHMAT Tpya 3a MNpucbXaaHe Ha obpa3oBaTenHa M Hay4yHa cTeneH "gokTop"
+V/IMyHOreHeTUYHM acnekT B natoreHesata Ha JAK2 V617F-nonoxuTenHute muenonponudepaTnBHU
Heonnasun™ e 50 TOUKM.

Tpy nybnukaummn ca oTneyaTaHn B YyXXAecTpaHHM pedepupaHn U MHAEKCMPaHU  CimMcaHus
(Int. J.Immunogenetics, 2021, Experimental Hematology, 2020, Int. J.Clinical and Experimental
Medicine, 2019), kaTo ca oueHeHu C 55 TOUKW, a efHa rnaBa OT aBTopa B KHura Improving Oncology
Worldwide, 2022 (egqnHcTseH aBTop 4-p LLinBapos) e € 20 TOUKMN.

O6wmsT 6poit TOUKM Ha A-p Benusap LUveapos e 125 TOUKM Npy MUHMMaNeH 6poii TOUKM
80.

OcBeH TOBa, BbB Bpb3ka C ANCEpTaUMATa, Ca NpeACTaBEHM Ha Hay4YHW cpewm 3 Aoknaja — Ha
HauunoHaneH koHrpec no xematonorus (2019), Ha KoHrpec Ha EBponelickaTta XxemaTonorMyHa
acoumaumsa (2020) n Ha EBponeiickaTa KOH(EPEHLMS MO MMYHOreHETMKA U TbKaHHa CbBMECTUMOCT
(2020).

Oexnapauus 3a OpUrMHasHOCT

ABTOpPbT AeKknapvpa, 4Ye MNoAyYeHWUTe M OMMCaHWM AaHHW Ca OPUrMHANHM U ca MNOYYEHU B
pe3yntaT Ha Hay4yHou3cnegoBsaTesickaTa My paboTa KaTo AoueHT no reHetuka B CY ,CB. KnuMeHT
OxpuackuM™ no 3 HauuMOHaNHW HayyHuM npoekTta, ¢uHaHcmpanu ot ®HU: 1),MyntuamcumnnnHapeH
noaxoA 3a pa3paboTBaHe Ha HOB BMCOKOMPOM3BOAUTENEH, TEYHOCTMH, MUKpocdhepoB., ,4un™ MeToj 3a
JeTeKums Ha MyTauum, cBbp3aHu ¢ numdonponudepaTmeHm 3abonssanus”; 2) ,MMyHoMoayMpaHe Ha
pakosuTe 3abonsBaHus Ha Heknacuveckute HLA monekynu — MICY; 3) ,MMyHoreHeTuuHu cdakrtopu
Npu UMYHOMOMMYHUS HAA30p Ha paka".

YyacTtue B Hay4yHU NMpPOEKTH



B nepmvoga 2004-2020 r. a-p LuBapoB ydactBa B 14 HayyHu npoekTta (HauMOHasHW,
¢duHaHcmpann ot MOH, WHCTUTYUMOHanHM W  MeXAYHapOoAHW), KaTo BCUYKM Ca CBbp3aHU C
Npoy4YBaHNs BbpXy MMenonponudepaTMBHUTE HEOMIA3MMN U PasIYHN pakoBu 3abonsasaHus.

MaTeHTn Ha 6barapckm esmk,

CBbP3aHM C AMPEKTHOTO onpefensHe Ha MyTauum B KpbBHM Npobu unm B KOCTEH MO3bk: BG1777
(U1) CpenctBo 3a AMPEKTHO onpeasnHe Ha MyTaumu B ek30H 12 Ha 4JoBelukms JAK2 reH B npobu oT
KpPbB MnnM KocteH Mo3bkK; BG1494 (U1) Cpeactso 3a in vitro onpegensive Ha W515A/K/L/R myTaumm
Ha MPL reHa B kpbBHa npoba; BG1481 (U1) Cpeacrtso 3a anpekTHO onpeaensiHe Ha JAK2 V617F
MyTauuMs B KpbBHa npoba.

ABTOpedepaTr

MpeacraBennaT aBTopedepaT B 40 CTpaHMUM NpeacTaBs KpaTKO M TOYHO CbAbpPXAHWETO Ha
avceptaumoHHus Tpya. OHarnegeH e € NpeacTaBUTENHWM M aTPaKTMBHM (urypyu M Tabnuum, Kouto
AEMOHCTpUpAT NonyyYeHuTe pesyntaTn, U3Boau 1 NpUHOCKU.

B 3akntoueHue,

Mo3HaBaM poueHT A-p Benuzap LvBapoB kaTto npodecMoHanucT CbC 3aab/iIboyeHn
¢dyHaaMeHTanHM M CbBPEMEHHW TEOPETUYHWM MO3HaHMA B obnacTTa Ha KAMHMYHATa XemaTosorus,
KOWTO Ca B OCHOBaTa Ha Hay4HUTE MYy TbpPCEHMS U MPAKTUYECKU YMEHUS, KaKTO M Ha pe3ynTtatuTe oT
TAX B PasfiM4HKM, HO TSCHO CBbP3aHM NOMeXay Cv ApYrn MeAUUMHCKM CrneumanHoCcTy.

MNpencraBeHNAT 3a peueH3us  aucepTaumoHeH Tpya  ,MMyHOreHeTUYHM acrnekTu B
natoreHesaTta Ha JAK2 V617F-nonoxutenHute muenonponudepatuBHM HeEOMIasvMuM" Ha OOUEHT A-p
Benusap CredaHoB LUvBapoB npeactaBnsiBa 3HauMTENEH M OpUTMHAMIEH MPUHOC B MeAMUMHCKaTa
Hayka. ToBa He e W3HeHadBalWo, KaTo ce uMMa npes BuA AOKazaHaTa M NpoAb/MKUTENHA
KBanuduKauma Ha ancepTaHTa B 06/1acTTa Ha XemMaTonormsTa, UMyHONoOrnsTa U reHeTukaTa.

To3n HaydeH Tpya BCbWHOCT npeacTaBnsBa Manka 4YacT  OT  AbarorogviuiHarta
Hay4HOM3CneaoBaTesicka nporpamMa Ha a-p LLneapos B obnactta Ha xemMaTonornyHmTe 3abonsasaHns u
B YaCTHOCT Ha MwuenonponudepaTMHMTe Heonnasmnm. CbBpeMEHHUTE Hay4YHW pe3ynTaTh Ha aBTopa
ca nybnnkyBaHM M BWCOKO OLEHEHWM B aBTOPUTETHU MEXAYHapOAHW CMMCaHus, C BUCOK MMnakT
¢dakTop.

[AncepTaumoHHUAT TPYA CbAbPXXa BaXXHM HayYHU M HAYYHO-MPWUIOXHW pe3ynTaTu U oTrosaps
Ha BCMYKM M3UCKBAHWS Ha 3akOHa 3a pa3BuMTME Ha aKageMUYHUS CbCTaB B Penybnuka Bbnrapus
(3PACPB) u Ha NpaBwiHKUKa 3a NpunaraHeTo My B MY — lNneBeH.

Y6eneHo AaBaM NONOXMWTENHA OLEHKa Ha AMcepTaumMoHHNS TpyA ,MIMyHOreHeTUYHN acnekTu B
natoreHesaTa Ha JAK2 V617F-nonoxuTenHuTte mMuenonponmdepaTMBHN Heoniasum" 1 npeanaraMm Ha
yBaXKaeMOTO Hay4HO XXypW Aa rnacysa 3a npucbXxaaHe Ha f[oueHT a-p Benusap CredaHos LLinsapos
obpazoBaTenHaTa M HayyHa cteneH ,JokTop" No HayyHa crneumanHocT ,XemaTonorus 1 npenveaHe
Ha KpbB".

13.06.2023 r.
PeuensenT: Ha ocHoBaHme un. 59 or 33N
Mpod. a-p ®ann Neopruesa MapTMHOBa, A.M.H.
(TpaHCcdy3MOHEH XeMaTOoNOr U KIMHUYEH UMYHOSOT)
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Brief biographical data of the PhD candidate

Dr. Velizar Stefanov Shivarov was born on May 9, 1980 in Veliko Tarnovo. He obtained a
master's degree in medicine in 2003 with excellent results at the Faculty of Medicine of the Medical
University of Sofia. The professional and scientific path of Dr. Shivarov began as a research assistant
at the Laboratory of Hemopathology and Immunology of the SBALHZ - Sofia (2004-2014). In the
following 4 years, he was a researcher at the Department of Immunology and Genomic Medicine,
Kyoto University, Japan and a postdoctoral fellow at the Cancer Center at the Yale University School of
Medicine, New Haven, USA. Since 2015, he joined the Department of Clinical Hematology of the
"SOFIAMED" University Hospital, successively as a doctor, a specialized doctor and a specialist doctor
in clinical hematology (2020). Since 2015, he is the head of the Laboratory of Clinical Immunology in
the same hospital. Since 2018, he has been an associate professor in the Department of Genetics,
Faculty of Biology, Sofia University "St. Kliment Ohridski", and is currently a part-time teacher. Since
2020, he is Medical Director - Hematology/Oncology, PRAHS/ICON plc, Sofia, Bulgaria.

In 2011, Dr. Shivarov was awarded a PhD degree at the National Center for Infectious and
Parasitic Diseases - Sofia, with a dissertation "Studies on the mechanism of action of the enzyme
activation-inducible cytidine deaminase (AID) in the process of isotope switching and somatic
hypermutations of immunoglobulin genes". In the same year, after a successful exam, he acquired the
specialty "Clinical Immunology" (2011). He has a postgraduate qualification in Health Management
(2014). In 2019, he acquired a second clinical specialty - "Clinical Hematology". From abroad: from
the University of Ulm, Germany holds a Master's degree in Oncology in 2014 and an ESO Certificate of
Competence in Lymphoma in 2019-2020, a certificate in Clinical Hematology from the European
Hematology Association (2018) and Achieved graduate status College of the European School of
Oncology (2021).



There are numerous participations of Dr. Shivarov in postgraduate training programs and
specializations abroad: European Hematology Association (EHA) - Classical Master Class (2016-2017),
at Johns Hopkins University - specializations in Genomic Data Science (2014-2015), at Harvard —
Clinical Biology and Therapeutics (2016-2017)

In addition, in the period 2003-2020 he participated in 14 major short-term qualification
courses, most in the field of diagnosis and treatment of malignant hemopathies, human embryonic
stem cell cultures, flow cytometry, RNA analysis - MicroRNA Profiling, etc.

Dr. Shivarov speaks excellent English, good German and has a basic knowledge of French.
Has applied computer skills with various programs, statistics and programming.

He is a member of Bulgarian and foreign scientific organizations in the field of clinical
hematology, immunology, immunogenetics, oncology.

Significance and relevance of the dissertation work

Doctoral student Dr. Velizar Shivarov, as a specialist in clinical hematology, in his research and
investigations focuses on malignant hemopathies - acute B-lymphoblastic leukemia, Hodgkin's
lymphoma with lymphocytic predominance, familial erythrocytosis and others, in which he searches
for various mutations through sequencing and associations with clinical syndromes.

In the current dissertation, Dr. Shivarov's topic and object of study are myeloproliferative
diseases, which are classified as rare hematological neoplasias.The medical significance of these
diseases is correctly stated in the introduction of the dissertation, and Dr. Shivarov also refers to the
European Roadmap for future studies in hematology, which pays special attention and offers basic
directions for future research in this area - the cellular and molecular mechanisms involved in the
pathogenesis, course and therapy of hematological neoplasias, genetic predisposition, chronic
inflammation, avoidance of immune supervision and therapy of these diseases. All this shows that the
PhD student has focused on a and significant topic from the point of view of the contemporary
science.

Structure of the dissertation

The dissertation submitted to me for review contains a total of 136 pages, distributed as
follows: a cover page (1 page), general parts (9 pages), special part (126 pages). The cover page and
the general parts correctly reflect the nature and content of the dissertation. The special part is
divided into sections, according to the generally accepted principles and the specific requirements of
local law and instituional regulations, as follows: Introduction, Definition of the problem, Materials and
methods, Results, Discussion, Conclusion, Contributions, Annexes, Bibliography, Declaration of
originality, Publications.

The dissertation work is written in a high scientific style and in the correct Bulgarian language,
illustrated with informative and perfectly composed 34 figures and 20 tables.

Literature review

In the literature review, Dr. Shivarov further develops his own understanding of the biology of
cancer, explains his published theoretical formulations, which define as the main characteristic of
cancer the ability to generate and maintain genetic and epigenetic heterogeneity, allowing the
exceptional adaptability of cancer cell populations to the alteration of the microenvironment. The role
of immunological surveillance and the underlying mechanisms for its avoidance are specifically
considered.

Dr. Shivarov logically focused on the role of the main complex of tissue compatibility in man -
the HLA system, as the main mechanism of acquired immunity to restrict tumor growth through
effective presentation of tumor antigens. The dissertant presents the basics in the knowledge of the
HLA system that are necessary for further understanding of the dissertation formulations and results,
as well as basic aspects in the pathogenesis of Philadelphia chromosome-negative myeloproliferative
neoplasms (MPN), in the light of the key concepts in the biology and immunology of cancer. Thus, he
logically reaches to the research hypothesis, to the formulation and schematic presentation of the



main research question - whether there is a HLA-mediated restriction of the early oncogenesis in
MPNSs.

The bibliographic reference includes 318 literary sources in English, 63.52% have been
published in the last 10 years, of them 72.65% are from the last 5 years.

The research hypothesis related to the possibility that the HLA genotype contributes to the
development of JAK2 V617F+ MPN and the existence of HLA-mediated restriction at the level of MPN
stem cells, which have a slight proliferative advantage and a tendency towards myeloid differentiation,
is presented. high scientific style and in correct Bulgarian language , illustrated with informative
perfectly developed 34 figures and 20 tables

The main objective of the studyis "to investigate the role of classical HLA-I
immunogenetic factors in the development of JAK2 V67F+ MPN". The research tasks are 8, entirely
analytical, detailed, correspond to the current state of science and their implementation could help to
get an answer to the main research question.

Materials and methods

Dr. Shivarov correctly describes the main analytical methods he used to perform the research
tasks. In practice, he selected a population-based genetic approach to obtain evidence for the
existence of differences in the HLA class I genotype in JAK2 V617F+ MPN patients versus healthy
controls. This is the right approach, because if the hypothesis of HLA-mediated restriction of JAK2
V617F+ MPN is correct, then at the population level there must be a difference in the HLA class I
genotype.

Dr. Shivarov and prof. M. Ivanova have been working on myeloproliferative diseases for more
than 10 years, initially developing methods for molecular genetic analysis of mutations associated with
these diseases. Thus, over the years, they have collected a large number of JAK2 V617F+ samples of
genomic DNA from 139 MPN patients and from 622 healthy control subjects from the Bulgarian
population, who are also typed for the HLA-I genotype.

HLA genotyping was performed by the so-called Next Generation Sequencing (NGS), with high
resolution, and the HLA genotype was determined by a computer program.

Dr. Shivarov has performed the analyses of genotype data of patients and control subjects at
the allele level, detailing the statistical methods for the study of HLA allelic and haplotype association
tests, additional methods for studying the evolutionary divergence of the HLA genotype, its ability to
potentially present neoantigens derived from the mutant JAK2 V617F peptide, molecular dynamics
simulations and gene expression analyses of various data from MPN patients and healthy controls,
mouse stem cells and cell lines. In general, this section demonstrates Dr. Shivarov's in-depth
knowledge and mastery of modern methods for analyzing large sets of biological data, and obviously
all analyzes are his personal work.

Results

The results section systematically follows the performance of the individual research tasks, the
text being presented in sub-paragraphs which are entitled according to the main findings in the
analysis.

1. Dr. Shivarov found no significant differences in heterozygosity, evolutionary divergence and
the ability to present JAK2 V617F neoantigens between MPN patients and healthy controls.

2. Allelic and haplotype associations with the presence of JAK2 V617F mutation were
analyzed, and a gender and age adjustment was correctly performed, as well as an association model
of influence of individual HLA alleles. Three alleles were identified that were significantly less common
in patients with JAK2 V617F+ MPN than in healthy controls. HLA-A*02:01, HLA-B*35:01, HLA-
C*¥15:02.

3. Potentially protective haplotypes with these alleles have also been identified, the most
important being 4¥02:01~HLA-B*35:01 (p=0.006). These data suggest the presence of
potentially protective alleles for the development of JAK2 V617F+ and are the first evidence in this
work to support the research hypothesis of HLA—mediated restriction of JAK2 V617F+ MPN.



4. Dr. Shivarov provides further evidence that potentially protective alleles could directly
represent neoepitopes from a JAK2 V617F-mutant peptide. By using the NetMHCIpan-4.0 server,
predicting the binding of a peptide to each MHC II molecule with known sequence, Dr. Shivarov
showed that the peptide LVLNYGVCF could bind to HLA-B*35:01, and the second peptide
VLNYGVCFC - with HLA-A*02:01. By applying complementary bioinformatics approaches to assess the
binding potential of HLA-B*35:01 and HLA-A*02:01 to both peptides, the data obtained suggest a
more stable binding of HLA-B*35:01 to LVLNYGVCFC than to VLNYGVCFC.

5. In addition, bioinformatics analyses of the potential for obtaining the peptide LVLNYGVCF
by proteasome cleavage of endogenous JAK2 V617F-mutated protein, as well as the ability to antigen
processing and bind to transport TAP proteins have been carried out. Thus, Dr. Shivarov provides
indirect evidence that can explain why HLA-B*35:01 the allele is potentially protective for the
development of JAK2 V617F-mediated oncogenesis.

6. Dr. Shivarov presents a series of analyses of the gene expression of CD34+ stem cells from
JAK2 V617F+ patients with MPN and healthy individuals. Using the modern Gene Set Enrichment
Analysis (GSEA), he shows that HLA-I is not totally suppressed in MPN. But in various diseases,
however, a decreased expression of key genes such as 7API can be observed. TAPBP, HLA-A, HLA-B.
This suggests that in individual cases, avoidance of immune surveillance in MPN may be due to
suppressed expression of key components of the HLA-I antigene processing and presentation
pathway.

7. Very interesting are the data from the analysis of the gene expression of the SET-2 cell line
after short-term and long-term treatment with a JAK2 inhibitor (ruxolitinib). These SET-2 cells have a
decreased expression of HLA-A, HLA-B, HLA-C, HLA-E, HLA-G, CALR, TAPI and HSPA5 genes and
significantly increased expression of PD-L1 compared to the untreated cell line. This fact suggests
that long-term treatment with ruxolitinib may contribute directly to the evasion of immunological
surveillance. According to the analyses in the dissertation, a similar effect of increased expression of
most MHC-I genes and of Cd274 was established after prolonged treatment of mouse stem cells with
IFN-a.

Discussion

In this part, Dr. Shivarov elaborates on his understanding of the evolutionary advantage of
cancer's ability to generate and maintain genetic and epigenetic diversity, regardless of the speed and
duration of this process. In this sense, the results of the presented data and analyses that support the
idea that in the early evolution of JAK2 V617F+ stem cells in MPN can act HLA-I-mediated restriction
through specific HLA-I alleles, i.e. protective HLA-I alleles that can further modulate the expression of
some major genes of the HLA-I pathway so as to further avoid immune surveillance. The lower
frequency of HLA-B*35:01 in MPNs suggests the protective role of this allele for the development of
JAK2 V617F-related MPNs, especially in conditions of low expression on the cell surface or by
presentation of the neoantigen LVLNYGVCF.

Current analyses suggest that short-term treatment of human and murine JAK2 V617F+ stem
cells with ruxolitinib or with IFN-a results in increased expression of multiple genes from the MHC-I
pathway and increased PD-L1 expression, especially after treatment. Based on these observations, a
model for HLA-mediated immune response in JAK2 V617F+ MPN is proposed, as well as a proposal for
the development of vaccines in JAK2 V617F+ MPN based on exogenous proteins.

The presence of HLA-B*35:01 and HLA-A*02:01 or other protective alleles may be a
predictive marker of response to immunomodulatory therapy.

Conclusions

I accept the conclusions drawn from the implementation of the research tasks. They
accurately reflect the observations made without overinterpretation, while at the same time raising
questions and directions for future further research.

The main conclusions are three:



1. Some HLA alleles, such as HLA-B*35:01 may restrict the development of MPN with JAK2
V617F+ mutation.

2. Stem cells in MPN can avoid an immune response mediated by the HLA system by
downregulating the expression of molecules through antigen processing and presentation through
HLA class I.

3. Certain drugs can enhance the primary therapeutic response by increasing the expression
of molecules through antigen processing and presentation by HLA class I MFN-stem cells.

Contributions

I accept the presented 7 original scientific contributions of the dissertation and 2 scientific
contributions of a confirmatory nature.

A model of HLA-I-mediated immune editing of early oncogenesis in JAK2 V617F+MPN is
proposed.

Publications

The publications presented in connection with the dissertation fully cover and even exceed the
minimum requirements of the Regulations for the Implementation of the Law on the Development of
the Academic Staff in the Republic of Bulgaria (PPZRASB).

The dissertation work for awarding the educational and scientific degree "doctor"
"Immunogenetic aspects in the pathogenesis of JAK2 V617F-positive myeloproliferative neoplasias" is
50 points.

Three publications were printed in foreign refereed and indexed journals (Int
J.Immunogenetics, 2021, Experimental Hematology, 2020, Int. J.Clinical and Experimental Medicine,
2019) and were evaluated with 55 points, and one chapter by the author in a book Improving
Oncology Worldwide, 2022 (single author) is ¢ 20 points.

The total number of points of Dr. Velizar Shivarov is 125 points with a minimum number of
80 points.

In addition, in connection with the dissertation, 3 reports were presented at scientific
meetings - at the National Congress of Hematology (2019), at the Congress of the European
Hematology Association (2020) and at the European Conference on Immunogenetics and Tissue
Compatibility (2020).

Declaration of originality

The author declares that the data obtained and described are original and were obtained as a
result of his research work as an associate professor of genetics at SU "St. Kliment Ohridski" for 3
national scientific projects funded by the National Institute of Scientific Research: 1) "Multidisciplinary
approach for the development of a new high-throughput, liquid, microsphere, "chip" method for the
detection of mutations associated with lymphoproliferative diseases"; 2) "Immunomodulation of
cancers by non-classical HLA molecules - MIC"; 3) "Immunogenetic factors in the immunological
surveillance of cancer".

Participation in scientific projects

In the period 2004-2020, Dr. Shivarov participated in 14 scientific projects (national, funded
by the Ministry of Education and Culture, institutional and international), all of which were related to
studies on myeloproliferative neoplasms and various cancers.

Patents in Bulgarian related to the direct determination of mutations in blood samples or in
bone marrow: BG1777 (U1) Means for direct determination of mutations in exon 12 of the human
JAK2 gene in blood or bone marrow samples; BG1494 (U1) Agent for in vitro determination of
W515A/K/L/R mutations of the MPL gene in a blood sample; BG1481 (U1) Agent for direct
determination of JAK2 V617F mutation in a blood sample.

Dissertation synopsis

The presented Dissertation synopsis in 40 pages briefly and accurately presents the content of
the dissertation work. It is illustrated with representative and attractive figures and tables that
demonstrate the obtained results, conclusions and contributions.



In conclusion,

I know Assoc. Prof. Dr. Velizar Shivarov as a professional with deep fundamental and modern
theoretical knowledge in the field of clinical hematology, which is the basis of his scientific research
and practical skills, as well as their results in different, but closely related medical specialties.

The dissertation "Immunogenetic aspects in the pathogenesis of JAK2 V617F-positive
myeloproliferative neoplasias" of associate professor Dr. Velizar Stefanov Shivarov represents a
significant and original contribution to medical science. This is not surprising, given the Dissertant's
proven and longstanding qualifications in hematology, immunology and genetics.

This scientific work actually represents a small part of Dr. Shivarov's long-term research
program in the field of hematological diseases and in particular myeloproliferative neoplasias. The
author's modern scientific results have been published and highly evaluated in authoritative
international journals with a high Impact Factor.

The dissertation contains important scientific and scientific-applied results and meets all the
requirements of the Law on the Development of the Academic Staff in the Republic of Bulgaria
(ZRASRB) and the Regulations for its implementation at the MU — Pleven.

I confidently give a positive assessment of the dissertation work "Immunogenetic aspects in
the pathogenesis of JAK2 V617F-positive myeloproliferative neoplasias" and propose to the respected
scientific jury to vote for awarding associate professor Dr. Velizar Stefanov Shivarov the educational
and scientific degree "Doctor" in the scientific specialty "Hematology and blood transfusion™.

13.06.2023
Sofia

Reviewer: Ha ocHoBaHme un. 59 or 33N
Prof. Dr. Fani Georgieva Martinova, MD, PhD
(transfusion haematologist and clinical immunologist)



