HACTABHO-HAYYHOM BERY BUOJIOIIKOI' ®AKYJITETA YHUBEP3UTETA Y
BEOI'PALLY

Ha VI penoBhnoj cemnnim HacraBHo-mayunor Beha buomomkor —¢akynrera
Vuusepsurera y beorpany, onpxkanoj 13.04.2018. rogune, npuxpaheH je u3BemTaj MEHTOpa Jp
Mapwuje I'mubetuh u np [parana MunenkoBuha o ypahenoj nokropckoj nucepranuju Upene C.
Kpre, ucrpaxxuBaua mpunpaBHuka LleHTpa u3y3eTHE BpEIHOCTH y 00JACTH HCTpaKHBamba
ucxpase u Merabosnnsma, HCTUTYyTa 3a MEIUMIIMHCKA UCTpakKuBama, Y HUBep3urera y beorpany,
[0/ HACJIOBOM ,,YTHIIAj AHTOIHjaHA M HUXOBUX MeTa00JMTa Ha (YHKIHjY €HIAOTEJHUX
henuja u TpoMOonuTa yoBeka in vitro“ ("Effects of anthocyanins and their metabolites on
the function of human endothelial cells and platelets in vitro'"). Ha uctoj ceqaunm oapehena
je Komucuja 3a mpernen u olieHy JOKTOpPCKE AMCEpTanuje y cactaBy: ap Mapwuja ['muberuh,
Hay4YHU CcaBeTHUK, lLleHTap wu3y3eTHe BpeIHOCTHM Yy 00JacTH MCTpaXKUBamka HCXpaHe U
MeTabonu3ma, MHCTUTYT 3a MeQUUMHCKA MCTpaxuBama, YHuBep3uteT y beorpany, ap Tama
Jeshosuh, nouent, buonomxku dakynrer, YausepsuteT y beorpany, ap Jbyba Manauh, penosan
npodecop, Xemujcku dakynrer, YHuBep3ureT y beorpany, np Hdparan MunenkoBuh, Hay4HH
CaBeTHUK, HalMoHamHM HMHCTUTYT 3a arpoHOMCKa HCTpaKMBama, YHHBep3uTeT KiepmoH
Osepmwa, @panmycka, np Komn bonyan (Claude Beaudoin), penoBan npodecop, YHuBep3uTeT
Knepmon Osepma, @panmycka, ap Codu Jleje (Sophie Lay¢), nayunu caBeTHuk, Hannonanan
WHCTUTYT 34 arpOHOMCKA HCTpakKMBama, Y HUBEp3uTeT y bopaoy, @paniycka.

Kommcuja je mpernenmana ypaljeHy NOKTOpPCKY IucepTanvjy KaHaumatkume u Behy
nogHocu cienehu

U3BEIITAJ

Onury nogauu 0 J0KTOPCKOj AUCEPTALUju:

Hoktopcka nucepraimja Upene C. Kpre mox HacioBoMm ,,YTHUnAj aHTOUMjaHA W
BUXOBUX MeTa00auTa Ha QYHKUMjy eHAoTeJHUX henauja m TpomOomuTa 4oBeka in vitro“
("Effects of anthocyanins and their metabolites on the function of human endothelial cells
and platelets in vitro"'), u3palena je kpo3 3ajeJHIUYKO MEHTOPCTBO y cKiiany ca MehyHapoaHum
CIOPa3yMOM O 3ajeJHHYKOM MEHTOPCTBY INPH U3paau JTOKTopcke aucepranuje (,,Koryrema“),
3akJpyueHUM n3Mmel)y YHauBepauteta y beorpany y Cp6uju u Yuusepsuteta Kinepmon OBepma y
®paniyckoj. ExcriepiMenTanau ieo oBe aucepranuje ypahen je y LleHTpy u3yseTHe BpeIHOCTH
y oOnacth WCTpakWBama HCXpaHe H Merabonm3ma Tpu WHCTHTYTY 3a METUIMHCKA
UCTpakuBama, YHuBep3utera y beorpangy y CpOuju u HammonamHoM WHCTHTYTY 3a
Arponomcka uctpaxnsama (MHPA), Kinepmon ®@epan/Te y OpaHiryckoj.

JlokTOpCKa AncepTalmja je HalrcaHa Ha eHITIECKOM je3uKy Ha 154 ctpane. [ucepramuja
caapku: HacrmoBHy cTpaHy Ha eHIJIECKOM, cprickoM W (paniyckom jesuky, llomatke o
YIlaHOBMMa KOMHCH]je 3a 00paHy AucepTaiyje, 3aXBalHUILy, Pe3nuMe Ha eHTIIECKOM, CPIICKOM U
(bpaHIyCKOM je3uKy ca KJbydHUM peunma, Crnmcak ckpahenmma, Crmcak Tabena W CivKa,
Canpxaj u Tekcr mo mornaBbuMa. TeKCT aucepTanmje mojaesbeH je y 8 mormasiba: YBox (35
crpana), lusp muceprammje (1 crpana), Martepujan u merone (27 crpana), Pesynratm (30



crpana), Juckycuja (15 crpana), 3akspyunu (3 crpane), JIutepatypa (23 ctpane) u [Ipunosu (20
cTpana). Y okBupy aucepranuje ce Hanasm 20 tabema m 43 cinuka W mmTupaHo je 328
oubmmorpadckux jenuanna. Ha xpajy nucepranmje npmwioxenu cy: buorpaduja ayropa, M3zjasa
0 ayrtopctBy, M3jaBa O WCTOBETHOCTH INTAaMITAHE U EIIEKTPOHCKE Bep3uje HTOKTOPCKE
nucepranyje u M3jasa o kopumhemy.

AHaJInM3a JOKTOPCKe AucepTanuje:

YBoa JTOKTOPCKE IUCEpTalldje TOJC/bEH je y TPH LEINHE W CaApKH JeTaJbaH NpUKa3
JOCaIalllibUX Ca3Hamka O KapAMOBACKYJIApHHM OOJEeCTUMa M yJIO3W aHTOLWjaHa Yy HHXOBO]
npeBeHuyju. Ilornasibe 3amounme KiacuDUKAMjoOM KapIHOBAacKyJapHHX OOJECTH, HHXOBOM
eNUAEMHOJIOTHjOM U (akTopuMa pH3MKa, Kao M ONUCOM aTePOCKIIEPO3e, XPOHUYHOT
3amaJbeHCKOI 000JbeHa apTePHjCKUX KPBHUX CYAOBa, KOja NPEJICTaB/ba OCHOBHHU Y3POK
HacTaHkKa KapauoBackymapHux OonectH. [locebna maxma moceehena je mopemehajy dynkumje
eHJ0TeNla KPBHOT CyJa, OJHOCHO aJXe3Wju JICyKOLMTa 3a aKTHBUpPAHE EHIOTeNHe hemuje u
BUX0BOj TPAHCEH IOTENNjaTHO] MUTPAIUjH, Ka0 Mpolieca KOjH MPEe/CTaBIbajy MOYeTHE KOpaKe y
HACTaHKy arepockiepo3e. OcuM Tora, MpeACTaBJbEHA je M yliora TpoMOOLMTa y MaTOreHe3n
aTepockiepose, Koja ce 3aCHUBA HA MHTEPAKIMjH aKTUBUPAHUX TPOMOOIUTA ca JICYKOIIUTHMA U
eHJioTeTHUM henujama, ¥ UCTAaKHYT je 3Hauaj MCTPaKUBama, KAKO €HJIOTEIHHUX henuja, Tako U
TPOMOOIMTA, Y IUJbY NMPEBEHIIMjE U KOHTPOJIE KapIHOBACKYJIApPHUX OONECTH. Y JPYroj LEeIuHU
TIOTJIaBJba OIMCAHA je YJIOora MCXpaHe y OuyBamy KapIuOBacKyJapHOT 37paBiba. [Ipuka3zana je
MOBE3aHOCT HCcXpaHe Oorare BoheM u moBpheM ca cMamemeM pu3MKa Off HacTaHaka
KapAnOBacKyJIapHUX Oojectu, a moceOHo cy oopaheHn monmpeHonn, CeKyHAapHH METa0O0IUTH
Ouspaka, HajBehuM 1eoM 3aciy’XKHH 3a TOBOJBHO JEJIOBak€ HAMUPHHUIA OWJBPHOT IMOpEKIa y
MPEeBEHIMjH KapauoBackyiapHux Oosectu. Tpehu oxespak yBonma mocBeheH je aHTOIUjaHUMA,
rpynmu TONM(GEHOTHAX jeIUbEeha Koja TPEICTaBibajy IMpEeIMET H3ydaBama OBE JOKTOPCKE
mucepramyje. Opesbak  TpUKazyje XEMHJCKY CTPYKTYpYy, (U3NYKO-XEMH]CKE OCOOHMHE
aHTOIMjaHa, IMjeTapHe U3BOPE M YHOC, T€ HUXOBY alCOPIIHjy, TUCTPHOYLHjy, MeTabomu3am U
eKCKPEeLNjy U3 JbYJCKOT OpraHn3Ma, ca aklIEHTOM Ha (popMe M KOHIICHTPALHje jeINmbEha Koje ce
jaBJbajy y IHMPKYJIAIMjH HAaKOH JWjETapHOT YHOCA, a KOjeé MOTY HMCIIOJBUTH OMOJIOMIKH edeKar.
[Topen oBora, nart je neTajbaH MPUKa3 OCAAAIIBIX Ca3Hamba U3 CMHUACMHUONIOMIKUX, KITMHHYKUX
U aHMNMQJHUX CTYAMja O MO3MTHBHOM JICjCTBY AHTOIMjaHa Ha KapAMOBACKYJIAPHO 31pPaBJbeE.
[lpuka3anu cy W NOTEHIMjaTHU MOJEKYJIAapHH MEXaHW3MH HUXOBOT KapAHONPOTEKTUBHOT
Je7I0Bama, MOMYyT MOAYJAIMje eKCIpecHje TeHa, akTUBAllMje CHIHAIHUX IyTeBa M EKCIIpecHje
mukpo-PHK. Jlata je kpuTHuka aHanmu3a JocaJallbuX in vitro CTyAWja, a Kao TIIaBHU HEOCTaIN
UCTaKHYTH Cy HUXOB (DM3HOJIOMIKM MpEJIeBaHTaH JAW3ajH M yrnorpeda Merona Koje He
JI03BOJbABAjy M3Y4aBame IMPEAJIOKEHOr IICjOTPOIHOT JCjCTBAa aHTOIMjaHa. YKa3aHO je W Ha
HeZI0BOJhaH Opoj CTy/Wja Koje MCIUTYjy YTHIAj aHTOIMjaHa Ha (QYHKIU]y TPOMOOLIMTA, W JaTe
cy mpenopyke 3a Oynyha wucTpaxuBama, y by JOOMjama pPEJICBaHTHUX IIOjaTaka o
MEXaHU3MHIMA JIeTIOBAaa OBUX jEAHIHCHHA.

VY nornaspy Lu/b nucepranmje, Ha OCHOBY NOJAaTaka M3HECEHHX y YBOJHOM [y,
jacHo cy AepHUHUCAHU IUJb U HEMOCPEIHH 33a/1alld UCTpakuBama. LInsb TOKTOpCKe nucepranmje
MOJPa3yMeBa0 je€ HCIHTHBAKC YTHIAja aHTOLMjaHa W HUXOBUX MeTabonmuta Ha (QyHKIH]jY
eHnorenHux hemuja u TpoMOomHTa Kao W MACHTH(UKALN]y MEXaHU3aMa UXOBOT JIEIOBamba Y
(DU3UOIIOMIKY PEIEBAHTHHUM i1 Vitro eKCIIEpUMEHTAHAM YCIIOBHMA. Y CKJIaIy ca TOCTaBJbEHUM
IUJBEM HETIOCPEIHHU 33131 HCTPAKUBAKHA YKIBYUUBAIH CY:

— HWCIUTHBAmkE JEjCTBAa AaHTOIMjaHAa W KUXOBUX METa0OIMTa Ha aaxe3ujy MOHOIUTA 3a
aKTHBUpaHE SHJ0TeNHe henuje U TpaHCeH0TeINjaTHy MUTPAIMjy MOHOLUTA,



— UCIUTHBamkE YTUIAja OBUX jelWICHhAa HAa EKCIPECHjy TI'eHa, CHUTHAIHE IyTeBE W
excnpecujy mukpo-PHK y ennorenanm henmjama, n

— yTBphHBame JejcTBA MCIUTHUBAHHMX jEAMI-CHba HAa aKTHUBAIM]y TPOMOOIWTA M HHHXOBY
arperaimjy ca MOHOLIMTHMA ¥ HEYTPOpUINMA.

[TornaBse MaTtepujaa u MeToJe caapXu WHPOPMAIKje O UCTIUTHBAHUM jeTUH-CHIMA,
XeMHUKaJrjaMa, KOMEpIMjaJHAM KOMIUICTHMA WM aHTHTEIMMa KOpHIIheHHM y panmy, W 1aje
JeTajbaH ONHC SKCTIEPHUMEHTATHHUX MPOLeAypa MPUMEHEHIX TOKOM u3pane aucepramnuje. Daze
eKCIIEpUMEHTAJIHUX Ipolelypa Cy CyMHpaHe OJAroBapajyhum ImeMaTcKuM IpHKa3suMa, LITO
JI0JIaTHO OJIAKIIaBa BUXOBO Mpaheme U pernpoayKoBambe.

VY okBHpY UCTpaKMBama yTHIIaja aHTOLMjaHA U HUXOBUX MeTaboinTa Ha (QYHKIH]jY
SHJI0TeIHUX henuja kopuiiheHe cy NpUMapHe KyJlIType XyMaHHX €HAOTeIHHUX henuja mymuaHe
BeHe (HUVEC) u henujcka nunauja monommra (THP1). ¥V ckmamy ca pesynratuma cryauja
OMOJIOIIKE PACHOJIOKMBOCTH aHTOLMjaHAa y JbYACKOM OpraHu3My, €HJOTeNHe henuje cy
TpeTHpaHe aHTOLIMjaHUMa (TjaHuIMH-3-TITYKO3UIOM, 1IWjaHUIMH-3-apaOuHO3UIOM,
L1jaHUIUH-3-TaJaKTO3UA0M, MEOHUIUH-3-TIYKO3UAOM U JeN()UHUANH-3-TIIyKO3UI0M) WiIn 4-
XUIPOKCUOEH3aNIeXUA0M, TOKOM 3 carta, a MerabonuTuMa MHKpodiope nebenor Ipesa
(MpOTOKATEXyMHCKOM, (PepYTMHCKOM, XUITYPHOM U BaHUIMHCKOM KHCEIMHOM) TokoM 18 catu, y
pactiony (GU3MONONIKK peleBaHTHUX KoHIeHTpanuja, oa 0.1uM mo 2uM. Undnamanmja u
aKTUBaNMja CHAOTENHHX henuja WHIyKOBaHa je momohy mpomH(pIaMaTOPHOT IMTOKHHA,
¢dakTopa Hekpoze Tymopa anpa (TNFo), HakoH dera Cy momaBaHH MOHOIUTH, a HUXOBA
azxe3mja 3a eHAOTENHE hemnmje je MepeHa MeToloM MpoTodyHe muromerpuje. Ilopen oora, y
UJbY UCTIMTHBaKma MOTyher KyMyJaTHBHOT JIEJOBamba jeIUHECHa MCTOBPEMEHO NMPHCYTHHX Y
MUPKYJIAIH] U, TPUIPEMIBCHE CY JIBE CMEIIIE jeIUbEha: cMeIa A (jermbena KPaTKO MPUCYTHA Y
mUpKynaniju) u cmema b (jemumema Oyro mpucyTHa y nupkynanuju). Konmenrpammje
KOMITIOHEHaTa OBHX CMella h3abpaHe Cy Tako Jia HajOnmxke oOAroBapajy pe3yaraTUMa JOCTYIHUX
CTyAMja OMOJIOLIKE PACIOJIOKUBOCTH AHTOLMjaHa y JbYJCKOM opranusmy. JlonaTHo, TpeTMaH
eHjoTeNHNX henmuja cMenioM A, a moToM cMmemoM b (HasBan cMmemia A+B), kpeupaH je kako Ou
Ce IITO BEPOJIOCTOjHUjC ONMOHAIIAIM YCJIOBH KOjUMa Cy CHJOTeNnHE henuje U3I0kKeHE TOKOM
Ty’KeT BpeMeHa HaKOH JIjeTapHoT yYHOca aHTourjaHa. HaBegene cmernie cy nasbe KopumheHe 3a
WCTINTUBAKE YTUIIAja OBHUX jEeAMI-EHHa HA TPAHCCHIOTENNjAIHY MUTPAIN]y MOHOITUTA, H3a3BaHy
XEMOATPaKTaHTOM, MOHOLIUTHHUM XeMoTakcHIM npoTenHoM | (MCP-1), kopumhemem ymeraka
ca mopama BenmunHe Sum (enra. Transwell system). YV mmiby omnmcuBama MeXaHW3amMa
JIeoBaa aHTOIMjaHAa M FHUXOBUX METaboMTa Ha TpoIlece aaxe3nje W TPAHCEHIOTETHE
MUTpalyje, NCIUTaH je YTHUIIA] CMEIIa OBHX jeIUbCHa Y MOTJIey eKCIpPECcHje TeHa, CUTHATHIX
nyteBa u excnpecuje Mukpo-PHK y emmorennnm henmjama. Ananmsa ekcnpecuje reHa BpIIeHa
je METOIOM peakiyje JaHYaHOT yMHOKaBama y peaTHoM BpemeHy (eHri. real-time PCR),
ynotpebom Makpoapeja (enrin. Tagman Low Density Arrays) koju cy oMoryhuimm uCTOBpeMeHy
aHanM3y HUBOA ekcrpecuje 93 pasznmunrta reHa. buonndopmaTiyka aHanm3a pe3yirara TeHCKe
eKCIIpecHje crpoBesicHa je, y3 kopuriheme MetaCore codrBepa 1 KEGG 6a3e momaraka, kako
Ou ce OTKPWJIM TPAHCKPUMNIMOHHU (PAaKTOPHU M CHTHAIHH TMPOTEHHH KOjHU O MOTJIA TOTIPHHETH
YOUCHOM [IeJIOBaby HCIUTHBAHUX jCIUbCHAa HAa CKCIpecHjy TreHa. Y IMJbY HCIUTHBAMbA
Moryhux WHTEepaKlMja aHTOIMjaHa M HBUXOBUX MeTabonuTta (IMraHazna) ca UACHTH()UKOBaAHUM
CUTHAJIHUM MPOTEMHHMAa U TPAHCKPUILIMOHMM (aKTopuma, in silico aHalin3a MOJEKYJICKOT
yKianama (MOJIEKYJICKH JOKMHT) u3BeaeHa je momohy AutoDock Vina mporpama. Takobe,
JIeJCTBO aHTOLMjaHa M HUXOBUX META0OJIMTa HAa aKTHBALM]y HEKOJMKO CUTHAJIHHMX MOJIEKyJa
(ERK1/2, NF-xB-p65) ucnurano je umynoomotunr (eHria. Western blot) ananmzom. YTuiaj
cMelIa jenumbema Ha ekcnpecujy Mukpo-PHK y enporenennm henmjama uctpaxken je momohy
mukpo-PHK mukpoapeja.



Crynmja yTumaja aHTondjaHa M WHUXOBHX MeTabonmura Ha (YHKIH)y TpomOommTa
noapazymeBana je mpaheme BUXOBE aKTHBAIlMje W arperamuje ca JICYKOUUTHMA y y30pIHuMa
MyHE KpBH 37paBuX JoOpoBosbama Mymkor mona. OxppehuBame mnapamerapa akTHBAIuje
TpoMOOIMTa OJHOCHO MOBpIIMHCKE ekcrpecuje [I-cemextuna u rmukonporenna GPIIb/IMa, n
arperanje TpoMmOomuTa ca HEyTpopHIMMa W MOHOLMTHMA, HAKOH W3JIarama aroHHCTY,
azieHo3uH-1udocdary, BpIICHO je METOAOM IMPOTOYHE ITUTOMETPH]E.

Hobujenn pesynratu cy cratuctuuku ooOpahenn y GraphPad Prism wmm SPSS
co(pTBEpCKHUM MaKeTUMA.

Ha ocHOBY nomaraka W3HETHX y OBOM IIOTJIaBJbY JUCEPTAIH]jE MOXKE CE 3aKJbYUHTH Ja je
KaH/IWJaTKUba HalpaBuia ONTHMalaH M300p CaBPEMEHMX METO/a, KOje Yy MOTIIyHOCTH
OJIroBapajy MOCTaBJFCHUM 33/IallIMa NCTPAKUBAIbA.

VY nornasiby Pe3yaraTH exkcnepuMEHTaqHO NOOMjeHHM pe3yiTaTh Cy IMOAEJbEeHH Y
JIOTMYHO OpPTraHU30BaHE LIEJIMHE U JaCHO NPUKa3aHU rpaduuky U TabenapHo.

Pesynrtatu oBe qucepraiyje nokasanu cy Aa je, ca U3y3eTKOM 4-XuApOoKCHOeH3alAeX 1A,
TpeTMaH €HAOTeNHUX henuja (U3MOJOUIKM pEeIeBAaHTHUM KOHIEHTpalMjaMa aHTOLMjaHa M
BUXOBUX METabolIuTa JI0BEO [0 3HAYajHOT CMamema ajXe3uje MOHOLMTA 3a aKTHBHUpaHE
enpotenne henuje. CTaTUCTUYKY 3HAYAJHO CMakEHhe ajxe3nje 3a0eekeHo je 1 HAaKOH TpeTMaHa
SHJIOTeIHUX henMja cMmellamMa MCIUTHBAHUX jeIUbEHa, 0K aJUTUBHU e(peKaT M0jeIUHAYHUX
KOMITOHEHaTa cMmema Huje youeH. Ilopem oBora, mokasaHo je, 1O TPBH IyT, Ja je TPETMaH
SHIIOTeTHMX henrja MOMEeHYyTHM CMelIaMa JOBEO U JI0 3HaYajHOT CMambeha TPAHCEHIOTEIN]allHe
MUTpalyje MOHOLIMTA HHIYKOBaHe xemoaTpakrtantom, MCP-1. V ckmany ca oBuM pesynraTuma,
aHaJM3a reHCKe eKCIpecHje y eHA0TeTHIM henijaMa TpeTHpaHuM CMeIllaMa jeIN-eHha MoKa3asna
je TMpOMeHy y eKCIIPecHju TeHa YKJbYUeHHX y peryiandjy aaxesmje hemuja, peopraHmsanuje
aKTUHCKOT ITUTOCKeNeTa, (hOKaTHEe aJxe3uje W TpaHCMHTpalyje JeykonuTa. buonnpopmarnika
aHaJIM3a pe3ysTaTta reHCKe eKcrpecHuje oMoryhmia je, 1a ¢ce OTKPH]y TPaAaHCKPUIIIIMOHH (haKTOpU
KOju OM MOTJIH JIOTPUHETH YOUYECHOM JIeJIOBahy MCIHUTHUBAHUX jEAHIbEHa Ha SKCIPECH]y TeHa,
Ka0 M Ja Ce UACHTU(QHKYjy CHUTHAJIHM TIPOTEMHH KOjU PETYJIHIIy aKTUBHOCT OBHX
TPaHCKPUMIMOHUX (hakTopa. MOJIEKYJICKO YKIamname aHTOIMjaHa U ’BbUXOBUX MeTabonuTa ca 62
UACHTU(QHUKOBAaHA MAaKpOMOJIEKYJa, YKJbyUeHa y pEryiauujy pasMuuTux henujckux mporeca
nonyT uHbpamanyje, henujcke npoaudepaiyje, MUTpalrje ¥ NpekKUBIbaBamba, MOKA3alo je /1a
OBa jeMmEHa MOTY OCTBAPUTH HHTEpAKIMje ca HCHUTHBAHUM CHTHAJHUM MPOTEMHHMMA.
3anakeHo je Ja aHTOLWjaHM MokKa3yjy Behu auHUTET Be3MBamba 3a CUIHAJIHE NMPOTEHHE HEro
BUXOBH METa0OMUTH. Y OKBHPY Ipylie MCIUTHBAHUX AHTOLMjaHA WIM HBUXOBUX MeTaboiuTa
yOUeH je cin4aH apUHUTET Be3UBamba 3a [IMJbaHe MAKPOMOJIEKYJIE, IITO UAE Yy MPUIOT XUIIOTE3U
Jla je HeJocTaTak aJWTHBHOI e(eKTa I0jeIMHAYHUX jeAMIbEHha CMEIla pPe3ysTaT HHUXO0BE
KOMIIETHUIIM]€ 32 UCTO MECTO JiesioBama. [lopen oBora, pe3yaTatu MOJIEKYJICKOT TOKMHIa YKa3yjy
Ha TO Ja aHTOLMjaHU M HUXOBU METAa0OIMUTH OCTBAapyjy HHTEpaKlUje ca KaTaIUTUYKUM
JIOMEHOM Hekonuko mporemHcknx kuHaza (Hnop. MEK2, IKKa, FAKI, JAK3, p38B) u na
MOTEHIMjaJTHO MOTY YTHIATH Ha WUXOBY KHHA3HY AaKTHBHOCT M AaKTHUBAIM]y HHUCXOIHHX
CHUTHAJTHUX MoJsieKyna. [IpenBuljeHo menoBame MCOUTHBAHUX jeU-CHha Ha CUTHAIHE ITyTEBE je
noTBp)eHO MMYHOOJOTHHT aHaIM30M. Y OKBHPY OBUX HCTpPaKUBamba, TPETMaH EHIOTEITHUX
hemuja cmemom A noBeo 1o cMamema (ochopunanmje curnamHor nporenna ERK1/2 xao u
TpanckpunuuoHor ¢akropa NF-kB-p65, nok je cmema b yrunana Ha cMameme Gochopuarmje
NF-kB-p65. Pesynratu oBe aucepraiyje MOKa3ain Cy, IO MPBH IIyT, ¥ CIIOCOOHOCT aHTOLWjaHa
U BUXOBUX MeTabonura Ja, NpU (U3HONOIIKM pEJIEBAHTHUM KOHLIEHTpalMjaMa, BpIle
Moayinanujy excmpecuje Mukpo-PHK y aktuBupanum engorennum henujama. McnuTtuBana
jenumema ocedHo Cy yTullaina Ha mpoMmeHy excnpecuje Mukpo-PHK noseszanux ca HactaHkom
epotenne nuchyHknuje u arepockieposze (Hmp. let-7f, miR-181b, miR-125a i miR-26a),
JonpruHocehr youeHUM ITpoMeHamMa eHI0TeNHe PyHKIHje.



IMopen edexra Ha eHmorenHe henuje, youeHO je M TOBOJHHO [€jCTBO HCIUTHBAHUX
jenumema Ha (yHKIHMjy TpomOommra. Pesyntatn OBHMX HCTpakMBama ITOKa3ald Cy Ja ca
M3y3€TKOM BAaHWJIMHCKE KUCEIMHE, KAKO aHTOIWjaHH TaKO M HUXOBH METAOOIUTH JOBOJE 0
3HAYajHOT CMamema 0ap jeTHOT OJ MCIIMTHBAHUX MapaMeTapa Tj. akTHUBAIMje TPOMOOIUTa WIIH
BUXOBE arperamyje ca JCyKOIUTHMa HHAYKOBAaHE arOHHCTOM.

VY nornasipy JAuckycuja 1o0ujeHn pe3yiTaT Cy IeTaJbHO aHAIN3UPaHU U yrnopehenu ca
JIOCTYITHUM JIUTEpapHUM TopanuMa. JlMcKycuja je HamucaHa CHUCTEMaTHYHO W jacHO, ca
KPUTUYKUM OCBPTOM Ha pe3ysTaTe AOCaNallllbuX HCTPaXHBama y 001acTu. Y OKBHPY OBOT
MOTJIaBjba O0jallllbeH je AM3ajH eKCIepuMeHaTa Tj. OOpaslokeH je oJadup HCIHTUBAHHUX
jenumema, KOpUIIheHNX KOHLEHTPalja U MPUMEHEHEe METOI0JI0THje U UCTaKHYTE Cy HHXOBE
NPEHOCTH Y OJHOCY Ha Jpyre cryauje. Harmamena cy cBa HOBa ca3Hama 70 KOjUX C€ JOILIO Y
OBOj JIOKTOPCKOj IMCEPTAIIUjH U UCTAKHYT j€ HHXOB 3HA4aj 3a UCTPaKHBakha yJIore aHTOIHjaHa
y IPEBEHLUjH KapMOBACKYJIapHUX OOJIECTH.

VY mornapy 3ak/byulld CyMHpaHH Cy NOOWjeHH Pe3ylTaTH M HM3HECEH j€ MperiieH
Haj3HAYajHUJUX 3aKJbydaka. 3aKJby4eHO je, Ja AHTOIMjaHH W HUXOBU METAa0OJHUTH, MpHU
(U3NOIOMIKE pENIeBAaHTHUM KOHIEHTpalyjaMa, JOBOJE J0 3HAYajHOT CMamkema anxesuje
MOHOIINTA W FUXOBE TPAHCEHIOTENHjATHE MUTpaluje, JonpuHocehn oapiKamy HHTErpuTeTa
SHIIOTea TPWIMKOM 3alaJbeHCKOT Mpoleca. YOYEHO JejCTBO HCIUTHBAHUX jeAMI-EHha Ha
¢byHKIMjy eHmoTenHHX henwja je mocieania CIOXKEHHX MOJIEKYJapHUX MEXaHU3MHMa KOjU
YKJbYUyjy NI€jCTBO Ha CHI'HaJHE IyTeBe, ekcrpecujy reHa n mukpo-PHK. Iopen edekra nHa
eHjioTeNHe henuje, HaBeleHa jeIUIbEHA HCIOJbaBajy TMOBOJBHO JEjCTBO W Ha (YHKIH]jY
TpOMOOIIMTA, HW3PAKEHO CMAambEHEM aKTHBAlMje TPOMOOLMTAa M HUXOBE arperamuje ca
JICYKOLMTUMA, Kao MpoLeca KOju 3HA4ajHO JONPUHOCE HACTAHKY KapAWOBACKYJIapHUX OOJECTH.
CxomHO TOMe, pe3yiTaTH OBE JOKTOPCKE HCepTaldje MOKa3ald Cy IO3MTHBAaH YTHILA]
aHTOLIMjaHA W MUXOBHX METaboNmuTa, y (HU3HOJIOUIKK DEIEeBAaHTHHM KOHIIEHTpalyjama, Ha
byHKIMjy eHmoTenuHuX henwja u TpomMOONMTa, W THME, MNPYXWIA HOBAa Ca3Hama O
MEXaHU3MHMa EUXOBOT KapAHMONPOTEKTUBHOT JiesioBama. Ha Kpajy oBOr moriaBiba JOOHjeHH
pe3ysITaTu OBE JUCEPTallje CyMUPAHU CY M CIIMKOBHO.

VY mnornaspy Jlutepatypa HaBeaeHo je 328 peneBaHTHUX OMOIMOTrpadCKUX jeTUHHMIA,
IITO YKa3yje J1a je KaHAWAATKUba TEMEJbHO NMPUCTYIHIIA H3y4aBamy MpolieMaTHKe JOKTOPCKE
nucepranuje. HaBenene HaydHe myOnmkanmje ce ofHoce Ha o0JacTH Koje cy OJl 3Hayaja 3a
ypahjeHy nucepTandjy W IMTHpaHe Cy Ha HAauyWH Koju oO0jamimaBa JoOWjeHE pe3ynrare H
noTBphyje HWUXOB 3Hayaj. Y OKBHPY OBOI TIOIVIaBJhba YKJbYYEH j€ BEJIUKH Opoj HOBUX
JUTEPAaTYpHUX W3BOpa NYONMKOBAaHMX Yy TIOCIHEIIBMX Map TOAMHA, INTO [OKasyje na
KaH/IU/IaTKHbA TIPaTH CaBPEMEHE Hay4YHE TOKOBE.

VY okBupy nornasspa [Ipuiao3n Hanasu ce 6 Tabena u jeHa CIMKa.

PanoBu 1 KOHIpecHa caoNMIITeHa U3 TOKTOPCKe IMcepTanuje:

b1. PagoBu y waconmcuma melynapomHor 3Ha4daja

1. I. Krga, N. Vidovic, D. Milenkovic, A. Konic-Ristic, F. Stojanovic, C. Morand, M. Glibetic,
Effects of anthocyanins and their gut metabolites on adenosine diphosphate-induced platelet
activation and their aggregation with monocytes and neutrophils, Archives of Biochemistry
and Biophysics, 645 (2018) 34-41. (M22, IF5916 3.165)
https://www.sciencedirect.com/science/article/pii/S0003986118300237

2. I. Krga, L.E. Monfoulet, A. Konic-Ristic, S. Mercier, M. Glibetic, C. Morand, D.
Milenkovic, Anthocyanins and their gut metabolites reduce the adhesion of monocyte to



B3.

TNFa-activated endothelial cells at physiologically relevant concentrations, Archives of
Biochemistry and Biophysics, 599 (2016) 51-59. (M22, 1Fp16 3.165)
https://www.sciencedirect.com/science/article/pii/S000398611630025X

KonrpecHa caomnmrema Ha CKylioBUMa Mel)yHapoiHOT 3Hauaja

. L. Krga, S. Mercier, R. Tamaian, C. Boby, L-E. Monfoulet, C. Morand, D. Milenkovic.

Anthocyanins and their gut metabolites attenuate monocyte adhesion and transendothelial
migration through nutrigenomic mechanisms regulating endothelial cell permeability. gh
International Conference on Polyphenols and Health, 3"_6™M October 2017, Quebec City,
Canada, Oral presentation, S11. (M32)

I. Krga, N. Kardum, F. Stojanovic, A. Konic-Ristic, D. Milenkovic M. Glibetic. Effects of
physiologically-relevant concentrations of anthocyanins and their gut metabolites on
adenosine diphosphate-induced platelet activation and aggregation. 8™ International
Conference on Polyphenols and Health, 3".6™ October 2017, Quebec City, Canada, p04-
071. (M34)

I. Krga, C. Morand, C. Boby, L.E. Montfoulet, M. Glibetic, D. Milenkovic. Mixtures of
anthocyanins and their gut metabolites attenuate monocyte adhesion and transendothelial
migration through nutrigenomic mechanisms regulating endothelial cell permeability. 1%
Congress of Molecular Biologists of Serbia (CoMBoS) with international participation. 20"
22" September 2017. Belgrade, Serbia, Book of Abstracts, p 50. (M34)

A. Konic-Ristic, I. Krga, N. Kardum, D. Milenkovic, M. Glibetic. Effects of
physiologically-relevant concentrations of anthocyanins and their metabolites on adenosine
diphosphate-induced platelet activation and aggregation. 1* Congress of Molecular
Biologists of Serbia (CoMBoS) with international participation. 20™-22" September 2017,
Belgrade, Serbia, Book of Abstracts, p 144. (M34)

I. Krga, R. Tamaian, C. Boby, S. Mercier, C. Morand, D. Milenkovic. Anthocyanins and
their gut metabolites reduce monocyte adhesion and migration across TNFa-activated
endothelial cells through nutrigenomic mechanisms regulating endothelial integrity. 3™
Scientific Workshop: "Omics breakthroughs in the health effects of plant food bioactive",
20121 September 2017, Thessaloniki, Greece, Book of Abstracts, p 8. (M34)

I. Krga, L.E. Monfoulet, A. Konic-Ristic, S. Mercier, M. Glibetic, C. Morand, D.
Milenkovic. Effect of anthocyanins and their gut metabolites on monocyte adhesion to
endothelial cells at physiologically-relevant concentrations. 7™ International Conference on
Polyphenols and Health, 27' -30™ October 2015, Tours, France, Book of Abstracts, p 220.
(M34)



Muubeme u npeasor Komucnuje:

Ha ocnoBy mpernega mokrtopcke nucepranuje Hpene C. Kpre, non HacioBoM ,,YTuIaj
aHTOIIMjaHa W HUXOBHX MeTaboNUTa Ha (PYHKIM]y CHIOTENHUX henrja U TpoMOOIMTa YOBEKa in vitro™
("Effects of anthocyanins and their metabolites on the function of human endothelial cells and platelets in
vitro"), KoMmucuja 3akipydyje 1a MOMeHyTa JucepTalyja IpeacTaBba OPUTHHATIAH HAyYHH Pajl ca jaCHO
neUHUCAaHUM LUJbeBHMa 3aCHOBAHUM Ha JOOPOM TO3HaBamky Hay4yHe MpoOJieMaTuke, Kao U aJeKBaTHO
OCMHUIUBEHHM M YCIEIIHO W3BEACHUM eKCIepUMeHTHMa. Pesydaratn amcepTaiyje JONpHHOCE
pasyMeBamy MeXaHW3ama MpPEeKO KOjUuX IUjeTapHH aHTOLWjaHW OCTBApYjy CBOj€ 3aIlITUTHO JICjCTBO Ha
KapIHOBaCKyJIapHO 3ApaBJbe U MPYKajy BakaH IOIPHHOC HCTPAKHUBAMY CacTOjaka HAMHUPHUIA Y IHJBY
TIPEBEHIIHje KapIOBACKYIapHUX OOJIECTH.

Kanaunpatkuma je Kpo3 paJ Ha IOKTOPCKO] MUCEpTalfju MOKa3ana MOCBEheHOCT, UCTPajHOCT,
UCTPaKUBAUKy 3peJOCT M CAMOCTAJHOCT, KaKO y EKIEpUMEHTAJIHOM pamy, Tako U IpU TyMademy
IoOMjeHnX pe3ynrTaTta. Pesynratu mpukasaHu y OBOj IUCEPTALUju MyOJMKOBaHHU Cy y JIBa OpUTHHAJHA
pana ok je Tpehu pax y npunpemu. Takohe, KaHANIATKUbA je TIOKa3ajia 100po MMO3HABAKE IUTEPaType
U mpoOiieMaTuKe pelieBaHTHE HayyHe OOJNIacTH IUTO AOAATHO MOTBPhYjy U ABa MyOJIMKOBaHA MperyieaHa
pana 9uju je ayTop.

Ha ocHoBy cBera m3neror, Komncuja 3akipydyje Aa Cy 3amall IOCTaBJBCHH y IIMJBY TOKTOPCKE
JHcepTalrje UCIyHhEeHH U ca 33JJ0BOJbCTBOM Npeanake HacraBHo-HayuHoM Behy Buonomkor dakynrera,
VYuuBepsurera y beorpany, na npuxBatu NO3UTUBHY OLeHY NokTopcke auceprannje Upene C. Kpre nmox
HacJIOBOM ,,YTHIAj aHTONHjaHA M HKHXOBHX MeTa0oJuTa Ha (YHKIHUjy eHIOTeJHHUX henuja m
TpomGouuTa yoBeka in vitro*“ ("Effects of anthocyanins and their metabolites on the function of
human endothelial cells and platelets in vitro'), u ono0py KaHAUIATKULY jaBHY OJ0paHy paja.

KOMUCUIA:

op Mapuja I'mubetuh, HaydHU CaBETHUK,

LenTap u3y3eTHe BPETHOCTH Y O0OJIACTH HCTPAKUBAha
ucxpaHe u MetabonnsMa, THCTUTYT 32 METUIIMHCKA
HCTpaXnBama, Y HUBep3uTeT y beorpany

np Tama JeshoBuh, noneHT,
buonomku dakynrer, YHausep3urer y beorpamy

np Jby6a Mannuh, penoBan npodecop,
Xemujcku GakynTeT, Y HUBEp3UTET Y beorpany

np Aparan MunenkoBuh, HaydYHH CaBETHUK,
HannoHamHn HHCTUTYT 3a arpOHOMCKA NCTPAXXNBamba,
Yuusepsurer Kinepmon OBepmwa, Opanirycka,

np Claude Beaudoin, penosan npodecop,
Yuusep3uter Kinepmon OBepma, @panirycka

np Sophie Layé, HayuyHU caBeTHUK,
HannoHanHu HHCTUTYT 3a arpOHOMCKA UCTPa)KHBaba,
VYuusepsuret y bopnoy, ®panmycka

V¥ Beorpany, 20.04.2018 roausne.



TO THE TEACHING-SCIENTIFIC COUNCIL OF THE FACULTY OF BIOLOGY,
UNIVERSITY OF BELGRADE

At the 6th regular session of the Teaching-Scientific Council of the Faculty of Biology,
University of Belgrade, held on 13 April 2018, the report made by the mentors Dr Marija
Glibeti¢ and Dr Dragan Milenkovi¢ about the Doctoral Dissertation written by Irena S. Krga,
Research trainee at the Centre of Research Excellence in Nutrition and Metabolism, Institute for
Medical Research, University of Belgrade, titled "Effects of anthocyanins and their
metabolites on the function of human endothelial cells and platelets in vitro'", was accepted.
The Commission for the Review and Evaluation of the Doctoral Dissertation was appointed as
follows: Dr Marija Glibeti¢, Principal Research Fellow, Centre of Research Excellence in
Nutrition and Metabolism, Institute for Medical Research, University of Belgrade, Dr Tanja
Jevdovi¢, Assistant professor, Faculty of Biology, University of Belgrade, Dr Ljuba Mandi¢,
Full professor, Faculty of Chemistry, University of Belgrade, Dr Dragan Milenkovic, Senior
Research Scientist, National Institute for Agricultural Research, University Clermont Auvergne,
France, Dr Claude Beaudoin, Full professor, University of Clermont Auvergne, France, Dr
Sophie Layé, Research director, National Institute for Agricultural Research, University of
Bordeaux, France.

The Commission reviewed the Candidate's doctoral dissertation and is submitting the
following

REPORT

General information about the doctoral dissertation:

The doctoral dissertation of Irena S. Krga, titled: "Effects of anthocyanins and their
metabolites on the function of human endothelial cells and platelets in vitro" was written under
joint supervision in accordance with the International Agreement on Joint Supervision of
Doctoral Thesis ("Cotutelle") signed between the University of Belgrade in Serbia and the
University Clermont Auvergne in France. The experimental part of this thesis was conducted in
the Centre of Research Excellence in Nutrition and Metabolism of the Institute for Medical
Research, the University of Belgrade in Serbia and the National Institute of Agricultural
Research, Clermont-Ferrand/Theix in France.

The doctoral dissertation is written in English on 154 pages. The dissertation contains:
Title page in English, Serbian and French, Information about the Thesis Defence Committee
Members, Acknowledgements, Resume in English, Serbian and French with keywords, List of
abbreviations, List of tables and figures, Table of contents and Text organised by chapters. The
text of the thesis is organised into 8 chapters: Introduction (35 pages), The Aim of the thesis (1
page), Material and methods (27 pages), Results (30 pages), Discussion (15 pages), Conclusions
(3 pages), References (23 pages) and Supplementary files (20 pages). The dissertation contains
20 tables, 43 figures and 328 reference sources. At the end of the dissertation the following



documents are enclosed: Author's biography, Statement of Authorship, Statement of Identity of
Printed and Electronic Version of Doctoral Dissertation and Statement of Use.
The analysis of doctoral dissertation:

The "Introduction" chapter of the doctoral dissertation is divided into three sections and
gives a detailed overview of current knowledge about cardiovascular diseases and the role of
anthocyanins in their prevention. The chapter begins with the classification of cardiovascular
diseases, their epidemiology and risk factors, as well as the description of atherosclerosis, a
chronic inflammatory disorder of arterial blood vessels that is the main cause of cardiovascular
diseases. Special attention is given to endothelial dysfunction, particularly the adhesion of
leukocytes to activated endothelial cells and their transendothelial migration that represent the
initial steps in atherosclerosis development. This section also shows the important role of
platelets in the pathogenesis of atherosclerosis, achieved through their activation and interactions
with leukocytes and endothelial cells, and underlines that both endothelial cells and platelets
present attractive targets for exploring cardiovascular disease prevention and management. The
second section of this chapter describes the role of nutrition in maintaining cardiovascular
health. It shows the association between the diet rich in fruits and vegetable and reduced
cardiovascular disease risk and describes polyphenols, the secondary metabolites of plants,
which are believed to be responsible for the protective effects of plant foods against
cardiovascular diseases. The third section of the introduction chapter is dedicated to
anthocyanins, a group of polyphenol compounds that are the subject of this doctoral dissertation.
This section describes their chemical structure, physical and chemical properties, dietary sources
and daily intakes, as well as their absorption, distribution, metabolism and elimination in the
human body, with a special focus on forms and concentrations of compounds that are present in
the circulation after the anthocyanin consumption and that may exhibit biological effects.
Furthermore, detailed overview of the epidemiological, clinical and preclinical evidence of
anthocyanin beneficial effect on cardiovascular health is provided, together with the potential
molecular mechanisms underlying these cardioprotective effects, such as modulation of gene
expression, activation of cell signalling pathways, and micro RNA expression. This section also
gives a critical analysis of the available in vitro studies, underlining the physiologically
irrelevant study design as well as the use of methods that are not adequate for the examination of
the proposed anthocyanin multi-target mode of action as the major limitations of these studies. It
also highlights an insufficient number of studies investigating the effect of anthocyanins on
platelet function and provides recommendations for future research that will allow the
production of relevant data about the mechanisms of action of these compounds.

Based on the data presented in the Introduction, the chapter "The aim of the thesis",
clearly defines the aim and objectives of this research project. The aim of this thesis was to
investigate the effect of anthocyanins and their metabolites on endothelial and platelet function
and identify the underlying molecular mechanisms of action using physiologically relevant in
vitro study design. In line with the set aim, the direct research objectives included:

— investigations of the effect of anthocyanins and their metabolites on the adhesion of
monocytes to activated endothelial cells and monocyte transendothelial migration,

— investigations of the effect of these compounds on gene expression, cell signalling
pathways, and expression of micro RNA in endothelial cells, and

— examination of the effect of investigated compounds on platelet activation and their
aggregation with monocytes and neutrophils.

The chapter ""Material and Methods" contains information about tested compounds,
chemicals, commercial kits and antibodies used in the experimental work, and gives a detailed
description of the experimental procedures applied during the preparation of the dissertation.



The stages of the experimental procedures are summarised by the corresponding schematic
representations, which additionally facilitates their understanding and reproduction.

For the investigations of the effect of anthocyanins and their metabolites on endothelial
cell function, primary culture of human endothelial cells from umbilical vein (HUVEC) and
human monocytic cell line (THP1) were used. In accordance with the results form anthocyanin
bioavailability studies in humans, endothelial cells were treated with anthocyanins (cyanidin-3-
glucoside,  cyanidin-3-arabinoside,  cyanidin-3-galactoside,  peonidin-3-glucoside = and
delphinidin-3-glucoside) or 4-hydroxybenzaldehyde for 3 hours, and gut metabolites
(protocatechuic, ferulic, hippuric and vanillic acid) for 18 hours. These compounds were tested
over a range of physiologically relevant concentrations, from 0.1uM to 2uM. Inflammation and
activation of endothelial cells were induced by the proinflammatory cytokine tumour necrosis
factor alpha (TNFa), after which monocytes were added and their adhesion to endothelial cells
was measured by flow cytometry. To further investigate a potential synergistic effect of
compounds that are simultaneously present in the bloodstream, two mixtures of compounds were
created: mix A (compounds present in the circulation for a short time) and mix B (compounds
present in the circulation for a long time). The concentrations of compounds in these mixtures
were closest to those previously identified in plasma in the anthocyanin bioavailability studies in
humans. Additionally, the treatment of endothelial cells with the mix A and then the mix B,
named mix A+B, was created to imitate as closely as possible anthocyanin pharmacokinetics
following the anthocyanin consumption. These mixtures were further used to study the effect of
these compounds on monocyte transendothelial migration induced by chemoattractant, monocyte
chemoattractant protein-1 (MCP-1), by using Transwell system with inserts containing Spum
pores. To further identify the mechanism underlying the effects of anthocyanins and their
metabolites on adhesion and transendothelial migration processes, the impact of mixtures of
these compounds on endothelial cell gene expression, signalling pathways, and micro RNA
expression was examined. The gene expression analysis was carried out by real-time PCR using
TagMan Low-Density Arrays, which enabled the simultaneous analysis of the expression of 93
different genes. Bioinformatics analyses of gene expression data were performed using
MetaCore software and KEGG database to detect transcription factors and signal proteins that
could contribute to the observed effect of tested compounds on gene expression. To examine
possible interactions of anthocyanins and their metabolites (ligands) with the identified cell
signalling proteins and transcription factors (targets), in silico molecular docking was then
carried out by AutoDock Vina software. Furthermore, the effect of anthocyanins and their
metabolites on the activation of few signalling molecules (ERK1/2, NF-kB-p65) was analysed
by Western blot. The impact of mixtures on the expression of micro RNA in endothelial cells
was investigated using micro RNA microarrays.

A study of the effect of anthocyanins and their metabolites on platelet function included
the assessments of platelet activation and aggregation with leukocytes using whole blood
samples from healthy male volunteers. Determination of platelet activation parameters, i.e.
surface expression of P-selectin and GPIIb/Illa glycoproteins, and platelet aggregation with
neutrophils and monocytes, following the exposure to agonist adenosine diphosphate, was
performed by flow cytometry.

The obtained results were statistically processed in GraphPad Prism or SPSS software
packages.

Based on the data presented in this chapter of the thesis, it can be concluded that the
Candidate made an optimal choice of modern methods that fully correspond to the set research
tasks.

In the chapter "Results", the obtained results are presented in logically organised
sections and clearly depicted in graphs and tables.
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The results of this thesis showed that, with the exception of 4-hydroxybenzaldehyde, the
pre-treatment of endothelial cells with physiologically relevant concentrations of anthocyanins
and their metabolites significantly decreased the adhesion of monocytes to activated endothelial
cells. A statistically significant reduction in monocyte adhesion was also detected when
endothelial cells were pre-treated with the mixtures of the tested compounds, while no additive
effect of individual components of the mixture was observed. Furthermore, it was shown for the
first time, that the pre-treatment of endothelial cells with these mixtures significantly attenuated
MCP-1-induced monocyte transendothelial migration. In agreement with these results, gene
expression analysis revealed that the pre-treatment of endothelial cells with the mixtures of
tested compounds modulated the expression of genes involved in regulation of cell-cell
adhesion, actin cytoskeleton reorganisation, focal adhesion and leukocyte transmigration.
Bioinformatics analyses of gene expression data allowed the identification of potential
transcription factors involved in the observed nutrigenomic effects and cell signalling proteins
regulating their activity. Molecular docking of anthocyanins and their metabolites with 62
identified macromolecules, involved in the regulation of various cellular processes such as
inflammation, cell proliferation, migration and survival, revealed that these compounds present
the capacity to bind cell signalling proteins. Anthocyanins were shown to be stronger binders
then their metabolites. The similar binding affinities for the same targets were observed when
comparing compounds within the anthocyanin and metabolite groups, contributing to the
hypothesis that the lack of cumulative effect of compounds within the mixtures is the result of
their competition for the same target of action. Furthermore, docking results suggest that
anthocyanins and their metabolites can bind to the protein kinase domains of several cell
signalling proteins (e.g. MEK2, IKKa, FAKI1, JAK3, p38p3) and possibly affect their kinase
activity and phosphorylation of downstream cell signalling proteins. These results are in
agreement with the effect of tested compounds on cell signalling pathways revealed by Western
blot analysis. In these investigations, the pre-treatment of endothelial cells with the mix A
attenuated the phosphorylation of ERK1/2 signalling protein and NF-kB-p65 transcription
factor, while mix B reduced the phosphorylation of NF-kB-p65. Results from this thesis have
shown, for the first time, the capacity of anthocyanins and their metabolites, at physiologically
relevant concentrations, to modulate the expression of miRNA expression in activated
endothelial cells. Tested compounds especially affected the expression of miRNAs involved in,
endothelial dysfunction and atherosclerosis development (e.g. let-7f, miR-181b, miR-125a and
miR-26a), contributing to the observed changes in endothelial cell function.

In addition to their effect on endothelial cells, the beneficial effect of tested compounds
on platelet function was also observed. These investigations showed that except vanillic acid,
both anthocyanins and their metabolites significantly attenuated at least one of the tested
parameters, i.e. agonist-induced platelet activation or their aggregation with leukocytes.

In the "Discussion' chapter, the obtained results are thoroughly analysed and compared
with the available literature data. The discussion was written systematically and clearly, with a
criticism of the results of previous research in the field. This chapter provides the rationale for
the used experimental design, i.e., the selection of used compounds, concentrations and applied
methodology, and highlights their advantages in comparison to other studies. All the new
knowledge generated in this doctoral dissertation are summarised, and their significance for the
investigations of the role of anthocyanin in the prevention of cardiovascular diseases is
underlined. It summarises all the new knowledge generated in this doctoral dissertation and
underlines their significance for the investigations of the role of anthocyanin in the prevention of
cardiovascular diseases.

In the chapter "Conclusions", the Candidate summarises the obtained results and gives
an overview of the most important conclusions. It was concluded that anthocyanins and their
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metabolites reduce monocyte adhesion and transendothelial migration, the processes that
represent the initial steps in the development of atherosclerosis, by maintaining the endothelial
integrity during the inflammatory stress. The observed effects of tested compounds on
endothelial function are the result of complex molecular mechanisms of action that include the
effects on cell signalling pathways, gene expression and micro RNA expression. In addition to
their impact on endothelial cells, these compounds also exhibit the beneficial effects on platelet
function, by reducing platelet activation and their aggregation with leukocytes, the processes that
are key contributors to the development of cardiovascular diseases. Thus, the results of this
doctoral dissertation showed the positive effects of anthocyanins and their metabolites, at
physiologically relevant concentrations, on endothelial and platelet function, and provided new
insights into the mechanisms underlying their cardioprotective effects. At the end of this chapter,
the obtained results of this dissertation are also graphically summarised.

The chapter "References" lists 328 relevant reference sources, indicating that the
Candidate approached the study of the issues of doctoral dissertation thoroughly. The above
scientific publications refer to the areas that are of importance for the dissertation and are cited
in a way that explains the obtained results and confirms their significance. This chapter includes
a large number of new literary sources that were published in the last couple of years, which
shows that the Candidate is up to date with the latest scientific knowledge.

The chapter "Supplementary files" contains 6 tables and 1 figure.

Papers and congress announcements from the doctoral dissertation:

B1. Papers published in international journals

1. I. Krga, N. Vidovic, D. Milenkovic, A. Konic-Ristic, F. Stojanovic, C. Morand, M. Glibetic,
Effects of anthocyanins and their gut metabolites on adenosine diphosphate-induced platelet

activation and their aggregation with monocytes and neutrophils, Archives of Biochemistry
and Biophysics, 645 (2018) 34-41. (M22, IF5916 3.165)

https://www.sciencedirect.com/science/article/pii/S0003986118300237

2. I. Krga, L.E. Monfoulet, A. Konic-Ristic, S. Mercier, M. Glibetic, C. Morand, D.
Milenkovic, Anthocyanins and their gut metabolites reduce the adhesion of monocyte to

TNFa-activated endothelial cells at physiologically relevant concentrations, Archives of
Biochemistry and Biophysics, 599 (2016) 51-59. (M22, 1Fp16 3.165)
https://www.sciencedirect.com/science/article/pii/S000398611630025X

B3. Congress announcements at the meetings of international importance

1. 1. Krga, S. Mercier, R. Tamaian, C. Boby, L-E. Monfoulet, C. Morand, D. Milenkovic.
Anthocyanins and their gut metabolites attenuate monocyte adhesion and transendothelial
migration through nutrigenomic mechanisms regulating endothelial cell permeability. 8"
International Conference on Polyphenols and Health, 3".6™ October 2017, Quebec City,
Canada, Oral presentation, S11. (M32)

2. I Krga, N. Kardum, F. Stojanovic, A. Konic-Ristic, D. Milenkovic M. Glibetic. Effects of

physiologically-relevant concentrations of anthocyanins and their gut metabolites on
adenosine diphosphate-induced platelet activation and aggregation. 8" International
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Conference on Polyphenols and Health, 3™-6™ October 2017, Quebec City, Canada, p04-
071. (M34)

3. I. Krga, C. Morand, C. Boby, L.E. Montfoulet, M. Glibetic, D. Milenkovic. Mixtures of
anthocyanins and their gut metabolites attenuate monocyte adhesion and transendothelial
migration through nutrigenomic mechanisms regulating endothelial cell permeability. 1%
Congress of Molecular Biologists of Serbia (CoMBoS) with international participation.
20"-22" September 2017. Belgrade, Serbia, Book of Abstracts, p 50. (M34)

4. A. Konic-Ristic, I. Krga, N. Kardum, D. Milenkovic, M. Glibetic. Effects of
physiologically-relevant concentrations of anthocyanins and their metabolites on
adenosine diphosphate-induced platelet activation and aggregation. 1% Congress of
Molecular Biologists of Serbia (CoMBoS) with international participation. 2022
September 2017, Belgrade, Serbia, Book of Abstracts, p 144. (M34)

5. 1. Krga, R. Tamaian, C. Boby, S. Mercier, C. Morand, D. Milenkovic. Anthocyanins and
their gut metabolites reduce monocyte adhesion and migration across TNFa-activated
endothelial cells through nutrigenomic mechanisms regulating endothelial integrity. 31
Scientific Workshop: "Omics breakthroughs in the health effects of plant food bioactive",
20"-21% September 2017, Thessaloniki, Greece, Book of Abstracts, p 8. (M34)

6. I. Krga, L.E. Monfoulet, A. Konic-Ristic, S. Mercier, M. Glibetic, C. Morand, D.
Milenkovic. Effect of anthocyanins and their gut metabolites on monocyte adhesion to
endothelial cells at physiologically-relevant concentrations. 7™ International Conference
on Polyphenols and Health, 27130 October 2015, Tours, France, Book of Abstracts, p
220. (M34)
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Opinion and proposal of the Commission:

Based on the review of Irena S. Krga's doctoral dissertation titled "Effects of anthocyanins and
their metabolites on the function of human endothelial cells and platelets in vitro", the Commission
concludes that the aforementioned dissertation represents an original scientific work with clearly defined
goals based on good knowledge of scientific issues, as well as adequately designed and successfully
performed experiments. The results of the dissertation contribute to understanding the mechanisms by
which dietary anthocyanins achieve their protective effect on cardiovascular health and provide an
important contribution to the research of food ingredients in the prevention of cardiovascular diseases.

Through her doctoral dissertation, the Candidate showed dedication, perseverance, research
maturity and independence, both in experimental work and in interpreting the obtained results. The
results presented in this dissertation were published in two original papers while the third paper is in the
process of preparation. The Candidate also showed good knowledge of the literature and issues of the
relevant scientific field, which is additionally confirmed by her two published review papers.

On the basis of everything stated, the Commission concludes that the tasks set up for the doctoral
dissertation were fulfilled and with satisfaction proposes to the Teaching-Scientific Council of the
Faculty of Biology, University of Belgrade, to accept the positive evaluation of the doctoral dissertation
of Irena S. Krga titled "Effects of anthocyanins and their metabolites on the function of human
endothelial cells and platelets in vitro", and approves to the Candidate a public defense of her
dissertation.

COMMISSION:

Dr Marija Glibeti¢, Principal Research Fellow,
Centre of Research Excellence in Nutrition and
Metabolism, Institute for Medical Research,
University of Belgrade

Dr Tanja Jevdovi¢, Assistant professor,
Faculty of Biology, University of Belgrade

Dr Ljuba Mandi¢, Full professor,
Faculty of Chemistry, University of Belgrade

Dr Dragan Milenkovic, Senior Research Scientist,
National Institute for Agricultural Research, University
Clermont Auvergne, France

Dr Claude Beaudoin, Full professor,
University of Clermont Auvergne, France

Dr Sophie Layé, Research director,
National Institute for Agricultural Research,
University of Bordeaux, France

In Belgrade, 20.04.2018.
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