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Ha JIUCEePTAIIMOHHE TPY/l 32 MPUCHKIAHE HA 00pa3oBaTeIHa U
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Hayuyna cnenuajHoct: “XeMarosaorus v npenvBaHe Ha KpbB™
ABTop: [I-p Bemuzap Credanos IlIuBapos
®opma Ha TOKTYpaHTypaTa: camocTosiTenHa popma Ha oOyueHHe
Hayuyna opranusaums: Meaunuucku YHusepcurer-I1linesen
Tema: ,,IMyHOreHeTnyHu acniekTH B matoreHesara Ha Jak2V617F-nonoxurennure
MUeNIonpoaudepaTuBHA HEOTIA3UU.
Hayuen pexoBoauren:  Jlou. n-p Ban I'uros, n.m.
Hou. n-p bucep bopucos, 1.m



Kpamku ouozopapuunu oannu:.

H-p Bemuzap Credanor IlluBapoB 3aBbpmBa Menuuuna mnpes 2003 rom. B
Menuuunckn yauepcurer-Codusa. B cneapamure 10 romuam paboTu KaTto HaydeH
cbTpyaHuK B Jlaboparopus no xematonaronorus u umynosnorust npu CbAJIX3-Codus. B
to3u nepuos ¢ MEXT ctunenaus npoBexia uscienoBareiicka cnenuanuianus B Kateapa
[0 MUMYHOJIOTHSI U T€HOMHa MeauiuHa Ha YHuBepcuteT Kuoro, fmonus, a mo-kKbCHO
MPOIBJKABA C TIOCTJOKTOPAHTCKA Mporpama B PakoB eHThp KbM MenuiuHcKu (paxkyarer
Ha YHuBepcutet Yale, Hio Xeiisbu, CAILL.

[Ipsika xkiMHMYHA paboTa 3amouyBa KaTo JieKap, a MO-KbCHO NPOABIDKAaBa KaTo
crnenuanuzadt B Otaenenne mo Kmmawmuna xemartosorusi Ha YMBAIJL ,,Codusamen”,
Codus. Ipe3 2019 npunobuBa crienmamHocT o KiimHuYHa XeMaToIorus.

VYcenopenno e Hawannuk JlaGoparopust nmo Knunwuna umynosnorus Ha YMBAJI
»Cousamen” u e xaOMIMTUPAH 3a JOLIEHT KbM Karenpa ,,l'eHeTuka™ Ha buonornyecku
@akynrer npu CVY,,Cs. Knument Oxpuacku®.

Or 2020 roJnHa e MenuiuHcku JTUPEKTOP HAaINpaBJICHUE
nXemaromnorus/Oukonorus, PRAHS/ICON plc bearapust.

ObpazoBarennara kBanudukaius Ha A-p Benuzap [lluBapos e 3abenexutenna. Omie
npe3 2011 rox mpupobmBa OHC ,Jloktop” B HammoHaneH HLEHTHP MO 3apa3HU U
napasuTHu Oonectu, ¢ tema “IIpoyuBaHus BbpXy MEXaHU3Ma Ha JIEHCTBHUE Ha €H3UMa
aKTHBAIMOHHO-UHIyIIUpyeMa UuTUIMHAeaMuHa3a (AID) mpu mporieca Ha W30THUITHO
MPEBKIIOYBAHE M COMATHYHU XUIIEPMYTAIlMM HAa HMMYHOTJIOOYJIMHOBHUTE T€HM , a Tpe3
2011 u cneunannoct no KnnH1U4HAa UMYHOJIOTHS.

[Tomara MHOKECTBO BUCOKOCTICIIMAIU3UPAHH KBATU(UKAITMOHHA KYpCOBE B 00JIaCTHTE Ha
KIIMHUYHA XEMAaTOJIOTHsl, TeHETHKAa W WMYHOJIOTHS BBHB BOJICIIM E€BPOMEHCKH U

AMCPUKAHCKHU YHUBCPCUTCTH.

Cmpvkmvpa HA OucepmauuoOHHUs mpyo:

JlucepTaluoOHHUAT TPY/l € HAMCAaH CHhIIACHO OOIIONMPUETUTE U3UCKBAHUS U CE CHCTOU OT
OCeM paslienia ¢ HOpPMalHO choTHouleHue. ChabpxkaHueTo obxBama 126 cTpaHuim c
BitroueHu 20 tadmuiu u 34 ¢urypu. Tabnunure u purypure ca sicHH, J0Ope aganTUPaHUA
n OOSCHEHHM C KOPEKTHO IUTUpPAHE Ha CBHOTBETHUTE aBTOpU. bubmmorpadusara e
3HauUMTENHa, 00O obOxBama 318 3arnmaBus camo Ha martunuia. Ot TAX, 1Be TpeTu (62%)

ca ot nociaenuure 10 roauHu.

Temamuuna aKkmyannocm Ha OUCepmMayuOHHUS MPYO:




['eHeTMuHUTE HapylIeHHs 3acThlieHH B maroreHe3ara Ha Ph(-) MuenonponudeparuBHu
HEOIUIa3UM Ca YCHJIEHO H3y4yaBaHU Inpe3 mnocienHure 15 roguHu. 3HA4YMUTEIHHUTE
IOCTM)KEHUS B Ta3u 00JacT MpOMEHUXa MpejcTaBara 3a OMoJIorusaTa Ha 3a00JABaHusATa U
OTBOpHMXa BB3MOXHOCTHU 3a Ch3JjaBaHE Ha HOBU TEpareBTUYHMU nojaxoau. HezaBucumo ot
TOBa, TOYHUTE MEXAaHU3MHU Ha TpaHchopMmanus ocTtaBaT Hepasrajanu. OOIIONPHUETO €, ue
nopenuuaTa OT NaTOreHeTUYHU ChbOUTHS BOJELIM 10 Pa3BUTHETO Ha KJIOHAJIHA XeMOIoe3a
€ MPHUAPYXKEHO U OT M30srBaHe Ha MMyHHMs Haja3op. B akrtyannure myOnukanuu 1o
TeMaTa, poJiAiTa Ha UMYHHAaTa CUCTEMa HE € IIHUPOKO 3acTblieHa. OT Ta3u IJe/Ha TOYKa,
pasIieKIHETO Ha IATONEHETUYHUsS IIPOLIEC B HEroBaTra ISJIOCT, ¢ ThPCEHE HAa BpPB3Ka
MEXy N€HETHYHUTE IIPOMEHU M UMYHHHUS OTIOBOP JaBa BB3MOJKHOCT 3a IO-IIBJIHO U
aziekBaTHO pa3bupane. [TonxoabT € MHTEpeceH U U3BBbH 0OMYANHO MpHIaraHaTa METOIUKa
M3y4aBallla €IHOCTPAHHO F€HETUYHUTE UJIM MUMYHOJOTUYHU HApYLIEHMUS.

Temama e akmyanna, OUCKymaduina u 3aca2a HeOOCMambvyHo NPOYY6AHA CIMPAHA 6
namodgpuszuonozuama na Muenonponugepamugnume cbcmoaHu.

Y Hac uMa orpaHudeH Opoil pa3paOOTKM BBPXY XPOHHYHU MHUEIONPOIH(epaTUBHU
Heorutazun /XMITH/, a npoy4yBaHusaTa HAa IMYHOJIOTUYHHUTE aCTIEKTH HACTBIIBAILMU TPHU TSIX

Ca KpailHO peIKH.

Jlumepamypen 0630p:

[TpencraBenusT 0030p ooxpamia 31 crpanuiy, oHarnesaeH e ¢ 12 ¢urypu u 1 tabnuna. B
HEro €JIETaHTHO Ca W3BEJACHU ChbBPEMEHHUTE MPHIMIN 32 pakoBa OMOJIOTHS, MPEIACTABEHU
ca MEXaHM3MHUTE 3a MMYHHA peJaKklus Ha PAKOWUTE KJIETKHM U Bb3MOXKHATa TYMOpPHa
esomorus. [lpencraBeHa e reHeTMYHaTa opraHu3anus M pasHooOpasume Ha HLA
cucremara. Pasrienano € HEMHOTO 3HAYEHUE B IIPOLIECUTE HA AaHTUTYMOPEH UMYHHUTET U
npu npuiaraHa umyHotepanus. [loapoOHo e pasrienaH mpexanosiaraeMust MoJen Ha
onkorenesa npu Jak2V617F (+) xpoununu muenonposiudeparnBan Heoruiazuu /XMITH/.
JluckyTtrpaHna € ¥ 1BOMCTBEHATa poJisd Ha Ta3M XapaKTepHA aHOMAJIMs OT €JHa CTpaHa KaTo
npaiiebp Mytauus npu MIIH a ot apyra xaTo mepcucTHpalna KJIOHaJIHA Xemoroesa 0e3
KITMHUYHO m3siBeHOo 3aboisBane mpu CHIP. Hakpas, sicHo ca dopmymupanu rpyna ot

po0iieMr HEeHaMepUJIN OTIOBOP B JIMTEpaTypara.

Crpykrypara Ha 0030pa OTroBapsi Ha TeMaTa Ha JHCepTAlMOHHUS Tpya. B Hero

JOKTOPAHTDHT M3Jara 1 CHCTeMaTu3Mpa CbBPEMEHHUTE NMPEACTABH 11O npoﬁ.ﬂeMa.

Hzcnedosamencka xunomesa. Ilen u 3ad0auu:

W3cnenoBarenckarta XHUIOTE3a € OPUTMHAIHA, HO HENOOpe M3JI0KeHa HE3aBUCHMO OT
npuapyxasamara ¢urypa. OcHoBHaTa 1iel € QopMyJIupaHa KOHKPETHO U SCHO.
W3cnenoBaresckute 3a1a4u ca 8 Ha Opoif KaTo n3uepnaTeTHO MOJKPETIAT LeTa.

Ilpuemam c¢hopmynupanama wuen u u3ciedo08amencku 3a0a¥yu 3a ONMUMATHO



CMPYKmMYypupauu.

Memoodonocusa na oucepmayuoHHus mpyo:

MynTUANCHUIUIMHAPHUAT ~XapakKTep Ha TPOYYBAHETO Hajara W3MOJI3BaHETO Ha
pazHooOpazeH metononorudeH maHen iiaouBam RT-PCR, HLA renotunusupane upes
NGS, usnons3BaHe Ha CTaTHCTUYECKO MOJEIUpPAaHE C aJanTHUBHU JIMHEHHH MOJENH,
cumynanus Ha monekyispHara nuHaMuka B NADM cpena, ananus Ha reHHara ekcripecust
ype3  1iathpopma  Gene  Expresson  Omnibus.  Meroaute ca  MOJACpHH,
BHUCOKOTEXHOJIOTUYHH, OMIMCAHU KOHCIIEKTUBHO.

WzcnenBann ca o6mo 139 mnamumenta ¢ IIB, ET, ITIM®, Heyrounenm MIIH,

quarHoctTunupanu cerimacHo kpurepunte Ha C30 2016 u 622 31paBu KOHTPOIIH.

Pesynimamu:

Onucannero Ha  pe3yiTaTuTe CcleABa  MOCIEAOBATEIHOCTTAa HA  IOCTaBEHUTE
U3CIIEIOBTENICKU 3a7aud. Te ca cucTeMaTHU3UpaHW MOAPOHO, MPUAPYKEHH OT J00pe
oHarneneHu ¢urypu u Ttabumnu. MHTepec mpencTaBisiBa pe3yiaTar OT 3adada 3
YCTaHOBSIBAIl] CPAaBHUTEIIHO BHCOKHUS paHT Ha cBbp3BaHe Ha Heoenmromna LVLNYGVCF
¢ HLA-B*35.01 anemn.

HpuemaM onucarnume peyimamu Kamo aA0eK8AMHU HA NOCMABEHUME uenu 3a0auu.

guCKECll}l.'

Kato ocHOBeH pasmen Ha BCEKM HaydeH TPyA W TYK, TS pasriexjaa ChbBPEMEHHHTE
pa3OupaHus Ha KOHKpPETHaTa TyMOpHa Ouosiorusi. AKIIMEHTHpaA Cc€ BbpPXY CIOCOOHOCTTA
Ha TYMOpPHHUTE NpLECH Ja TeHepupaT M MOJIbp)KaT pa3HOOOpa3sMeTo Ha paKOBHUTE
KJICThYHU TMOMyJNaluu. AHajiM3a Ha IOJYYEHUTE pe3yiaTaTd HE MOXKE Ja YCTaHOBU
npotekTuBHa poiist Ha HLA-| renotuna 3a pazsutnero Ha XMIITH.

Ot npyra crtpana, ce ycrtaHoBsBa crmocobHoctta Ha HLA-B*35.01 amen nma cBbp3Ba
Jak2V617F myranthus nentun / LVLNYGVCF/, koeto ro mpeBpsilia B MPOTEKTHBEH
anen 3a passutueTo Ha Jak2V617F XMIIH. [duckytupanu ca u edekrute Ha a-IFN u
Ruxolitinib Bepxy mnosumenata exkcrnecuss Ha rean or MHC-I mersa. Ilpemioxken e

cxemaTnueH Mozien Ha HLA-menuupana nmynHa peaakuus npu Jak2Ve17F XMITH.

H3ze00u:

H3BoauTte O606H.[8.B8.T IMOJIYYCHHUTC PE3YyJITATH. HpI/ICMaM IIBPBUTC JIBA KATO JOCTATHYHO

JIOTHYHU U apTYMEHTHPaHH.
1. Haxou anenu na HLA xnac | mozam oa pecmpuyupam pazeumuemo na Jak2V617F XMITH

2. Cmeonosume xemxu npu MITH mocam oa usdecnam meduupanama om HLA cucmema umynna peoaxyus



upe3 NOHudMCasdane Ha excnpecusima Ha ceHu om nvmsi HA dHmucenna o6pa60ml<a u npe@ocmae}ma He

HLA xnac |.
Tpetus uzBoxu:

3. Hakou JlekapcmeeHnu cpec)cmea Mo2am 0a nosuwam eKcnpecusama Ha MOoJaexKyiu om nvmsi Ha aHmuceHHa

obpabomka u npedocmasana npes HLA knac I 6 cmeonosu knemxu om MITH u no mosu wauun oa
3acunsim mepanesmuyHus 0maoeop.
HCSaBI/ICI/IMO, 4c€ € BCPCH B rojisiMa CTCIICH KaTO CbhABPXKAHUE OTpassdBa CaMO YaCTHYHO
CJIO)KHHUTC MHOI'OCTpaHHHM W HCHAIIBJIHO HU3IACHCHHU JICKAPCTBCHU e(beKTI/I Ha TE3HU

MCIUKAMCHTHU IMpUJIaraHv IMMpru KOHKPECTHUTC 3a00JIsIBaHUS.

Ilpunocu na oucepmavuuonnus mpyo:

[Tpunocute ca opopmenn oyakBaHO B 2 rpymnu. [IbpBara rpyna orOens3Ba 7 HauCTHHA
OpUTMHAJIHU MIPUHOCA, U3JI0KEHU SICHO U OajmaHcHpaHO. BCBHIIHOCT TyK ca U OCHOBHHTE
AKILIEHTH U MOJI3U OT KOMIUIEKCHHUS ITOJXOJI C U3II0JI3BAHETO HA MOJIEPHH TEXHOJIOTUH.
[TpuHOCTHE C MOTBBPIUTENIEH XapaKTep ChLIO ca Jo0pe 000co0eH .

O0o00meno, mpuemaM KakTo ¢opMyaupaHuTe OT aBTOpa NPHMHOCH, TaKa H

npeaioxkeHus apropedepar, KOiTO OTroBapsi HAa HEOOXOAUMHUTE U3UCKBAHMS.

3axnwouenue:

JIMCepTallMOHHHUAT TPYA BbPXYy HUMyHoOJOornuHure mnpomenu mnpu Ph(-)XMIIH e
OpUTHHAJIHA, aKTyaJlHAa U MEepCHeKTUBHA pa3paboTka. Ts oTroBapst Ha HAYKOMETPUYHHTE
KpUTEpUN ChOOpa3HO MpaBWIHMKA 3a akaJeMU4yHo paszButue Ha MVY-IlneBen 3a
MIPUCHKIaHEe Ha Hay9HO-00pa3oBaresiHa cTemneH ,,Jlokrop®.

Otnpassm npenopbka KbM HayuHOTO Xypu Ja MpUCHIM HaydHO-0Opa3oBaTelHa CTEMEH
,»JOKTOP®‘ 10 Hay4Ha CIIELUATHOCT ,,X€eMaTOJIOTUs U NpeNuBaHe Ha KpbB* Ha A-p Bennsap

Credanos llluBapos.

30.06.2023 r. Jlor. AHTOHHO AHTOHOB, JI.M.. If'.'.?.??.'.".??f."'..'.’.'f un. 59‘" 33‘"‘1



To the Chairman of the Scientific Jury,
Determined by Order No. 1515/30.05.2023
Of the Rector of Medical University -Pleven

Statement

by: Assoc. Prof. Antonio Ivanov Antonov, MD,PhD
Head of the Department of Hematology, UMPHAT "St. Marina" Pleven

for a dissertation for the award of an educational and scientific degree "PhD"

at professional direction: 7. Health care and sports, 7.1 Medicine
in scientific specialty: "Hematology and blood transfusion”
Author: Dr. Velizar Stefanov Shivarov
Form of doctorate: independent form of study
Scientific organization: Medical University-Pleven
Topic: "Immunogenetic aspects in the pathogenesis of Jak2V617F-positive myeloproliferative
neoplasias.”
Research supervisor: Associate Professor Ivan Gigov, MD, PhD
Associate Professor Biser Borisov, MD,PhD

Brief biographical data:

Dr. Velizar Stefanov Shivarov graduated in Medicine in 2003 at Medical University-Sofia.
In the following 10 years, he worked as a research assistant in the Laboratory of
Hematopathology and Immunology at SHATHD-Sofia. During this period, with a MEXT
scholarship, he worked as a researcher in the Department of Immunology and Genomic
Medicine, Kyoto University, Japan, and later in a postdoctoral program at the Cancer Center at
the Yale University School of Medicine, New Haven, USA.

His direct clinical work he began as a physician, and later continued as a resident in clinical
hematology at the Department of Clinical Hematology at UMPHAT "Sofiamed” , Sofia. In
2019, he acquired a specialty in Clinical Hematology.

At the same time, he is the Head of the Laboratory of Clinical Immunology at the
UMPHAT "Sofiamed", and habilitated as an associate professor at the "Genetics" department of
the Faculty of Biology at Sofia University"St. Kliment Ohridski*.

Since 2020, he is the Medical Director of the "Hematology/Oncology" department,
PRAHS/ICON plc Bulgaria.

The educational qualification of Dr. V. Shivarov is remarkable. Already in 2011, he
acquired a doctorate from the National Center of Infectious and Parasitic Diseases on the topic
"Studies on the mechanism of action of the enzyme activation-inducible cytidine deaminase
(AID) in the process of isotype switching and somatic hypermutations of immunoglobulin
genes”, and in 2011 he acquired his specialty in Clinical Immunology.

He took numerous highly specialized qualification courses in clinical hematology, genetics and
immunology at leading European and American universities.



Structure of the dissertation:

The dissertation is written according to the generally accepted requirements and consists of eight
sections with a normal ratio among them. The contents cover 126 pages with 20 tables and 34
figures included. Tables and figures are clear, well adapted and explained with a correct citation
of the relevant authors. The bibliography is substantial, totaling a quantity of 318 titles in Latin
alone. Of them, two thirds (62%) are from the last 10 years.

Thematic relevance of the dissertation:

Genetic disorders involved in the pathogenesis of Ph(-) Myeloproliferative neoplasias have been
intensively studied in the last 15 years. Significant advances in this field have changed the
understanding of the biology of this disease and opened up opportunities to create new
therapeutic possibilities. Nevertheless, the detailed mechanisms of its origin and transformation
remain unsolved. It is generally accepted that the series of pathogenetic events leading to the
development of clonal hematopoiesis is also accompanied by an evasion of the immunological
surveillance. In most of the new-to-date publications on the subject, the role of the immune
system is not widely presented. From this point of view, considering the pathogenetic process in
its entirety, with a search for a connection between genetic changes and the immune response,
enables a more complete and adequate understanding. The approach is interesting and outside the
box of the one-sided study of genetic or immunological changes. The topic is up-to-date,
debatable and affects a widely understudied part of the pathophysiology of the
Myeloproliferative conditions.

In our country, there is a limited number of studies on chronic myeloproliferative neoplasias
/ICMPNY/, and the studies of the immunological aspects occurring in them are extremely rare.

Literature review:

The presented review covers 31 pages illustrated with 12 figures and 1 table. In it, the modern
principles of cancer biology are elegantly presented, the mechanisms of immune editing of
cancer cells and tumor evolution are presented. The genetic organization and diversity of the
HLA system is presented. Its importance in the processes of anti-tumor immunity and in
administered immunotherapy is examined. The theoretic model of the oncogenesis in Jak2V617F
(+) chronic myeloproliferative neoplasias /CMPN/ has been examined in detail. The dual role of
this characteristic abnormality as a driver mutation in MPN and the lack of a clinically
significant disease in clonal hematopoiesis of undetermined potential (CHIP) is also discussed.
Finally, the author clearly formulated a group of problems unanswered in the literature. The
structure of the review corresponds to the topic of the dissertation. In it, the PhD candidate
presents and systematizes modern ideas on the problem.

Research hypothesis. Purpose and tasks:

The research hypothesis is original but poorly stated regardless of the accompanying figure.

The main objective is formulated specifically and clearly. The research tasks are 8 in number and
comprehensively support the goal.

I accept the formulated goal and research tasks as optimally structured.

Methodology of the dissertation work:




The multidisciplinary nature of the study deamnds the use of a diverse methodological panel
including RT-PCR, HLA genotyping by NGS, use of statistical modeling with adaptive linear
models, simulation of the molecular dynamics in NADM environment ,gene expression analysis
by Gene Expression Omnibus platform. The methods are modern, high-tech and described in a
concise manner.

A total of 139 patients with PV, ET, PMF, unspecified MPN diagnosed according to WHO 2016
criteria and 622 healthy controls were studied.

Results:

The description of the results follows the sequence of the tasks set for research. They are
systematized comprehensively and well illustrated with figures and tables. Of interest is the
result of task 3 establishing the relatively high association rank of the LVLNYGVCF neoepitope
with the HLA-B*35.01 allele.

I accept the described results as adequate to the set goals and tasks.

Discussion:

As a main section of any scientific work, it starts from basic modern concepts of tumor biology.
The most characteristic ability of tumor processes to generate and maintain the diversity of
cancer cell populations is highlighted. The interpretation of the obtained results does not
establish a protective role of HLA-I genotype and its diversity for the development of CMPN.

On the other hand, HLA-B*35.01 was identified as an allele capable of binding to the
Jak2V617F mutant peptide /LVLNYGVCF/, which makes it a protective allele for the
development of Jak2V617F CMPN. The effects of alpha-IFN and ruxolitinib on increased
expression of MHC-1 pathway genes are also discussed. A schematic model of HLA-mediated
immune editing in Jak2V617F HMPN is proposed.

Conclusions:

Conclusions are based on the results obtained. | accept the first two as sufficiently logical and
reasoned.

1. Certain HLA class 1 alleles may restrict the development of Jak2V617F HMPN

2. Stem cells in MPN can evade HLA-mediated immune editing by downregulating the
expression of genes from the antigen processing pathway and presented to HLA class I.

The third conclusion:

3. Some drugs can increase the expression of molecules from the antigen processing pathway and
presented through HLA class | in MPN stem cells and thus enhance the therapeutic response.
nevertheless that it is largely true in content it only partially reflects the complex multifaceted
and incompletely understood drug effects in these diseases.

Contributions of the dissertation:

Contributions are formed as expected in 2 groups. The first group notes 7 truly original
contributions presented in a clear and balanced way. In fact, here are the main highlights and
benefits of the complex approach with the use of modern technologies.

The acknowledgments of a confirmatory character are also well distinguished.

In summary, | accept both the contributions formulated by the author and the proposed abstract
that meets the requirements.

Conclusion:



The dissertation work on the immunological changes in Ph(-)CMPN is an original, up-to-date
and with a promising development. It meets the scientometric criteria in accordance with the
rules for academic development of MU-Pleven for awarding the scientific and educational degree
"PhD".

I make a recommendation to the Scientific Jury to award the scientific and educational degree
"PhD" in the scientific specialty "Hematology and blood transfusion” to Velizar Stefanov
Shivarov,MD.

30.06.2023 Assoc. Prof. Antonio Antonov, MD, PhD : Ha ocHoBaHue un. 59 or 33111





