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ABSTRACT

Primary biliary cirrhosis (PBC) is an autoimmune dis-
ease of the liver that is, characterised by destruction of the
intrahepatic bile ducts and the presence of antimitochondri-
al antibodies (AMAs). Several murine models of PBC, with
similar serological, biochemical, and histological features
to human PBC, have been developed in recent years. These
animal models enable investigators to study the etiology and
pathophysiologic mechanism of PBC. Immune response in
PBC is directed towards E2 components of the 2-oxa-acid
dehydrogenase family of enzymes, which is in located in
mitochondria and is an immunodominant epitope (a lipoy-
lated peptide sequence shared by enzymes). Immunisation of
mice with 2-octynoic acid coupled to bovine serum albumin
(2-OA-BSA) (which is an antigen that is structurally related
to the E2 subunit of the pyruvate dehydrogenase complex
[PDC-E2]) produces histologic features similar to those
Jfound in human PBC. This model of xenobiotic induced PBC
is suitable for studying the early events in PBC pathogenesis
and for developing new therapeutics in PBC.

Key words: PBC, xenobiotic, 20A-BSA, C57BL/6 mice
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SAZETAK

Primarna bilijarna ciroza (PBC) je autoimunska bolest
jetre koju karakteriSe destrukcija intrahepaticnih Zucnih
kanalié¢a i prisistvo antimitohondrijalnih antitela (AMAs).
Poslednjih godina je razvijeno nekoliko misjih modela PBC
koji imaju slicne seroloske, biohemijske i histoloske karakteri-
stike kao i humana PBC. Ovi animalni modeli su omoguili
ispitivanje etiologije i mehanizama ukljucenih u patogenezu
PBC. U PBC imunski odgovor je usmeren na E2 komponentu
2-okso-kiseline dehidrogenaza familije enzima koji su loci-
rani u mitohondrijama, a imunodominantni epitop je pep-
tidna sekvenca sa lipidima koja je zajednicka za ove enzi-
me. Imunizacija mieva 2-oktinoicnom kisleinom vezanom
za govedi serumski albumin (2-OA-BSA), antigenom koji je
strukturno sli¢an E2 subjedinici kompleksa piruvat dehidro-
genaze (PDC-E2), omoguéava razvoj histoloskih promena
koje karakterisu PBC kod ljudi. Ovaj model PBC indukovan
ksenobiotikom je pogodan za ispitivanje pocetnih dogadaja
u patogenezi PBC i za razvoj novih lekova za PBC.

Kljuéne reci: PBC, ksenobiotik, 20A-BSA, C57BL/6 misevi

INTRODUCTION

Primary biliary cirrhosis (PBC) is a liver-specific auto-
immune disease (1). PBC has a long latency period, which
is followed by the development of common symptoms:
fatigue, pruritus hyperpigmentation, and (in the terminal
stages) bleeding varices, and ascites (2). PBC is character-
ised by a multilineage humoral and cellular adaptive re-
sponse against biliary epithelial cells (BECs) and destruc-
tion of small bile ducts by mechanisms that include innate
immune responses (3; 4). Bile duct destruction leads to
cholestasis, fibrosis, and ultimately liver cirrhosis (4). The
typical characteristic of the disease is the presence of an-
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timitochondrial autoantibodies (AMA), which are present
in high amounts. The autoantigens to which the immune
responese is directed in PBC has been identified as the
E2 subunits of the 2-oxo-acid dehydrogenase complexes
(20ADC-E2), including the E2 subunits of the pyruvate
dehydrogenase complex (PDC-E2), branched chain 2-oxo
acid dehydrogenase complex (BCOADC-E2), and 2-oxo-
glutarate dehydrogenase complex (OGDC-E2) (5). The
immunodominant autoantigen within this group is PDC-
E2 (6; 7). A multi-faceted immune response to the immu-
nodominant mitochondrial autoantigen PDC-E2 in PBC
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suggests that a loss of tolerance to PDC-E2 is the initiating
event in the development of PBC; there is no significant
evidence of epitope spreading, which is present in other
autoimmune diseases (8).

ETIOPATHOGENESIS OF PBC

The etiology of PBC, including the loss of tolerance, is
still unknown. However, as in all autoimmune diseases, it is
likely that genetic susceptibility and environmental factors
play a role in the pathogenesis (9). Environmental factors,
including xenobiotics or microorganisms, modify the au-
toantigen and facilitate the breakdown of tolerance (10).

Molecular mimicry: Cross-reactivity between sera
of PBC patients and E. coli has been shown, but stronger
reactivity (1,000-fold stronger than with E. coli) has been
demonstrated with the xenobiotic-metabolising gram-
negative bacterium Novosphingobium aromaticivorans (a
bacterium present in human fecal specimens) (11). N. aro-
maticivorans contains two proteins highly homologous to
the immunodominant epitope of PDC-E2 and serum au-
toantibodies. Importantly, mice infected with N. aromati-
civorans deveope PBC-like liver lesions (12).

Xenobiotics: Because the liver plays a key role in the
metabolism of toxins, the hepatocytes and BECs are con-
tinuously exposed to chemical by-products. Associations
between PBC and the frequent use of nail polish support
a xenobiotic pathogenesis hypothesis. 2-Octynoic acid is
a food additive and xenobiotic that is present in cosmetic
products, such as nail polish. The in vitro and in vivo data
strongly support a potential role of 2-octynoic acid in PBC.
Reactivity of 2-octynoic acid with AMAs and lipoic acid has
been shown (13). Congenic nonobese diabetic NOD.1101
(NOD.B6 1dd10 1dd18r2) C57BL/6 mice, immunised with
2-octynoic acid conjugated with bovine serum albumin, de-
velop histological features of autoimmune cholangitis (por-
tal infiltrates enriched in CD8+ cells and liver granulomas);
these mice demonstrated high titers of AMAs (14-17). This
model provides convincing evidence that xenobiotics are
causally related to the development of PBC.

Biliary epithelial cells

The most intriguing aspect of the pathogenesis of PBC
remains the specific immune response directed at the
small intrahepatic bile ducts, as all nucleated cells have
mitochondria with 2-oxo-acid dehydrogenase complexes.
These small biliary ducts are lined with biliary epithelial
cells, BECs (i.e., cholangiocytes) and are destroyed by the
immune response, mediated by specific CD4+ and CD8+
T cells (18; 19). This selective destruction indicates there
are unique immunopathological characteristics of BECs. It
is known that BECs are not passive bystanders in primary
biliary cirrhosis; these cells can increase the expression of
adhesion molecules and production of TNF-a, IFN-y, and
IL-1 upon stimulation with proinflammatory cytokines
(20). Through the variable expression of adhesion mole-
cules and proinflamamtory cytokines, BECs can modulate

the degree and localizisation of the inflammatory process.
Additionally, BECs have properties of antigen presenting
cells by expressing HLA class II and costimulatory mol-
ecules CD80 and CD86. Based on these characteristics of
BECs, it can be hypothesizised that their interactions with
T cells may be responsible for bile duct damage.

BECs of small bile ducts are very susceptible to apopto-
sis, more than epithelial cells of larger ducts (due to a lack
of production of specific protease-resistant peptides, tre-
foils) (21). Moreover, unique characteristics of apoptosis
in BECs indicate that this process most likely plays a part
in the immunopathogenesis of PBC. Autoreactive lym-
phocytes may be activated with neo-antigens arise from
apoptotic BECs (22). When BECs undergo apoptosis, the
major mitochondrial autoantigen, PDC-E2, remains im-
munologically intact, whereas other cells following apop-
tosis present a form of PDC-E2 that cannot be detected by
AMAs (23; 24). Persistent exposure to PDC-E2, as derived
from BECs, is caused by a failure to covalently link PDC-
E2 to glutathione during the course of apoptosis in these
cells. Another important observation regarding the role
of apoptotic BECs in the pathogenesis of PBC is the high
degree of proinflammatory cytokine production in mono-
cyte-derived macrophages that was found in PBC patients
who were incubated with apoptotic bodies from BECs (in
the presence of AMAs) (25). It is important to note that
the BECs used in these experiments were derived from two
normal donors, which implies that there is no phenotype
of biliary epithelial cells specific for PBC; this could explain
the recurrence of PBC following transplantation (26).

Immunostaining of PBC biliary tract with monoclonal an-
tibodies against mitochondrial autoantigens demonstrated a
high degree of expression of PDC-E2 at the apical surface of
the small bile duct cells lining the bile duct lumen (27; 28).
Cholangiocytes play a role in the transport of [gA antibodies
in bile duct lumen. PDC-E2-specific IgA enters the BECs via
a polyimmunoglobulin receptor and forms a complex with
PDC-E2; it may thereby contribute to the exposure of PDC-
E2 at the apical surface of BECs. Additionally, during transcy-
tosis through cells expressing polyimmunoglobulin receptors,
dimeric IgA can initiate the activation of caspases (29). The
levels of anti-PDC-E2 IgA antibodies in PBC sera directly cor-
relate with the level of caspase activation.

IMMUNE RESPONSE
IN PRIMARY BILIARY CIRRHOSIS

The mechanism of biliary destruction has not been
completely determined, but the specificity of pathologi-
cal changes in the bile ducts, the presence of lymphoid
infiltration in the portal tracts, and the presence of major-
histocompatibility-complex class 1I antigens on the biliary
epithelium indicate that an intense immune response is
directed against the biliary epithelial cells. There are data
suggesting that the destruction of biliary cells is mediated
by liver-infiltrating autoreactive T cells (19; 30). CD4+ and
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CD84+ T cells can be detected in the portal tracts of PBC
patients (19; 31-33). An increased serum level of autoanti-
bodies specific for PDC-E2 is accompanied by a 100 times
higher frequency of antigen-specific CD4+ T cellsand a 10
times higher frequency of antigen-specific CD8+ T cells in
liver as compared towith draining lymph nodes. Two im-
portant T helper cell subpopulations shown to have a role
in the pathogenesis of PBC are Th17 and Treg cells (34).
Significantly lower levels of CD4+ CD25high are detected
in the peripheral blood of PBC patients and their family
members. In addition, FoxP3+ Treg cells can be detected
in the lymphoid infiltrates found in the portal tracts (35).
Th17 cells have a pathogenic role in PBC: an increased fre-
quency of IL-17-positive lymphocytes was found in liver
tissues from patients with PBC, and in the IL-2Ra KO
mouse model of autoimmune biliary disease (36).

There is granulomatous inflammation in the liver of PBC
patients that is accompanied by an increased production of
polyclonal IgM antibodies. Cultured human BECs express toll
like receptors (TLRs), lipopolysaccharide, and lipoteichoic
acids, which are present in bile. The eExpression of TLRs in
BECs is mediated through biliary injury via the NF-kB path-
way (37). In response to TLR stimulation, BECs may produce
proinflammatory cytokines IL-6 and TNF-a and chemokines
IL-8 and CX3CL1. CX3CL1 is a chemoattractant for cells
expressing its receptor, CX3CR1. In PBC patients, CX3CR1
expressing CD8+ and CD4+ T cells can be found in the por-
tal tracts and within the biliary epithelial layer of injured bile
ducts (38). Another cell type known to be involved in PBC
pathogenesis are NKT cells. There is a higher frequency of
CD1d-restricted NKTs in PBC patients. These cells are more
frequently found in the liver than in the peripheral blood. An
increased number of CD1d-restricted NKT cells was found in
the liver of the dnTGF-BRII mouse model (39). These CD1d-
restricted NKT cells in the liver had increased IFN-y produc-
tion following exposure to a-galactosylceramide; this was ac-
companied by a decrease in hepatic lymphoid cell infiltration
and less cholangitis when compared towith the controls.

ANIMAL MODELS OF PBC

Over the past several years, several animal models for
PBC have been developed. Severe combined immunodefi-
cient (SCID) mice develop lymphocytic infiltration around
small bile ducts and present with the anti-PDC-E2 antibod-
ies following the transfer of lymphocytes from peripheral
blood of PBC patients (40). Congenic NOD.c3c4 mice are
obtained by replacing the diabetes-susceptibility genes on
chromosomes 3 and 4 with the diabetes-resistance genes of
B6 and B10 mice (41). Overall, 50% to 60% of these mice de-
velop autoimmune cholangitis and demonstrate AMA anti-
bodies in their serum. Histologically, however, the cyst-like
dilatation of the affected bile duct, which is characteristic of
these mice, is not observed in PBC patients; when the dila-
tation becomes severe, the biliary epithelium of NOD.c3c4
mice frequently exfoliates, which can trigger neutrophil in-

filtration that is not characteristic of human disease. Anoth-
er mouse model for PBC is the dnTGF-BRII mouse. These
mice over express the dominant-negative form of TGF-p re-
ceptor I1 under the control of the CD4 promoter. A deficien-
cy of TGF- signalling causes various immunological abnor-
malities, including colitis. dnTGF-BRII mice exhibit major
serological and histological characteristics of human PBC
(42), indicating an important role of the TGF-§ signalling
pathway in the pathogenesis of PBC. Serologically, specific
AMA production occurs in all mice, and histologic hepatic
lesions typical of PBC (lymphocytic infiltration, interlobular
bile duct destruction, and granuloma formation in the portal
tract) appear at an increased frequency. Immune infiltrating
cells (including B cells, plasmacytoid dendritic cells, natural
killer (NK) cells, and macrophages), CD4+ cells, and CD8+
T cells are found in the portal tracts. In IL-2Ra—/- mice
(43), the IL-2 signal, which is important for controlling the
fate of mature T cells, is functionally blocked. These mice
develop an inflammatory bowel disease and an autoimmune
lymphoproliferative disease. Anti-PDC-E2 antibodies are
present in the sera of all IL-2Ra—/- mice. There is increased
lymphocytic infiltration in the portal tract and damage of
the interlobular bile duct. CD8+ T cells are predominant
among the infiltrating lymphocytes, and there is an increase
in the number of CD4+ T and B cells. In addition, a small
number of granulomas is formed. Increased levels of inflam-
matory cytokines, including TNF-a, IFN-y, IL-12p40, and
1L-6, are also observed. Using a model produced by crossing
IL-2Ra~/- mice with CD4 KO and CD8 KO mice, Hsu et al.
(44) showed that CD8+ T cells participate in the pathogen-
esis of PBC.

XENOBIOTIC INDUCED PBC

The autoantigens of the E2 enzymes have a common
structure consisting of a single N-terminal catalytic do-
main, containing two binding sites for the covalently at-
tached lipoic acid cofactor. These lipoyl binding domains
are the epitopes that are recognizised most often by AMAs
(8), suggesting an essential role of the lipoic acid domain
in the etiology of PBC. The immune reactivity of AMAs
are directed against a conformational epitope that is sus-
ceptible to chemical modification. This finding indicates
that self-tolerance may be interrupted by chemical modi-
fication of the lipoyl domain of PDC-E2 by xenobiotics. It
has been demonstrated that the modified lipoyl domain
of PDC-E2 specifically binds antibodies in PBC sera, of-
ten at levels higher than the native PDC-E2 molecule (45-
47). These mimicking effects are found in compounds that
are widely used in the environment (including perfumes,
lipstick, and many common food flavorings) (45). Studies
have shown that animals immunised with selected AMA-
positive xenobiotics resulted in AMAs; these animals de-
veloped liver pathology similar to PBC (48; 49).

It has been reported that B6 and NOD.1101 (NOD.
B6 1dd10 1dd18r2) mice immunised with 2-octynoic acid
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Figure 1. Histological features of the C57BL/6 mice 8 weeks after immunization with 20A-BSA and control mice.
Different degrees of lymphocytic infiltration: 1) untreated mice; 2) portal infiltration with granuloma formation; 3) parenchymal infiltration;
4) parenchymal granuloma; 5) moderate portal infiltration; 6) subcapsular abscess (H&E staining).

(2-OA), coupled to BSA, had high AMA titers, portal in-
flammation, and cholangitis similar to human PBC (14).

We used this xenobiotic induced PBC model to explore,
in detail, the histological characteristics of the liver.

EXPERIMENTAL PROTOCOL

Female C57BL/6 mice were maintained at the animal facili-
ties of the Faculty of Medical Sciences University of Kragujevac.
All animal procedures were approved by the ethical committee
of the Faculty of Medical Sciences, University of Kragujevac.

Primary biliary cirrhosis was induced as previusly de-

scribed (14). Briefly, a mixture of BSA conjugated 2-oc-
tynoic acid (20A-BSA; 100 pg/100 pL in PBS) was injected
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intraperitoneally with Complete Freund’s Adjuvant (CFA;
Sigma-Aldrich, St. Louis, MO), containing 1 mg/mL of My-
cobacterium tuberculosis (strain H37 RA; Difco Laborato-
ries, Detroit, MI). This was subsequently boosted every two
weeks with 20A-BSA in Incomplete Freund’s Adjuvant (IFA;
Sigma-Aldrich, St. Louis, MO). Additionally, mice intraperi-
toneally received 100 ng of pertussis toxin (List Biological
Laboratories, Campbell, CA) at the time of initial immuni-
sation with 20A-BSA in Complete Freund’s Adjuvant.
Immediately following sacrifice, liver tissue was har-
vested, fixed in 10% buffered formalin, embedded in par-
affin, and cut into 4-pm sections for routine hematoxylin
and eosin (H&E) staining. Evaluation under light micros-
copy and scoring of liver inflammation and bile duct dam-
age was performed on coded H&E-stained sections in a
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Figure 2. C57BL/6 mice immunized with 20A-BSA develop significant infiltrates in the liver. Mean values + SD for histopathological scores
Tand II per group (20A-BSA immunised and control) are presented. 0 = no significant change, 1 = minimal, 2 = mild, 3 = moderate,

and 4 = severe pathology * p<0.05.
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blinded fashion. The images were captured with a light mi-
croscope (Olympus) equipped with a digital camera.

Sections were evaluated for periportal inflammation, infil-
tration of bile ducts without damage, infiltration and damage
of bile ducts, and subcapsular infiltrates. Based on the level of
pathology, the indices were scored as 0, no; 1, mild; 2, moder-
ate; 3, severe; or 4, very severe pathology. Score I was calculat-
ed as the mean value of each scored index. Granulomas, and
fibrosis were scored as 0, no; 1, mild; 2, moderate; or 3, severe
pathology; ,based on these values, score II was calculated.

All mice immunised with 20A-BSA (9/9) developed
histological findings typical of PBC (Figure 1). Our his-
tological scoring clearly demonstrates the disease in the
group of 20A-BSA immunised mice (Figure 2).

The autoimmune cholangitis induced by 20A-BSA im-
munisation recapitulates the histological features of hu-
man PBC: portal-tract inflammation with destruction bile
ducts, focal-duct obliteration with granuloma formation,
periportal extension of inflammation, and fibrosis. Impor-
tantly this model of autoimmune cholangitis gives us the
opportunity to study the early events of PBC pathogenesis
and to explore the possibility of new PBC therapeutics.
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3Hayaj ekcnpecHje rajleKTHHA-3 y NaTOreHe3d MpuMapHe OuinjapHe LHPO3€e KOA MHIIEBa

Anekcannap ApceHnjesrh, aCHCTEHT 3a YKy HayuHy obaacT OHKOOrHja
H36opuo noapyuje: UI14 (MmyHocT, nHdekHja ¥ HH(Tamaluja)

Anpece:

NOTeHLHjaJHA MeHTOP: Mapuja Munosanosuh, JIOLCHT 3a Yy Hay4Hy o01acT Mukpobuonoruja u

MMYHOJIOTHja




CAXETAK

Y800: Tanextns-3 (Gal-3) urpa KbyuHy 3alITHTHY YOIy Y MHQEKTHBHMM M ayTOMMYHCKUM
3anabemcKMM peakidjama. [lonasehu on Tese na je anonTosa €MMTETHMX henuja Ky4yHHX
kananuha (eurn. Biliary Epithelial Cells, BECs) KpuTHU4aH norahaj y naToresesd npumapHe
6unujapHe uupose (eHrn. Primary Biliary Cirrhosis, PBC), a npearnoctaBbajyhy na nojayata
ekcrpecuja Gal-3 Moxe 3alTutuTy oBe fienuje 011 anonrose, y U3paiau oBe cryauje ucnuTusahe
ce ynora Gal-3 y MoJeny MHIIjer ayTOMMYHCKOT XOJIQHTUTHCA, EKCIIEPUMEHTATHOT MOJENa 3a
npuMapHy OuIHMjapHy LHPO3Y.

Hum: YTBpAWTY yJIOTY FaleKTHHA-3 Y NaTOreHE3H MHILjer ayTOMMYHCKOT X0JIaHTHTHCA.
Memode: Kao eKcriepUMeHTalHe KHBOTHEbe Kopuctuhe ce Gal-3 neduuujeHTHH MHLICBU (1unu
enrn. Gal-3 knockout mice, Gal-3") u Gal-3 nosutusnu muwesn coja CS7BL/6, cTapocTy 10 12
Henesba. KUBOTHIE e GUTH MMYHH30BAHE MMMOTOIOM MHTOXOHIPH]CKOT ayTOaHTUIeHa: 2-
okTanouune kucenuHe (2-OA) moBesane ca anbymuHOM rosehjer cepyma (eHrn. Bovine Serum
Albumin, BSA), koju mokpehe passoj PBC, a Hactana Gonect he ce 1ujarHOCTUKOBATH MEPEHHEM
HuBoa anTUTena Ha PDC-E2 ¥ MMyHOXMCTOXEMH]CKOM aHalM30M ucedaka jetpe. Memurahe ce u
deHoTMI TUMdOLIMTA KOjH MHDKATPHITY jeTpy, GYHKUMOHANHH cTaTyc henkja KOje TMpe3eHTY]y
aHTUreH W excripecuja Gal-3 y GuinjapHiM emuTennuM hennjaMa M MpoleHa aronTo3e OBHX
henuja.

Ouekusanu pesyamamu: OueKyje ce Ja MUIIEBH ca JENCLMjOM TCHA 33 Gal-3 pa3Bujajy
3HauyajHO TeKy (OpMYy HHIAYKOBAHOT ayTOWMYHCKOr XONaHruTHca, ca M3paXKeHH]OM
NMepPUIIOPTHOM HHOUITpauKjoM, BehinM omrehcmeM GuinjapHHX KaHandha M ClIEACTBEHHM
HacTaHKOM rpaHynoma u ¢pubpose.

Ouekusanu 3axmyyax: Gal-3 urpa KpUTHUHY YJIOTY Y 3ALUTHTA OHIHjapHUX EMHTEIHNX henuja

o/l MuH(MIaMaLKMjCKe NeCTPYKLHjE.

Kibyune peun: PBC, kcenobuotuk, Gal-3, anontosa, BECs




YBOJ

Gal-3, unan aMunMje JEKTHHA, NPUCYTaH je y Pa3M4yMTHM THIIOBHMA henuja ykpyuyjyhu u
heluje MMYHCKOr CHCTEMa, MOJY/IAPA KAKO CTEUYEHM TAKO H YpOheHW WMYHCKH OAroBOp (1.
OBaj NEKTUH je YKJ/bY4€H y MaTOreHe3y MHOrMX XPOHHYHHMX uH(IAMALH]jCKHX W MAaJTMTHHX
Gonectu (2,3). EnurenHe henuje HOpMAIHHWX HMHTpaxenmaTHYHHX OKyUHHX KaHanuha
KOHCTHTYTHBHO €KCIPMMHPAjy HM3aK HMBO rajleKTHHa-3, a eKcrpecHja ce cHaxKHO nosehasa y
HEKHM MaTOJIOLIKMM CTalkbMMa Kao IUTO j€ HWHTpaxenaTduHd XOJaHTHOKapLHHOM (4). Osaj
MOJIEKYJI MO3KE MMATH MPOAMNOINTOTCKY alli je MHOTo yeluhe CaoMIITeHa Hherosa aHTHANoNToTCKa
yaora (4). TToeehana excnpecuja Gal-3 y KepaTHHOLMTUMA HAKOH H3/arama UV 3pauyma WTATH
ose hemuje ox anontose (5). OBH Hanasu o GYHKIMjH Gal-3 mory GUTH Ba)kHa 34 MaToreHesy
PBC, Kkojy KapaKkTepulle HMYHCKH OArOBOP Ha I/IaBHH MUTOXOHApHjcKH ayToanTuren- PDC-E2.
OGjassbene cy oOMMHE CTyIWje O y3pouuMa M pa3Bojy oBe GONECTH, yKJbydyjyiH U oHE Koje
MCTPAKY]y pazidyUTE MyTEBE YK/bYyU€EHE Y MMYHOMATOJIOrHjy GONECTH KO/ MHIIEBA H KOA JbYH
(6, 7). Tlonaum H3 TOMEHYTHX CTY/Mja OCTAB/ba]y HEKOJIHKO OCHOBHHUX MPUHIHMA. I1pBo, jacHO
je IOKYMCHTOBaHAa TeHCKa Npeaucrosuidja. [lpyro, H3riena ja MMYHCKH OJIroBOp Hrpa
pasNMYUTE yIOTe 3aBMCHO OJf cTafujyMa Gonecty. Tpehe, Hako je GosecT ydecTaiuja KO KeHa
TO He Mopa OUTH MoCeINIa CaMo MPHCYCTBA MOTHAX XOpMOHa el M enureneTCKUX noraja Ha X
XxpoMo3omy (8, 9).

WuTepecantha je u npernoctabka na BECs Hucy camo HEMH MocMaTpatiu passoja PBC, Beh 1a
[OJ CTHMYJIANMjoM MOLY YTMLATM HA TOK M CHary 3amajeemhCKor mpoleca M TO Kako
eKCIIPECHjOM pa3TMUHTUX AJIXE3MOHMX M KOCTHMYJIAlM]CKMX MOIEKy/ia Tako H CEeKpeLHjoM
nponndnamanyjckux uurokuna (TNF-a, TFN-y u IL-1) (10). TTokasaHo je 1 na cy oBe henuje
nojuioxHe anonrto3y (11), a TokomM OBOr MpoLeca riaBHH MUTOXOHApHjcKH aHTured, PDC-E2,
ocraje HeusMemweH (12) u OuBa exkcrpUMMpaH Ha JIYMEHCKO] TOBPLIMHH EIUTEHHX henuja
KydHux kaHanuha (13). AHTHreH/M NOTEKIM W3 anonrosoma ocno6ohennx u3s BECs mory
aKTHBMpaTH ayTopeakTusHe tuMdormre (14). Takohe, amonToTHYHE BECs Mory cTHMyIHCaTH
Makpodare Jia CHHTETHILY K CEKPETYjy MPOMHpIaMaLHjCKe LIMTOKHHE (15). JKuBOTULCKH MO eI
GonecTy nopasyMeBa HMYHHU3alM]y ca 2-0KTaHOM4YHOM KHCETHHOM (2-OA) nosesaHoM ca BSA.
OBako M3asBaHy 6rary GonecT kapakrtepuiue nosehaxa KOHLIEHTpALHja AaHTHMHTOXOHIPH]CKHX
antutena (AMAS) y cepyMy, NopTHa HH(IaMalja | XONAHTUTHC, IITO OAroBapa 1 Hajasy ko
wyau o6onenux on PBC (16). Jlo naHac HHje HCTpaKeHa ynora Gal-3 y maroreHesd OonectH a

MOXKC CC MPEANIOCTABUTH Jia ou Y OJACYCTBO OBOT MOJCKYJa 0omnecT uMasna TeXH TOK. Hnanupaﬂo

MCTpa’KUBare MOrI0 OU 11a MOHYIH OArOBOP KaKBa je yJiora 0Bor MoJiekynay passojy PBC.




IMH/bEBHA U XUITOTE3E CTYJHUJE

OCHOBHH UWJb OBOI MCTpaxuBama je na ce yrBpau yiora Gal-3 y maroresesn PBC

KopuiuheweM MuLIeBa AeGULMjEeHTHHX ¥ eKcrpecHju Gal-3.
V cKknaay ca OCHOBHHM I[UJBEM TIOCTaBIbEHHU CY M clechn eKCIePUMEHTATHH 3a1aLH !

e VIBpAMTH yTHLA] HeOCTaTKa reHa 3a Gal-3 Ha TexxuHy GoJ1ecTu, Mepemem napamerapa PBC

e McnuTati pasivke y cacTaBy MHGMITpaTa y jeTpH MHIIEBA ca jermelujoM reHa 3a Gal-3 u
MHUIIICBA KOjU UMajy hyHKUKHOHANHY red 3a Gal-3

e Ucnurati ytuuaj Gal-3 Ha (yHKUMOHAIHM CTAaTyC AEHAPMTCKHMX henuja y uHpHITpaTtHma
jeTpe MHLIeBA HMYHH30BaHHX KCEHOGHOTHKOM

* YIIOpeaHTH cepyMcke LMTOKMHCKe npoduie v nomuHaHaTad umyHcku oarosop (Thl, Th2 u

Th17) numdoumta koju uHpuaTpuwy jerpy umynusoaHux Gal-3 neduumjentHux 1 WT

MHULLIEBA

o Vctpaxuty Besy uamehy excripecuje Gal-3, crenena amonrose BECs 1 Texune fosectn

PagHa XumoTe3a McnMTHBama: oacycTBo Gal-3 noacruue uuHdramauujy u nosehasa owrteheme

TKHBa

BPCTA CTYIUJE

Excnepumenransa cryauja



MATEPUJAJI U METOJIE:

EKclepumMenTaiHe KHBOTHme. VcTpaxuame he ce 06aBuTH Ha mMuimuuama coja C57BL/6
(wild type, WT) n Gal-3" neduumjentaum mumnuama Ha C57BL/6 noanosu, crapum 8 Hezesba.
Gal-3"" pebuumjenTHn MueBd noTuuy ca Yuueepsureta Kanudopuuja [laBuc u nHama cy
yerymbeHH JbydasHomhy D.K. Hsu-a u F.T. Liu-a. CBe nianupane npoueaype onobpuna je
ETuuka KOMHCHja 3a pajl ca eKclepUMMeHTaTHIM JKHBOTHIbama, QaKyITeTa MEJMIMHCKIX Hayka
Vuuep3uteta y Kparyjesiy.

Huayxosamwe PBC, aujarnosa u npaheme Toka 60s1ecTH.

TpumapHy GunHjapHy UKpo3y heMo M3a3BaTH Kao INTO j€ paHuje OTHCaHo (16). ¥Yzopuu cepyma
he ce NPUKYM/BATH APYTe, YETBPTE M 8. HElesbe NMOC/e HHULIHjATHE umyHusaumje ca 20A-BSA.
V cepymuma he ce oapeluBaTH KOHLEHTpalMja aHTHUTeNa Ha PDC-E2, kopuihemem ELISA
Texuuke (Enzyme-Linked Immunosorbent Assay, ELISA) kako je To panuje onucaHo (16).
Wceuww y3opaka TKMBa, TOGHMjCHH HAKOH JKPTBOBama XWUBOTHIbA, Nie ce HAKOH CTaHAapIHOT
TpeTMaHa GOjUTH XeMAaTOKCHIWHOM M eo3uHoM (H&E) v y muMa MUKPOCKONCKOM aHATU30M
PETHCTPOBATH TICPUNOPTHA WMH(Namauuja, WHGUATpaLHKja OWIHjapHHX kaHaniha ca u 6e3
owrehema Kao u cybkancynapHd uupunTpati. Cpaka 0] NOMEHTUX MATOJIOWIKMX MPOMEHA he
6UTH olemMBaKe ca: () = HeusMerseHo; | = Gnare; 2 = yMcpeHe; 3 = M3paxeHe W 4 = BpIO
u3paskeHe. XucTonomkn wHaeke I Guhie n3padynaBaH Kao Cperba BPEHOCT CBHX OLCHEHHX
npomena. [Topes Tora oremupahie ce ¥ MPHCYCTBO TpaHynoMa u ¢ubpose H To: 0 =wnema; 1 =
Gaare; 2 = yMepeHe; 3 = uspakeHe, a Xuctonomku uaaexc Il he 6utn u3pauyHasan Ha OCHOBY
THX BPEHOCTH.

Wceunw he ce 6ojutu jomr 1 Cupujyc 1pBeHOM G0jOM U TO TaKo WITO hie ce HakoH pexuapanyje
tperupatu 0.1% pacTBopom Goje Sirius Red F3BA y 3acuheHoj MUKPUHCKO] KucenuHu (Sigma-
Aldrich, St. Louis), y Tpajawy o jeaHor cara. Ilotom he ce uceulu Jpa MyTa [OTANard y
3aKHLIe/beHy BOAY U Tpu nyTa y 100% etaHo, fa 61 Haj3ai OHIIM ONpaHH KCHIIOJIOM. [Ipouena
cTerieHa (uOpo3e y HceylMMa MHUIjUX jeTpH, 00O0jeHMX Ha oBaj HauuH, obaeuhe ce
kopuwhemwem nporpama Image) (National Institute of Health, Bethesda, MD) na 10 BuaHMX
[0Jba Mo UCEUKY.

Mepeme uuTokuHa. KoHueHTpauuje UMTOKMHA he ce MepUTH ynotpeGom mujer cera 3a IL-
17, IL-13, and IFN-y (R&D Systems, Minneapolis, MN, USA) npema ynyTcTBHMa nipou3Bohaya.
Mmynoxucroxemujcke ananmse. Jenapaduuucanu ucedud he ce MHKYOHpaTH ca 3e4juM

MOHOK/IOHCKHM aHTHTenuMa 3a Muuji uurokepatud-7 (CK-7) v Gal-3. Besana antutena ce

BU3yaln3yjy nomohy Komjyrata crieuudrdHor 3a 3edja anturena (Expose Rb-Specific HRP/DAB




Detection IHC Kit; Abcam) w oromukporpaducamem nomohy JAMruTaaHe KaMepe roBe3aHe ca
CBETIO0CHHM MHUKpockonoM (Olympus BXS1).

H3onoBame HHQHATpHIIYhHX MOHOHYK/IeapHUX helHja jeTpe W NMpOTOYHA UHMTOMETpHja.
henuje he GuTH U3ABOjeHe U3 TKHBA jeTpe Kao LUTO je TO paHuje onucaHo (2). MoHoHyKIeapHe
hennje The Outm  peructpoBane nomohy MOHOKJIOHCKMX — aHTuTena  (obesexeHHuX
dnyopecuenTHuM Gojama) u To 3a: CD4, CD8a, TCRp, F4/80, CDI11c, CDI19, I-A/I-E, CD86,
IL-12, TNFa, IL-17, IFN-y (BD Biosciences). 3a uHTpauenynapHa Oojema, henuje he
npetxoqHo OWTH akTUBHcane PMA/jonomuiminom. Obenexene henuje he OUTH aHanu3upaHe
nomohy FACSCalibur nporounor uutometpa (BD Biosciences) a ananusa o0aBjbena
kopuihemeM nporpama FlowJo (Tree Star).

H3zoaoBame BECs u jgereKkToBame amonrto3de. 3a u3oioBame OoBMX henuja kopuctuhie ce
nepdysuja jetpe y nBa kopaka. Hakon nepdysuje xematouuty hie 6UTH CENEKTUBHO YKIOHECHH
GnaruM NPOTHCKHBAKEM KPO3 HHLUM3H]Y HAYMELEHY Ha jeTpHHO] Kancyiu. Ilpeocrane henuje hie
6utk cycnennoBate y o6oraliecnom DMEM wmenujyMy. HakoH feceToaHeBHE KyITUBAIMj€ OBAKO
u3ooBaHux henuja one he GuTH M3noxeHe joHoMmuuuHy (1 pg/ml) y Tpajamy on 22 carta.
[Tpouenar anonroruunux henuja he OuTu oapeheH NPOTOYHOM LMTOMETpUjoM Y3 MOMOR

Annexin V FITC Detection Kit (BD Pharmingen, San Jose, CA).

CHAT'A CTYAUJE U BEJIMYHUHA Y30PKA

BenvuuHa y3opka je uspauyHaTa Ha OCHOBY M0JaTaka O BPEIHOCTHMAa XHCTOJIOLUKOI CKOpa H
cepymcke KoHuentpauuje IL-6, IFN-y, IL-13 u IL-17 u npoueHTa ASHAPUTCKMX henuja
M30I0BAHMX M3 jeTpe N00MjeHMX Y MNpelMMHHApHOM ekcrnepuMeHTy. CTyaujckd ysopak je
u3padyHar y3umajyhu anda kao 0.05 u cHary cryauje ox 0.8 3a Student’s t Tect (1Ba He3aBHCHA
y3opka), nopenehu rpyne mehy cobom (y oba cmepa), npema CTaTHCTHYKOM Mporpamy
G*Power3. Ha ocHOBY TmpeTIocTaBKe Koja 3axTeBa HajsehW y3opak, OJHOCHO OYCKHBaHE
HajMame pa3lHKe Y WUCIHTUBAHHM MapaMeTpUMa U3Mely EKCIIEPUMEHTAJHMX ¥ KOHTPOTHHX
rpyna (3a mpoueHaT NeHAPHUTCKUX henuja y jerpw), ytBpheH je Opoj €KCIepUMMEHTalHUX
’KMBOTHIbA TIpEMa rpynama ¥ OH M3Hocu 43 3a csaky of rpyna. OBakaB CTYIHMjCKH y30pak
TIPETNOCTaB/ha YTBPHUBAILE CTATUCTHYKM 3HayajHe pasnuke (Student’s t TECT 3a 1Ba HE3aBHCHA

y3opka unu Mann-Whitney Tectom) uamel)y iBe rpyne UCIUTaHHKA, ca CHaroM ctynuje >= 80%.



3a craTMcTHYKY obpady Jjo0ujeHHX pesynTarta fie ce KOPUCTMTH KOMEpLMjaJiHK MPOrpaMCcKH

naket SPSS Bep3uja 18.

CTATUCTHYKA OBPAJIA ITOJIATAKA

JloGHjeHn pe3yaTath he GMTH NPeCTaB/bEHU Ka0 CPE/IHbe BPEJHOCTH + CTAHAPIHE IeBUjaLmje
(unu cranzapaHe rpeuike). CTaTHCTHYKA 3HA4ajHOCT he ce onpehusatu Student-0BHM t TECTOM,
a o notpedu u Mann-Whitney-eBum U test. CraTHCTHUKA 3HauajHOCT he OMTH MPEanocTaB/beHa

3a p=0.05. Cse craTrcTHuke aHanu3e he Guru o6asbeHe yrotpeGom nporpama SPSS 18.0.

OUEKHUBAHHU PE3VJITATH U 3HAYAJ CTY/IMJE:

Ouekyje ce na neneudja reHa 3a Gal-3, y cKCIEpMMEHTATHOM mumjem moaeny PBC,
WHTEH3MBHpa GoONecT, Ja rnojayaBa MOPTHY undnamauujy u ubposy. IlosHato je ma cy
criurenne henuje Ges Gal-37 3HaTHO NOUIOKHIjE AMONTO3M M e OueKyje H3paXkeHHja anonTosa
OunMjapuux enuTenHUX hemuja Gal-3"" MMIIeBa HAKOH MMYyHU3allHje KCEHOGUOTHKOM KOjH
CTHMYJyIIe HMYHCKH rocpejosaHo owTeherse OBHX henuja. MHTeH3MBHH)Y amnonTosy
GunMjapHUX eMUTeNHNX henuja mpatw WHTeH3MBHHje ocnobahame ayToaHTHIeHa ITo pe3y/ITHpa
fojauaHoM CTHMynaumujom hemuja Koje Npe3eHTyjy aHTHreH W MOCIEeNHHHOM MHTEH3UBHHU]OM
aKTHBALIM]OM AYTOPEAKTHBHUX MTMMQOLMTA M MHTCH3HBHpAIheM ayTOHMYHCKOT TIpOLEca.

OBMM HCIUTHBAbEM OU MCTPAKIIM HOBE UMYHONIATOIEHETCKE MEXaHU3Me MPUMapHEe OunujapHe
LMpO3e M EBEHTYATHO yKasald Ha HOBE TepamujcKe Mepe y JMeHeHYy MOUETHUX daza npumapHe

OHIIHjapHE LUPO3E.
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Ha cepnnun Kommucuje 3a mperxomHa nutama @akynreTa MeAUIMHCKMX Hayka,
oapxanoj 12. 11. 2015. roauue, yrepheH je

3AKJbYYAK

Kannupar Anexcannap ApceHujeBuh, McnymaBa YC/IOB 3a NpHjaBy TeMe JOKTOPCKE
auceprauuje, yrspher onmrum akruMa Qaxyiareta U Y HUBEP3UTETA.




OAKYJITET MEJUIITHUHCKHX HAYKA
HACTABHO-HAYYHO BERE

Bpoj: 01-12209/3-4

Hatym: 25, 11. 2015. roaune
Kparyjesan

Ha cenanum HacraBHo-HayyHor Beha ®axkynreTa MEJMLHMHCKMX HayKa y Kparyjesity
onpxanoj aaxa 25. 11. 2015. ronune noxera je

OAJUYKA

®opmupa ce Komucuja 3a OLEHy HaydyHE 3aCHOBAHOCTH TE€ME JOKTOPCKE JUcepTaLje
MOJ Ha3HBOM:

3HAYAJ EKCITPECUJE TAJIEKTUHA-3 V TIATOTEHE3U ITPUMAPHE BUJIMJAPHE
[IMPO3E KOJ MHUILIEBA

KaHauaara Anekcanapa ApceHdjeBuha, y cacrasy:

1. npod. ap Muoapar Jlykuh, npocbecop emepuTyc YHuBep3uteTa y KparyjeBily 3a yxy HayuHy
obnact MUKpoOHOIOTHja U UMYHOJIOTH]a, TPEICEAHUK

2. mpod. np Jamuno Bojsomuh, Banpeann npodecop MeauumHCKOr d)aky.rrreTa BMA
VHusep3uTera onbpane y Beorpany 3a yxy HayuHy obnact KinuHnuKa MMYHOIIOTHja, 4J1aH

3. pow. ap Fopnana Panocasibesuh, nouent QakyareTa MEWLMHCKUX Hayka YHMBEP3UTETa y
Kparyjesily 3a yxy HaydHy o6iacT MUKpoGHOIOTHja H MMYHOJIOTH]a, YIaH.
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1. Opayka HacrasHo-Hay4Hor Beha @akyaTera MeIHIMHCKIX HAYKa Yuupep3urera 'y
Kparyjesuy

Onnyxkom HacraBrHo-HayuHor Beha Qaxynrera METHIMHCKHX HayKa Vumpepsutera y Kparyjesuy,
6poj 01-12209/3-4 ox 25.11.2015. roxuHe, HMEHOBAHU CYy “IAHOBU Komuchje 3a OLEHY HaydHE
3aCHOBAHOCTH TeMe JIOKTOPCKE JHCEepTauyje KaHIumaTa Ap Mel. AJIeKcanapa Apcenujesnha non
HA3HBOM:

"3HAYAJ EKCIIPECHUJE TAJIEKTHHA-3 ¥ ITATOTEHE3U IPUMAPHOT
BUJIMJAPHOT XOJAHI'MTACA KO MULIEBA"

Ha ocnosy onyke Hayurno-Hacrasnor seha, dhopmupana je Komucuja y cactasy:

1. Ilpod. ;p Muozpar Jlyxuh, npopecop eMEpHTYC Vuusepsuteta y Kparyjesiy 3a yxy
Hay4Hy 061acT MHKpOGHOIIOrHja H MMYHOJIOTH]a, PE/ICEIHUK

2. Tpod. mp Mauuno Bojsomuh, BaHpeaHH npodecop MemunuHcKor Qakynrera BMA
Vauep3urera onbpane y beorpany 3a yxy Hay4dHy o6nact KnMHHYKAa MMYHOJOTH]a,
4iaH

3. Jlow. np lopnana Panocaseepuli, fouent Makynrera MEIHIHHCKAX Hayka YHHBEp3UTETA
y KparyjeBuy 3a yxy Hay4Hy o0nacT MuKpo6HOIIOTHja H HMYHOIIOTH], WiaH

Ha OCHOBY YBHJA Y IPHIIOXKECHY IOKYMEHTAIH]Y, Komucuja noanocu HacraBHO-HayqHOM Behy
dakynTeTa MEIUIMHCKUX HayKa Y HUBEpP3UTETa y Kparyjesuy cnenehu

M3BEIITAJ

Kaumumar Ap ™eia. Anexcanjaap ApceHdjeBuh, HCIymaBa CBE YCIOBE npeapuheHe 3aKOHOM 0
BHCOKOM oOpasoBamy ¥ Craryrom ®akynrera MEIMIHHCKHX Hayka Yy KparyjeBuy 3a H3paiy
JIOKTOPCKE JiCepTaluje.




2.1. Buorpaduja kanauIATA

A. Jluunn noganH

Pohen 30.11.1986. romune y Kparyjesuy. OcHoBHY MIKOIY H [IpBy TMMHA3H)y 3aBpIIHO Y
Kparyjesuy. WHTerpucane akaleMCKe crymmje MenuumHcKor  (akynTera, VHUBEP3UTETA Y
Kparyjesuy ynucao 2005/2006. 1 yCHemHo 3aBpLiHO 2012. roJMHe ca NpocedHOM oLeHOM 9,65.
IIxoncke 2012/13. ynucao JIOKTOPCKe aKkaneMCKe crymuje Ha DakynTeTy MEIMIHHCKAX HayKa y
KparyjeBuy, n300pHO IOApYYje WmyHonoruja, HEbEKuMja 1 urpnamanmja. I1010KHO je yCMEHH
JOKTOpPCKH ucnuT ca oneHom 10 (zecer). JlBe romuHe 00aBBa0 MOCA0 CapaaHuKa y HACTABH Ha
npeMeTuMa: Mukpobuonoraja u UMYHOJIOTHja, OCHOBH omkonoruje u KIMHAYKa MMYHONOTH]a.
M3abpan je y 3Bar-e aCHCTEHTA 33 YXKY Hay4dHY o6nact OcHoBu oHKojioruje 2015, roqune.

b. HayuHo HCTPakKHBAYKH paj

Kanmuaar, 1p Meal. Anekcanjap Apcenujesull ce aKTHBHO GaBH HayYHO-HCTPAXKHBAYKHM PaJlOM Y

[leHTpy 3a MONEKYJICKYy MEMHUUHHY M HCTPOKHBAME MmatuuHux hemwja, @akynrera

Memumunckax —Hayka y  Kparyjesmy. VY majy 2013. romuHe YYecTBOBaO je Y

MYJITH/IMCIHTUTHHAPHO] [IKOIH 5™ Course on Cytoskeleton: Cytoskeleton in Cell Organization*

Ha Muctaryry Kupn y [lapusy.

VYecHHK je:

e PenyGmaukor npojexta MHHHCTapCTBa POCBCTE, HAYKE H TEXHOJIOIIKOT pa3Boja:

1. OH 175069 ,MoneKyicke JeTepMUHAHTE yPoljeHe HMYHOCTH y ayTOMMYHCKHM QonecTuMa U
KaHLepOreHe3 "

e Maxkpo npojexara dPakyireTa MEIRIIMHCKUX HayKa Vuupepsutera y Kparyjesuy:

MII 01-14 , Tanextun 3, [L-33R 1 undexnuje y MMyHONIATOreHE3H pH(IaMATOPHUX GonecTH™
2. MIT 02-14 ,VcnoutuBame IHTOTOKCHYHOL jejctea  OMOAKTHBHHMX  CYICTaHUH  H

HMYHOMOJIyJ1allija TymMmopa’

—_—
.

B. Ilogauu o 00jaB/beHUM PaJ0BHMA

B1. PagoBu oGjap/keHn y yaconucuMa MelyHapoIHor snauaja (Kareropuja M20)

.V Zdravkovic ND, Jovanovic IP, Radosavljevic GD, Arsenijevic AN, Zdravkovic ND,
Mitrovic SLj, Arsenijevic NN, Potential dual immunomodulatory role of VEGF in ulcerative
colitis and colorectal carcinoma. Int J Med Sci. 2014;11(9):936-47, M22 = 5 6oxoBa

B2. 36opunuyx MehyHapOIHUX CKYIIOBA (Kareropuja M30)

1. Marija Z. Milovanovic, A.N. Arsenijevic, J.7. Milovanovic, B. Stojanovic, N.N. Arsenijevic,
M.L. Lukic. IL-33/ST2 axis mediates resistance to EAE by promoting regulatory B and
tolerogenic dendritic cells. 15™ International congress of immunology, Milan, Italy, August
2013. Abstract book, pp 152, M34 = 0,5 6oaosa

2. Jelena Milovanovic, Marija Milovanovic, Aleksandar Arsenijevic, Bojana Stojanovic,
Branka Popovic, Nebojsa Arsenijevic, Stipan Jonjic, Miodrag L. Lukic. CMV infection
facilitates EAE development in resistant BALB/c mice. Journal of Neuroimmunology, Vol.
275, Issues 1-2, p79-80. 2014. M34 = 0,5 6onoBa

3. Bojana Stojanovic, Jelena Milovanovic, Aleksandar Arsenijevic, Marija Milovanovic,
Nebojsa Arsenijevic, Miodrag L. Lukic. I1-33/ST2 axis mediates resistance to EAE by
promoting regulatory B and tolerogenic dendritic cells. Journal of Neuroimmunology, Vol.
275, Issues 1-2, p11-12.2014. M34 = 0,5 6oxoBa.

4. Bojana Stojanovic, Marija Milovanovic, Aleksandar Arsenijevic, Jelena Milovanovic,
Branka Popovic, Stipan Jonjic, Nebojsa Arsenijevic, Miodrag L. Lukic. IL-33/ST2 axis




mediates resistance to EAE by promoting regulatory B and tolerogenic dendritic cells. 3"
Belgrade EFIS Symposium on Immunoegulation, Arandjelovac, Serbia, May 2015. Abstract
book p 75. M34=0,5 Gonosa

5. Aleksandar Arsenijevic, Marija Milovanovic, Jelena Milovanovic, Bojana Stojanovic,
Natasa Zdravkovic, Patrick Leung, Fu-Tong Liu, Erick Gershwin, Miodrag L. Lukic.
Deletion of Galectin 3 Enhances Primary Biliary Cirrhosis in Mice by Enhanced Apoptosis
of Biliary Epithelial Cells and Release of Autoantigens. 3" Belgrade EFIS Symposium on
Immunoegulation, Arandjelovac, Serbia, May 2015. Abstract book p 43. M34=0,5 6oxoBa

6. Jelena Milovanovic, Marija Milovanovic, Aleksandar Arsenijevic, Bojana Stojanovic,
Branka Popovic, Nebojsa Arsenijevic, Stipan Jonjic, Miodrag L. Lukic. CMV infection in
neonatal and adult mice induces susceptibility to EAE in resistant BALB/c mice. 3"
Belgrade EFIS Symposium on Immunoegulation, Arandjelovac, Serbia, May, 2015. Abstract
book p69. M34=0,5 GoaoBa

7. J. Milovanovic, M. Milovanovic, A. Arsenijevic, B. Stojanovic, B. Popovic, N. Arsenijevic,
S. Jonjic, M. L. Lukic. MCMV infection in neonatal and adult mice induces susceptibility to
EAE in resistant BALB/c mice. 4™ European Congress of Immunology (ECI) Vienna 2015.
Abstract book, pp 105. M34 = 0,5 6ox0Ba

B3. Yaconucy HauoHaHor 3nadaja (Kareropuja M50)

1. Aleksandar Arsenijevic, Jelena Milovanovic, Bojana Stojanovic, Marija Milovanovic, Eric
M. Gershwin, Patrick Leung, Nebojsa Arsenijevic, Miodrag L. Lukic. Xenobiotic induced
model of primary biliary cirrhosis. Ser J Exp Clin Res 2014; 15 (3): 145-150. M52 = 1,5
OogoBa

2. Jelena Milovanovic, Aleksandar Arsenijevic, Bojana Stojanovic, Marija Milovanovic,
Branka Popovic, Stipan Jonjic, Nebojsa Arsenijevic, Miodrag L. Lukic. Latent Murine
Cytomegalovirus Infection Contributes to EAE Pathogenesis. Ser J Exp Clin Res 2014; 15
(4): 183-190. M52 = 1,5 bonoBa

3. 7ana Besser Silconi, Sasa Benazic, Jelena Milovanovic, Aleksandar Arsenijevic, Bojana
Stojanovic, Marija Milovanovic, Tatjana Kanjevac. Platinum complexes and their anti-tumour
activity against chronic lymphocytic leukaemia cells. Ser J Exp Clin Res 2015; 16 (3): 181-
186. M52 = 1,5 6omoBa

4. Bojana Stojanovic, Jelena Milovanovic, Aleksandar Arsenijevic, Marija Milovanovic,
Miodrag L. Lukic. Regulatory role of peritoneal B cells in EAE. Ser J Exp Clin Res.
IMpaxsalien 3a mrammny W Ouhie mMTamnad y jeHOM OJ( HAPEIHHX 6pojesa uaconnca. DOT:
10.1515/SJECR-2015-0048, mpunor ogodperse. M52 = 1,5 boxosa

5. Sasa Benazic, Zana Besser Silconi, Jelena Milovanovic, Aleksandar Arsenijevic, Bojana
Stojanovic, Marija Milovanovic, Tatjana Kanjevac. Zinc and gold complexes in the treatment
of breast cancer. Ser J Exp Clin Res 2015; 16 (4): 10-10. M52 = 1,5 donoBa

2.2. HaciioB, npeaMeT H XHIIOTe3e TOKTOPCKE TE3¢
Hacnos:

"3Hayaj eKcIpecHje FAIeKTHHAa-3 y aTOreHe3H NpUMapHOT OUIIAjapHOr XOJIAHTHTHCA KO
MuIIeBa"

IIpeamer:

[anextus-3 (Gal-3), wian pamMuaHje JICKTHHA, NPUCYTaH je y pa3HYMTHM THIIOBHMA henujama
yKJbydyjyhu 1 hemdje HMyHCKOT CHCTEMa, MOAyJIHpa Kako CTeUeHH Tako W ypoheHH HMYHCKH
onropop. OBaj JNEKTMH je YK/bydeH Y NATOreHe3y MHOTHX XPOHHIHHX uHpIAMAIH]CKAX H
MATHTHEX GonecTd. Enmrende henuje HOPMaIHMX HHTPAXCHATHYHHMX KYdHHX kananuha




KOHCTHTYTHBHO €KCIIPHMHPajy HH3aK HHBO rajleKTHHA-3, a KCIPECHja ce CHaXHO moBehasa y
HEKHM MATOJOMIKEM CTAFGMMA KAao IITO j¢ HHTPaXENaTu+HH XOJIAHTHOKAPIIHHOM. OBaj MOJIEKY T
MOJKE MMATH TIPOANONTOTCKY Al je MHOro dewhe caomuTeHa merosa aHTHAIOIITOTCKA yJlora.
Toschana excripecuja Gal-3 y KepaTHHOLMTAMA HAKOH H3/1ararba UV 3panuMa LITHTH OBE henuje
ox amomntose. Opu Hamasu o (ynxuuju Gal-3 mory OUTH Ba)KHH 34 NATOr€HE3y NpUMapHOr
GuIIMjapHOT XonanruTHea (eHriL. Primary biliary cholangitis, PBC), xojy KapakTepHile HMyHCKH
OIroBOp Ha ITIABHH MUTOXOHIPHjCKH ayTOAHTHICH- PDC-E2. OGjaBsene cy oOHMHE CTyauje O
y3pouuMa M pa3Bojy oBe OomecTH, yKJbydyjyhu u OHE KOje WCTP@Ky]y DPasiuuuTe IyIeBe
yKJbYUCHE Y MMYHOMATOJIOrHjy OONECTH KO MHIIEBA M KO syau. llopamd U3 MOMEHYTHX
CTY[Mja MOCTaB/bajy HEKOIMKO OCHOBHUX NPHHIIHIIA. [IpBO, jacHO je JOKyMEHTOBAHA I'CHCKA
npeaucriosnumja. Jlpyro, Msriefa Ja WMYHCKM OZrOBOp Hrpa pazIMvMTe YJOre 3aBUCHO OX
cramujyma Gonectn. Tpehe, uako je Gosect yuecTanja KO/ KeHa TO HE MOpa OUTH TIOCJIENMIA
caMo IIPHCYCTBA MOJIHAX XOPMOHA Beh U eIArCHETCKHX norahaja Ha X XpOMO30MY.
MuTepecaHTHa je M IPETHOCTaBKa 713 OunujapHe EMUTCIHE hemmje, BEC, HuCYy camMO HEMHU
nmocmarpaun passoja PBC, Beh pa mox CTMMYTALMjOM MOTY YTHIATH H2 TOK M CHAry
3aIA/bEILCKOT TPOLECA M TO KAKO eKCITPECH]jOM Pas/HUMTHX alXESHOHHX B KOCTHMYJIALH]CKHX
MOIIEKyJa TAKO H CEKpEIlHjoM MporAdIaMaljCKiX IHTOKHHA (TNF-a., [IFN-y u [L-1). ITokasano
je ¥ ma cy ose hemHje NOJUIOXHE amoNTo3H, a TOKOM OBOT NpoLieca IIaBHH MHTOXOHJPH]CKH
anturen, PDC-E2, ocTaje neu3MemeH M OnBa CKCIIPHMHPAH Ha JTYMEHCKO] TIOBPIIMHM CIIATEIHHUX
henuja sxyqHHX Kanaiwuha. AHTHreH/H TOTEKIH H3 arnonTo3oMa ocnobohennx 13 BEC Mory
AKTHBHpPATH ayTOPEaKTHBHE namonute. Takofje, amonTOTHYHE BEC Mory CTHMYJHCaTH
vakpodare 1a CHHTCTHIIY H CEKPETY]Y nporHdIaManjcke UATOKHHE. JKHBOTHILCKH MOJIEI
GosecTH MOApPa3yMeBa HMYHH3alH]y ca 2-OKTaHOHIHOM xucemunoM (2-OA) mosesaHoM ca BSA.
Opako u3a3zBaHy Omary 00JIecT KapakTepHILe noneliaHa KOHIEHTpAIK]a AHTHMHTOXOHJIPH]CKHX
antutena (AMAs) y cepymy, TOPTHA uH(IaManKja ¥ XOJaHIHTHC, WTO OAroBapa H Hayasy KOI
by obonemnx on PBC. Jlo nanac Huje uerpakena ynora Gal-3 y naroreHesu D0JIECTH a MOXKeE
ce NpEANOCTaBHTH Ja OH y OACYCTBO OBOI MOICKYJA GosecT MMana TeXH TOK. [LmaHHpaHo
HCTPAKHBAEGE MOITIO OM /1a IOHYIM OAroOBOP KaKead je ynora oBOI' MOJICKYJIa ¥ passojy PBC.

Xumorese:

Oxcycrso Gal-3 unan C57BL/6 Murese OCET/HHBHjHM Ha Pa3B0j CKCIEPUMEHTAHOT MPUMApHOT
GumHjapHor XoNaHTHTHca. Ennrenne henuje OMIMjapHAX kananmuha Gal-3 knockout muiesa cy
OCTeJbHBHj€ Ha aroNTO3y LITO MOACTHYC undnamaiujy 1 noschasa omTcheme TKHBA.

2.3. HcnymeHOCT Y1082 32 NPHjaBy TeMe J0KTOPCKE aMcepTanMje

Y TOKy cTyauja 0GjaBHO je BHINE panosa y HacolucuMa Mel)yHApO/IHOT U HAIMOHAIHOT 3HA4aja,
O Yera jefiaH pajl Kao MPBH ayTop TAME je HCIYHHO yCIIOB 33 TpUjaBy JOKTOPCKE TE3€.
PenepanrtHa pedepenna:

Aleksandar Arsenijevic, Jelena Milovanovic, Bojana Stojanovic, Marija Milovanovic, Eric M.
Gershwin, Patrick Leung, Nebojsa Arsenijevic, Miodrag L. Lukic. Xenobiotic induced model of
primary biliary cirrhosis. Ser J Exp Clin Res 2014; 15 (3): 145-150. M52 = 1,5 GonoBa




2.4. lpernen cTama y NOAPYYjy HCTPAKHBAILA

[IpuMapHn OWIIHjapHH —XONAHTHTHC € oprad-celH(puyHa ayTOMMyHCKa fonect Kojy
KapakTepHlle MyJITHIMHHjCKH XYMODAIHH W [EIyIapHu HMYHCKH OJTOBOp Ha OumHjapHe
enutende hendje U JAeCTpyKIHja OuirHjapHHX xanamuha. Mexanmam omrehema OuirjapHIX
xaHanuha HHje y TIOTIIYHOCTH pa3jalliibeH, a MoJauu MyGIHKOBAHMX CTyNH]a yKasyjy ia y TOM
TpoLecy y4ecTBYjy ayropeakTHBHH T maMdoruTd. THOMYHA KapaKTepHCTHKA Gonectn je
MPHCYCTBO AHTH-MHTOXOHJPHjAIHAX AHTHTENA Yy CEpYMY. JIMyHCKH OITOBOP j€ YCMEpeH Ha
ayroanTHred, E2 cy0jeIHHHLY AeXHApOreHasa KOMIUIEKCA 2-OKCO-KHCETHHE (EHT. 2-oxo-acid
dehydrogenase complexes, 20ADC-E2), a MMyHOIOMHHAHTHH CIHTOM oBor aurureHa je E2
cyOjeMHMNA KOMILUIEKCAa MHpYBaT JIEXHAPOreHase (PDC-E2). Ilosehan HMBO aHTHTENA
cnewuduurnx 3a PDC-E2 y cepymy je YIpykeH ca nosehamem Opoja ayTOAHTHIEH
cnenuéuunnx CD4+ T u CD8+ T numdounta y jeTpH.

BHIICCTPYKH HMYHCKH OITOBOp Ha MMYHOJOMHHAHTHH ayTOAHTHICH, PDC-E2, ykazyje na je
npekuyi Tonepaniuje Ha PDC-E2 wruEjamau jorahaj y pasBojy NpUMapHOr OurjapHOr
xonaurutuca. ETHonoruja GonecTH HHje TO3HATA, amd ce fonecT pa3BHja KOJ TCHETCKH
NPC/IMCIOHMPARAX 0C00a H3JIOKEHAX (AaKTOpHMA OKONHHE Kao [TO ¢y KCCHOOHMOTHIM H
MHKPOOPraHU3MH KOjH MOTHGHKY]y ayTOQHTHIEH H TaKO A0MPHHOCE TIPeKU.Iy TOJEPaHLK]e.
Bunujapne emmrenHe hendje aKTHBHO yaecTBYjy y DarorcHesd OOICCTH. EKcrpuMHpajy
KocTHMynatopre Molexyne, CD80 u CD86, u MHC II mMonexyie H npoaykyjy TNF-a, IFN-y u
-] HakoH wW3narama OpouMHGbIAMALMjCKAM LHTOKMHEMA, Ia FHHXOBA uHTepakumja ca 1
nM(pOLHTHMA MOe fa gompusece owreherby. Pa3IMUMTOM EKCIIPECHjOM KOCTHMYJIaTOPHHX
MOJIEKYNIa B TIPOUH(IAMATOPHAX LMTOKHHA CIHTCIHE heswje GunHjapHAX KaHaikha MOJy/MIIY
cTeneH W JoKanu3anujy HH(pIaMaTopHOr Npoueca.

Enurenne hemmje Manux OHIHjapHHX kaHaiuha cy yciejl CMameHe MpoAyKLWje MeNTH/a
PE3NCTEHTHUX HA TPOTEa3’e M3Pa3UTO CKIJIOHE AlOITOSH. JejIMHCTBEHA KapaKTEPHCTHKA OBHX
hemuja je nma PDC-E2  Hakom amonTose ocTaje HEH3MEHEH U WHTEppearyje ca
AHTHMHTOXOH/IPHjATHAM aHTHTeIuMa. HeoaHTHIeHH KOjH LOTHIY H3 aloNTOTCKHX OHIIHjapHAX
enuTenHMX henvja MOTy Ja aKTHBMpajy H ayTOPEaKTHBHE mmmbonure. Kox obomennx Ox
IpuMapHOr GHIIMjapHOr XOIaHTHTHEA CC y0H4dna mosehana excrpecuja PDC-E2 Ha anMKaIHO]
MOBPIIMHY OMIHjapHUX EMHTEIHUX henuja. XonaHTHOOUTH ydyecTByjy y Tpancropty IgA To
nymeHa kananuha, a IgA crenmuina 3a PDC-E2 mpHIMKOM TIpoJiacka Kpo3 XOIaHTHOLMTE
dopMupajy KOMILUIEKCE Ca AHTHTCHOM H Tako JONPHHOCE H3TIAramby PDC-E2 Ha anuKaHoj
noppuany hemuja. Takohe, IgA NpHIHKOM NpoacKka KPO3 XOJIAaHTHOLUTE aKTHBHPA]y Kacrase 1
MHAYKY]y QnoNTO3y M TaKO MOACTHYY MPHKAIHABAMC ayTOAHTHreHa Ha MeMOpaHH alONTOTCKHX
BE3UKYIIA.

Gal-3 je npucyraH y henujama KMYHCKOI CHCTEMA H pa3IHYMTHM CIUTETHHM henwjaMa Kao mMTO
cy henmje cIy3HMIlE XeIylld, KOJOHA, NpoCTare. Pasnuuurta MHGIAMATOPHA CTama yTHIY Ha
nobehase excnpecuja Gal-3 y osam hemmjama. ‘henuje ca nmopehanoM ecknpecujom Gal-3 y
[MTOMIAIMK Cy MAame OCeT/BHBE HA aromnTo3y, a ca Apyre CTpaue nenenuja resa 3a Gal-3
nosehaBa OCETJHMBOCT ~KEPATHHOLHTA, Neanja KOJNOPEKTATHOT KapIHHOMa, JICYKEMH]C,
xapuupoma OyOpera, XOTaHTHOKApIHHOMA Ha HHAYKIHjy NporpaMHpane henujcke CMPTH.
Takolje, Gal-3 uMa yJIoTy JIHraHaa KojH ce Beayje 3a peLientope Ha haromuTUMa KOjH TIperno3Hajy
aIoINTOTCKE BE3HKYIIE Ma TAKO MOACTHYE YK/IAmhaihe amontoruunux hemmja. [Ipema Tome Gal-3 6u
MOrao Ha HajMambe [(Ba HauMHA [a YTHYC HA MaTOrCHE3y IIPHMapHOT OMJIMjapHOT XOJIAHTUTHCA,
KpO3 KOHTPOJIY amonTo3¢ eNHTEIHHX hesmvja GuiujapHuEx Kananuha KOje MMajy LEHTPaIHY YJIOTY
y ocnobahamy ayToaHTAIeHa H KpoO3 KOHTPOILY yKnamara AanonTOTCKHX BE3HKy/a Koje




eKCIIPHMUpA]jy HMHTAKTHE AyTOAHTHIeHe. 3HauajHy YJIOry Y Tpe3eHTaljH ayTOAHTHICHA H
axruBarmju T mumdormTa HMajy AEHIPHTCKS henuje, a MOJALM O YTHLA]Y Gal-3 na QyHKUH)Y
nenzpuTckux Nenuja xoje ¢y KOHTpaJUuKTOPHH.

3a caja y JIMTCPAaTypH HeMma I0JATaka O YTHLAJy osicyctBa/mpucycrsa Gal-3 Ha naTorenesy
TPUMAPHOr OHIIHjapHOT XOJaHIHTHCA.

2.5. 3Hauaj W Wb HCTPAKABAKA €3 CTAHOBHINTA AKTYCIHOCTH Yy onpehenoj Hay4uHoj
obacTH

I'1aBHU HAJE HCTPAKHBALA

OCHOBHH IAJb OBOT HCTPaXHBaHa je 1a ce yTBpau yiora Gal-3 y naToreHesu PBC xopuihemeM
muLeBa nedunujenTHUX y excrnpecuju Gal-3.

V cknany ¢a OCHOBHHM IIHJbEM IIOCTABJECHH CYy H cnenehy exciepUMEHTAIIHH 3a/1allH:

1. YTBpauTH yTHIA] HENOCTaTKa r¢Ha 3a Gal-3 Ha TexxuHy OOJECTH, MEPeHEM Napamerapa
PBC

2. UcrmuraTd pasiHKe y cacraBy MHQMITpara y jeTpH MHIICBA Ca nenenujom rexa 3a Gal-3 u
MHIIEBA KOjH HMajy GYHKIIHOHAIHH I'€H 33 Gal-3

3. Ucnurary yrunaj Gal-3 #Ha QyHKIHOHAIHH CTATYC ACHAPUTCKHX hemuja y uHQHITPaTHMA
jeTpe MHIIEBA HMYHH30BaHHX KCEHOOHOTHKOM

4. YnopeauTH CEpyMCKE UTOKHHCKE npodue i JOMHHAHATAH HMYHCKH OArOBOP (Thl, Th2 u
Th17) nambounTta KojA HHGHITPHITY JETPY MMYHH30BAHHX Gal-3 pepunmjertanx 1 WT
MHIICBA

5. Wcrpaxuth Besy usmelyy excripecmje Gal-3, crenena anmonrose BEC u TexuHe 00JIeCTH

2.6. Be3a HCTPAKUBAHA €A 10CAAIILHM HCTPAKHBALHMA

TalleKTHH 3 je IPOTENH KOjH Moxe Ja Oyje NprcyTaH y nuTomasMe fienuja y MEPOBAIbY, jeAPY
henmja Koje ce nelie, a CEKpPETyje ce U Y eKCTpaleLylapHi IPOCTOpP. Gal-3 uma BaXKHY yJory y
KOHTPONM pa3MIHIUTHX OHOJOLIKUX dynximja, yKbyYeH je Yy obpany mRNA, peryimme
hemujcku THKIyC W HMa JyalHy yiaory ¥ Mojlynaudju  henHjcke anxesuje W
MMYHCKMX/MH(PIAMAIH]CKHX TPOIIeca. Gal-3 je npucyTaH y €MUTEITHUM henujama y KOjUMa MMa
AHTHANIONTOTCKH edeKaT. AHTHAMONTOTCKE epeKTe octBapyje cynpecujom ERK aKTHBaIMje H
crumynanujoM akruBHOCTH AKT cHrHanHOr myTa. Excnpecuja Gal-3 y enurTenHuM henujama ce
noBehaBa 1o M3Jlarampy IITETHAM arcHCuMa. Hoguje cTyauje ykasyjy Ha CBE HCTAaKHYTH]Y YJIOTY
Gal-3 y maToreHe3n XpOHHIHHX MH(IaMaTOPHAX Gostecty. 3nagajro je ucrahun na Gal-3 nMa u
npo- W aHTH- MH(IaManjcke epexre y 3aBUCHOCTH ONL OKOJIHOCTH HH(IamManuje U HBHOT
TKHBa WM hemuje. Anonro3a CHUTEIHHX henuja OGunHjapHAX Kanaymha Mrpa 3Ha4YajHy yjiory y
pa3Bojy MpEMapHOT OHIHjapHOT XOJIAHIHTHCA. Kako Gal-3 y enuTenuum henujama perymnuiie
[POIIEC aTIONTO3e BEPOBATHO je 1 Gal-3 yuecTByje ¥ Y HMyHOMATOTCHETCKHM MEXaHH3MHIMA
npuMapHOT GHIMjaprHoT Xonanrurrca. [Ipema HoCTyHHUM momauma 13 muteparype ynora Gal-
3 y naTorenesu PEMapHOT OMIHjapHOT XOMAHIHTHCA 10 Cala joll yBeK HHje HCTIHTaHa.

2.7. MeTtoje UCTpaKHBamBA

EKcIepuMeHTa/IHe KHBOTHIb€e. LcTpaxkupaibe he ce 0GaBMTH Ha Mummiama coja C57BL/6
(wild type, WT) Gal-3"" pedymujenTHAM MHIIKIIAMA HA C57BL/6 nomnosu, crapuM 8 Hejelba.
Gal-3"" neduuujeHTHH MUIEBH TOTHYY ca YHHBEP3HTCTA Kamudopuuja JlaBuc u Hama Cy
yerymberu Jbybasnomhy D.K. Hsu-a u F.T. Liu-a. Cee manmpade IPOLEAype 0x00puIa je




ETHuka KOMHCH]ja 38 pajl ca eKCIEPUMEHTAITHHM XKUBOTHIHAMA, dakysTeTa MEHIMHCKAX HayKa
Yuupepsarera y Kparyjesiy.

Uupyxoeame PBC, qujarnosa u npaheme Toka 0oJiecTH.

[IpuMapeu GEIMjapHH XONAHTMTHC hieMO M3a3BaTH Kao UITO je panuje omucano (16). Y3opuu
cepyma he ce IMPHKYIUBATH APYre, YETBPTE H 8. Hemespe TOCIC HHHIMjATHE AMYHH3aUHje ca
20A-BSA. V cepymuma he ce onpehusarn KOHIIEHTpal{ja aHTHTEeNa Ha PDC-E2, kxopumhemeM
ELISA Texuuxe (Enzyme-Linked Immunosorbent Assay, ELISA) kako je TO paHHje OIHCAHO
(16). Hceuun y3opaka TKHBa, noOHjeHH HAaKOH JKPTBOBaiba JKHBOTHIBA, he ce HaKOH
CTaHJapIHOT TPeTMaHa GOjHTH XeMaTOKCHJIMHOM M CO3HHOM (H&E) 1 y 1iMa MHKPOCKOTICKOM
aHAJIM30M PErUCTPOBATH IEPHIOPTHA wHdramanyja, aHdUITpaja GunmjapHux KaHanuha ca i
6e3 omreliema kao U cybxancynapan nadunrpary. Cpaka 0/ HOMEHTHX [IATOJIOMIKKX IPOMEHa
he 6utu onemuBane ca: (0 = HeH3MebeHO; 1 = Gmare; 2 = yMEpeHe; 3 = uspaxceHe u 4 = BpIIO
u3paxkeHe. XMCTONOMKH HHAEKC I Guhe w3padyHaBaH Kao CPe/iba BPEJHOCT CBHX OUCHCHHX
npomena. [Topex Tora onermusahe ce U NPUCYCTBO rparyioMa u ubpose u To: 0 = Hema; 1 =
Gnare; 2 = ymepeHe; 3 = H3paXKeHe, a XHCTOJIOIKH HH/CKC II he 6uTH W3padyHaBaH Ha OCHOBY
THX BPEIHOCTH.

Uceunu he ce 6ojutn jorr 1 CHpHjyc 1PBEHOM 60joM U TO TaKo ITO fie ce HAKOH pexupanmje
tperupatu 0.1% pactBopom Goje Sirius Red F3BA y 3acuheHoj MHKPHHCKO] KHCETHHH (Sigma-
Aldrich, St. Louis), y Tpajamwy ox jemor cara. llotom he ce Wceyld JBa NyTa MOTaNaTH y
3aKMIIeJpEHY BOAY M TPH NyTa y 100% eTano, Ja 01 Haj3az OWJIK OTNPAHH KCHIOIOM. [TpoueHna
cTereHa (uOpo3e y HCedlMMa MHUIHX JETPH, o6ojeHuX Ha O0Baj HAMH, oGasuhe ce
xopumhermem mporpama Imagel (National Institute of Health, Bethesda, MD) na 10 BUIHHX
[10Jba 110 HCEUKY.

Mepeme IHTOKHHA. KoHueHTpanyje LMTOKMHA hie ce MEPHTH ynoTpeGoM MHILjer ceTa 32 IL-
17, IL-13, and IFN-y (R&D Systems, Minneapolis, MN, USA) npema ymyTcTBUMa npouzBohaya.
HMMyHOXHCTOXEMH]jCKe aHAJIM3E. JlenapadHucaHn HCEHIH he ce mHKYOMpaTdH ca 3€4juM
MOHOKJIOHCKMM AHTHTEIHMA 33 MHUIH LUTOKEpaTHH-7 (CK-7) u Gal-3. Be3sana antatena ce
BA3yaJM3yjy TOMONY KOHjyrara crenppUUHOr 32 3€4ja AHTHTENA (Expose Rb-Specific
HRP/DAB Detection THC Kit; Abcam) u doToMukporpapucarmem nomohy JUrHTaIHe KamMepe
[IOBe3aHeE Ca CBETJIOCHHM MEKpockorioM (Olympus BXS51).

H3zonoBame HHGUATPHIIYhHX MOHOHYKJICAPHHX heauja jerpe W MpPOTOYHA HUTOMETPH]A.
‘henuje he GUTH M3/1BOjEHE U3 TKUBA jeTpe Kao IWITO je TO panuje omucano (2). MonoHykieapHe
hennje he OuTH  perucTpoBaHe nmomolly ~ MOHOKJIOHCKMX — QHTHTEIA (obenexxeHnx
dayopecuenTHEM Gojama) H TO 3a: CD4, CD8a, TCRp, F4/80, CD1lc, CD19, I-A/I-E, CD86,
IL-12, TNFa, IL-17, IFN-y (BD Biosciences). 3a HHTpaneilyiapHa Gojema, hemuje he
nperxoHo GutH akTHBHCaHe PMA/JOHOMHLMHOM. O6enexene hemuje he OMTH aHanM3MpaHS
nomohy FACSCalibur mpoTo4yHor HTOMETpa (BD Biosciences) a aHalH3a obaBJbeHa
xopumhemem nporpama FlowJo (Tree Star).

H3onosame BECs H aeTexkroBame amnonrtose. 3a u30/0Bamke OBHX henuja xopuctuhe ce
nepdysuja jerpe y aBa kopaka. HakoH nepy3uje xenaronuTn he GUTH CENCKTUBHO YKJIOHEHH
GaruM IPOTHCKHBAMBEM KPO3 HHLM3H]y HAUMIBCHY Ha jerpunoj Kamcynu. [Ipeocraie henuje he
Gurn cycnennoBaHe y oforalicHOM DMEM wmeaujymy. HakoH I€CETOAHEBHC KyJITHBALlK]€
0BAKO M30N0BaHKX hemnja oHe he GUTH H3NOXKEHE JOHOMHULUHY (1 pg/ml) y Tpajamy ox 22 cara.
[polieHar anmonTOTHYHKX hemija he 6utH oxpeheH MPOTOYHOM nuTOMETpHjoM y3 Homoh
Annexin V FITC Detection Kit (BD Pharmingen, San Jose, CA).

CHara cTy/uje H BeJIMYHHA Y30pPKa

BenuuuHa y30pKa je W3pauyHara Ha OCHOBY [OfaTaka o BPETHOCTHMA XHCTOIONIKOr CKopa H




cepymcke konnenrpamuje IL-6, IFN-y, [L-13 u IL-17 u mporeHTa neniputckux henuja
M30JI0BaHUX M3 jerpe JOOHjeHHX y NpEeTUMHHAPHOM CEKCICPHMEHTY. CTyZHjCKH y30paK je
u3pauyHar y3umajyhu anda xao 0.05 u cuary cryzanje on 0.8 3a Student’s t TecT (1Ba HE3ABUCHA
y3opka), mopenehu rpyme Mehy cobom (y oba cmepa), mpema CTATHCTHYKOM IpOrpamy
G*Power3. Ha OCHOBY IIpPETIIOCTABKE KOja 38XTeBa Hajselil y30paK, OJHOCHO OYEKHBaHE
HajMame pa3iMKe Y HCOMTHBAHHM IapameTpuma m3Mel)y eKCTIEPHMEHTATHHX H KOHTPOJIHHX
rpyna (3a mpoueHaT AeHAPATCKEX hemmja y jerpu), yrepher je Opoj eKCIepUMEHTAIHHX
JKHUBOTHIGA NPEMA rpyllaMa H OH H3HOCH 43 3a CBaKy O Ipyma. OBakaB CTYIHjCKH y30paK
NpeTIocTaB/ba YTBphHBarhe CTATHCTHYKH 3HAYajHE PAsIHKe (Student’s t TecT 3a JBa HE3aBACHA
y3opka i Mann-Whitney TecToM) H3Mehy JIBe TPyIe HCUTAHHKA, ¢4 cHaroM cryauje >= 80%.
3a cTaTHCTHYKY 06pamy mobujennx pesynrara he ce KOPHCTHTH KOMEPIHjalTHH [IPOTPaMCKH
naket SPSS Bep3uja 18.

CraracTHYKa 00paaa noaaTaKa

JloGujenn pesynratu he GHTH NPEACTaB/LEHH Ka0 CPE/EhC BPEAHOCTH + cTaHjapjHe JIeBUjaluje
(v crampapase rpemke). CTaTHCTAYKA 3payajHoCT he ce onpehuBaTy Student-0BAM t TECTOM,
a 110 norpe6u u Mann-Whitney-epum U test. CraTHCTH'IKA 3Ha4ajHOCT fie OUTH MPEOCTAB/BCHA
3a p=0.05. Cpe craTHCTHYKE anau3e fie OuTH o6asspene yrnotpebom mporpama SPSS 18.0.

2.8. OueKHBaHH Pe3yJITATH TOKTOPCKE IHCEPTALHje

Ouekyje ce na nmenenuja rema 3a Gal-3, y CKCIEPHMCHTAHOM mumjem wmozxeny PBC,
MHTEH3UBApa 0OJIECT, Na [0jaya IIOPTHY yH(namanujy i ¢pubposy. Ilo3nato je ma cy enuTesHe
henmje 6e3 Gal-3"" 3HaTHO TOMLIOKHM]jE ANONTO3M NA CE OHUCKYje W3paKeHUja amnomnTosa
GHIMjapHEX EMATEIHHX hemmja Gal-3"" MulIepa HAKOH HMyHH3alHje KCEHOOHOTHKOM KOjH
CTIMyJIylle HMYHCKH LOCpenoBaHo owrcheme OBHX hemmja. VIHTEH3MBHHjY anomnTo3y
OHMIIHjapHUX enUTeTHAX heanja npaT MHTeH3MBHH]E ocobaharbe ayToaHTHIEHa [ITO pe3yITHpa
nojavaroM cTUMynanmjom hemmja xoje TIpe3eHTyjy aHTHIeH H TOCIEIHIHOM MHTEH3HBHH]OM
AKTHBALM]OM ayTOPEaKTHBHHX TUM(QOIMTA U HHTCH3HBHPAILEM ayTOMMYHCKOT TIpoLeca.

OBHM HCIHTHBABEM 6M HMCTPAXHIH HOBE HMYHONATOICHETCKC MEXAHH3ME [pPHMAapHOT
GUIIH]apHOT XOJIAHTHTHCA U €BEHTYAIHO YKa3aln Ha HOBE TepanujcKe Mepe y JIeuey MOIETHHX
(aza npuMapHOr GHIKjapHOT XOJIAHTHTHCA.

2.9. OKBHPHH caJpXkaj JOKTOPCKE JucepTanuje

Kopucrehu Gal-3 neduimjentHe MHIICBE, HCIHTUBAMCM KJIMHHAYKE CJIHKE, XHCTOJIOIIKOM
aHAIM30M IIperapara jeTpe, JETEeKIHjoM antu-PDC-E2 amturena (IgG, IgM u IgA),
ofpehuBar-eM HHBOA LIATOKHHA Y CEPYMY ELISA MeToJ0M, HMYHOXHCTOXEMH]CKHM aHa/IM3ama
TKMBA jeTpe W CrelHjaTHuM OojemhHMa TKHBA Kojuma ce nerektyje puodposa, ucrnutahe ce
yrunaj Gal-3 Ha pa3Boj eKCHEpHMEHTAIHE NPHMAapHOr GunmjapHOr Xonanrutuca. MeronoM
TIPOTOYHE ATOMETpHj€e he ce aHaIu3upaTh yrunaj Gal-3 Ha cacTas uHpUITpara jerpe, peHoTUN
W IHTOKHHCKH IPOdHI MOHOHYKIeapHux hemuja Koje HHGUITPHIIY JETPY. Hcnurahe ce yTHIgj
OBOT MOJIeKyJia Ha (QYHKIMOHAIHH CTAaTyC NEHAPUTCKAX henuja npuCyTHHUX Y jETPHU IPE H TOCIe
wHayKugje Gonectd. YTepauhe ce yTHI] HHAYKIje OonecTd Ha excripecujy Gal-3 'y
enuTenHMM hendjama OunmjapHuX Kaxajuuha H yTHIIa] eKCTIpecHje Gal-3 Ha amomnTo3y
enutenHux henuja GunmjapHUX KaHanuha.




2.10. Ipeanor menTopa

3a MeHTOpa OBE JOKTOPCKE Te3¢ KomucHja npeaiaxe J0L. Ip Mapujy Munosanosuh, JoleHTa
dakynTeTa ME/MIWHCKUX HayKa YHUBEP3HTETa KparyjeBuy 3a yxXy HayuHy obnact

MuKpoGHOTOTHja ¥ HMYHOJIOTHja.

2.11. Hayumna ofaacT AucepTanuje
Meuimsa. W36opro noapyyje: MmyHnonoruja, uH(exIHja 1 HHpIaManKja

2.12. HayuHa 06,1aCT “/1aHOBA KOMHCH]C

1. Hpod. np Mmogpar Jlykumh, npodecop eMepuTyC Vuusepsuteta y Kparyjesny,

IpeICCAHHK
2. Tlpod. np Jlauuno Bojsomuh, BampenHu npodecop MeAHIHHCKOT daxynrera BMA

VuuBep3uTeTa obpane y Beorpany 3a yxy HayqHy o6nact KanHuuka HMyHOJIOTH]a,

q1aH
3. Jlow. ap Fopaana Panocassennh, JONEHT daxy/nTeTa MEAHIMHCKIX HayKa YHUBEP3HTETA

y Kparyjesiry 3a yxy Hayqny o0nact MuKpOOHOJIOTH]a H HMYHOJIOTH]a, WiaH

3aspyuak u npexaor Komucuje

Jlp men. Anexcanjap ApcenujeBuli, CapajHHK y HAcTaBH Yy 3Balby ACHCTEHTA HA MPEeJIMETY

OcuoBH oHKOJNOTHjEe, PaKynTeTa MEIMIIMHCKHX HayKa, Vuusep3uteTa y Kparyjesity, Ha OCHOBY
JOCAJalbe CTPY4YHE, HaydHe M NeNaroulke akTHBHOCTH HCIIyHaBa CBE YCIOBE IPONHCAHE
Craryrom ®akyinrera MeTMIMHCKAX HAayKa H 3aKOHOM O YHHBEP3HTETY 3a 0100peme TeME H
H3paIy J0KTOPCKE AHCEpTalHje.

IlpejutoXeHa Tema je HAy4HO OMpaBiana W OpHIMHATIHA, JIM3ajH MCTpaKuBama Mpe

[I0CTABJbEH W AcPHHHUCAH, 4 HAy4dHa METOI0JIONH]ja jacHa | MpeLH3Ha.
Komucuja npemnaxe Hay<aHo-HacTaBHOM Behy Paxysirera MEAMIMHCKUX HayKa y KparyjeBuy

Jla IPUXBATH TEMY JIOKTOPCKE JMcepTanyje Kanuaara ip Mell. Aunexcarapa Apcenujesnhia, o
nasuBoM ''3HAauaj eKempecuje rajJeKTHHA-3 Yy TNaToreHe3n NpHMAapHOr OnanjapHOr

XOJAHFUTHCA KOX Mumesa' i 0100pH Hbeny H3pany.

LA3HO



YJIAHOBHA KOMHCHJE

1. IIpod. np Muoapar Jlyxuh, nmpodecop eMepHTYC YHHBEp3WTETa Y
Kparyjepmy, npe{;genmm
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2. Tlpod. ap Haumno Bojsoauh, Bampemnn mnpogecop Me/unuacKor
dakynrera BMA VHusep3utera ondpane y beorpaiy 3a yxky HayuHy
ob6nact KiMHHYKa HMYHOJIOTH]a, WIaH

3. Jlon. np Topaana Pagocasibesuh, poueHT Qaxynrera MEIMIMHCKHX
Hayka VYHmBepsuTeTa y Kparyjeemy 3a yxy Hayuny obmact
MukpoGuoorija 1 HMyHOJIOTH]a, “IaH /
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Y Kparyjesuy, 21.12.2015. rogune




QAKVITET MEJUIUHCKHUX HAYKA
HACTABHO-HAYYHO BERE

Bbpoj: 01-1414/2-11

Hatym: 24, 02. 2016. ronuue
Kparyjesan

Ha ceanuum Hacrapho-nayunor seha @akynrera meauiumickux nayka y Kparyjesuy
oaprkaHoj nana 24. 02. 2016. roauue goHeTa je

OJdJYKA

Yeeaja ce Mspewraj KomucHje 3a oueny nayune 3acHOBAHOCTH TeMe JIOKTOPCKC
JMCEpTALMje 0] HAa3UBOM:

3HAYAJ EKCITPECHIE TAJIEKTUHA-3 Y TTATOT'EHE3H I[TPUMAPHOI" BUJIMJAPHOT
XOJIAHI'MTHCA KOJI MHILIEBA

KaHaujara Anexcanjapa ApceHujesuha, y cacrany:

1. mpo¢. ap Muoppar Jlykuh, npodecop emepuryc Yuupepsutera y Kparyjesiy 3a y:ky HayuHy
obmact Mukpo6GHOJIOrHja U KIMYHOJIOTH]a, MPEICEHHK

2. npod. ap Hanuno Bojeoauh, sanpeanu npodecop Meauumnckor ¢akynrera BMA
Yuusepsutera oabpane y beorpay 3a yiy HayuHy oGsact KiMHUUKA UMYHOIIOTHja, Y/laH

3. mou. ap I'opnana PajocasibeBuh, pouent ®akynarera MEAMUMHCKHX HayKa YHUBEP3UTETA y
Kparyjesuy 3a yxy nayuny o6aact Mukpo6GHO/IOrHja 1 HMYHOJIOTH]a, Y/laH,

h :\, ‘. Iv )
i e%éz{vlaﬂosuh

, IcKaH

JlocrapibeHo: By
-Kananpary Nagrat 2
-Yuusepsurery y Kparyjesuy o
-ApxuBH




) 3. 1L
YHUBEP3UTET ¥V KPAT'VJEBLTY . ‘
Behe 3a meannmncke nayke | & 17/ ‘; ‘
Bpoj: IV-03-103/§ L§ 3 /[lﬁfz/ 7 =
Hatym: 01.03.2016. rog.
KPATYJEBAIL

Behe 3a menuuuncke nayke Yuusepsutera y Kparyjeuy Ha ocHoBy unana 109., a y Be3n ca
unaHoM 46. cras 6. Craryra YHusepsuteta v KparyjeBuy (6poj 11-01-95 om 30.03.2015. romuue -
npeuninhicH Tekct) n OuIyKe o H3MeHama H 1onyHama Ctatyta YHuBepsurera y Kparyjesuy (6poj II-01-
993/11 ox 28.12.2015. roaune), unana 4. [MpaBuiHHKa O NpHjaBH, H3paad ¥ onOpaHk JOKTOPCKe
nuceptanuje W unana 42, u 43. ctas 1. TTocnoBHMKa o pajty crpy4Hux Beha, (6poj 103/12 ox 27.01.2010.
rofiMHe), Ha ceAHHLHM oxpxkanoj 01.03.2016. rognne, noHero je cneaehy

ONJVKY

I Mara je carmacHocr Ha M3seiuraj Komucuje 3a oleHy HayuHe 3aCHOBAHOCTH TEME JOKTOPCKe
JIMCepTalKje MOJ HAcIOBOM ., 3uauaj excnpecuje sarekmuna-3 y namozenesu npumaproz bunujapHoz
xoranzumuca k00 Mmuuesa“, Kauaunata AJekcanapa ApcenujeBulia, KojH je ycrojuno HacrasHo-
HayuHO Behe QakynTeTa MeIHIMHCKHX Hayka y Kparyjesuy, Onnykom Gpoj 01-1414/2-11 ox 24.02.2016.
FOJIMHE.

11 Tlpepnoskena TeMa je y OKBHPY MAaTHYHOCTH (aky/TeTa i y CKIajy ca motpebama passoja
HayKe H MPHOPUTETHMA HAYYHOT H TEXHOJOLIKOT pa3Boja.

Ob6pasnoxwene

Ipasnu ocros 3a donowerse oge Oonyke cadpacam je y unany 109. Cmamyma Ynusepsumema y
Kpazyjesyy (6poj I-01-95 60 30.03.2015. z00une - npevuwhen mexcm) u QOnyKe o usmenama u OONyHama
Cmamyma  Ywueepsumema y Kpazyjesyy (6poj 1I-01-993/11 00 28.12.2015. zoduwe) xoju ypehyje
nadnesxcrnocm eeha, a y eesu je ca wnanom 46. cmag 6. Cmamyma Viugepsumema xoju ypelyje naonesicnocm
Viusepaumema 3a dagare caznacnocmu Ha npednodiceny memy 3a uspady 00Kmopcke ucepmayuje, wiany 4.
Mpasunnuxa o npujasu, uspadu u odbpanu Odoxmopcke Oucepmayuje Koju ypehyje waonexcrocm
Vuusepsumema 3a dasaree cazaackocmu na Hssewmaj komucuje 5a Oyeny nodoOHOCMU meme, Kuo u
odpehusaroe menmopa u wnawy 42. u 43. cmae 4. locnosnuxa o pady cmpyunux eeha Yuusepsumema y
Kpazyjeeyy, 6poj 103/12 00 27.01.2010. 200unre, koju ypehyjy epcme axama koja donoce éeha.

Behie 3sa meduyuncke nayke pasmampano je Hzeewsmaj Komucuje 3a oyeHy Hayuwe 3aCHOGaHOCTMU
meme doxkmopcke oucepmayuje nod HAciosoM ,, 3Hauaj excnpecuje eanexkmuna-3 y NAmMozeHesu NPUMapHoz
Gwinjaproe xonarnzumuca kod muwesa ", kanoudama Anexcandpa Apcenujesuha, bpoj 05-458 00 20.01.2016.
200une, u Oonyky Hacmaeno-nayunce eéeha @axyamema meduyunckux unayka y Kpazyjesyy o yceajaioy
naaedenoz Hasewumaja 6poj 01-1414/2-11 00 24.02.2016. zooune, u doneno QONYKy kae y OUCROTUMURY.

... Hpodg. op,
HOCTABHTH:
- daxyrery;
- l(‘(lH}LMJlEl’]'y;

- apXMBH.




QAKYJTET MEJUIIMHCKHUX HAVKA I 7
HACTABHO-HAYYHO BERE '
bpoj: 01-2873/3-21

Hdatym: 06. 04. 2016. rogune

Kparyjesan

Ha ceannum HacraBHo-nayunor Beha ®akynTeTa MeIMUMHCKMX HaykKa y Kparyjesuy
oap:kaHoj aaHa 06. 04. 2016. roauHe foHeTa je

OdJY KA

Jou. ap Mapuja MuuoBanouh, jouent ®akyiTera MeIHIHHCKHMX HayKa
Yuusepsurera y Kparyjesuy 3a yxy Hayuny o6aact Mukpo6HoI0ryja 1 UMyHOIOrHja, HMeHYje
C€ 3a MEHTOPA 3a M3pally JOKTOPCKE AUCEepTaLKje Mo Ha3HBOM: 3Hauaj eKCIpecuje rajeKTHHA-3
Y MAaroreHe3u NpUMapHOr OWIMjapHOT XOJaHIMTHCA KOJ MHINEBA, KaHAMZata AJjieKcanapa
Apcenujesuha.
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\ *o —mipoz/ip Tlpeapar Yanosuh, nexan
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JlocTaBibeHO:

-Kanounpary

-YHupepsutety y Kparyjesiy
-ApXHBH




YHUBEP3UTET ¥V KPAI'YJEBLLY
Behe 3a Meauuuucke Hayke
Bpoj: IV-03-268/45 i
Jarym: 13.04.2016. roa. '[_ N
| !
KPATVYJIEBAIL 05 f/-/é#’//A?
Behe 3a menununncke nayke YHupepsurera y Kparyjesity, Ha OCHOBY wiana 108., a y Be3H ca 4IaHOM
46. ctaB 5. Cratyra Yuusepsurera y Kparyjesuy (6poj 11-01-148 ox 26.02.2016. romuune — npeyuriheH
tekcT), wiana 4. ctas 6. [IpaBiiiHHKa O IPHjaBH, H3Paau M 010paHu J0KTOPCKE jucepranmje U [IpaBHIHHKA O
M3MeHaMa ¥ JonyHaMa llpaBuiHMKa O npujasH, H3pajn U OJOPAHH JMOKTOPCKE nucepramyje (6poj I1-01-
251/20 on 31.03.2016. rogmue) u unanosa 42. u 43. crap 1. [locioBHHKa o pajy cTpydHHX Beha
Yuusepsuteta y Kparyjesny (6poj 103/12 ox 27.01.2010. roamue), Ha CEJHHIM OAPKAHO] 13.04.2016.
I'OJIMHE, JIOHEO je clieiehy

19.04. 16-

ONJYKY

I Jlaje ce carmacnoct na Omnyky HacraBHo-Hayunor seha (akynrera MEIMIMHCKHX Hayka y
Kparyjegity, 6poj 01-2873/3-21 0,1 06.04.2016. roause.

1T Ip Mapuja Munosanosuh, noueHT Qakyirrera MEJIHIMHCKHX HAyKa Yy Kparyjesiry, y’a Hay4Ha
obnacT: MUKpOOHOIOIHja U UMYHOIIOI'H]d, HMEHY]je e 3a MECHTOPA 3a K3paay J0KTOPCKE JUiCepTalnje Mojl
HA3MBOM ,,3HAuaj eKCIIPecHjc ralcKTHHA-3 y MaTOreHe3n npuMapHor OHIMjapHOT XOJMaHTHTHCA KOA Muiesa’
KaHaHaaTa Ajlekcanapa Apcenujesuha.

Oopasnoxneive

[pasnu ocios 3a donowerse ose Qoayke cadpxcan je v wrany 108, Cmamyma Yuueepsumema y
Kpazyjesyy rkoju ypehyje naonexcnocm eeha, a y eesu je ca dranom 46. cmas 5. Cmamyma Ynueepszumema
Koju ypehyje oa Behe @axyrmema oodpehyje kanoudamy MeHmopa us peda HACMAGNUKA yHUBepsumema,
waany 4. cmae 6. Ilpasunnuxa 0 Apujasu, uspadu u 00Opanu OOKMopcKe oucepmayuje Koju ypehyje oa xada
6ehe (haxyimema, npuxeamu useewmaj Komucuje, 0006pasa pad Ha UPAOU OOKMOpCKe oucepmayuje u
oopehyje Kanoudamy Mewmopa u3 peda NACMAGHUKA YHUSEP3UMEemMA. u 4iaHosuma 42. u 43. cmas 1.
Hocnosnuxa o pady cmpyunux eeha Ynusepsumema y Kpaeyjesyy, xoju ypehyjy epcme akama Koja oonoce
empyuna geha.

Behe sa meduyuncrke wayke pasmampaio je Ooayky Hacmagno-nayunoe eeha  @akyimema
meduyunekux nayka y Kpaeyjesyy, Opoj 01-2873/3-21 00 06.04.2016. eodune, Kojom je op Mapuja
Muiosanosuh,  ooyenm @axyrmema meduyunckux nayka y  Kpaeyjesyy, yoca nayyua obnacm:
Mukpobuonozuja 1t uMyHOAO2Uja, UMEHOBAIA 3G MEHMOPA 34 U3PAdY Q0KmMOpPCKe oucepmayuje noo HA3UBOM
. 3navaj excnpecuje 2anexmuna-3 Y namocenesu NPUMApIoz OUAUjapHO2 XONaH2Umucd k00 Muutesa "
kanouoama Anexcandpa Apcenujesuha, u doneio QOnyKy Ko y OUCHO3UMUBY.

IIPEJCE/JHHK

. /Ba_:hq 30 MEOUUUHCKE HAYKE,
/ N~ . A
Larenl pile

S ’ Ipogh. 0p Jacmuna Knenceeuh
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AQCTABHTH: V=
- akyirrery:

- MEHTOPY:

- KallAKaaTy:

- dpXHBH.
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