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CAXETAK

Mmuokapautiuc je uHGIaMaToOpHO 000JbeHEe CcpuaHor MHIIMha, Koje ce KapaKTepHulle
JIETeHepaljoM W/WIM HEKPO30M KapAMOMHOIMTAa M TPUCYCTBOM henujckor wHpUATpaTta y
MHTEPCTULINjyMY MHOKapjaa. MHUOKapAUTUC ce MOXKe MaHM(eCTOBATH KAao aKyTHO, CyOaKyTHO
WU XPOHHUYHO 3allaJbehe MHOKap/a, ca GokaHuM Wik Judy3HUM heaujckum HHPUITPATOM U
MOJe mporpeauparu 10 ¢pudpose, peMoJelioBamba TKUBA U T'yOUTKa KOHTPAKTWIHE (DyHKIHje.
Hajuemthu y3pouynuim MuoOKapauTHCa Cy BHpYCH, OakTepuje W mapasuTu,Mehyrum OpojHH
JI0Ka3M yKa3yjy Ja OBO 00OJbEHE MOKE OUTH M ayTOMMYHCKe npupone. ExcriepuMeHTamHH
ayrouMyHcku Muokapautuc (EAM) mnpexncraBba  aHUMamHM  MOJEN  HOCTUH()EKTHBHOT
MHOKapauTUca u awiataunone kapauomuonaruje. ['anektun 3 (Gal-3) npumaga dpamunuju B-
raJlaKTO3H/-Be3yjyhux JIeKTHHA M eKCIIPUMHUPAH je Ha MHOTHM henlrjama MMYHCKOT CHCTeMa U
uMa BaXHy yJjory y peryinanuju uHduamanuje. Yiora Gal-3 je ucnutuBaHa y paziMuuTHM
AyTOUMYHCKMM | HH(JIaMaTOpHUM OojectiMa H MokasaHo je na Gal-3 moxke aBOjako
peryaucaTti UMYHCKH OJTOBOP, IITO 3aBHCH O] BUIIIE (haKTOpa, Kao IITO Cy CHEU(PUIHU YCIOBU
uH(IaMaIyje, BpcTa TKUBa U HUBO €KCIPECHje OBOT MOJIEKYJa KaKo Y (PH3HOIOMIKIM TaKo U y
NaToJOIIKUM cTakbuMma. Hema monrtaka o ymo3u u 3Hauajy Gal-3 y marorenesu EAM kox
C57BL/6 muieBa, Koju Cy pellaTUBHO PE3UCTEHTHH Ha MENTHIOM HHIykoBaHH EAM.

Jla 6u ce yTBpAWIIO Ja I ¥ Ha KOJU HAa4YWH Jenenuja reda 3a Gal-3 yrude Ha nmaroreHesy
EAM xopunihenu cy mumiesu uucror coja WT- C57BL/6 u Gal-3KO mumesu. Csu WT u Gal-
3KO wmumeBn umynusoBanu cy MyHCoasszs-ss2 mentugom 0. m 7. nana. Texxuna EAM
onpehuBana je 21-or 1aHa eKcriepuMeHTa, OJJHOCHO MPUIMKOM >KPTBOBaHa )KUBOTHHA.

Gal-3KO wmwumeBn cy wmanu 3HadajHo Behy xuneptpodujy cpra u  Behu
MaTOXUCTONONIKH cKop y nopehemy ca WT mumeBuma 21. nana vakon umynusaiuje. Gal-3KO
MHUILIEBU UMM Ccy 3Ha4dajHo Behy mH¢unTpauujy cpuanor mumuha CD45+ MoHOHYKI€apHUM
henmnjama mocedbno F4/80+ makpodarama u CD3+ T numdpountma, kao n Behy 3acTymbeHOCT
eosuHo¢uia y nopehemy ca WT mumeuma. Cepymcke kontentpamuje Th2 nutokuna (IL-4 u
IL-33) cy Owne Bume y cepymuma Gal-3KO y mopehewy ca xontpomuum obosienim WT
muieBuma. [lenenuja rena 3a Gal-3 je unaykoBana 3Hayajuo Behu unduykc Thl u Th2 henuja y
cpuy umyHuzoBanux Gal-3KO y ogrocy nHa WT mumese. OxacyctBo ekcnpecuje reHa 3a Gal-3

3HauajHo mnoBehaBa ykyman Opoj F4/80+ henuja u onakmaBa aiTepHaTUBHY AaKTHBAIUjy



Makpodara y cpiy. Y obosaemom muokapay Gal-3KO murieBa perucrpoBana je 3Hauajuo Beha
IIPOLICHTYAlIHA 3aCTYIUBEHOCT M YKymaH Opoj: mujenouaunx CDI11b+Ly6C" maxpodara; u
CDl11c+ henmja xoje mpoaykyjy IL-13. ¥ muokapay Gal-3KO mureBa gerekroBaH je Behu 0poj
IgG mo3utuBHUX henuja m Beha kommumua IgG nmemosuta y mopehewmy ca WT mumieBuma.
Jlenenmja rena 3a Gal-3 mosehasa 6poj antududporckux hemuja koje mpoaykyjy IL-10 mro ce
MaHH(ECTYje 3HAaYajHO CJIa0UjUM JETOHOBAKEM KOJIareHa y cpiry 000e/Inx MUIIEBa.

Heneumja rena 3a Gal-3 mnosehaBa omrehewme TKHBa y aHUMATHOM MOJEITY
ayTOMMYHCKOT MHOKapauThca uHaAyKoBaHor arumkamujoM MyHCoaszsss, mentuaa U ykuaa
pesucteniyjy C57BL/6 muiieBa Ha HHAYKIIH]Y OOJIECTH.

KibyuHe peud: eKCIEpUMEHTATHH ayTOMMYHCKH MHOKApIUTHC, TalIeKTHH 3, THI 2

uH}IaManmja.



ABSTRACT

Myocarditis is an inflammatory heart muscle disease characterized by degeneration and
necrosis of cardiomyocytes with presence of cellular infiltrates in the interstitium. Myocarditis
can be manifested as acute, subacute or chronic myocardial inflammation with focal or diffuse
cell infiltrates, it can progress to fibrosis, tissue remodeling and loss of contractile function. The
most common causes of myocarditis are viruses, bacteria and parasites, however numerous
evidence suggests that this disease can also be autoimmune. Experimental autoimmune
myocarditis (EAM) is an animal model of postinfective myocarditis and dilated cardiomyopathy.
Galectin 3 (Gal-3), which belongs to the family of B-galactoside-binding lectins is expressed on
many cells of the immune system and plays an important role in regulation of inflammation. The
role of Gal-3 was studied in various autoimmune and inflammatory diseases and it has been
shown that Gal-3 can have a different effect on the immune response. Its role depends on several
factors, such as the specific conditions of inflammation, the type of tissue, and the expression
level of this molecule in pathological as well as in physiological conditions. There are no precise
data on the role and significance of Gal-3 in the pathogenesis of EAM in C57BL/6 mice, which
are relatively resistant to EAM-induced by peptide.

Mice of the pure strain WT-C57BL/6 and Gal-3KO mice were used in order to determine
whether and how the deletion of the Gal-3 gene affects the EAM pathogenesis. WT and Gal-
3KO mice were immunized with the MyHCazszs-352 peptide on day zero and day seven. Severity
of EAM was determined on the 21st day of the experiment, during the sacrifice of animals.

Gal-3KO mice had significantly higher cardiac hypertrophy and higher histopathological
score compared to WT mice on the 21st day after immunization. Gal-3KO mice also had a
significantly higher infiltration of heart muscle by CD45+ mononuclear cells, particulary with
F4/80+ macrophages and CD3+T lymphocytes, and higher number of eosinophils compared to
WT mice.

Serum concentrations of Th2 cytokine (IL-4 and IL-33) were higher in Gal-3KO mice
than in control diseased WT mice. The deletion of the Gal-3 gene also induced significantly
higher influx Thl and Th2 cells at the heart of the immunized Gal-3KO compared to WT mice.
The absence of gene expression for Gal-3 significantly increases the total number of F4/80+ cells

and facilitates alternative macrophage activation in the heart. In myocardium of Gal-3KO mice



were significantly higher percentage of distribution and total number of: myeloid CD11b+Ly6C"
macrophages and CD11c+ cells producing IL-13. In the myocardium of Gal-3KO mice were
detected a higher number of IgG positive cells and a larger amount of 1gG deposits compared to
WT mice. The deletion of Gal-3 gene increases the number of antifibrotic cells that produce IL-
10, which is manifested by significantly less collagen storage in the heart of diseased mice.

Gal-3 gene deletion increases tissue damage in animal model of autoimmune myocarditis
induced by application of the MyHCasss-352 peptide and eliminates the resistance of C57BL/6
mice to induction of the disease.

Key words: experimental autoimmune myocarditis, galectin 3, type 2 inflammation.



Ilocebny 3axseannocm oyzyjem com meHmopy, npogh. op buwanu Jbyjuh, na necebuunom
aH2adCco8aILY MOKOM Uspaoe 00OKmMopcKe oucepmayuje, Kao U Ha OUBHOJ capaorvl, pa3yMesarsy

U nOOpuYU.
Benuxy npoghecuonanrny szaxeannocm 3a nomoh y ekcnepumeHmaninom paoy u Ha
KOpUCHUM casemuma u cyeecmujama oyeyjem npog. op Muoopaey Jlykuhy u npog. op Haou

Ilejuosuh.

3axeanyjem ce xonecama ca Kamedpe 3a Xucmonoeujy u embpuonozujy ®axyrmema

Meouyunckux Hayka Ynusepzumema y Kpazyjesyy.

Xeana mojoj nopoouyu Ha cmpnwery u 6e3epanuyHoj byoasu.

<. MOjOj Oeyu Buxmopuju u Bacunujy
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1. YBOJI

1.1. MuoxkapauTuc

Muokapautuc je nHpIaMaTopHO 000JbCHE CpuaHOT MHINKMha, KOje ce KapaKTepHIle
JETeHEePallnjOM HW/WJIM HEKPO30M KapJAMOMHOILIMTA W TPUCYCTBOM henujckor wHUATpaTa y
UHTEpCTHLMjyMy MUoKapaa [1, 2]. MuokapauTuc je npu myt onucao 1749. rogune jekap Jean
Baptiste Senac u3z ®paniycke y cBom pany "Treatise on Disease of the Heart". Tepmun
MHOKapauTuC JaehuHUTHBHO yBoau Jiekap Joseph Freidrich Sobernheim 1837. roaummue.
Mebhyrtum, nepununmja MmuokapauTHca o0yxBaTaia je He caMo 3anajbere cpyaHor mumuha seh
U HCXeMUYHY OOJIeCT cplia, XHMIIEPTEH3Hjy, Ka0 M KapAWOMHOINATHjE Pa3IUYUTE ETHUOJIOTH]E.
Takohe, n0 ocamueceTWx TOAMHA [BAJECETOr Beka, mo aeduuunmjm CBETCKE 3ApaBCTBEHE
opranmuzanuje u denepanurje Kapauomnoruje, Huje mocrojana paszivka u3Mel)y MHOKapauTHCca U
KapauoMuonaruje paznuuute eruonoruje. Konauno, 1995. rogune Csercka 3apaBcTBeHA
Opranzanuja u @enepanmja Kapauonoruje, neduHUIIE MHUOKApIUTHC Kao HH(IAMaTOPHO
oboJsbeme cpyaHor mummha, Ydja ce AMjarHO3a IMOCTaB/ba MpeMa YTBPHEHHM XHCTOJOIIKHM,
MUMYHOJIOIIKUM U HUMYHOXHUCTOXEMH]CKUM KpuTtepujymuma [3].

HenaBHo je neduHHMIMja MHOKapAMTHCA JIONyHHa M IOJApa3yMeBa MpPELU3He
UMYHOXHUCTOXeMHjcke kpuTepujyme [4]. [Nanujertnma uuju je Muokapa uHpuiITpUcan ca >14

2 <4 momommra/mm?, >7 CD3+ T nmmdormTa/mm?, TIOCTaBba ce JHjar€osa

nuMdonuTa/mm
Muokapautuca. IlocraBipame JujarHO3€ Ha OCHOBY OBAaKBUX HMMYHOXHUCTOXEMH]JCKHUX
KpUTEepHjymMa je OorpaHuueHo 300r Maior Opoja MmanujeHata KojuMa je Moryhe ypaauTH
eHjoMroKapaujanny ouoricujy. llltaBuiiie, nako Cy OBM KPUTEPHjyMH 32 TTOCTaBIbAbE JIN]arHO3e
IIMPOKO TNpuxBaheHH, Ha OCHOBY HUX CE€ HE MOTYy J00MTH HMH(OpMalMje O XETepOreHOCTU
henujckor wHOUITpaTa, Kao MMTO Cy TNOATUIIOBH Makpodara (KJIaCHYHO/aITepaTUBHO

akTuBHcaHm), paznnuute kinace T nmumdorura (Thl, Th2, Th17, CD4+FoxP3+ Treg) 30or uera

ce He MOXKe MPeABUICTH MPOGUOPOTHYKH OJTOBOP HA MPETXOIHO MPUCYTHY HHIamaiujy [4-6].
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1.1.1. ETHoJIorHja MUOKaApAUTHCA

MuokapauTUC ce MOXe€ MaHU(ECTOBAaTH Kao aKyTHO, CyO0aKyTHO WJIM XPOHUYHO
3anajbemhe MHOKap/aa, ca (QoKaaHUM Wi Judy3HUM henujckuM HHQHUIATPATOM KOJU MOXKeE
nporpeaupatu A0 ¢Gudpo3e, pemMojeoBama TKHMBA W TYOMTKAa KOHTPAKTHIIHE (YHKIH]E.
[Tocnenwa, xpoHumvHa ¢aza oJroBapa pas3Bojy AWIaTaliMoHe Kapauomuonatuje (ILIM).
Etnonoruja mumokapautuca u nocineauane JIIM decto je memosnara. Y 30-50% ciyuajeBa
y3pok Hactanka JIIIM cy reHercke myramuje Koje ce Hacielyjy ayro30MHO TOMHHAHTHO U
ayTO30MHO peliecuBHO. Pe3yntatu nctpaxupama cy rnokasanu ja cy myranuje 20 resa, Kao ITo
Cy reH 3a AUCTPOdHH, AE3MHH, B TeXaK JaHall CpPYaHOI MHO3MHA, y3pok Hactanka J[LIM [7, 8].
Takohe, MuOKapAMTHC MOXKE OWTH Y3POKOBaH IIMPOKUM CIIEKTPOM HH(EKTHBHHX areHaca,
ykpyuyjyhu Bupyce (kokcaku Bupyc B3 (Coxsackie) u ameHoBUpYCH), OakTepHje, pHKEIH]e,
XJIaMU/IM]y, TJbUBULIE U TIPOTO30€ KA0 U HEMH(DPEKTUBHUM areHCHMMa Kao IITO Cy (PU3UYKU areHCH
(3pademe), TOKCUHM, XMIIEPCEH3UTUBHE peakiyje, Kao 1 oapeheHr MeuKaMeHT! (TPULMKINYHA
antuenpecsu, antpaiukind) (Cxema 1) [9]. Pesynraté enuaeMHOIONIKUX HCTPAXKUBAHA CY
MOKa3aJiu Ja BUpYCHE WH(EKIHje NMa]y HajBehy HHIM/ICHITY U MPEBAJICHITY Y OJTHOCY Ha OCTalle
y3pounuke muokapautuca [9]. henuje mMuokapiaa ce TokoM BupycHe HHGekuuje omrehyjy
LeNambeM IUTOCKENEeTHOI TpOTeMHa JUCTpouHA, YMME Cce HapyllaBa JUCTPO(UH-
TJIMKOTIPOTEMHCKH KOMIUIEKC MTO oMoryhaBa M3ia3aK CEKBECTPUPAHUX AaHTHTEHA Kao IITO CY
muo3uH ¥ TpononuH [10]. Ykomuko je omreheme MHOKapaa BEIMKO MOXKE HACTATH aKyTHA
cpuyaHa uHcypuuMjeHuyja. Mnak, kox BehuHe manujeHara Koju MMajy BUPYCHY MHGIaMaIujy
MHOKapAa cpyaHa MHCy(uuujeHIMja cmnopo nporpenupa. bp3uHa pas3Boja  cpuaHe
MHCY(pUIIM]eHIIMj€ 3aBUCH OJI CEKPETOBAHUX NMPOMH(IaAMAaTOPHUX LUTOKUHA, U THUIA CTECUYEHOT
UMYHCKOT OJI'OBOpa Ha MpeTxo1Ho omrreheno cpie [11]. Y npuiior Tome roBopu U YMbEHHIIA J1a
KOJ MHOTHMX TMallMjeHaTa ¥ HaKOH eJMMHUHAIMje BUpyca U Jajbe IOCTOjU HH(IaMaIuja
Muokapaa. Jlakie, mocraBjba ce NMUTAmbE Yy KOjOj MEpU ayTOMMYHCKH OJArOBOpP HACTa0 TOKOM
uH(pIamanuje JAONPUHOCH pPa3BOjy MpOrpecuBHe Kapauomuomnaruje. bpojHa KiIMHHUYKA
HCTPaXHMBamka, Ka0 W PE3yNATaTH EKCIIEPUMEHTAIHUX CTY/AWja, YKa3yjy Ha TO Jla ayTOMMYHCKH
OJIrOBOp MMa 3HAuajHy yJory y martoreHe3u BehmHe mmokapautmca ca wiu 6e3 LM [12].
AYTOMMYHCKHM OJIF'OBOP HAacTa0 TOKOM XPOHMYHOI MHOKAapAMTHCA MOXe OUTH henmujcku u/wim

XYMOpaJHHU HITO ce MOTBplyje MPUCYCTBOM ayTopeakTuBHUX T numMdornuTta u ayroaHTuTena y
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cepymy [10]. AyroanTHTena qeTeKTOBaHA y CepyMy CTBOPEHA CY Y OJrOBOPY Ha JICKJIAHIIMPaHEe
MHTpAaleyJapHe aHTUIe€He Kao ILITO Cy TEIIKH JIaHall MUO3MHA, TPOIIOHUH M MUTOXOH/APH]jaTHU
anturenn [13]. Takohe, moBuIlIeHe CEpyMCKe BPEIHOCTH ayTOAHTHUTENIA 3a0eiieKeHe Cy U KOJI
naiyjeHara ca akyTHUM HMH()ApKTOM MHOKapAa, Kao U KOJA Apyrux obauka omrehema cpyaHor
munha [14]. AyTOUMYHCKH MHOKApIUTUC CE MOXKE jABUTH K0 M30JIOBAaHU KJIMHHYKH CHTUTET,
Kao0 IUTO jé MUOKApAMTUC [IMHOBCKUX henuja M HEKM CilydajeBU €03MHOMUIHOI MUOKapAUTHCA
Koju Hucy npahenu nepudepHom xunepeozuHopuarjom. Takohe, pe3ynTaTd UCTpaKuBama Cy
MOKa3aJIi J]a c€ MUOKapAuTHC yemrhe pa3Buja KOJ MalyjeHara ca CUCTEMCKUM ayTOMMYHCKHM
OonecTrMa, Kao IITO Cy CHUCTEMCKU Jymyc, Backymutuc u CjorpeHoB cunapom [15-17].
[Ipumena UMyHOCYIIpECUBHE Teparnuje je uMaja MO3UTUBHE e(eKTe Ha cpyaHy (QPYHKIH]Y KOJ
narujeHata ca MHOKApAMTHCOM HeBHpYycHe eTwmonoruje [18, 19], mro je pe3yaTupaio
MOCTaBJbakhE XUIOTE3E J1a Cy MH(PEKTUBHHU areHCH OJITOBOPHU 32 Pa3BOj aKyTHOT MHOKAPANUTHCA,
JIOK je ayTOMMYHCKH OJITOBOP KPYIIMjajaH TOKOM XpoHuuHe uHpaamaruje muokapaa [20].

OcuM reHeTckux MyTaluja U MH(EKTHBHUX areHaca 3a HacTaHakK HMH(IaMaTOpHUX
obosbema Muokapaa u JLIM HeomxoaHa je W TeHeTCKa mpeaucnosunuja. bpojau pesynratu
CTyaMja yka3yjy Ha Be3y uiMely mH(prmamaropHux cpuaHux obosbema M HLA cucrema (eHr.
human leucocyte antigen complex-HLA). Tloka3ano je na BehnHa manujeHata KOJ KOjHX Ce
pazmna JILIM y cBom xamnotuny umajy HLA-DR4 [21]. Beza u3amelhy nndaamatopue 6omectu
MHUOKap/a W/WIn KapANnOMHUOTIaTHje ca oApeleHNM XaroTHIIOBUMA CHAYXHO TOIpyKaBa XUIOTE3Y
Jla UMYHCKHM CUCTEM UTIpa 3HauajHy yJory y pa3Boj 0ojecTH. Y TOM KOHTEKCTY, HCIUTHBAamba Ha
pasHUM aHUMAIHUM MOJEIMMa Jaja Cy HOBE acCHeKTe KOJjU CYy YKJbYYEHH Yy NaTOTreHe3y
uHpnamaTopHe Oonectu cpua. CrpoBefeHe cy OpojHE CTyauje Koje yKa3yjy Ha 3HaudajHy
kopenanujy usmehy MHC Il monekyna u pesucreHuuje Ha UHAYKLIH]Y Muokapautuca. Ha
npumep mumesu coja A/J (s, a, u f xamrotum: A/J H-22, A.CA H-2" u A.SW H-2% passjajy
TeXaK OOJNMK MHOKapAuTHca, oK cy muieBu ca B10 mommorom (H-2 b, a, s, u xamnorumn:
C57BL/10J, B10.A, B10.S, u B10.PL coj) penatuBHO pe3uCTEeHTHH HAa HHIYKIHU]y Oosectu [22].
Nako je ogpehenn MHC xamnotun BakaH 3a MHAYKLH]Y €KCIIEPUMEHTAIHOT ayTOUMYHCKOT
muokapautuca (EAM) 3Hauajua je u ysora apyrux non-MHC rena [22]. OtkpuBeHa cy JBa non-
MHC nokyca Ha mumjum xpomo3omuma 1 u 6, nmoznatu kao Eaml u Eam2, xoju yruuy Ha
pa3Boj EAM [23]. HexaBHo cy omucaHa joun TpH reHCKa JIOKyca JIonupaHa Ha XxpoMo3omy 1 u 4,

KOjH yTUYY Ha Pa3BOj MHOKapATHCA WHIyKOBaHOT Kokcaku B3 Bupycom (Coxsackie) [24].




Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe Muomlpdumuca

I'enercke myraumuje

Muoxkapauruc

HeundekTHBHU areHcH
bU3UYKU a2eHCuU, MOKCUHU,
MeduKaMeHMU, XUrnepCceH3umuseHe

NHdexTuBHU areHcu
gupycu, bakmepuje, pukeyuje,
arbusuLe, rMpomo3soe....

Cxema 1. ETnosnoruja Mmuokapautruca

1.1.2. EnuaeMuo0/10Tuja MUOKAPAUTHCA

MuoKapaAUTHC MpesCTaBba 000JbEHE Ca HIMPOKUM CIEKTPOM KIMHUYKHUX MpE3eHTalHja
y pacmoHy OJi acMMIITOMarcke Oojectu 10 ¢aramHor ucxoxa. OBa UYMILEHHIIA, 3aj€THO ca
HE/IOCTaTKOM HEWHBA3WBHX CHENU(DUUHUX JWjarHOCTUYKUX METOAA W CHMIITOMHMA KOJH Cy
3ajeJHUYKU ca JAPYrMM uemhuM KapJuOoBacKyJlapHUM o00O0JbeUMa, JTOBOAM /10 TOra Ja ce
AMjar€o3a MHOKapauTuca decto npesuau [15]. ['mobanHa npeBanieHia MUOKapauTHCa je ~22 Ha
100 000 marjenara roauIImke, Takohe yuecranocT oBe Oosiectu je Beha ko ocoba MymIKor moJia
[25, 26]. Mama npeBalieHIIa ¥ TeXHHA 000JbEHA KOJ| MaIMjeHaTa )KEHCKOT 10Jia BEPOBATHO je
pe3ynrar mpoTeKTHBHUX edekra moiHuX xopMmoHa [12]. [Tokasano ce ga ecTporeHn XOPMOHH
KOJI MUIIIEBA JKEHCKOT T0JIa UMajy MPOTEKTHUBHU e(peKaT TOKOM BUpPEMHje U BUPYCHE UH(EKIIH]je
Kapauomuonura [27], ka0 U Jla CHWKAaBajy MHTEH3UTET MOTEIHjaTHO INTETHOT MH(IaMaTPHOT
oaropopa y wmuokapay [28]. HacympoT mHMa, TECTOCTEpOH HMMa INTeTaH edeKkaTr MmyTeM
MHXUOUIMje aHTHHH(IAMAaTOPHOT OAroBOpa Koja MwumieBa Mmymkor mona [29]. Wuaue, y

KJIMHUYKO] TPaKCH TMalWjeHTH >XEHCKOI I0JIa CTapuje >KUBOTHE JOO0M YECTO HUMajy TEeXY




Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe MuOKapdumuca

npe3eHTalujy OosiecTH  (MOTOpIIAKkEe BEHTPUKYJIApHE TaxXWUKapliuje ¥  BEHTPHKYJIApHE
¢bubpunammje) [26]. [Ipoceuna crapocT manujeHaTa ca MUOKapAUTHCOM [IMHOBCKHX henmja je 42
roaune [30], 10k je mpocedHa cTapocT aayATHHX MalldjeHata Koju 00yjy of APyrux Gopmu
MHUOKapAUTHCA [TPeMa pa3IuduTUM ayropuma Bapupa o1 20 10 51 roguna [31, 32].

Enmnemuononike cryauje cy mokasajie Ja ce BUPYCHH MHOKapIWUTHC Hajuenthe jaBiba
Koax HoBopoheHuamu W Miaaux ocoba [33]. Jema ca AMjarHOCTMKOBAHHUM aKyTHUM
MHOKApAUTUCOM HMMajy JI€CETOTOAUIIE NPEKHUBIbaBakbe HAKOH TpaHCIUIaHTauuje y oko 60%
ciyuajeBa [34]. Takohe, mprCyCTBO BUPYCHOT reHOMA JETeKTyje ce ko 25-40% manujeHara ca
JIIM [35].

Kon Hekux marujeHata y3poKk U3HEHAIHE CpYaHe CMPTH MOXKe OuTH MUOKapautuc [36].
Pesynratn OpojHMX pETPOCIEKTHBHUX CTyIHja Cy YKa3ald Ha 3HadajHy Besy wu3melhy
MHUOKapJAUTHCA U W3HEHAJHE cpuaHe cMpTH y 2-42% ciyuajeBa [37, 38]. Takohe, y oko 30%

clly4yajeBa MUOKapAUTHC MOxe mporpeaupatu 10 JLM [9].

1.1.3. Knacupukanuja MUOKApPAUTHCA

MuokapauTtic ce Hajuemthe kinacupukyje nmpeMa UMyHOIATOJIOMIKUM KPUTEpUjyMUMa U

KIIMHUYKOM TOKY OoJtecTH Ha: aAKYTHH, CY6aKyTHI/I U XPOHUYHU.

1.1.3.1. AkyTHM JTUM(OUNTHU MHOKAPIAUTHC

Ha ocHoBy cactaBa wuH(pnamaTopHor uHOWITpata Yy cpuy, Hajuemhu oOJIHK
MHOKapAUTUCA je JUM(OIUTHA MHUOKAPAUTUC. [JIaBHM XHUCTOJIOIIKH 3HAaK aKyTHOT
TUMGOLIMTHOT MHOKapAWTHCAa J€ HHQWITpalMja MHOKapAa MOHOHYKJIeapHUM hennjama
ykibyayjyhu CD3+ T mumdornure, CD68+ makpodare, nenaputcke henuje u ypohenoyounauxe
henmje [15]. Takohe, y 0oB0j ¢a3u Oonectn MOTy ce JETEKTOBAaTH M MHHUMAJIHH 3Hauu (Hudpose
cpuaHor Mmumuha. AKyTHH JUMQOLMTHH MHUOKAapAWUTHC j€ Hajuemhu THUI MHUOKapAWTHCA U

yriaaBHOM je BupycHe etuosoruje [15]. Kox Behune manujenara nporpeaupa o JALIM.
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1.1.3.2. XpoHnyHH JUM(POUMUTHA MUOKAPAUTHUC

XpoHUYHU JHMQOIUTHA MHUOKAPIUTHC XHUCTOJOIIKH c€ Kapakrepuiie (Huopo3zom
MHUOKap/ia U JIEYyKOIUTHOM WHWITpanujoM. Bemnunna ¢ubpo3e 3aBUCH 0N THUIA U JTYKUHE
Tpajama uH(pIamaropHor mporeca [4]. Jujarno3a XpoHHYHOr MHOKapauTHca Oa3upaHa je Ha
XHUCTOJIONIKO] WM UMYHOXHCTOXEMH]CKO] JETEKIHjU JTUMGOIUTHOT HHPUITpATa Y MUOKAPIY
IecT MecellM HaKOH TOo4YeTHe eBanyanuje Oomectu. Konx mamujeHara ca XpOHUYHHUM
MHUOKApJIUTUCOM CEPYMCKE BPEIHOCTH ayTOAHTHUTENIA YCMEPEHUX MpeMa CpPYaHOM MHO3HMHY Y
JMPEKTHO] CY KOpEJallUji ca TEXKUHOM CHCTOJIHE WM aujacTonHe auchyHkuuje cpra [39].
BpemeHcku mepuoj 3a MPOrpecHjy Ol aKyTHOT JO XPOHHYHOT 3arabeiha je HEMPEIBUINB H

IIPOMEHJIBUB.

1.1.3.3. MuokapanuTic JHHOBCKHUX hesinja

MuokapauTUC UMHOBCKHX henuja HacTaje Kao pe3yiaTaT CaMOCTaHOT ayTOMMYHCKOT
OJIrOBOpa HW/WIIM y CKIIONMY APyrux ayroumyHckux Oonectu [40]. Hajuemihe ce jaBiba kon
CTapHjuX >keHa. MMOKapIUTHC UMHOBCKUX henuja KapakTepulle jeIUHCTBEHA XHUCTOJIOIIKA
CIIMKa U Tporpecuja ka cy0aKyTHUM M XpPOHMYHM KoOMIUIMKanujama (kao mTto je JLIM) koje
yrpoxaBajy xuBot. [Iporpecuja g0 JIIIM jaBma ce y oko 80% ciydajeBa [15]. Xucromnomky
CIIMKy OBOI THIIAa MHOKapIUTHCa KapaKTepHIle yIaJjbhBa JEYKOIHWTHA WHQUITpammja
(TuMGOoLUTH, MIA3MOLUTH, MaKpo(aru) U NPUCYCTBO MYJITUHYKICYCHUX IMHOBCKUX henuja. 3a
pa3NMKy Off NMPETXOJHO ONUCAHUX THUIIOBA MHOKapJIuTHCca NoJba HH(pIamanuje cy Beha a
JOMHUHaHTHY henujcky nonynanujy uynHe mujenouane henuje nepunucane kao CD68+ henuje.
Bpio decto y unduiarpatuma ce Mory aetektoBatu u eosuHoduian [41]. Uecto ce youaBajy u

noJea Hekpo3e. [To3Har je xao Fiedler-ov muoxapauruc.
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1.1.3.4. Eo3uHopuIHH MUOKAPAUTHC

['maBHO XHCTOJIOMIKO O0Oenexje €O3MHO(DHIHOT MUOKapAUTHCA j€ TMPHUCYCTBO OOMMHOT
€03MHOPHUIHOT MHOHUITpaTa y HMHTEPCTUIMjYMY MHOKapaa. Eo3nHOpUIHM MHOKapIuTHC ce
MOXXE JaBUTH Kao MoceOaH KJIMHUYKA CHTHUTET WIH y CKJIOIY ca rnepudepHoOM €03uHO(IIH]OM
(mpumapHa UaMONATCKa XUTMIEPEO3HHOPUINja WM XPOHUYHA €03UHO(UIIN]ja pa3He €THOJIOTH]E).
Knuanuku ce maHudectyje KOHTECTHMBHOM CpYaHOM HHCypuIjeHIjoM. Hajrexu o06muk
€03MHO(PHUIHOT MHOKApPAUTUCA je HEeKpOTH3yjyhu eo3MHO(GWIHH MHOKApPAUTUC, KOJU Ce
KapaKkTepHIle aKyTHHM MOYETKOM, OpP30M IPOTPECHjOM, MPETEIKHO JAUDY3HUM €O03MHODUIHUM
MHQWITPATOM M BEIUKUAM IOJbMMa Hekpose. JlyropovHa MporHosa je Jomia W Mope MpUMEHe

UMYHOCYIIpecuBHe Tepanuje [42].

1.1.3.5. lunatanmoHa KapAuoOMHONAaTHja

JlunatanpoHa KapJUOMHOIIATHja C€ KapaKTepulle XPOHUYHOM IHIATAllMjoOM JIEBE W
JIECHE KOMOpE ca HOPMAaJIHOM WJIM CMAamkeHOM JIeOJPHMHOM 3HUja JIeBe KoMope W mopemehajem
KOHTpakTWiHOCTH Muokapaa [43]. JILIM je rmaBHU y3poK cpuaHe MHCY(HIMjeHIIHje Ko ocoba
minahux on 40 roguna. JAIIM Moxe HacTaTW Kao KOMIUIMKAllMja MHOKapIUTHCA H3a3BaHOT
BHpyCcUMa, OakTepujaMa, Mel)yTUM KIIMHHMUYKE CTy[H]je Cy mokaszaie aa y 60% ciydajeBa y3pok

reHeTcku (axropu [44].

1.1.3.6. Capkon10THYHH MHOKAPAUTHC

Capkono3a ImpezcTaB/ba CHCTEMCKY, MIMONATCKy ayTOMMYHCKy Ooiect. Hactaje kao
nocienuua AUCQYHKIMjE aHTHreH npe3eHTyjyhux henmja M KapakTepulle ce XpOHHMYHHM
3amajbemheM TKHBA M CTBApameM IpaHylioMa y OpraHMMa Kao IITO cy cpue, Oyopesu u miayha.
CapKOMJOTHYHU MHUOKAPAUTUC C€ KapaKTepuile OOMMHOM HWH(HITPAINjOM aKTHBHUPAHUX

Makpodara, ImTo 3a MOCIeUIly UMa XPOHUUHY HH(pIaMalujy u orreheme TkuBa [4].
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1.1.4. KnimHn4YKa npe3eHTANNja MUOKAPAUTHCA

KiuHnuka mpeseHTayja MUOKapIUTHCA j€ PAa3HOJIMKA. AKYTHH MHOKApAUTHC MOXKE
pe3yNITUpATH aKyTHM KOMIUIMKAIFjaMa WIIM aCHMIITOMTCKU NPOTPEAUPATH 10 XPOHUYHE CpYaHE
nHcybunujeHnyje. Hajuemhn KIMHWYKKA 3HAM MHOKApIUTHCA CY CHUMITOMH CIIMYHH TPHUITY,
apuTMHje, TAJIUTAaIlFje, BpTOTrJIaBUIle U CHHKoMA. Takole u enekrpokapauorpadcke IpoMeHe Cy
Hecrieuu¢uune (ST eneBaumja, OIOK cpyaHUX TpaHa). 3MATHU CTaHAApA 3a JIeDUHUTHUBHY
JMjarHO3y MUOKapauTHCa je T[O3UTHBHA eHIOMHOKapaujaiHa Ouoncuja. [Ipema Dallas
KPUTEPHjyMUMa JHjarHo3a ce MOCTBJba Ha OCHOBY NMPHUCYCTBAa MOHOHYKJICAPHOT MHQWITpATa y
WHTEPCTHUIIMjyMYy MHUOKapjaa W BeiauuuHe omtehema kapauomuonura. Takohe, 3a mocraBibambe
Ne(UHUTHBHE IMjarHO3¢ MHOKApAWTHCA, Y Y30pKYy M0OHMjeHOM HakoH Ouorcuje onpehyjy ce
nocrojame oapehenor HLA xamnoruna [45]. V nocraBbamy JaujarHo3e MHOKApAUTHCA MOXKE
nomohu u cuuHTHrpaduja MUOKapaa aHTUMHUO3MHCKAM MOHOKJIOHCKUM aHTHTennMa. Mehytum,
OCETJBMBOCT OBE JHMjarHOCTHYKE MPOIEIype j€é HUCKA 3aTO HITO MOKa3yje HEKpo3y MHOKapia
paznuuute etuosioruje [46]. Y mpouenu crenena omrehema MuOKapaa Moxe momohu u

oJpehuBame cepyMCKUX BPEIHOCTH KpeaTHHUH KuHa3e, TpornonuHa I u tpononuna T [47].

1.1.5. AyroumyHoCT Y HH()JIAMATOPHUM CPYaHUM 000/beH-NMA

AyrtoumyHcke Oonectu, mpBu myT cy onmcanu lan Mackay u Macfarlane Burnet xao
HECIIOCOOHOCT OpraHu3Ma Ja ToJIEpMIIe COINCTBeHe henuje W TKUBA, IITO pE3YJITUpPA
HEa/IeKBaTHUM HUMYHCKUM OJIFOBOPOM M aKTHBAIMjOM ayTOpeakTHMBHMX T numdormra u/uiau
ayroantutena [48]. 3a Hajmame 15 Oonect mMo3HATO je Ja Cy HacTaje Kao TOCIeauIa
ayTOMMYHCKOT OJI'OBOPA, TOK MHAMPEKTHH JTOKA3M MOCTOje 3a joI nmpeko 80 MaToIONIKNX CTamba
[49]. AyroumyHcke Oonectm Mory OWTH opraHcrnenuduyHe W cucreMcke Oonectu. ['pymm
oprancnennGuyHux OoJIeCTH NpuMNanajy: nujadberec MeTUTyC THN [, MyAaTHIIa CKIepo3a,
MHjacTeHHja TPaBUC, AyTOMMYHCKH THPEOUUTHAC U ayTOUMYHCKA MHOKapJIUTHC JOK CHCTEMCKE
ayTOMMYHCKE OOJIECTH  TIPEICTaB/bajy CHCTEMCKH JIyIyC, pEYMaTOMOHH apTPUTHC,
aHTU(POCHOIUITUIHU CHHIPOM | cKiepoaepma uta [50]. AyroumyHcke GosiecT HACcCTajy HAKOH

aKTHBallMje ayTOpeakTUBHUX T JMM(oLUTa KOjU HUCY €TMMUHACAHU HETATUBHOM CEJIEKIIMjOM Y
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TUMYCYy TOKOM ca3peBama. Y omrehewmy HEKHX OpraHa M TKUBa MOpPEJ] ayTOpeakTUBHUX T
JUMQOLUTA MOTY y4ECTBOBAaTH U ayTOAHTHUTEIA.

[TocToju HEKOJIMKO XHUIIOTE3a O TOME 3aIlITO CE Pa3BHja ayTOMMYHOCT. Y MpPEIOKEHUM
XHUIIOTE€3aMa Kao OKHJAa4 U MOKpeTady ayTOMMYHCKOT OJIFOBOpA HABOJIE CE: CPEAMHCKH (haKTOPH,
uHbeKyje, MOBpeAe W HaclelHa npeaucrnosunuja. PazymeBame ayTOMMYHCKHX Oo0JiecTH
OTEXAHO J€ UMICHMLIOM Jla c€ M KOJX 3JpaBUX ocoba Mory HahM ayTOaHTHUTENa Kao U
ayropeaktuBan T u B mumdouutu [51]. Mako ce kom Hekux 0coda MOry JICTEKTOBATH
ayropeaktuBHH T JuMdoOruTH M ayroaHTUTENa, AyTOUMYHCKE OOJIECTH C€ pa3BHjajy camo KOJ
OCETJbUBHX Tj. MPEAUCIOHUPAHUX ocoba. bpojuu mokaszu ymyhyjy Ha 3Ha4ajHy MOBE3aHOCT
u3mel)y ayroumyHckux Oosiectd U uH(pEKIMja Mukpoopranusmuma [52, 53]. JemHo ox moryhux
o0janmermha je TPUCYCTBO CEKBEHITMJATHUX XOMOJIOTa n3Mel)y maroreHa u nmpoTenHa opraHu3Ma,
IITO MOXE PEe3yATHpPAaTH YHAKPCHOM pEaKIHjoM ca COICTBEHHMM aHTHUTEHUMa H pa3BojeM
ayroumyHckux Oonectu [54, 55]. OBaj mexaHH3aM je MO3HAT Kao MOJIEKYJICKa MHUMHUKpHja.
Ipyro moryhe ofjaimemne je Ja MUKPOOPraHU3MH EKCIIPUMUPA]y aHTUTEHE KOJU aKTUBUPA]Y
henmje nMyHCKOT cucTemMa M mokpehy mH(IaAMaTOpHU OATOBOP TOKOM Kora Hactaje omTeheme
tkuBa. OBaj MexaHHM3aM je MO3HAT 1oj HasuBOM "edekar mocmarpaua" (enr. bystander) [12].
[Tponykiuja MH(IAMATOPHUX MeMjaTopa TOKOM HH(QEKIHje MpelcTaBba jeAHO o4 Moryhux
pasiora 3a pa3Boj ayTOMMYHOCTH HakoH uHpekuuje. Jla nH}mamaropHu Meaujatopu uMajy
3Ha4ajHy YJOTYy y pa3Bojy ayTOMMYHOCTH TIOKa3aHO j€ HHIYKOBAHKEM EKCIEPUMEHTATHOT
TUPEOUATHCA, Y KOME Cy Kao He-aHTUIeHclenupuyHa cTUMyjanuja uHpekuuje (aajyBaHTHU
edekar) xopuirtheHe MukoOakTepujcke KomroHeHTe komiuietHor Freund amjyBanta (CFA).
Momudukanuja, ocinobahame CEKBECTpUPAHUX MM HeaJeKBaTHA EKCIpPEecHja COINCTBEHHUX
aHTUI€HAa WU eKCIIpechja KpUNITHYHUX EMUTONa je Tpehu npeanokeHn MexaHu3aM 3a HacTaHak
ayTOMMYHCKHX OOJIECTH.

Kana je peu o yno3u ayrouMyHOCTH y WH(pIaMaTOPHUM 000JbeHHMMa CpuyaHOr MHIIHUha,
pe3yaTaTd KIMHUYKUX CTYAMja M eKCIEepUMEHTAIHUX HCTpakMBama Ipyxajy OpojHE JoKaze
KOJU YKa3yjy Ja ayTOMMYHOCT MMa 3HayajHy MaTOT€HCKY yJIOTYy y BehuHH cilydajeBa XyMaHOT
muokapautuca u UM [13]. V npuwior oBUM HUCTpaKMBamUMa TOBOPH M MOJAaTaKk Ja
Kap/JIMOMMOLIUTU HM30JI0BaHU M3 MalMjeHata Koju 0oiyjy onx muokapautuca u LM uckasyjy
Behn HuBo ekcnpecuje MHC wmomekyna I u Il xmace [56]. HdomatHo, mokazaHo je ma ce

MUOKapJIWTUC denrhe jaBjba KOJ MallMjeHaTa ca CHUCTEMCKMM ayTOMMYHCKHUM OojiecTHMa, Kao
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ITO Cy Jaymyc u nenujakuja [18]. MHuumeHma MuokapauTruca Ko/ maiujeHara Koju 00Jyjy of
nymyca je 3-15%. 1 0e3 11ujarHoCTUKOBAaHUX CUCTEMCKUX ayTOUMYHCKUX OO0JIECTH ayTOaHTUTENa
Ha KOMITOHEHTE MHOKapja JETeKTOBaHa Cy Koja 0coba o0onenux oa MuUokapauTuca. Pesynratu
UCIHUTHBamka IOKA3aJl Cy TNPUCYCTBO CHENM(PUUYHMX AHTHUMUO3MHCKHX aHTuTena y 59%
namujenata ca muokapautucom [57]. Takohe, Konstadoulakis u capaguuu, kao u Caforio cy
MoKa3aJid Jla Cy aHTUTeJa YIpaB/beHA IpeMa CPYaHOM MHO3WHY MpHCYTHa H Kol 86%
narujenara ca JJLIM [58, 59]. Melytum, u koj maiujeHara ca ApyruM CpYaHuM 000JbCHUMA Ce
JETeKTyjy ayTOaHTUTela Ha MHMO3UH. ['pyma wHcTpaxuBaya je TOKaszaja Ja Cy KIWHUYKH
CUMIOTOMHU ONaXH U e€jeKIHoHa (QpakiuMja oOdyBaHa, KOJ TMalMjeHara KOJA KOJUX HHUCY
JICTEKTOBaHAa aHTMMUO3WHCKA aHTHUTEa y nmopehemy ca rpynoM mHamMjeHaTa KoJ KOjuX MOCToje
MUO3MH creibuuna ayroantutena [39]. Ilopen aHTUMHO3MHCKHMX aHTHTENa, Koa 50%
narjenata ca JIIIM pgerektyjy ce anTMrena Ha cpuyanud Pl ampenepruuku penentop [60].
[IpenqHOCTH WMYHOCYNpPECHBHE Tepanuje INpPEACTaB/bajy JOJATHU WHAMPEKTHH JOKa3 O
AyTOMMYHCKOM TOpeKIy oapeheHuX MoaTHIoBa MuoKapautuca. [lokazaHo je na mpumeHa
MMYHOCYIIPECHBHE TEpamnMje KOoJ TMalfjeHata ca MHOKApAWTHUCOM [MHOBCKHX hemnuja,
€O3MHOPWIHIUM M JUM(GOIUTHUM MHOKAPAUTHCOM HMa TO3UTHUBHE e(EeKTe, INTO TOBOPH Y

HPUIIOT XUTIOTE3H JIa Cy HEKU MOATUTIOBH MHOKapIUTHCA ayToUMyHCKOT mopekia [30].

1.1.6. AHMMAaJIHU MO/IeJIH MHOKApPAUTHCA

bpojHa uctpaxkuBama Omila Cy ycMepeHa Ha MCHUTHBAKE MMYHOJIOIIKMX MeXaHH3aMa
KOjU Cy TOBE3aHU ca MHHIIMjAllMjoM, aKyTHOM (ha3oM U Iporpecujom Muokapautuca y JLIM.
Behuna nokaza na je muokapautuc OOJECT TMOCPEIOBaHA ayTOMMYHCKHM MEXaHW3MHMa ]

no0ujeHa mpoyJaBameM MaToreHe3e oBe 00JIeCTH Ha aHUMAJTHUM MOJIEIMMa MHUOKapIUTHCA.

1.1.6.1. ExciepuMeHTAJIHH MHOKAPAUTHC HHAYKOBaH KoOKcaku B3 Bupycom

ExcriepuMeHTanHu BHPYCHM MHUOKAapIUTHC ce Hajuemthe WHAYKYje HHQUIHUpAmHEM
OCeTJhUBUX coOjeBa MuIIeBa ca Kokcaku B3 Bupycom (Coxsackie). Kokcaku B3 Bupyc je
eHTepoBHpPYC M3 mopojaune Picornaviridae w jeman je oJ TIIaBHUX Y3pOYHHKA BUPYCHOT

MUOKapauThuca Koja Jbyau [61]. Omucana cy aBa BHpyCHAa aHMMalIHA MoOjeJia MHOKapAWTHCA

10
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nHAykoBaHuX B3 kokcaku BupycoM. [IpBu Mozen MuokapauThca UHAYKOBaHOr B3 kokcaku
BHUPYCOM KapaKTepHIle ce [10jaBOM aKyTHOI MUOKAapJHMTHCA ca 3HA4YajHUM olTehemeM cpyaHor
TKHBA U U3HCHATHOM CMPTH YHYTap MpBe Henesbe o nHdpeknuje (70% xuBoTuma yrune usmehy
4 u 7 nana HakoH uH(pekuuje) [61, 62]. Ipyru mozen, moapasymeBa WHIYKIN]Y MUOKApIUTHCA
aIUIMKaljOM CpPYaHOI MMO3MHA M30J0BAHOI M3 TKHMBa Cpla MHUIIEBA KOjUMa j€ HMHJIYKOBaH
MHOKapJANTUC HI-EKTUpambeM Kokcaku B3 Bupyca (enr. heart-passaged CVB3 virus). ¥ oBom
Mozieny 3a0enexeH je ONaXu aKyTHH TOK MHOKApAWTHCA ald M Iporpecuja OOJeCTH 10
xponnuse JIIM [63]. ExcriepuMeHTaIHi aKyTHU BUPYCHM MHUOKapAUTUC CE MOXKE MHIYKOBAaTH
KOJI OCETJbUBHUX COjeBa MuIleBa kao mto cy BALB/C, xoju pasBujajy 6osect ox 7 1o 14 mana
HaKoOH MH(QEKIHje, T0K ce XPOHUYHM MUOKapAUTUC pa3Buja usmely 35. u 56. nana. PenatuBHo
PE3UCTEHTHH COjeBH, kao mTo je C57BL/6, pa3Bujajy Onaku 00IMK aKyTHOT MUOKApAUTHCA U Y
MHOTO MameM IMporeHTy Oosnect nporpeaupa mo ALIM. Iluk wHIamanuje y oBOM MOAETY
BUPYCHOT MUOKapAuTHCca je 9. maHa o7 MHQEKIMje U CMPTHOCT j€ 3HauajHO HIDKa y nopehemy ca
obonenum wmuiieBumMa BALB/C coja. Ha xwucromaTosomkum mperapataMa TKHBa Cplia
u30JI0BaHOT M3 MulieBa uHpuimpanux heart-passaged CVB3, youdaBajy ce dokannu henujcku
WHOUATpATH KOjU Ce cacToje yriaBHOM oJ Makpodara, Heyrpodwuna, eozuHopwmia, B
mumdorura, CD4+ T u CD8+ T numdouurta, NK u mact henuja Ge3 3HaKoBa HEKpo3e U
¢ubpoze kapauommonura [64]. Takohe, nerekryje ce u 3HauajaH HuUBO IgG aHTHTena,
cnenupuuHUX 3a cpyaHu Muo3uH. Behuna mwumeBa C57BL/6 coja ce crnoHTaHO omopaBiba U
HEMa 3HAKOBa IMPETXOIHOT 3arajbeHCKOTr mporeca. MehyTuM, OCeT/bMBH COj€BH MHILIEBA Kao
mro cy BALB/c, A/J u SJL/J MumieBu pa3Bujajy XpOHUYHH MUOKapIUTHUC ca TeHEpaIn30BaHUM
MOHOHYKJeapHUM henujckuM uHpuaTparom npahenum nosehanom npoxaykuujom IgG anturena
cenu(puUYHUX 3a cpyaHM MHUO3UH [65]. CBHM cojeBM MUIlIEBA KOJU pa3BUjajy Jpyry ¢asy
uHpekuuje umajy uctu H-2 xammorun. Mnak, pesucteHnuja Ha MUOKapAUTUC KOJ PEIaTUBHO
PE3UCTEHTHHX cojeBa, kao mrto cy C57BL/6 mumieBn, moxe ce ykunytu npumenom LPS, IL-1b

unmu TNF-a [66].
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1.1.6.2. ExcnepuMeHTAJIHN AyTOUMYHCKH MHOKAPAUTHC

Mogen eKcrnepuMeHTaTHOr ayrouMyHckor Muokapautuca (EAM) omoryhasa
UCIHUTHBAKE HMMYHOIATOJOMIKUX IMpoleca YKJbYUYEHHX Yy TaTroreHe3y MHOKapIuTHCa KO
MHUILIEBA, @ THUME U IIOCPEIHO AyTOMMYHCKOI MHUOKapauTuca KoX Jeyau. EAM ce moxe
YCIIOCTaBUTH MMYHHM3AlMjOM MHILIEBA LEIMM CPYaHUM MHMO3MHOM MJIM [JEJIOBMMA O-TELIKOT
JaHIa MUO3MHA ca KomiuieHTHUM DpojumoBuM anjyBancom (enr. Freund's Complete Adjuvant,
CFA). OBaj HaunH MMyHH3alMje CTUMYJUILIE ayTOUMYHCKH OJTrOBOP Y CpILy, IITO PE3YJITHpPA
uHpUATpajoM MUOKapaa MHGIaMaTopHUM henujama, MPOAYKIUJOM MHUO3HMH CHEIU(PUYIHUX
ayTOAaHTHTENa U JECTPYKLUHUJOM KapAMOMMOLMTA. XMCTOJOIIKA CIIMKa MHOKapjaa o0oJelux
MUIIIEBA j€ JOCTa CIMYHA MATOXHCTOJOIIKOM Hala3y XyMaHOT MHUOKapautuca. Uy
EKCTIEpUMEHTATHOM MOJIENTy MHOKapJUTHCAa Ka0 M Yy XYMaHOM MHOKApAWTUCY yodaBa ce
MoHoHyKiIeapHu henujcku naumitpar (80% monorut u Makpodaru, 16% T nmumdbonutu u 2%
B aumdorurr) npahen ememoM, Hekpo3oM u Grbdpo3om kapauomuonuta [67]. EAM oarosapa
cybakyTHO] (ha3u MuokapauTHCa MHAYKOBaHOT B3 Kokcaku BupycoM [66]. TokoM MHUIIM]aTHE
¢daze EAM (npBux 10 maHa HakOH MpBe UMYHH3AIMje) HE yodaBajy ce 3HaIM WH IaManuje y
CpUYaHOM TKHBY U HE MOTY C€ [CTEeKTOBAaTH crienu(pryHa ayToaHTHTela Ha MHO3MH [68]. V
cybakytHO] (azu EAM, (u3mehy 10. m 21. naHa HaKOH UMYyHH3aIMje) Y MHOKapay ce jacHO
youaBajy 3HalM HH(]IamMaIuje a y cepyMmy ce MOTY JIETeKTOBaTH ayTOAaHTUTENa crenupuyHa 3a
muo3uH. Tokom kacHe ¢aze EAM (21. mana on uMyHH3alMje) 3amajbeHCKE IPOMEHE Ce
MOCTEIICHO CMamYy]jy u pa3Buja ce pudposa cpuanor muinuha [11]. EAM ce moxke MHIYKOBATH
NpUMEHOM TporoHMHA | y komOuHanmju ca komruietHUM @pojHaoBEM anjyBancoMm [69].
Omreheme Muokapaa u maToxucronomka civka EAM nHaIykoBaHOM TPUMEHOM TPOTIOHKHA | je
BpJio ciinyHa EAM koju je MHyKOBaH CpUaHUM MHUO3UHOM.

OcerspuBocT MumieBa Ha uHAyKuMjy EAM je penmumuuyHo mnoBe3aHa ca MHC
xartorunoM. HajocetsbuBuju cojeBu muiieBa Ha uHaykijy EAM cy A/J coj (AlJ H2?, A.BY
H2°, A.CA H2" u A.SW H2%), xao u BALB/c mumesu ca H2Y xamnorunom [22]. Hako cy
HaBEJICHU COjE€BM MHUIIEBA Ca PA3IMYUTHUM XaIUIOTUIIOBMMA OCETJbMBH Ha WHAYKIHM]Y EAM,
MI0CTOj€ 3HAYajHE pa3IMKe Yy aHTUTEeHY KOJU Ce€ KOPHUCTH 3a MMYHH3alMjy MOjeMHUX COjeBa.
Tako, BALB/c mumeBu pa3sujajy EAM wumynumsaumjom MyHCoas14 620 mentugom, SWXIJ

mumeBd MyHCouos 425 1 MyHCou1631-1650 TENTUAOM, AOK c€ KOJ MuUIlIeBa coja A/J MHOKapAUTHC
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nHaykyje npuMeHoM MyHCazzs 352 menrtuna kao u ¢ Tnlios-122. MumeBu coja A/J UMyHHU30BaHU
TPOTIOHUHOM | MJTM MHO3MHOM, pa3BHjajy TEKaK MUOKAPUTUC ca KapJHOMeTainjoM, Gruopo3om,
PEIyKOBaHOM €jeKIMoHOM (pakiujoM u noBehanum mopranuteroMm [70]. MHoro 0axxu 00auK
MHOKAapAUTUCA W Ca MamOM MHUUACHIOM OOJECTH pa3BHjajy MMYHHU30BaHM MHUIIEBU COja
C57BL/10 J (B10.A H2% B10.S H2° u B10.PL H2") [71]. Pe3yaratu HOBHjHUX HCTpaKHBarba
OIKCYjy W MUIIIEBE KOjH CIIOHTAHO Pa3BHjajy MHOKapauTHc, kao mro cy HLA-DQS tpancrenu
NOD wmumiesu (NOD.DQ8.ABo) [72]. Y 0BOM eKCIIEpUMEHTAITHOM MOJIENy JCTEKTOBaH je Behu
CTereH CHUCToNHE aucyHKIMje, OOMMHHUjH MOHOHYyKJIeapHH henujcku uHUITpaT U Beha
cmptHOCT Kog NOD.DQS8.APo mumieBa. Pe3ynratu oBuX cTynuja ykasyjy Ha YHIEHUILY Ja Y
MATOrCHE3U EKCIEPUMEHTAITHOT MUOKAPAUTUCA OCHM IMPHCYCTBA OJpel)eHOr XaIIOTHIa, BAXKHY

yJIOTY UT'pa U TOJI.

1.1.7. UmyHonaToreHe3a MUOKapIMTHCA

MenujaTopu IMYHCKOT OTOBOPA UTPajy KJIbYYHY YJIOTY Y ITAaTOT€HE3U M UCXOAY OpOjHUX
cpyaHuXx 000JbEHa, YKIbYUYjyhu  MHUOKapAWTHC, AWIATALMOHY U  XUNEPTPOPHUUHY
KapanoMuonarujy. Y mpolecy peMo/ieloBamba CpuaHor TKUBA yKJbydeHe cy henuje ypoheHor u
CTEYEHOI HMYHCKOI OJroBopa KoOjeé JONPUHOCE pasrpaflbU eKCTpalelyJapHOr MaTpHKca,
JIENIOHOBaky KOJareHa, Xuneprpoduju W/WiIW aronTo3W Kapauomuorura. BehwHa umyHCKH
MIOCPEZIOBAHUX MEXaHHW3aMa KOJU Cy YKJbYYEHM Yy HacTaHaK JUCQYHKIMjE M CpyaHe
UMHCY(UIMjeHIrje joul yBeK cy Heno3Hatu. C Tora cy aHuMaiaHu Mojen EAM KopHcHU y by
UCIHUTHBaKa NaToreHese nHpIaMaTOpHUX 00JIECTH CpLa.

Crynuje crnpoBeneHe Ha aHMMAJIHUM MOJEIMMa W PE3yNTaTH KIWHUYKHX CTyIuja
MOKazyjy Aa ¢y akTuBHpaHu aytopeakTuBHU CD4+ T numdonutu rnaBue epexropcke henuje y
ayTouMmyHckoM Muokapautucy [73]. Mako cy CD4+ T nmumdonuru rinaBHe eekropcke hemnmje,
3a pa3Boj ayTOMMYHCKOT MHOKapIUTHCa HEOIXO/HA j€ U aKTHUBalMja Apyrux hemuja ypolheHor u
CTeYeHOT UMyHCKOT oarsopa [74]. [TokazaHo je qa C3 KOMITOHEHTa KOMIUIEMEHTA MMa KJbYdHY
ynory y pa3Bojy EAM mnocebno y uHuIMjanHoj dasu 6onectu. [emnenuja C3 KOMIOHEHTE y
BpeMe MHUIMjanuje O0JIECTH ajlu HEe M y BpeMe IporpecHje, je o CYMITUHCKE BaXHOCTU 32
npesernnjy EAM [75]. Ocum C3 koMmIoHEHTe KOMIUIEMEHTa Yy WHHIMjaTHO] (a3u OoiecTu

3HayajHa je W yJora mMacT henuje, IITO je U MOKa3aHO MCIUTUBAKEM aKTUBHOCTU OBHX henmja y
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MUOKApIUTUCY HHAYKOBaHUM Kokcaku B3 Bupycom [76]. Haume, mokasaHo je ja aerpanysianuja
pPEe3UICHTHUX MacT henuja HacTaje MmIeCT caTh HakoH uHdeknuje kokcaku B3 Bupycom. Tokom
akytHe paze EAM HeyTpoduin u e03uHOPWIN MPEICTaBIbajy €0 HHPIAMATOPHOT HHQHUITpaTa
U BUXOB NpoueHaT Mely yKymHUM HH(QUATpAIMjCKUM JICYKOIIMTUMA 3HadajHO ce mosehasa ca
nporpecujom 6osectu [77, 78]. 3a mporpecujy 00JeCTH U Mpea3ak U3 HHUIUjATHE Tj. aKyTHE Y
cy0aKyTHY ¥ XpOHHYHY a3y o]l KpyIHjaTHOT 3Hauyaja je akTuBaiuja ayropeaktuBHUX CD4+ T
mumbponuta [73]. PesynraTu eKCIEpUMEHTANIHUX CTyIHja IOKa3yjy Ja Ce HIECKTHPAmeM
nenaputckux henuja koje cy odpamuie cpuanu muosus (eHr. CM peptide-pulsed) passuja EAM

y BALB/c mumeBuma ca fomuHantauM CD4+ T henujckum oaroBopom [79].

1.1.8. Yiora ypoleHor HMyYHCKOT OITOBOPA Y ayTOUMYHCKOM MHOKAPIUTHCY

AxtuBanuja henmja ypoheHOr UMYHCKOT OJArOBOpa Urpa 3HA4YajHy YyJOry y HaTOreHe3u
MUOKapauTuca. [naBHe henuje ypoheHOr HMYHCKOT OArOBOpa YKJbyu€HE Yy IaToreHes3y
MUOKapauTuca cy ypohenoyommauke henmje (enr. Natural killer, NK), neyrpodwim,
eo3uHO(G WM, MOHOIIUTH/Makpodaru u ypohene mumbounaue henuje (ern. Innate lymphoid cells-
ILCs) [15].

[Tonynanuja henuja koje npBe HHGUITPULITY MHOKap/l HAKOH BUpycHe uHpekiuje cy NK
henuje. NK henuje umajy KpaTKOTpajHy NPOTEKTHBHY YJIOTy TOKOM aKyTHE (a3e BUPYCHOT
muokapautuca [80]. Tlokasano je ma mumieBu ca aedunmjenimjom NK henuja passujajy Texu
o0k BupycHor muokapautuca [80]. Takohe, nporektusHa yiora NK henuja ocum y BUpyCHOM
MHOKAapAUTUCY TIOKa3aHa jeé M Yy ayTOMMYHCKOM MHOKapIuTHCy. Pe3ynraTu wucTpaxuBama
naroreiese EAM Ha aHuManHUM MoOJenuMa Cy TOoKa3alnu Ja cMmameme Opoja NK henwmja
pesyntupa Behom uHbIaMaimjom, Gudpo3oM u ryoutkom cpuane Gynkiuje [81]. NK hemuje
OCUM WITO OTpaHHMYaBajy peIUIMKaIMjy BHpYycCa, CBOja TNPOTEKTUBHA JI€jcTBA OCTBapyjy U
JeNoBalkbeM Ha cpuaHe QuOpobnacre, Memajyhu HBHXOBY CeKpelujy xeMmokuHa. Takole,
HHJIKY]y amonTo3y 1 CMamwyjy HHOUITpAIM]y MUOKapaa eo3uHopminma [81].

Tokom paszBoja EAM, muoxapn unduntpumy u Heyrpodunn. Haxon axtuBanyje,
HeyTpodmin ocinobahajy MpOTEOTUTHYKE €H3MME, KOjU MOTY OIUTETHTH KapAHUOMHOLUTE U
eKcTpauenyJapHu MaTpukc. In Vvitro cryauje mokasame cy na Heyrpodwau omrehyjy

KapAMOMHUOIIMTE CEKPEjoM cI000IHUX paJiKaia U HapyllaBajy lbUXOBY KOHTPAKTHIIHOCT LITO
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3a mocieauiy uma nopemehaj cpuane gynkuuje [82]. Xemorakca u akThuBaija HeyTpoduiIa y
Muokapay 3asucu o mpucycrBa IL-17 m GM-CSF (enr. Granulocyte-macrophage colony-
stimulating factor) [83].

Ocum HeyTpodmina u npyra cybnomynamnuja noiuMopdoHykieapHux hemmja gecro ce
JETEKTyje y 000JeIOoM MHUOKapAy M HHUXOB IpoleHaT Mel)y YKYIMHUM HHQOUITPALM]CKUM
JCYKOLMTHMA KOpelaupa ca HHTEH3UTeTOM HH(pIaManuje TokoM akyTtHe ¢asze EAM.
Eosunodunu He mpencraBibajy edexropcke hemmje camo y eosmnopunHom EAM Beh u y
OCTAJIMM MOJENTNMa ayTOMMYHCKOT MHOKapauTHca. Y 000JeIIOM MHUOKapAy €O3MHO(PHIN ce
YIJIAaBHOM JIETEKTYjy y OJM3MHU MYJATHHYKICYCHUX THTaHTCKUX henuja 4uje NpUCYCTBO
Ipe/ACTaB/ba jOUI jeJaH MapKep y3HampenoBajie WHQamManuje Kako KOJ JbYIU TaKo U KOJ
muieBa. [IpucycTBo eo3nHO(MIA HUjEe OTpaHMYEHO caMO Ha aKyTHY (a3y mumokapautHca. Y
WHPIAMUPAaHOM MHOKapay MAETEKTY]y C€ €O3MHO(PMIM M HAaKOH YCIOCTaBJbakba CTEYCHOT
UMYHCKOT ojroBopa [84].

On henuja ypohene umynoctu, y3 NK henuje, Heyrpoduie u eoznunoduie y naroreHesu
EAM 3HavajHy yiory uMajy MOHOIIMTH/MaKpo(ary.

[Momamm moOujeHn U3 eKCIIEPUMEHTATHUX U KIMHUYKHUX CTYAHja TMOKa3yjy J1a ce Y TKUBY
obojelor MHOKapAa JEeTeKTyje 3HauajHo Behe NpUCYCTBO MOHOHYKJIEApHUX Qarouura Tj.
MOHOIIMTa, Makpodara U ASHAPUTCKUX henmja. Y 3aBUCHOCTH OJ MATOXUCTOJOUIKOT Ipoleca
oBe henmje momynuiry (rmoBehaBajy Wi CypuMHpPAJy) CIIOCOOHOCT MHOKap/aa Ja ce OlopaBu
HakoH omtehewa. HTepecanTHO je Ma M cMameH U noBehan Opoj makpodara y omreheHoM
MHOKaply CMamyje pernapanujy TKHBa. Joll yBeK HHje Yy MOTIIYHOCTH DPa3jallllbeHO Koja OJ
cybononynanuja Makpodara npomoBuiile HHpIAMAIMjy WIH penapauujy Tkua cpra [85, 86].
[To3naro je ga je cpiie jean o1 HEKOJIMKO aIyJITHUX OpraHa KOju cajip>ke Makpodare mopexiom
n3 >kymaHdyaHe kece. OBakBe Makpodare Ha3WBajy €€ pPE3UJEHTHE, CIOCOOHE Cy Ja ce
caM00OHaBJbajy M YUYECTBY]y Yy OJpJKaBamy TKMBHE Xomeocrtase y cpuy [87]. Mnak, HakoH
omrehema MUOKapJa JTOMUHAHTHY HOMyJaujy 4yuHe Makpodaru Hactanu u3 Ly6C moHomuTa
perpyToBaHHX M3 KOCTHE CpxH M ciesnne [88, 89]. Makpodare Hactane u3 Ly6C"9" momynarmje
MOHOIIMTA YHja je yJora yKJamame TKUBHOT Je0prca HACTaJIor o]l OomTeheHnX KapIuOMHUOIIUTA
U Cekpenyja NpouH(pIAMAaTOPHUX IIMTOKMHA HA3MBajy C€ KOHBEHLIMOHAJIHE WM KJIACHYHO
akTuBUpaHe M1 wmakpodare. Y kacHUM (Qa3ama 3amnajbema, Kaja Ce CMambyje HHTE3UTET

uHpnamamuje perpyroBasn Ly6CM"" momormTH Mory amepeHIMpaTH Yy alTepHATHBHO
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akTuBHpaHe M2 maxpodare. IIpema Tome Ly6C"M monouutn mory mudepenuupary u y M1 u
M2 makpodare [90, 91]. Mehytum, Ly6C'™" MmonomuT perpyroBanu y kacHoj hasu 3amasberba
Mory audepeHnupatd camo y M2 maxpodare [91]. Xymamn CD14"MN vonomuTi/mMakpodarn
onrosapajy mumijm Ly6C"9" hemmjama, nok cy CD14™ expuBanentnu Ly6C'™" maxpodarama
[92]. Ly6C"9" monommTH ce perpyryjy y omTtehien mMuokapa npeko CCR2 u nudepenumpajy y
M1 makpodare [93, 94]. M1 makpodare cexperyjy IL-1B, IL-6 u TNF-o u ucka3syjy ¢aromurse,
npoTeoiauTuike U npouHdamarope ynkumje [95]. M1 makpodare darouutyjy u ykiamajy
TKUBHU 7e6puc y paHoj dasu omrehema cpra. ¥V xacHujuM ¢azama, Ly6C'™ momomutn ce
perpytyjy y muokapa npeko CX3CR1 u nudepenuupajy y M2 makpodare xoju cexkperyjy TGF-
B u IL-12. M2 makpodare nonpuHOCe aHTUUH(IAMATOPHOM OJrOBOPY, HEOBACKYJIApU3aHjH U
aKTHBaIMju MHO(UOpoOIIacTa TOKOM TIpoiieca penapaiuje cpua [94, 96].

Pesynratu cryauja y moriieny yiore makpodara cy onpedHu. Y HEKOJIUKO CTyauja je
MOKa3aHO Ja Makpodare MMajy KapIUOMPOTEKTUBHE edekTe. Y jeqHO] OJf TaKBUX CTyAH]ja je
[I0Ka3aHo Ja ce JAeMIenujoM cpuaHux Makpodara uHaykyje jak CD4+ T wunduiamatopHu
UHQUITPAT IITO 33 MOCIEANILY UMa CMabEeHY KOHTPAKTHIHOCT Kapauomuormra [97]. Y mumjem
Mozeny omTehema cpria mokasaHo je Jga ce JeIUienujoM Makpodara 3HaYajHO yMmambyje
yKJIakambe TKUBHOT Je0prca n3 MUOKap/a U HEOBACKYJIapH3alHja ITOo pe3yaTHpa AUIaTalnjoM
JeBe KOMOpEe W BHCOKOM cTomoM Mmoprtaiutera [98]. Pesynratu OpojHuX cTyddja ykasyjy naa
Makpodare cBOjy KapAHONPOTEKTHBHY YJIOTY OCTBapyjy cekpemnujom nutoknHa VEGF-A u
TGF-Bf koju yd4ecTBYjy y OJpKaBalkby HOPMAJTHE KOHTPAKTUIHOCTH KapJIHOMHUOIIMTA U
HOCTIeIYjy penapaiyjy HakoH nHdapkra Muokapaa [99-101].

Cihakova u capamuiu [102] cy mokasamu ma nenenuja reda 3a IL-13 cmamyje 6poj
QITEpPHATUBHO aKTUBHUCAHMX Makpodara, nedunucanux kao CD206+CD204+ henuje, wu
noBehaBa Opoj ki1acuyHO akTUBUCaHUX Makpodara. [ToBehan 6poj M1 makpodara y cpruma IL-
13 knock-out murmieBa je moBe3aH ca TEXKHM OOJIMKOM MHOKapIuTHca, BehuM MH(IaMaTOpHUM
MHOWITPATOM U CMAak-EHOM CpYaHOM (DYHKIIHjOM Y XpOHUYHO] (a3u GojecTu.

VY crynujama y kojuma je EAM wuHAykoBaH mpuMeHOM TpomoHHWHa T TMoOKa3aHa je
3HayajHa ynora npoungiamaropaor HMGBI1 monekyna (enr. High-mobility group box 1) Tokom
akytHe ¢asze EAM [103]. HMGBI1 wmosekyn mpejicraBba JUTaHa 3a Makpodarte perenTtope

no3Hare ka0 RAGE (peuentopu 3a kpajie NpoAyKTe INMKauuje) peuentopu. VMHTepaxiuja
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m3mehy HMGBI1 monekyna u RAGE unaykyje nonapusanujy makpodara ka M1 denorumy mro
3a mocseauily uMma Behy uadaamanujy muokapaa [103].

Melhytum kKao mITO je MO3HATO Momyjamuja Makpodara je XeTeporeHa, CloKeHa U oIl
YBEK HHje y MOTIYHOCTH cTaHaapau3oBHa. Jlo caga je ommre mnpuxBaheHa (yHKIMOHAIHA
ounapHa kiacudukaija Makpodara na M1 u M2 [70]. Bpojuu pesyaratu ykasyjy Jaa oBa JaBa
(EeHOTUIICKM  pa3IMuuMTa TUIA Makpodara I0Kaszyjy pa3ivuure eQekTe Ha Hpolec
pemozenupama TKUBAa HaKOH moBpene. Takole, makpodare HacesbaBajy M 37paB MUOKapa U y
3aBHCHOCTH O]l FBbUXOBOT ()EHOTHIIA MOTY yYECTBOBATH Yy OJIp’KaBarby TKHBHE XOMEOCTa3e WIIH
npoMorje OGonectu. Tako je y moryieqy yiaore oBuX henuja y cpuyaHUM OO0OJbEHHMa OCHUM
HBUXOBOI KapJMONPOTEKTUBHOI JI¢jCTBA MOKa3aHa U cynpoTHa yiora. Hamme, nmokaszaHo je na
Makpodare cpua npoaykyjy IL-10, akruBupajy ¢ubOpolbiacte ¥ MPOIYKIUjy U JEIIOHOBAME
KOJIareHa IITO 3a MOCIEANILYy UMa CMambeHy KOHTPAKTHIIHOCT MUOKAapAa H YMambeHY JHjacTOIHY
¢byukujy. Moryhe oOjammeme 3a OBakBY yjory Makpodara Moxe ce HahMl y HHUXOBO]
IUTACTUYHOCTU (PEHOTHUIIA M JUHAMUYHUM HHTEpaKlMjaMa ca cyceiHuM henujama moceGHO ca
muodudbpodaactuma [104].

Pe3ynTaTH CKOpalImBHX CTy/IHja ToKa3yjy na makpodaru ca Ly6C"M penornmom, xoju
uHOWITpUILY MUOKaps TokoM EAM, ekcnpumupajy peuentop 3a IL-17. Ha Ttaj Hauun
Makpodaru, 3ajefHo ca HeyTpopuwiIMMma ydecTByjy y mnonapusaimuju ka Thl7 umyHckum
onroopoM. Ilokazano je na [L-17A Huje o mpecyAHOT 3Ha4aja y paHuM (hazama MUOKapAUTHCA
aJlv je jeaH o1 KJbyuHHUX (akTopa 3a rnmporpecujy muokapautuca y JJLIM [105].

Ha ocHOBy myOiaMKoBaHX CTyJuja MOXE C€ 3aKJby4yUTH Ja Cy Makpodaru HEOImXOJHU
TOKOM aKyTHe (pa3ze MUOKapJUTHCA alli Cy Takohe OAroBOpHHU U 3a nporpecHjy dosectu y JLIM.
VY pazmuuutum ¢azama EAM noMuHaHTHE Cy pa3luyuTe MOmyjialyje MMyHCKHX henuja, ma je
TaKO y MWKy OojiecTH AoMHHAHTHY yiory umajy CD11b+ mononutn. CD11lb+ monouuTH
NpeJCTaB/bajy INIaBHY henMjcKy momynaiujy y MHOKapay TOKOM akyTHe (aze mH(praamanyje,
MehyTuM ToKoM XpoHWYHE (a3e uH(pIaMalyje umajy NmpoTeKTUBHY yiory. 3ampaso, CD11b+
MOHOLIUTHU TpeACTaB/bajy HajBehu neo MHQUITpUIIyhHX MOHOHYKIJI€apa y Cpily TOKOM IHKa
6onectu. Mehytum, CD11b+ MOHOUMTH Cy IJIaBHM HETaTUBHU perynatopu cekpenuje IFN-y
Koju cynpumupa ayropeaktuBHe CD4+ T numdonunte n 3Ha4ajHo cMamyje Texuny EAM [106].

ITo3naro je ma ypohene numdpounne henuje umajy 3HauajHy yIOry y MAaTOr€HE3U

ayTOMMYHCKHX 000JbeHa kao mTo ¢y KpoHoBa Goiect, icopurjasza, 1epMaTUTUC U OpOHXH]jasTHA

17



Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe MuOKapdumuca

actma [107]. Jorr yBek je HEIOBOJbHO UCTPAXKECHA HbUXO0BA yJIoTra y MUOKapIUTHCY. McnuTrBama
Ha aHUMAJHUM MOJIeJIUMa Cy TOKa3ajla 3HauajHy yJory OBHX hellMja y UMYHCKOM OJATOBOPY Y

ayroumyHckoM (EAM Mmozen) v BUpyCHOM MUOKapAUTHUCY.

1.1.9. Yiora cre4eHOr HMYHCKOT 0/IT0BOPA Y HMYHONATOTeHe3W MUOKAPAUTHCA

[To3naro je nma je mmokapautuc CD4+ 3aBucHa ayToMMyHCKa Oo0JiecT, MOCpeqoBaHa
UTOKUHUMa Koje oBe henuje cekperyjy [73]. Tpancaykuuja curHana usmely henuja oxsuja ce
MOCPEACTBOM IUTOKHMHA, 1A jeé CTOora HACHTU(UKANWja IIMTOKMHA M HUXOBHX METa BaKHA Y
caryieiaBamy MaTo(QU3MOIOMIKUX MEXaHU3aMa M NOTCHLUjalTHUX TepaneyTckux nusbea. CD4+
nomynanuja T nuMmdonnTa y 3aBUCHOCTH Ol IMTOKMHCKOT MHJbE€A W aHTUTCHIpPE3eHTYjyhux
hemuja, Moxxke nma mudepeHmupa y cyOceToBe ca TepMuUHAIHHM QeHotunoMm. Jlo cama je
uAeHTUGUKOBaHO HeKonuKko cyononynanuja CD4+ T nmumdonura u to: Thl, Th2, Th17, Treg u

Th [108, 109].

1.1.9.1. Yaora Thl heauja y ayTouMyHCKOM MHOKAPAUTHCY

Kao u y npyrum ayroumyHckum Oonectuma, aktuauuja Thl mumdornura, cnennduanmx
3a COIICTBEHE aHTUTEHE, je jelaH oJ] r1aBHUX edekTopckux mexanuzama [110]. Thl numdouuTn
cy nedunucane kao CD4+ henmje koje mpeHcTBeHO TpoayKyjy IFN-y [111]. Bucoku HuBOM
IFN-y 3abenexxeHu cy y MuIlIeBHMa O0OJETUM OJ TEHIKOI OOJIMKa BUPYCHOT MHOKapAMTHCA,
takohe ¥ y cepyMy MaldjeHara ca WIHONMAaTCKOM JHIaTHPaHOM Kapauomuonatijom [112, 113].
[ToBehana mpoaykmnuja IFN-y 3abenexxeHa je U koI XyMaHHW30BaHHWX MHUILIEBA KOJU CIIOHTaHO
pa3BUjajy MHOKApIWTHC TPH YEMY j€ JETeKTOBAHO M 3HauajHO Behe 000JbeBame JKUBOTHHHA
KEHCKOT TI0J1a YMja je MHLIUCHIA 000JheBamba Ouia y Kopelaluju ca BUCOKUM BpEIHOCTUMA
IFN-y [114, 115]. TpaHcreHn MUILIEBH KOjU NMPEKOMEpHO excrnpumyjy reH 3a IFN-y pasBujajy
XPOHUYHH MHUOKAPAWTUC W KapIMOMHOINATH]y TaKO INTO JETyjy Kao TOTEHTHH HHIyLEpH
CHCTEMCKUX MH()IaMaTOPHHUX IIUTOKKHA U TO mpBeHcTBeHO IL-12 m TNF-a [116, 117]. IL-12 Ha
clIM4aH HauuH jaeinyje kao u IFN-y. Mumesu tpetupanu erzorenum |L-12 pas3Bujajy Te:xu 001Uk
muokapautuca [118, 119]. Mebhyrtum, cacBuM CynpoTHH pe3yiTaTH ce A00ujajy NPHUMEHOM

onokupajyhux IFN-y MOHOKIOHCKHX aHTUTena Wik faenenujom reHa 3a IFN-y. IFN-y knock-out
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(IFNg ") MumIeBH pa3BHjajy MHOTO TeKe 00JIMKe HEKOIMKO ayTOMMYHCKUX OOJIECTH Kao MITO Cy
eKCIIEPUMEHTAIIHN AyTOMMYHCKH €HIE(aIUTUC, E€KCHEPUMEHTAIHH PEYMAaTOUIHU apTPHUTHUC
[120]. Takohe, Texu o6muk EAM ce passuja y mumesuma xoju cy IFNg ~~, IFNgr~~, Thx21 7~
U JKUBOTHH-aMa Koje cy Tperupane aHTU-IFN-y moHokmoHckum anTtutenuma [118, 119, 121,
122]. UnrepecantHo je na kama ce IFNg™~ mumeBn mHdHIMpajy kokcaku B3 Bupycom,
pa3BHjajy MHOTO TEXH OOJIMK XPOHHYHOT IIOCTBUPYCHOT MHOKapAMTHca y mopehemy ca
obonenuM auB/bUM TuUnOM MmumieBa (enr. wild type, WT) [123]. BupycHu MuokapauTuc
nnaykoBad y IFNg™~ MuImeBuMa nporpeaupao je 10 0OMMHOT GHOPO3HOT peMoieIupara cpIia,
koHctpuktuHe U JIIIM Koje cy ce uecto 3aBpiraBaie cMphy [123, 124]. Moryhe o6jamimbemne
nporektuBHe ynore IFN-y Mmoxe ce nahu y pe3ynraruma cTyauja Koje mokasyjy Aa 0Baj IIUTOKHH
UHIyKYyje anonTo3y ayropeaktuBHux T hemuja [125], ogHOCHO mocenyje aHTUnpoiardepaTHBHE
U HMMYHOCYNpEeCHUBHE edekre Ha iumbpouane u wmwujenounse hemmje [123, 126]. Aum
HajBepoBatHuje je Aa IFN-y mocenyje um maToreHe u mpoTekTHBHE edeKkTopcke (yHKIHUje Koje
3aBUCE 0]] MHOTOOPOjJHUX CHI'HAJa U3 MUKPOOKPYKEHa.

Ocum IFN-y kao rmaBHor nutokuHa y Thl umyHCKOM 0IroBOpY, 3HaYajHY YJIOTY UMa H
IL-12 xao mpumapam Mmeamjatop oBux henmja. Ilokazano je ma cy ILI2RB1 u STAT-4
neGUIMjeHTH MHUIIEBH OTHOPHM Ha HWHAYKIM]Y MHMOKapJIuTHCa, JOK €rsoreHa MpUMeHa
pekomOuHanTHor IL-12 moropmiaBa texxuny EAM [118]. Takohe, IL-12 knock-out mumieBu
(IL12p357") passujajy ayToMMyHCKHM Muokapautuc, nok cy IL12p40~" pesucrentHu Ha
unnyknujy EAM [127, 128].

1.1.9.2. Yaora Th2 heauja y ayToMMyHCKOM MHOKAPAUTHCY

Th2 numdountu cy nedpunucane kao CD4+ henuje koje nmpBeHCTBEHO MpoaAyKyjy IL-4
[129]. da je Th2 umyHCKH OAroBOp YKJby4eH y matoreHely EAM wimm BUpycHUX HH(EKIH]ja
MOKa3yjy pe3ynratu ManoOpojHux cryauja. U3mely ocranor mokaszaHo je na ce IL-4 u ocranu
Th2 nuTokuHM MOTY IETEKTOBATH Yy CpIly MHILIEBAa HH(UIIHpAaHUX KOKCaKH BUpycoM B3 onHocHO
M KOJI MallijeHara ca MHOKapIUTHCOM U uanornaTtckoM kapauomuomnarujom [130, 131]. Takole,
je mokaszaHo na pa3Boj Th2 oaroBopa 3aBHCH O] T'€HETCKE NPEAUCHO3UIMjE Tj. NMPUCYCTBA
onpehenor rexHoruna. Tako je moka3zaHo na A/J mumeBu pas3Bujajy Texu o0nmuk EAM y

nopehemy ca BALB/c mumeBuma [22]. Pasmor 3amrto A/J muiieBu pasBHjajy Texu OOIHMK
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MUOKApJIUTUCA CE HAJIa3u y KapaKTEPUCTHYHOM (DEHOTHUITY KOjU OBHU MHUIIEBU IMOCEAY]Y Tj. OBaj
COj MHIIIEBa IPBEHCTBEHO pa3Buja Th2 oarorop mro je U moTBpheHo mpucycTBoM eo3uHoduiIa u
MYJITHHYKJIEYCHUX TUTaHTCKuX henuja y TkuBy muokapa. [a je Th2 nomuHantan y natorenesu
EAM y A/J mumeBa moka3aHo je MpUMEHOM aHTUTeNla Koja Omokupajy IL-4. Brokagom IL-4
3HAaYajHO ce CMambyje MH(IIaMalija U TeXXHHA O0JIeCTH y 0BOM cojy MuiieBa [78]. Jla cy cojue
pa3iuKe ImpecyaHe y IaTOreHe3  6OJIeCTH MOKa3yje N HCTpakuBame crpoBeneno Ha IL-47 koju
30or nenenuje rena 3a IL-4 pas3Bujajy Oonect koja je mo TexxuHH Bpio cimuyHa EAM y WT
BALB/c mumeBa. OBu pe3ynratu ykasyjy aa Onokama wim aenenuja IL-4 mokpehe mexanuzme
OoJiecTH KOju Cy pa3nuuuTh u3mel)y nBa ocetsbrBa coja muiiesa [102].

3a pa3nuKy 0/l ayTOMMYHCKOI' MUOKapJUTHCA Y MH(PEKTUBHUM MOJAEIMMa MH(IIaMaluje
cpua IL-4 cympumupa aHTHBHPYCHH HJIM AHTUOAKTEPHjCKM HMMYHCKH OJATOBOp, INTO je M
MOKa3aHO aIIMKaHujoM pekoMOuHaHTHOT |L-4 ToxoM wuH{QeKnHuje KOKcaku BHpycoMm B3.
Pesynratu oBe cTyauje mokasyjy Ja MHUIIEBH KOjUMa je ariinKoBaH pekoMOuHaHTHU |L-4 umajy
JaKkmy OOJIMK MuOKapauThca W 00sby cpuany ¢yukuujy [132]. IlporexktuBHa ymora IL-4
NoKaszaHa je Ha muieBuMa koju cy IL-4 nebunmjentnu m unuuupanu Borrelia spirochetes.
Hamme, pesyaTaTH MCTpakuBama Cy Mokasanu na uHumupade IL-47 xuBoTume pasBHjajy
TeXKH 00NMK MHOKapautuca y nopehemy ca kontpomHom rpynom [133]. Crnuynu pesynratu
nobujenn cy kama cy IL-47" wmmmesn wundurmpanu Trypanasoma cruzi [134]. Moryhe
o0jammeme ce Moke Hahu y ynmbeHuIn aa cBoje edexkropcke pynkiuje Th2 henuje octBapyjy
He camo cekpeunjom IL-4 Beh u cexpeunjom IL-13. Jla IL-13 uma 3HauajHy ynory y naroreHesu
EAM mnoka3aHo je UCIIMTHBamEM OBe OOJNECTH Ha MuIIeBUMa aeduuujeHTHuM 3a IL-13 [102].
Kaja ce BUpyCHH ayTOMMyHCKH MuoKapautuc 1 EAM unaykyjy y IL-137" mumesuma passuja
ce CHakHa, Temka uH(IaMaimja cpia npahena ¢pudpo3om u nporpecujom mo JLM [102]. [da
IL-13 mma npoTekTuBHY ynory y EAM mokasaHo je mHAyKoBameM Gomectn y IL-13771L-47
MHUIIIEBUMA KOjJU Cy UMaJIM 3Ha4ajHO TEXU TOK OoyiecT U nH(IaManujy cpua y nopehemwy ca IL-
137, mrro ykasyje Ha jomMuHaHTHY yaory IL-13 y ognocy Ha IL-4 [102]. omro, mumiju T u B
nuMdonnTu He ekcpumyjy perentop 3a IL-13 mpeamocraBiba ce 1a 0Baj MPOTEKTUBHH IIUTOKIUH

BEPOBATHO MPOAYKY]Yy HeauMdouHe henuje y mpBoMm peay Makpodare.
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1.1.9.3. Yaora Th17 hequja y ayTOUMYHCKOM MHOKAPAUTHCY

ExcriepuMeHTaTHI ayTOMMYHCKH MUOKApIMTUC WITYCTPYj€ caMo jeiaH 0J1 Mojienia 3a Koje
Th1/Th2 6Gananc Huje noBosbaH ga Ou ce objacHmiaa marodusuosnoruja 0OJECTH, HAPOUUTO Y
norJyiely Ha napajsokcainne nporektuBHe ¢pyHkuuje mocpenosane IFN-y. [TorenuujanHo penieme
OBOT MpoOsieMa BHUJIEJIO CE€ HaKOH OTKpHBama HoBor cyocera edexropckux CD4+ henumja koje
nponykyjy IL-17A n naszpane cy Th17 mumdonuru [135]. Audepenunjarmja u npoiaudeparmja
HauBHUX JuMpormta y Th17 henmuje je ycmepena uurokurauma TGF-B, IL-6 u 1L-23 [136-139].
Kao u y npyrum ayroumyHckum Oonectuma u 'y EAM mnokaszano je ga Thl7 henuje umajy
JOMHHAHTHY MAaTOreHy yiory y oaHocy Ha Thl hemuje. MumeBn Koju Cy HOABPTHYTH
agontuBHOM Tpancdepy Thl7 henuja umanu cy Texxy 60ecT o MHUIIIEBa HA KOjJUMa j¢ U3BPIICH
amontuBHu Tpanchep Thl mumdponuTa [121]. MehyTum, ckopaiume cTyauje mokasyjy na IL-17
HUje 3HauajaH y aKyTHO] U cybakyTHO] ¢asu Oosectu Beh 1a je WweroBa MaroreHa yliora
MOBE3aHa ca XpOHHYHOM (a3om MuokapauTuca [83]. Tako je moka3aHo J1a KOHTPOJIHH MHUIICBH U
IL-17" mumieBu uMajy Bpio cimuHy HH(IaManujy cpua 10 21. 1aHa o MHAyKIMje 60NecTH.

Tex nakon 21. mana IL-17+*

MUIIIEBU Cy pa3BWiH 3Ha4yajHy pubpo3y cpua u JALIM koja y Tom
0o0uMy HHje JEeTeKTOBaHa y KOHTPOJIHO] TPYNHU. 3a pa3IuKy Off ayTOUMYHCKOT Muokapaurtuca IL-
17A Th17 henuje umajy mpoTeKTHBHY YyJOT'y HacTaje MH(peKuujoMm Kokcaku Bupycom B3 u T.
cruzi [140, 141]. Takohe, moctoje mokas3u aa oj mojapusanuje y npasity Th17 henuja 3aBucu u
OCeTJbUBOCT MHuIIeBa Ha wuHAyKIHMjy EAM. Hamme, mumesu ca pasmumuutum background
crBapajy Thl7 henuje y Behem mwin mawmem 0Opojy. Tako je mokazano na cy A.SW muiieBu
oceTsbMBH Ha MHAYKIM)y EAM ynpaso 30or moryhHoctu ctBapama jakor Thl7 oxnrosopa. 3a

pazmuky on mwux B10.S MmumesBu cy pesucteHTHM Ha wuHAyKuMjy EAM ycnen ciabe

nojapu3zanije y npasiy Th17 umyrckor oarosopa [142].

1.1.9.4. Yaora T peryaaropHux heqmja y ayrTouMyHCKOM MHOKAPAUTHUCY

Perynatropuun T numdountn (Treg) mpeacraBibajy jeAUHCTBEHY cyoOnomymauujy T
muMmdornuTa Koja cynpumupa QyHKuujy edexropckux T hemuja u oxapkaBa mnepudepHy
tonepaniyjy [143]. [lo3Hato je na je Henoctatak Treg y AMPEKTHO] KOpETalUjU ca TEKUHOM

OpOjHUX ayTOMMYHCKHX 00JecTd, Mel)y ’bUMa U ayTOMMYHCKOT MHUOKapUTHCA.
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Ha 6poj Treg yruue Ha UHAYKIU]Y U naTodusznonornjy EAM nokaszaHo je u Ha MUIIIEBUMA
pasmuuutor coja [142]. Mumesu A.SW H2° coja ocerspuBHju cy Ha HHAyKIHjy EAM vy
nopehemy ca B10.S H2® mumieBumMa yrnpkoc muxoBoM uaeHtnuHom H2° xamnortumy. Jeano of
Moryhux ofjammema je 1a A.SW mumieBn HakoH wHAyknuje EAM, y cpuy mmajy 3Ha4ajHO
Mawu 0poj Treg nepunucanux kao CDA+CD25+Foxp3+ T numdorura y oxnocy Ha B10.S H2®
MulleBe. Pe3ynTatu oBOr UCTpakMBama MOKa3yjy na 0poj Treg Y CpIly KOpelupa ca CTEIICHOM
omrehema KapauoMHoIUTa: OpacT y Opojy oBux henmuja kopenupa ca MamuM omTehemeM, a
Mame MPHUCYCTBO Treg Kopenupa ca Behom omrehemeM KapAHOMHOIMTA. Y HCTO] CTYIUjH je
MoKa3aHo na 6poj Treg henuja 3aBucH 01 reHeTCKe KOHCTUTYIIMjE a He o1 BpcTe anTurena. lro je
Y MOTBPl)eHO MMYHHU3AIIMjOM MHIIIEBA MHO3UHOM U OBAIOYMHHOM [142].

OcuM y ayTOMMYHCKOM MHOKApAWUTUCY, Trey HMajy TPOTEKTHBHY YIOTY H Yy
MHOKapJUTUCY HACTAJIOM HaKOH HWHQEKIHje Kokcaku Bupycom B3 [144]. ApnontuBHHM
tpanchepom CD4+CD25+F0oxp3+ Treg, HAKOH MHIYKIMj€ BUPYCHOT MHOKApAUTHCA, 3aMaKEHO
je 3HauajHO Mame omTeheme MUOKapaa U Behu KIMPEHC BUPYyca y OJJHOCY Ha KOHTPOJIHY TPYITy
KHUBOTHa. MexaHu3aM KOjuM Treg IITHTE KapIUOMHUOLUTE je mocpenoBan cexpeuujom TGF-p.
3anmaxena je 3HadajHo Beha ekcrpecuja TGF-f y cpuy Hakon tpancdepa Treg mumdornuTa y

Kokcaku B3 BupycHom muokapautucy [144].

1.1.9.5. Yaora Th9 heauja y ayTouMyHCKOM MHOKAPIUTHCY

Ckopauime cTyauje Mokasyjy Aa y MaToreHe3u ayTOMMYHCKOT MHUOKapAMTHCA, OCUM JI0
caja mno3Hatux cyb6momymaunuja T nauMmdornuTa, 3Ha4YajHy yJaOry HMMa M HOBOOTKpPHBEHA
cyononynuuja Th9 mumdonura. udepennunjanuja HauBaux T numponura y Th9 denorun
omurpasa ce y npucyctBy TGF-fB u IL-4. I'nmaBan edexkropckn nutoknH Th9 mumdornmra je 1L-9
[145, 146].

Vnora Th9 numdouuta mpBo je mNoka3aHa Ha ekcrnepuMeHTaaHoM Moneny EAE.
AnontuBHuM Tpancepom Th9 mumdonura morao ce unaykosatu EAE koju ce kapakrepucao
aTHITHYHUM MEHUHTEAJHUM 3HAlMMa M Jje3ujama mepudepHor HepBHOr cucrema [147]. Ocum
nokaszate ynore IL-9 y EAE meroB 3Hauaj 3a0enexeH je U y eKCIepUMEHTAIHUM CTy/HjaMa Ha
MHUILIEBUMA KOjU Cy UMaJH Ae(UIlnjeHI]y capKoeHaomIa3MaTcke petukynapue Ca2+ ATP-aze.

Kon oBux mumieBa Bucoke BpenHoctu IL-9 kopenupaine cy ca Behiom cpuanom ciabdomrhy [148].
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Takohe, 3abenexxeH je W 3HavajHo BUmM HUBO [L-9 y cepymy mamujeHara ca XpOHUYHOM
CpYaHOM MHCY(HIMjeHIIHjOM. Y OBO]j CTYIHjH MOKa3aHO je 1a cepyMcku HuBou IL-9 HeratuBHO

Kopesupajy ca ejekiunonom dpaxiujom [149].

1.1.10. YJaora xyMopaJHOT HMYHCKOT OJIT0OBOPAa Y AyTOUMYHCKOM MHUOKAPAUTHCY

VY maToreHe3u ayTOMMYHCKOT MHOKAapIUTHCA OCUM TJIaBHUX ePEeKTOpCKuX henmuja a To cy
ayropeaktuBan CD4+ T numdornuTu, 3HavajHy yinory umMajy u ayroantutena. CTBopeHa
ayTOaHTHTEJIAa KOja Ce€ MOTY JETeKTOBaTH HE CaMO Y MHOKapIUTHCy Beh W Y HMCXEMHU]jCKUM
OoJsiecTrMa cpIla, yCMEpEeHa Cy Ha aHTUTECHE KOjU Cy CEKBECTPUPAHU M HUCY JOCTYIHU henujama
MMYHCKOT CHCT€Ma TOKOM HETaTHBHE CeJIeKIHje y TUMYCy. JleKiaHmuMpame CEeKBECTPUPAHUX
aHTWTCHA HAcTaje HakoH omTehema henwja m TkuBa cpua. Hajuemmhum aHTHreHn Ha Koje ce
CTBapajy ayTOaHTUTENa Cy CTPYKTYpHE KOMIIOHEHTE KapJMOMHOIIMTA Kao IITO CYy MHO3MH H
tporonuH [150]. Hakon ocnobahama CeKBECTpHUpaHHX HHTpAICIYIapHUX MPOTEHHA TPBO CE
aKTHBUPAjy ayTopeakTHBHU T nuMQOLUUTH a MOTOM HakoH ,,T-B cross talk® mnrepakiuje xao
CeKyHIapHH jorahaj reHepuiry ce KJIOHCKHM cejekToBaHa ayroaHtutena [151, 152]. Cteopena
ayTOaHTHTENa Cy yIpaB/beHA NpeMa WHTpAIETyJIaApHUM aHTUTCHHUMA, TIPe CBera TEIIKOM JIAHILY
MHO3WHA, TpomoHUHY [, TpomonmHy T W MUTOXOHApHjaTHUM aHTUTeHHMa. Takohe, kon
naryjeHaTta ca MHUOKApAWTHCOM MOTY C€ JETeKTOBAaTH M JIpyra ayTOaHTHUTela Kao IITO Cy
aHTUTEJa YCMEpeHa TMpeMa JaMUHWHY, AaKTHHY | aHTH-MyCKapuHCKa aHTtutena [4].
AyToaHTHUTeNa Ce Y MUOKapIUTHCY HE MOTY IETEKTOBAaTH TOKOM CBHUX (pa3a OojecTu moceOHO He
y aKyTHO] (pa3u, 0K je BUXOBO MPUCYCTBO KapaKTEPUCTUYHO 3a CyOaKyTHY U XPOHUYHY (a3y.
VY npusor ToMme roBope U pe3yaTaTH CTyAHje y KOjoj je MoKa3aHo Ja JBe TpehuHe maiyjeHara ca
aKyTHUM MHOKapAUTHCOM HeMa JETeKTHOWIHUX CIEHU(PUYHUX ayTOAHTUTENA y TPEHYTKY
MoCTaBJbathba JMjarHO3¢ WJIM KJIMHUYKOT TmoueTka Oojectu [152]. Mebhyrum, wom 80%
nanyjeHaTa ca MHOKapJIUTHCOM Koju mporpeaupa y [AIIM getekTyjy ce ayToaHTUTENa
cnenuduyaHa 3a cpuane aHTUTeHE B Ko7 60% marujenara ca cpyaHOM WHCY(PUITN]SHIIH]OM JIPYyTe
ernosiordje [152]. Ox cBuX ayToaHTHTeNa Haj3HAYajHUja Cy aHTHUTEIA yCMEpeHa Mpema o
TENIKOM JIaHIly cpuaHor mMuo3uHa. [lokazano je na Bucoku HuBOM aHTU- MyHCo anTuTena
KOpeJMpajy ca TeXXKMHOM M IMPOTPECHjoM CpuaHe 0O0JIecTH JOK je cMamemne TuTpa antu- MyHCa

aHTHUTEJa y TIO3UTHBHO] KOpPENAIMj1 ca JOOPUM KIMHHUYKUM o1roBopom [152].
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1.2. T'anexkTun 3

['maBHM 1WJb MCTpaKUBaba j€ UCIIUTUBAE YIIOTE M 3HAa4yaja TaJleKTHHA 3 y MaTOreHE3H
EAM kox mumeBa coja C57BL/6 koju je penaTWBHO pe3UCTeHTAaH Ha WHAYKIH]y EAM
nentugoM Muo3uHa MyHCas3s-352. 3aT0, y YBOJHOM JieNly JETajbHO 00jallmbaBaMoO CTPYKTYDPY,
eKcIpecH]y, OuoJomke eheKTe TaIeKTHHA 3 ¥ OMHMCYjeMO HhEeroB 3Hava] y peryJaluji UMyHCKOT

OJIrOBOPA.

1.3. Knacudukanuja raleKTHHCKUX MOJIEKYJIa

JIeKTHHU TIPENICTaBIbA]y JEAMHCTBEHY IPYILy CTPYKTYPHO Pa3HOBPCHHUX MPOTEHHA YHja je
rJlaBHA KapaKTEPUCTHKA CIIOCOOHOCT BE3MBama 3a yribeHe xuapare. JIeKTHHHU, Ha Taj HAYMH,
MOTY IPENO3HATH U BE3aTH Ce 3a INIMKOJIMIH/IE, TTIMKOIPOTEHHE Kao U 3a MIPOTEOrTIMKaHe KOJU Ce
HaJlaze Ha MOBPUIMHU henMjcke MeMOpaHe, Kao M y eKCTpaleaylapHOM MaTpuKCy. JIeKTUHM cy
nojiesbeHn 'y detupu ¢ammiauje: aektuan C- u P- Tuna, meHTpakcuHu W ranektuHu [153].
[anexTnHU Cy ne(MHUCAHU KAO €BOJYIIMOHO KOH3EPBHPAHH MPOTEHHHU KOJU MMajy CIIOCOOHOCT
nperno3HaBama P-rajakro3uaa Ha noppummuu henuje [154]. [pencrasibajy rpymy JeKTHHA KOjH
Cy MNPUBYKIM MOCEOHYy Naxmwy y oOnacTu OMOMEIMIIMHCKUX HCTpaXKHMBama 3axBasbyjyhu
IIUPOKOM CIEKTPY (PYHKIIMja y WHTpAlEIyJIapHOM U EKCTpalelylapHoM mIpoctopy. TepMun
TaJIeKTUHU c€ MpBU NyT yBoau 1994. ronvHe mpu 4yemy Cy WiIaHOBU (aMuiIdje TrajeKTHHa
Mopalld Jia HCIyHaBajy JBa ycioBa: aUHUTET 3a [-rajakTo3ujae W 3Ha4YajHy CIUYHOCT
AMHUHOKHCEIIMHCKUX CEKBEHIIM Ha MECTY 3a TPEMO3HABake U BE3UBAKE YIIbeHUX xuapara [154].
UnanoBu moponuie TajleKTHHa mpoHalleHm cy y cyHhepuma, TJpbMBHIIAMa, HeMarojaama,
MHCEKTHMa M KMYMemalluMa YKJbY4dyjyhu U cucape, IITO yKa3yje Ha IBUXOBY 3HauajHy YJIOTY y
pazmuuntuM henujckum mporecma [155]. Jlo manac je omucaHo 15 pasauuuMTHX MOJIEKYJa
rajiekTUHa, O3HayeHH OpojeBuma oj 1 mo 15. 3ajemHuuko 3a cBe wiaHoBe (ammiuje je
MIPHUCYCTBO €BOJYTHBHO KOH3EPBHUPAHWX CEKBEHIM TO3HATE Kao ,,perMOHH KOjU TIPENO3HAjy
yribene xuapare” win CRD permonu (enr. Carbohydrate-Recognition Domain) [156]. ¥V
cactBaB CRD peruona ynasu 135 aMmuHOKHCcenMHCKUX cekBeHI [157]. OBH goMeHU Cy Mo3HATH
Kao B-cenaBuy Kora popMupajy aBe 61aro caBujeHe B-Tuioue Koje ce cactoje u3 6 B-iaHama Koju

¢dbopMupajy KOHKaBHY CTpaHy, U 5 [(-iaHana koju GopmMupajy KOHBEKCHY cTpaHy. KoHkaBHa
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crpaHa dopmupa kied y KOMe ce raJleKTHHHU Be3yjy 3a yribeHe xuapare [158, 159]. Tanexktunu
Cy JNETEKTOBAaHW y pa3HHM helvjamMa ¥ TKMBUMa M TPUIMCHBAHE Cy UM OpojHe yiore. 300r
Pa3HOJMKOCTH CBOjUX (DYHKIIM]ja IMOCTAIH CYy MHTPUTAHTHH UCTPaKMBAUMMa, HE CaMO y 00JIacTH
ouonoruje Beh u y meauuuun u dapmanuju. Hirabayashi u Kasai [159] cy Ha ocHoBy Opoja u
opranusanuje CRD pernona, ranektune kinacudukoBain y Tpu rpyme (Cxema 2):

1. IIporoTun rajekTuHa: nocenyjy jenan CRD pernon xoju mMa criocoOHOCT Ja JUMEpHU3yje.
OBoj rpymnu npumnanajy ranekrunu 1, 2, 5,7, 10, 11, 13, 14 u 15.

2. TanneMCcKo NMOHOB/beHU THIN TaJIeKTHHA: M3rpalleHH Cy oIl jeTHOT NPOTEMHCKOT JIaHIA
nyxuHe on 70 amMuHOKHcenuHa Koju (opmupa apa pasnmuura anu xomosnora CRD peruona.
TanneMcko MOHOBJbEHOM THUITY FJIEKTHHA MPUIMa/ajy raieKTuau 4, 6, 8, 9 u 12.

3. XuMepcKH THI rajeKTHHA: m3rpalleHn cy oj jeJHOT MPOTEHHCKOT JIaHAIa TYKHUHE O] OKO
120 amuHOKWICENTMHA KOjU CaApXKH OpojHE TOHAaBJbajyhe CcekBeHIle Oorare MPOJIUHOM W
riuuuHoM. OBakaB JaHail crojeH je ca jeqrnuM CRD pernonom. Jeaunu npeacTaBHUK OBE TpyIie

je rajnekTuH 3.
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Taunaemcko

laaexktunckn CRD 3ajeano
ca He-JIEKTHHCKHM JIOMEeHOM

JIBa naenTnyHa rajnektuHcka CRDs JlBa pazinuura rajextuicka CRDs

e

lanexrnnu-1, 2,5, 7, 10, 11, 13, 14, 15 laaexkTnnn-4,6,8,9, 12

Cxema 2. Knacupukanuja rajJJeKTHHCKMX MOJIEKYJIa

1.4. CTpyKkTypHe M OHOXeMHjCKe KapaKTepUCTHKe rajeKTHHa 3

be3 cymme, ranektun 3 (enr. Galectin-3, Gal-3) (29-35- kDa) je jeman ox HajOooJbe
NpOyYaBaHHUX TaJIeKTWHA W jeJJMHU jeé XUMEPHUYKH THUIl TaJeKTHHa KOJ KHuMemwaka. Hajmpe je
UIeHTH(UKOBAH Ka0 aHTUTEH Ha MeMOpaHu Makpodara, H30JI0BaHUX M3 TIEPUTOHEYMa MHIIEBA,
CTHUMYJIMCAHUX THOTJIMKOJATOM W OWo je o3HadeH kao Mac-2 (32-kDa) [160]. Kacuwuje je
omucuBaH kao CBP-35 mporeun (35-kDa) (enr. Carbohydrate-binding protein, CBP) koju uma
CIIOCOOHOCT 3a BE3MBaWkE YIJbCHUX XUApaTa M OTKPHBEH je Ha GuOpobiacTuma muiesa [161];
eBP mporeun (enr. e-binding protein from rat basophilic leukemia cells, ¢éBP) na 6a3odunuma
naroBa obosenux ox aeykemuje [162]; RL-29 Benmuunnue ox 29-kDa (enr. 29-kDa lectin in rat
lung tissue, RL-29) y uryhunom TkuBy marosa [163]; HL-29 Bexnuune ox 29-kDa (ewr. lectin in
human lung tissue, HL-29) y xymanom muryhaom tkuBy [164], L-34 nexktun Benmuune ox 34-kD

y OHKOTCHCKHUM TpaHC()EKTOBaHUM eMOpUOHCKMM (uoOpoodsiacTuma manosa [165] u LBP (eHr.
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Non-integrin laminin binding protein, LBP), mamuuun Be3yjyhu mporeuH y Mmakpodarama.
HcnnTrBameM aMHHOKHCEIMHCKMX M TEHCKHX CEKBEHIM YTBpheHa je BHCOKa XOMOJIOTHja
u3Mel)y HaBeJIEHUX NPOTEMHA H30JIOBAaHMX W3 pa3auuuTHX Bpcta [166-174]. ¥V ckmaay ca
HOMEHKJIATYypoM YyBeneHoM 1994. roaune, OBaj MPOTEHH je O3HAuYeH Kao rajnektuH 3 [154].
Anammza ctpykrype Gal-3 ykasana je 1a OH MMa jeIMHCTBEHY CTPYKTYPY Y OJHOCY Ha OcTale
JICKTHHCKE MOJIeKyIle y KnuMmemaka [175]. Kao u cBu 4iaHOBH jekTuHCKe mopouie, Gal-3 nma
BUCOK a)MHHUTET 3a Be3MBame ranakrosuaa npeko cBor CRD permona [175]. Kao xumepHu
MPOTEHH ca JeJMHCTBEHOM CTpYKTypoMm, Gal-3 campku 3 paznuuuTa CTpYKTypHA JOMEHA:

1.NH2 rtepmunanau jgomeH (enr. N-terminal domain, ND) koju caapxu cepuH
dbochopunaiioHo MECTO KOje je BaXKHO 3a pPeryialujy HHTpalenyJapHe CUTHAIU3a1I1]e;

2. IoHaBJbajyhu peruoH, cauyaH KojareHy, OoraT MpOJIMHOM, TIUIIMHOM U THPO3HHOM, KOja ce
MOJKE pa3ZBOjUTH MaTPUKCHUM MeTanonporenHaszama (Hnp. MMP2 u MMP9);

3. rnobynapan COOH TepMHHAIHM JOMEH KOJU CagpXH MECTO 3a NPENO3HABAKE YIJbEHUX
xunapara, CRD peruon, m amuHokucenuHcky cekBeHly NWGR koja je oxaroopHa 3a
aHTHanonToTH4Ky yiory Gal-3.

Hakon Be3uBama 3a MyJITHUBAJICHTHE YIJbeHE Xxuapare, Gal-3 Moke oJUroMepru3oBaT Kpo3 CBOj
ND TepMuHanHU A0MEH U (HOPMHUpATH NMEHTAMEPHY CTPYKTYpy Ha noBpiunau hemuje [176]. Ha
Taj HaYMH je YKJbYYEH Yy MOJAYJAIM]y MHTpALETyJapHUX CUTHAJIHUX MyTeBa KOJU YTHYYy Ha
SKCIPECH]y Pa3IHYUTHX Te€Ha IITO 3a MOCHeanily uma npomeHy ¢ynknuje hemmje (Cxema 3)

[177-179].
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A b

N

") €——— COOH TepMHHAIHH JOMeH

€——— I0MEH CJIMYaH KOJIareHy

€ NH2 TtepMHHa/IHH 10MEH

Cxema 3. CTpykTypa rajiektuia 3

1.4.1. ND TepMHHAJIHHU 10OMEH

Y 3aBucHoctd on Bpcere, ND TepmunamHu gomeH ce cactoju onx 110 mo 130
amMuHokucenuHa. OBa penaTuBHO (iIeKCcHOMIIHA CTPYKTypa Caap>Kd BHUIIE XOMOJOTHX
MOHABJbAKA, OJ1 KOjUX CBaKo ykibydyje Pro—Gly—Ala—Tyr—Pro—Gly aMHHOKHCEIMHCKY CEKBEHILY
HaKOH dera cieae TpU JAoAaTHE aMuHOkHcenuHe. ND TepMHHaIHM JOMEH je BHCOKO
koH3epsupan Mmehy Gal-3 MonekynuMma HW30J0BaHHMX U3 pa3IMUUTHX BpcTa. Takobe,
aMUHOKHCEIIMHCKA CEKBEHIIA je OKO 25% XoMoJjorHa ca oapeheHnM HyKIeapHUM KOMIUJIEKCUMA
pubonykineonporenHa (hnRNP), a Ta xomonoroct ce Takohe moxe Hahu Mely caMuM jenapHUM
hnRNP nporennuma [180]. ITokazano je na ND tepmunanau nomeH uma 33,5% mnoknamname ca
KOJIareHOM THUIl 2 y ToBeljoj XpckaBulHM, Tako Ja je ND TepMuHaIHU JOMEH O3HauyeH U Kao N
TEpPMHUHAJIHHU JIOMEH ciiryan KonareHy [181]. Mako je moka3ano nma ND TepMuHATHE JOMEH HEMa

AKTHBHOCTH Ca YIJb€HHM XHpaTHMa, HEOMXOaH je 3a MyHy Ouosomky aktuBHocT Gal-3 [182].
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JlonaTHO, pe3yATaTH MCTpakMBama Tokaszamu cy ga ND nomen mpexko Tyr'% u cycemmmx
cyOjemunmma ydectByje 3ajeqno ca CRD permoHom y BesuBamy ojaurocaxapuma [183]. ND
TEpPMHUHAIIH JIOMEH, j€ Takohe OATOBOpaH 3a MYJITUMEPHO (OpPMHpame U IMOKa3yje MO3UTUBHY
KOOIIEPATUBHOCT MPUJIMKOM BE3MBamba JCKTHHA 3a MMOOUIM30BaHe juran kiacrepe [183]. Osa
IBEroBa 0OCOOMHA je u3rjena OWOJIOMIKK peryiaucaHa, jep je ND momioxkaH CeleKTHBHO]
IPOTEONIM3H OJ CTpaHe oapeheHux MaTpukc MmerajomporenHasa (MMP-2 u MMP-9) [184].
Pacuen na mosumuju Ala®®>-Tyr®® xon xymanor pexom6unantnor Gal-3 mosehasa adunuter
CRD-a (ouysanor y 22 kDa ¢parmenty) 3a kapOOXuIpaTHe JUTaHAe, ajll yMamyje arperamujy
Gal-3 u nHa Taj HauumH yKuAa OHOJIOIIKA JejcTBA MOJEKYJa KoOja 3aBHCE O]l HbEroBe
Mmyntumepusimje. Tako Ha puMep, MPOTEOTUTHYKKUM jaejcTBoM morenan Gal-3 mokasyje oko 20
nmyTa BUIIM aUHUTET BE3UBama 3a CHAOTENHE henuje xymane yMOMIMKAHE BEHE y mopehemy
ca KOMIUIETHHM TiporerHoM [185].

Takobhe, pe3ynraTi HCTpaxKHBama Cy rnmokaszana ja ND TepMUHAIHU JOMEH YYeCTBYje Y
cekpenuju Gal-3 y ekcrpanenyaapau npocrop [184]. IToyetHu neo ND nmomena koju caapyxu 12
aMHHOKHMCEJIMHA KOja MPETXOAW JOMEHY KOju je OoraT MpOJMHOM M TIIMLIMHOM, Takole Mmo3Har
kao mamu ND TepMuHaIHH JOMEH, BUCOKO je KOH3epBUpaH Koja cBux Gal-3 y cucapa. Hajmame
nBe (yHKIMOHAIHE KapakTepucTuke npenucaHe cy ND nomeny Gal-3, Opucame mnpBux 11
aMUHOKMcenuHa Onokupa cekpernjy Gal-3, mok MyTanmja koHsepsupadHor Ser® yruue Ha

AHTHUAMONTOTCKY akTuBHOCT Gal-3 [185].

1.4.2. CRD peruon

CRD peruon Gal-3 cactoju ce ox 130 amuHOKHcenuHa Koje GopMHpajy TIOOypaTHy
CTPYKTYpPY KOja je OAroBopHa 3a yuBpiihuBame Besze uamely Gal-3 u yribenux xuapara [186].
OBu Hasasu cy AogaTtHo notBphenu anammzom crpykrype CRD permona, Koju ce caTtoju u3 JiBe
aHTH-TIapasienHe B-maode ca o 5-6 B-nanana koju GopMupajy ynyOsbeme 3a Be3UBamhe YIIbeHUX
xuapara [182]. Melyyrum, HOBHjH pe3ynTaTd JOOWjeHHM aHAIM30M HYyKJIeapHE MarHeTHE
pe3oHaHIle ykaszyjy Ha Moryhe mHTepakiuje uamehy ND tepmunannor nomena u CRD peruona
[187]. Vuyrap nomeHa 3a mpeno3HaBambe YIJbCHUX XHIpaTa O] IMOCEOHOr HHTepeca je
amuHOKucenuHcka cekBeHla NWGR; koja je npakTuuHO 6€3 U3y3eTKa KOH3epBHUpaHa y OKBUPY

BH1 nomena Bcl-2 ¢amwmmje nmpoTenHa, u J0Ka3aHO je Jia je OJATOBOPHA 3a aHTHAIONTOTCKY
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aktuBHOCT Gal-3 [188]. NWGR cekBenna je takohe ykibydeHa y MpoIec arperammje MojeKysia
Gal-3 mpeko CRD perona y oacycrtBy caxapuanux juranga [189]. 3amenom tpunrodana ca
neyruaom (W181L) y okBupy NWGR cekBeniie o0ycraBiba xomoaumepusaijy Gal-3 mpeko
CRD. Unak, u mopen oBe MyTamuje jomr yBek ce Moke Besatu wild-type Gal-3 myrtem
uHTepaknuje ca N-tepmuHaiaaM aoMmeHnma. CRD je Takohe ykibydeH y YIrJb€HOXHJIPATHO
3aBHCHY XeMODWIHYHY HHTEppeakiljy y kojoj yuectByje Gal-3 [190]. Ocrarak jemHor Mojekysia
nuctenHa y 0mm3uH NWGR cekBenne (Cys186) ce moka3ao ka0 HEONXOAHA 32 TUMEPU3AIIH]Y
mumjer Gal-3, xoju y T0Oj dopmm Be3yje JaMUHHH ca BUIIUM a(UHTETOM y OJHOCY Ha
moHoMepuuny (opmy [191]. CRD y mopehewy ca unraktHuMm Gal-3 ucnosbaBa CHaKHHjU
abuHUTET Be3WBama 3a Kpajie npoaykre riaukanuje (AGE), mrTo ykasyje ma CRD moxna

Takohe caapku TJIaBHO MecTo Be3Bama 3a AGE mto Huje moryhe xox ND kox nenor momnekyna

Gal-3 [192].

1.5. Ekcnpecuja rajnekruna 3

Tokom emOpuoHanHOr pa3Boja u audepennmjanuje hemmja Mema ce  ekcmpecuja
rajekTiHa. Takole, ekclpecuja TaJeKTHMHAa 3aBUCH OJl PA3JIMUUTUX (PU3HONIOIMIKUX U
NaTOJIOMIKKUX yclioBa. Excrpecuja rajlekTUHa ce NMpBU MYT JETEeKTYyje YETBTOT JaHa rectrauuje u
To y henujama TpodekTogepma Ha craaujymy Omacromnucte [193]. Oxo ocMmor gaHa recraije
Gal-3 je excipumupan Ha hemujama HOTOXOpJE, T€ je MPUCYTaH JOK HOTOXOpJa HE HIITYe3HE
[194]. TIpucyctBo Gal-3 3anaxka ce KacHHje y XPCKaBHIM MPILBCHOBA, peOpUMa M KOCTHMA
JMIA, Ka0 M y cymnpaba3alHOM CJIOjy €HmUAepMHca, HITO yKa3yje Ha MOTEHIMjaJHy YJIOTy Yy
dopmupamy xpckaBuie U gudepenimjanuju koxe [194]. Colnot u capaguuiu [195] cy
nokazanu 1a je Gal-3 ekcnipumupaH Ha XOHAPOIMTHMA CMU(PH3HE TUIOYE pacTa JTYyruX KOCTH]Y
Ko (eTaTHMX M HEOHATAJTHWX MHUIIEBA, IITO yKa3yje Ha moreHuujanHy yiaory Gal-3 toxom
enxonypanHe ocudukanmje. Takohe, ekcnpecuja Gal-3 3abenexxeHa je U y MpBOM TPUMECTPY
XyMaHe eMOpHOTeHe3e ajl je OrpaHHyYeHa Ha EMUTeN KOXKe, TUTECTUBHOT, PECIUPATOPHOT H
ypUHApHOT TpakTa, 3aTMM Ha henmjama Muokapja, jerpe u xonaporwura [196]. Cnuyan obpasair
excripecuje Gal-3 youaBa ce W y agynTHHUM TKMBMMa Kao M Ha OpojHMM henmjama MMYHCKOT
cucrema. Ctynuja koja je anamusupana ekcrpecujy Gal-3 meronom in situ xubpumuzanuje y

JUTECTUBHOM TPaKTy MUILEBA, MOKa3aia je npucyctBo Gal-3 nckibyunBo y enureaHuM hennjama
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[197]. Mehyrum, HOBHMja wHcTpakuBama Mmokasyjy na Gal-3 Huje ekcnmpumupaH camMo Ha
enuTenHUM henujamMa IMIeCTUBHOT TpakTa, Beh W Ha pe3nIeHTHHM Makpodarama JaMuHeE
nporpuje [198]. Takohe, umyHOXHUCTOXEeMHjCKUM OojereM mHoTBpheHo je mpucyctBo Gal-3
no3UTUBHUX henmuja n1yx cuHycouaa jerpe y3 nojaBy Kymndeposux henuja [198]. [Tnyha mumesa
ce Hajlase Ha ApyroM mecty y morieny ekcrnpecuje Gal-3 [198]. IlpucycrBo Gal-3 je omucano y
enuTeIHUM henujama OpoHxuoja M pesugeHTHHM Makpodarama [198]. Excmpecuja Gal-3 ce
3Ha4ajHO noBehaBa Tokom nHQpeknuje miyha [199].

[MpucyctBo Gal-3 nmozutuBHUX henuja neraspHO je onucano ox crpane Kim u capaaHuka
[198]. V jajumky, Gal-3 je nerekroBan y henujama xyTor Teia U Makpodarama CTpoMe e uMa
yJIOTY Y OJIpyKaBarby U MPEeKMBIbaBamby JyreanHux hemuja tokom tpyanohe. Y yrepycy, Gal-3 je
NpUCYTaH y eHaoMeTpujaiHuM henujama m makpodarama BesuBHor TkuBa [198]. Gal-3 je
HajBehn B-ramakro3ma Be3yjyhu nekTHH ekcripuMupaH Ha henmujama ypUHApHOT TPakTa MHIICBA.
Merogama UMyHOXHCTOXeMHje U IN SitU xuOpumusammje yTBphEeHO je 1a je eKCIpUMHUpPaH Ha
henujama OyOpera W ypHHapHHX myTeBa g0 auctanHor ngena yperpe [200]. Pesynrartu
UMYHOXHCTOXEMH]CKOT 0O0jea CpuaHOr TKUBA, yKazanu cy Ha npucycrBo Gal-3 mo3uTuBHMX
henuja y MHTEpCTHLMjyMy [OK KapAHMOMHOLMTH He ekcrpumupajy Gal-3 [198]. ¥V mo3ry,
SMIECHIMMOLIUTH MOXXIaHUX Komopa ekcnpumupajy Gal-3 [198]. 3acrymbeHoct henuja koje
excripumupajy Gal-3 y cie3unu je MHoro Behu y npBeHoj Hero y 6emoj mymmu [198]. OBakas
JOKaIHU (peHoMeH ce Moxke oOjacHuTHM BehoM nucTpuOynujoM Makpodara U JIEHAPUTCKUX
henuja y upBeHO] MyNnu cie3uHe, JoK ¢y y 0emnoj mokanuzoanu T u B numdonutu. Excnipecuja
Gal-3 xon HauBHu T nuMmdonuTa y Cle3nHH je HeMepJbuBa, Mel)yTuM Moxke ce moBehaTH HaKOH
muxoBe aktuBaimje [198]. henuje koje excripumupajy Gal-3 NMpBEHCTBEHO Cy JIOKaIH30BaHE Y
MeAyIu TUMyca, 10K cy camo petke Gal-3 mozutuBHe henuje npucytHe y kopu. OBaj eHAOTeHH
JIEKTHH j€ YTJIaBHOM MpoHal)eH y Menylii U MambeM OOMMY y KOPTEKCY THMYyCa MJIaIuX MHIICBA.
Thenuje tTumyca, kao mwToO cy enurtenHe hemuje U Makpodaru Ipou3BOJE, JIyue U aKyMyJIHupajy
Benuke konuuumHe Gal-3 Ha CBOjOj MOBPLIMHM, LITO AONPUHOCH MOJYJAIMjU MUTpalyje H

npexuBIbaBama Tumoruta [201, 202].
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1.6. YJaora rajgekruna 3

lanexTvHU Cy OTKPWUBEHU Yy INMUPOKOM CHEKTPY pasIuyuTux henwja W TKUBa Tae
y4eCTBYjy y OpojHMM OHOJOUIKMM NpolecuMa, YyuMe je oBa (paMmiMja MpOTEHHA IOCTaia
aTpakTHBHA y oOiacTh OuomemuiMHCKOr ucrpaxkuBama [180]. Bbuonomke ¢ynkumje Gal-3
neUHUCAHEe Cy TIpeMa IHEroBOj HMHTPAICNIYJIAPHO] WM EKCTpalelylapHO] JIOKaIU3allH]jH.
lanextnH 3 je TUIEOTpOMAaH MOJEKYN KOju Monayiupa henwjcky (YHKIM]y Be3UBamEM 3a

pa3uynTe MOJIEKYJIe Y jepy, HUTOIUIa3MH WM Ha MOBPUIMHU hemwje.

1.6.1. Yiora ekcrpaneayJiapHor rajekTuna 3

Bbpojaa uctpaxuBama motBphyjy ekctpanenynapHy jokamuszanujy Gal-3. lamektun 3
MOKe OWTH JIOKalM30BaH Ha henujckoj MOBPIIMHU (Be3aH 3a TJIUKONPOTEMHE) WIH Y
eKCTpaLeyJapHOM MaTpHKCy, OHMOJOIIKAM TEYHOCTHMA M cepyMy (y COIYOMIHOM OOJHKY).
[To3uato je na Gal-3 He mposa3u Kpo3 CTaHIAPIHU TIPOIEC CEKPEIHje MpOoTenHa y hemnuju mpeko
SHJIOIUIa3MaTHYHOT PpeTHKylTymMa Hu [onpm amapara jep HE CaapXH KIACHYHY CHTHAIHY
cekBeHiy. R. C. Hughes u capaguuim [203] yka3yjy Ha Moryhu antepHaTHBHH IIyT CEKpeluje U
ociobahama Gal-3 u3 henuje npexo cnenupuuHUX Be3ukyaa. CXoIHO MPEI0KEHOM MEXaHU3MY
cekpernyje crpevyana ce uurepakinuja Gal-3 v BEroBUX MOTEHIIMjATHUX TIUKOJIU30BAHUX JIEJI0BA,
CHHTETHCAHUX M M3IIy4EHHUX MPEKO €HI0TUIa3MaTHYHOT peTUKyayMa u ['onyu anaparta, rmpe Hero
mrTo aohy y ekcrpauenynapHu npocrop. pyru moryhu mexanusam cekpeuuje Gal-3 je mpeko
ekco3oma ox crpaHe neHapurckux hemmja [204, 205]. Exco3omu cy Mmarna Be3WKyJapHa Tena,
BenuuuHe o4 60-90nm, koja ce dhopmupajy MHBAarmHaIMjoM €HI030MCKe MeMOpaHe y JIyMEH
€HJI030Ma U U3IY4y]y Y EKCTpalelylapHH MpocTop. Y 00a TmpemayiokeHa THUMa CeKpelwje,
BE3UKYyle ersouuto3oM ocnobahajy Gal-3 koju ce Moke Be3aTH 3a MOBPUIMHY heiMjcke
MeMOpaHe WM 32 KOMIIOHEHTE eKCTpaleNlyJapHOT MaTpUuKca. AJITEpHATUBHO, BE3UKYIIE C€ MOTY
cojuti ca npyruM henmjama w Ha Taj HaumH mpeyszetd Gal-3. Excrpanenynapuu Gal-3
ocTBapyje OpojHe ayTokpuHe M mapakpuHe edekre. ['amexktun 3 uma ynory y henujckoj
aTXe3uju, aKTHUBAIMjU U XEMOTAKCH 3a pasziauuute Turnose henuja. Ha taj naunn Gal-3 yruye Ha
pasnuuuTe OMOJIOIIKE Mpoliece Kao IITO Cy OJprkaBame helujcke XxoMeocTasze, MMYHOJIOIIKE

peakiije, opraHoreHe3a U aHrMoreHesa, MHBa3uja TyMopa U MeTacrase.
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1.6.2. Yaora rajnektuna 3 y hejmjckoj arxe3uju

VYiora Gal-3 y nporiecuma henujcke aTxe3uje 3aCHUBA Ce Ha HETOBUM MYJITHBAJICHTHUM
ocoOMHama M CIOCOOHOCTH Jla ce Be3yje 3a INIMKONPOTEeWHE Ha MOBpIIMHU henujcke MmemOpaHe
Kao U 3a MIMKO3WJIOBaHE KOMIIOHEHTE eKCTpaneryiapHor MaTpukca. [lokasano je qa Gal-3 mosxe
Ja ce BeXe 3a JaMMHKH, (GUOPOHEKTHH, Kao U 3a KonareH Tuil 4 u tenaciua-C u -R [206-208].
[Topen Tora, Gal-3 ce Besyje u 3a oapelieHe mHTErpuHe, rilaBHE TPAHCMEMOpPAHCKE MPOTEHUHE
henujcke mMemOpaHe, KOju Cy yKJbyueHu y mporec henujcke aaxesuje [208]. Pesynratu
UCTpaXKMBama Cy Mokazana aa cy olPfl wmHTerpmm m o cyOjenmuuna oMPl wHTErpuHa,
JIOKaJM30BaHW Ha MOBpIIKMHK Makpodara, peuentopu 3a Gal-3 [208, 209]. Takohe, Gal-3 ce
MOJKe Be3aTu 3a Texkak jaHanm CD98 monekyna, Koju je mpucyTaH Ha MEMOpaHH MOHOIIMTA U
Makpodara KoJ JbYAM W KOJ MHUIIEBa Ka0 W Ha MEeMOpaHU aKkTuBHpaHux T mumdorura,
nocpeactBoM aumepusaiuje CD98 moske nmpomoBucatu akTuBaiyjy uaterpuna [210]. Tanexktun
3 Moxe MHXUOMpATH WIM MPOMOBUCATH heNMujcKy aTxe3ujy pa3iuyuTHX hendja 3a mpoTeuHe
excrpahenujckor MaTpukca; TOCpeAyje Yy aaxe3uju XyMaHuX HeyTpodmia 3a JIaMUHUH U
ennorende hemmje [211, 212], u omoryhyje Bedy usmel)y nenapurckux henmuja u mumdornmra
nocpenctBoM L-cenexruna [213]. Mehytum, nokasano je na untpauenynapau Gal-3 [213] moxe
MPOMOBHUCATH M3J1a3aK THMOIMTA U3 TUMyca Ha nepudepujy [201]. [TokazaHo je 1a uHTEpakiuje
Gal-3 ca OpojHMM TJTMKONPOTEHHMMA Kao IITO Cy JHM3030MaHA MEMOPAHCKH TIIUKOIPOTECHH
Lamp-1 u -2, C4.4A rnukonporenH, omoryhasajy Be3y maMel)y Tymopckux henuja u mpoTtenHa
ekcrpaienynapHor mMarpukca [214, 215]. Takohe, moka3 ma nospuiacku Gal-3 mocpenyje y
XOMOTUIINYHO] henujckoj aaxe3uju y3 momMoh MOBE3MBama Pa3rpaHaTHX JIAKO PACTBOPJHUBHUX
[IIYKOKOYTaTa, UCTHYE HEroBY YIOIY y arperaiuju TyMOpckux henuja y HupKyJanuju TOKOM

MeTactasupama [216].

1.6.3. Yaora ranektnna 3 y heinjckoj akTHBalMju M XeMOTaKCH

[To3HaTo je 5a yHAaKpCHO NOBE3WBAE MOBPIIMHCKHUX MPOTEHMHCKUX MOJIEKYyJa MOXKe
MIPOY3POKOBATH Kackagy OpOjHMX CHUTHAJIHMX MyTeBa M Pe3ylITHpaTd helujcKoM aKTHBAIIUjOM.
BesuBamwe MeMOpaHCKMX MOJIEKyJa 4YeCTO je TIIOCPEJIOBAaHO BE3UBAHEM  HUXOBUX

TJIMKO3WJIOBAHUX [IEJI0OBa M MYJITHBAJCHTHHX JieKTHHA, kao mrto je Gal-3. Iloctoje Opojum
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nokasu o yiao3u Gal-3 y aktuBanuju pa3mnuutux Bpcta henrja, moceOHO OHUX KOJU YYECTBY]Y Y
UMYHOJIOIIKUM peaknujama. [‘anekTuH 3 myTeM YHaKpCHOT TIOBE3MBama MEMOpPAaHCKHX
TIIMKOMIPOTEMHA, MOXe crtumynucatd mnponykiujy IL-1  w  mokpenytu ocmobahame
CYNEPOKCHIHUX aHjOHa O] CTpaHe XyMaHHX HeyTpodwuia u MoHoruTa [217, 218]. Jonaruo, Gal-
3 MOJKe M3a3BaTH PECIHMPATOPHM Ipacak y HeyTpoduianMa HakoH oapehene cTumynanuje, Kao
mro je crumyinamnuja jumnononucaxapuaom (LPS) [219]. OsakaB oaroBop Heyrpoduia je y
JMPEKTHO] Be3u ca noBehanum BesuBameM Gal-3 3a memOpancke perenitope CD66a 1 CD66b Ha
memOpanu HeyTpoduia [220]. Takohe, ckopuja rctpaxkuBama cy nokasana aa Gal-3 nmoeehasa
(barouuTHy aKTUBHOCT U ekcrpecujy CD66 monekyna Ha MemOpanu Heyrpoduia [221]. Ocum
NMO3UTHBHUX edekara, 3abenexena cy u cymnpecuBHa jaejctBa Gal-3. Tlokasano je ma Gal-3
nHxuoume cekpenujy IL-5 u3 eo3noHodwmia M Ha Taj HAYWH BPIIU CYNPECH]y MH)EIOUIHUX
henmja [222]. Tlokazano je in vitro u in vivo mga Gal-3 Moxxe WHAYKOBaTH aHTHOTICHE3Y
enporenuux hemmja [223]. Takohe, mokaszano je na Gal-3 aktuBupa cpuane pubpobdiacre [224],
U Ja ce meroBa ekcnpecuja mnoBahaBa konx ¢(uOpobiacta y CHHOBHJATHO] TEYHOCTH KOJ
narujeHara Koju 00iyjy onx peymartougHor aprputuca [225]. Ipoaykiumja Gal-3 ox crpane
crenatHuX henuja jeTpe, ayTOKpHHUM MEXaHU3MOM, MOXE HHIYKOBaTH BUXOBY Mpoiudepanujy
npeko npotenH kuHaze C u mporenH kuHaze A [226]. Ilopen ymore y axtuBauuju hemuja,
noka3zano je aa Gal-3 menyje ka0 XeMOTaKTHUYKH MOJISKYJT 32 MOHOIIMTE M Makpodare, Kao u 3a
anBeosapue makpodare [227]. Bpojue In vitro u in VIVO cTymuje cy mokasajie 3HadajHy yJory

Gal-3 y murpanuju henuja, u na cy y ty ynory yksbydenu u ND u CRD tepmuHaiHu 10MeH.

1.6.4. Yaora uHTpaney1apHor rajeKkTuHa 3

[Mo3naTto je na Gal-3 Mosxe OUTH JTOKATM30BaH M y HHTPaheTnjcKoM MPOCTOPY, jeaApy HiIH
y muroruiazmu [228]. V nurormasmu, Gal-3 uma ynory y perynanuju henmjcke nponudepanuje
u audepennyjanmje Bedyjyhu ce 3a K-Ras mporemn wminm aktuBanujom kuHaze (PI3K)-Akt
curHaiHor nyta [198]. bpojuu Mosekynu y nuToruia3Mu ¢y aeduHucaHu Kao guranmy 3a Gal-3.
buxoBe pasHonmke Owosomke yiaore ykpydyjy Gal-3 y OpojHe mHTparenyaapHe mporece.
Mel)y nmpBuM HHTpanenyIapHUM MOJIEKYJIHMa KOjU Cy MHICHTU(PHKOBAaHH Kao ymrana 3a Gal-3
ouo je Bcl-2 npotenn koju je ykibyueH y nporiec arnontose [204]. Takohe, nosuaro je na Gal-3

ocTBapyje MHTepakuujy ca peuentopom cmptu CD95 (APO-1/Fas) u Ha Taj HAuUMH OCTBapyje
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CBOjy ysory y mporuecy amnomnto3e [205]. Bpojua ucrtpakuBama cy morBpamia yiory Gal-3 y
nporecy hemujcke mponudepanuje, audepeHuujanmje, npekuBbaBama u cMpta [229, 230].
Kana je henmuja u3iiokeHa anmonTOTCKUM cTUMYINycuMma uHTpauenyiapHu Gal-3 ce nemonyje y
muToXoHApujamMa [231]. V wmwuroxonapujama nenoHoBanu Gal-3 mocenmyje aHTHAaNONTOCKY
aktuBHOCT [231]. V jenpy, Gal-3 uma ymory y peryjiandjd TPaHCKPHUIIIHMj€ T€Ha TaKoO IITO
mojayaBa eKcmpecHjy rena 3a nukiaud Di [232]. MomatHo, y jempy ce Gal-3 Besyje 3a
pubonykieonporenncke komruiekce [233]. [lokazano je ma Gal-3 uma ynory y perynanuju
Wnt/R-catenin curnaiHor myTa, KOju je 3Ha4yajaH y Mpolecy pa3Boja, TKUBHE XOMEOCTa3e U pacra

TyMopa, Mel)yTHM TadaH MEXaHH3aM JIejCTBa jOIll YBEK HHUje mo3Hat [234].

1.6.5. Yora u 31auaj rajiekTuHa 3 y peryJjanuju MMYHCKOT 0JroBopa

IMomanmu o ¢yHkunoHamHuM ocobuHama Gal-3 cymupane y OpojHMM HCTpa)kMBambUMa
CHaOXHO YyKa3yjy Ha 3Haua] Gal-3 y perynanuMju HMMYHCKOT OJArOBOpa M HH(pIaMaluju.
Wudnamanmja umMa MPOTEKTUBHY YJIOTY M CIY)XKH 32 OJpXKaBamkbe XOMEOCTa3e W pemnaparmje
TkuBa. Mehyrum, nmox oapehernm oxonHocTuMa nH(pIamManyja Moxe OUTH mTeTHA 3a qoMahnHa
U JIOBECTU /10 pa3IMYUTUX MATOJOUIKMX mpoueca. 'ajekTuH 3 perynuiie Kjby4dHe Hpolece y
nH(IaMaTOPHOM HMYHCKOM OJITOBOPY: a/Xe3Mja, XeMOTaKca M aKTHBallMja, ONCOHHU3AlMja U
¢arouuTo3a. I'anexTuH 3 ce AeTeKTyje Ha MOBPIIMHU OpojHHUX henuja MMYHCKOT cucTeMa U
perynuime uduamanujy. KOHCTUTYTHBHO je €eKCHpHUMHMpaH Ha MOHOIMTHMA, Makpodarmma,
NeHapuTcKuM henMjama, MacToUMTHMa, HeyTpodminma, eo3uHoduiauma, a0k ra T u B
AUMQOIMTH EKCIPUMHUpAjy Tek HakoH akrtuBaimje [235]. Bpojue hemumje mpoaykyjy u
ocnobahajy Benuke konuuumHe Gal-3 y onaroBopy Ha pasHe HH(IIAMATOpHE CTUMYIYCE.
Ocnob6ohenn Gal-3 moke aenoBatu Ha MHQIaMaTopHe henuje ayTOKpUHUM WIHM HapakKpUHUM
mexanuzMoM. [To3naro je na Gal-3 moxe 1a cTUMyIHUIE OKCHJIATUBHHM MIpacak y HeyTpopuinmMa
Y MOHOILIUTHMA U JIa JIOBEZE /10 JeTpaHyialuje MacTouuTa. ['anekTuH 3 nmpoMoBHIle aTXe3ujy U
MUTpaIHjy MOHOIIMTHO/MaKpodarHe j03e Kpo3 €HAOTEeT W Jelyje Kao XEMOTPAaKTaHT 3a
monormte 1 Makpodare [199, 236]. Cryauje cy mokasaie aa jaenenuja reda 3a Gal-3 3HauajHO
penykyje MH(pIaMalnMjy y aHUMaJTHOM MOJeNy MEPUTOHUTHCA, MHIYKOBHOT THOTJIMKOHATOM,
ITO je TMOTBpHEHO CMAamkEeHOM HHQPHUITPAIMjOM TpaHyJIOIHMTa M Makpodara y OJHOCY Ha

KOHTPONHY Tpyly kuBoTHBa [236, 237]. Mummju Gal-37~ makpodarn nmajy cMameHy
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(aronMTHY aKTUBHOCT AaroONTOTHYHUX THMOLUTA WIM OBUYMJHUX EPHUTPOLUTA y OJHOCY Ha
Makpodare KOHTPOIHHMX MHIIEBA KOjH eKCIpUMHpajy oBaj nektun (Gal-3**) [238]. Pesynratu
HaBEJICHUX MCTPaKMBama yKa3yjy Ha 3Ha4dajHy ynory Gal-3 y nporecy ¢aromurose uako Tadan
MEXaHHW3M joIl yBeK HHUje mo3HaT. 3Hauaj Gal-3 y mHGpIamMaropHOM OJroBOpYy oOrieaa ce y
CIIOCOOHOCTH TIPEIO3HaBamba M Be3uBarba MIMKOKOmbYyrara Ha nospmuau Klebsiella pneumoniae,
Salmonella minnesota, Salmonella typhimurium u Escherichia coli [239]. Bpojue crymuje
yka3yjy Ha nBocTpyky yiory Gal-3 y akrtuBanuju makpocdara. Kox Gal-3 aedunujentaux
MUIIIEBA, AITEPHATUBHA aKkTHBanuja Makpodara mox yrumajem IL-4 u IL-13 je penykoBana y
OJTHOCY Ha KOHTPOJIHY I'PYITy )KUBOTHbA, IOK je KIIACHYHU MYT aKTHUBaluje nox yrumajem LPS u
IFN-y He msmemena [240]. Ilox yrunajem LPS, makpodaru Gal-3~~ mumesa npoxykyjy sehy
KOHIIEHTPAIH]y MPOUH(IaMaTOpHKX IuToKuHA IL-6, IL-12 1 TNF-a Hero maxpodaru Gal-3**
MmuiieBa mro ynyhyje Ha antuundiamatopae epekre Gal-3 [241]. CynpoTHO TOMe, pe3ysiTaTH
Apyre cTyadje yka3yjy Ha npouHduamaropny ynory Gal-3 jep oBaj nexkTuH nenyjyhu
pEeryllaTopHO  Ha  MHKPOIUVIM]y  CIMYHO  UUTOKMHMMa, oMoryhyje  docdopuianujy
tpanckpunuuonux (akropa (JAK2, STATI, STAT3 u STATS) mro mojauaBa Kackamy
nponykuuje npouHdaamatopuux murokuHa (TNF-a, IL-6, IL-1f u IFN-y) [242]. Tlonaim u3
aUTepaType ykasyjy Ha 3Hadajuy ymory Gal-3 y dyHKIHOHHCamY ISHAPUTCKUX henuja.
[TokazaHno je 1a yknamame reHa 3a Gal-3 cmamyje MurpatopHu nmoTeHnujail oux hemja kako in
Vivo Tako u in vitro [243]. Takohe, excrpecuja Gal-3 y nenaputckum henmujama ytude Ha
MoJIapu3allijy UMYHCKOT oJiroBopa [244, 245].

T n B num¢pouutu excnpumupajy Gal-3 uckibyunBo HakoH akTuBauuje. T numdonury,
nounmy Aa excnpumupajy Gal-3 HakoH akTHBalMje pa3IdYUTHM CTUMYIycHMa (aHTHTela
cneruduuna 3a CD3 w/wmm IL-2, IL-4 u IL-7) [246]. AxtuBanuja B numdonura ca IL-4
npahena je mojauanom ekcrpecujom Gal-3, mto mpomoswuie audepernujanujy B mumdponura y
memopujcke henuje [247]. Tanextun 3 y nuM(HOM TKHBY peryJriiie opranusanyjy numia B220"
u CD138" henuja [248] u unxubupa qudepenimjaiujy y miasmorre in Vitro [247] u in vivo y
KOCTHO] CPKH, ME3CHTEPUYHUM JIMM(PHUM uBopoBUMa U cie3unu [248]. ITopen tora Gal-3 uma
AHTHAIONTOTCKY YJIOTy y Heomaasmama B mnumbonura [249] u oapxkaBawmy aHepruje B
mumoruta [250]. TlojaBa Gal-3 nedunujeHTHUX MuUIIeBa oMoryhuia je neTajbHUje CTYAHje O
umMyHoMmoaynatopHuMm mexanmsmuma Gal-3. OxacyctBo Gal-3 mojayaBa Thl unu Th2 umyHckH

OJICOBOP Yy 3aBUCHOCTH OJI MPHUPOE MaTo(U3UOIONIKOT Mpolieca U BpcTe TKuBa/oprana [251].
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Crymuje cy mokasane na Gal-3 kontposmmie monapuzanujy T smm¢onnura TOKOM HMYHCKOT
OJIrOBOpa M MMa MOTEHIHjalIHy YJIOTYy y peryialyju MPor3Boame antutena [252, 253]. Jom yBek
HUje JIeTaJbHO pa3jallilbeHo KojuM Mexanm3muma Gal-3 perynuiine ayrouMyHCKe Mpoliece, alii je
jacHO J1a MOXE HCIOJBUTH JBOCTPYKY yiory. Ykpartko, Gal-3 Moxe aBOjako perysaucaru
WHQIAMaTOPHU OJI'OBOP, 3aBUCHO OJ BHUIIE (akTopa Kao IITO Cy CHEUU(UYHU YCIIOBH

nHpramanuje, Bpcra henuje wiv HUBO eKCTIPECcH;je.

1.6.6. Yaora rajiekTuHa 3 y pa3Bojy MHOKapIUTHCA U cpuaHe Gpudpose

3nauaj Gal-3 nokasad je y peryianuju UMyHCKOT U MH(IaMaTOPHOT OAroBOpa, pa3Bojy
MPOrpecrju TyMOpa, HEYPOHCKE JIeTeHepalije, arepockiepose, aujabereca, Kao W peraparyje
TkuBa. Gal-3 je oTkpuBeH y MHOruM nposnudepumyhum henujama xao mro cy Tymopcke henuje,
eo3uHOGWIN, HEyTpohUIH, akTHBHCaHe Makpodare u ¢ubdpodmaactu [254-257]. MHuoru of
HaBeJICHUX THUIOBa henuja urpajy 3HayajHy yJory y 3amajbeHCKOM OATrOBOpY U (uOporeHesu.
HenaBne cryamje mokasyjy na, kao MynTuyHKIMOHATHN Onomapkep, Gal-3 urpa kiby4Hy yiory
y Iporecy peMojesanrje cpia y4ecTByjyhn y xomeocTta3u ekcTpahelnjcKor MaTphkca W y
oarosopy Ha uHdpaamanujy [258].

Vnora Gal-3 y ¢ubporeHesu u uHGuamManuju je y MHOTUM aclleKTUMa pasjalllibeHa
MOCIIEABUX TO/IMHA alli HE Y MOTIIYHOCTU. Y 37paBoOM TKHBY, ekcripecuja Gal-3 je oacyTHa nimm
cMameHa. MelyTum, y nmaTosomkuM yciaoBuma, ekcripecuja Gal-3 ce 3HauajHo yBehaBa moce6HO
TokoM MH(uamanuje u Guopoze. Oba mporeca ¢y 0 KpyLUHUjaIHOT 3Ha4aja y peMoJIeNIOBaby U
¢bubpo3u cpia u O6yopera. Merogama in-situ xubpuau3sammje 1 UMYHOXHCTOXEMH]CKE aHAITU3E
mokaszaHo je BHcoka ekcrpecuja Gal-3 y moapyujy muokapia 3axsahenor ¢pubposzom [259]. Osa
eKcrpecrja Omiia je y jako MO3UTUBHO] KOPENAIHjH ca 3acTymsbeHomhy Makpodara y cpiy. Ce
Behu Opoj excriepuMeHTaIHUX JI0Ka3a Mmokasao je na je Gal-3 cekperoBaH U3 Makpodara rnoBe3aH
ca akTuBanMjoM MuoduOpodracta a KacHHMje M ca NoBehaHOM CHHTE30M U JIE[IOHOBAHEM
komareHa. lllto yka3yje Ha HEroBy BaKHY YJOTYy y TPOMEHH cacTaBa EKCTpalelTyJapHOT
marpukca y omrehenom tkuBy [256, 257, 259-262].

[IpBu noka3u koju yka3yjy Ha 3Ha4yajHy ynory Gal-3 y pa3Bojy cpuaHe ciiaboCTH MOTHYY
U3 pe3ynrara cTyauje Kojy cy cnpoBenu Sharma u capagaunm [259] u nokaszanu cy aa je Gal-3

MOTEHIM]jajTHA HOBA TepaIreyTcKa MeTa y Jieuelhy XpOHUYHE cpuaHe mHCyuimjennuje. Takohe,
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Henderson u capaguuim [256] cy mokasanu ga je excrnpecuja Gal-3 3nauajuo moBehana TOKOM
nporpecuBHe peHanHe (ubpo3e. HMcrpaxkuBama crnpoBeneHa Ha Gal-3  aedunujeHTHEM
KUBOTHIbAMA TOKa3aJla Ccy Mamu oO0uM uH(Iamanuje y OyOpery W MOCIeIUYHO MamU IMpo-
(¢uOpPOTHUKHM OATOBOpP ca 3HAYAjHUM CMambEeHEeM NPOAYKIHMje W JCMOHOBame KoiareHa. Jla je
Gal-3 nobpa Ttepameyrcka MeTa y o0oJbelbMMa KOja ce KapakTepumy (GuOpo3oM H
peMoieNioBaeM TKHBa Tokasanu cy Kalatjou u capaguuim [263] y ekcriepuMeHTaIHOM MOJETY
¢ubposze OyOpera. Hamme, mpumenom wunxubOuropa Gal-3 neTexkToBaHa je 3HAYAJHO Marmba
¢ubpo3a OyoOpera.

[Topen exkcCHepUMEHTAIHUX CTYAMja, pa3jiMuuTa KIMHUYKA HCIUTHBama Cy Takohe
yKa3ajia Ha TOTEHIHMjaJiHy KJIMHUYKY KopucT (Gal-3 kao Ouomapkepa y TpPOTHO3M CpuaHe
uncyunmjennmje. Van Kimmenade u capaanuim [264] npBu cy oApeausid MPOrHOCTHUYKY U
npeaukTHBHY BpeaHocT Gal-3 kao Omomapkepa y akyTHO] cpuYaHO] HHCy(UIUjeHIHju. Y
MPEIKIMHUYKOM UCTPAXKUBAKY, OHU CY 3aTHM IOKAa3aJid Ja Cy BUCOKH cepyMcku HuBou Gal-3
noBe3aHu ca BehuM creneHoMm MopOuautera [264]. YV HacTaBKy UCTpaKMBarba MCIMTHBAH je€
3rHadaj Gal-3 kao caMoCTaJHOT Mapkepa Kao M Eeropa moBe3aHocT ca Nt-proBNP kao
HajBaKHUJUM MapKepoM cpyane cinaboctu [265]. Pesynratu oBe cryauje cy nokaszanu jaa je Gal-
3 nobGap Omomapkep anu Jia ce He MOXe He3aBHCHO MHTepnpeTuparu 6e3 BpenHoctu Nt-proBNP
KOJI MallijeHaTa ca CpuaHoM HHCYHIHUjeHjoM [266].

VYkparko, Gal-3 cekperoBan u3 Makpodara ytude Ha akTHBanujy mMuodudpoobacra,
CHUHTE3y WU JCNOHOBamE€ KoJIareHa, urpajyhu ueHTpaaHy yiaory y HaTo(QpHU3HOJIOIIKOM
pPEMO/IETIOBaY Cplia M CPUaHO] MHCY(UIN]CHIIN]H.

Kao mro je mperxopHO MOMEHYTO, Y HOpManHOM cpuyaHoM TkuBy Gal-3 mosutnBHE
henmje ce yriiaBHOM Hajla3e y MHTEPCTHIHUjyMY JIOK KapJHOMHOIIMTH He ekcripumupajy Gal-3
[267]. Mehytum, y TkuBY cpria 3axBaheHoM wuH(uamanujom moBehaBa ce ekcrpecuja OBOT
Monekyna [259]. [locnenwux roauHa 3HayajHa yjaora y NaTOreHe3d BUPYCHOT MHOKapIUTHCA U
cpyaHoM pemojenoBamwy mnpunucyje ce Gal-3 [268-270]. Pesynratu 10 cama 00jaBJbeHUX
CTyAMja TIOKa3yjy Ja y eKCIIEpUMEHTATHOM MOJETy BHUPYCHOT MHOKapAWTHCAa TMocToju Beha
excripecrja u mpoaykiuja Gal-3 w3 makpodara cpma, kao u aa Gal-3 uMa 3HaAuUajHY yIory y
nponudepanuju cpyanux Gubpodiacta U HaCTaHKY cpyaHe (uOpo3e, MITO 3a MOCICTUILy UMa
noBehan pm3uk 3a paszoj JIIM [268]. HcnutuBame cpuane ¢ubpo3e, WHIYKOBaHE

AQHTHOTCH3WHOM 2 WM TpaHCBep3asTHOM aopTHOM KoHCTpukimjoM (TAC), cipoBeneHo Ha Gal-3
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nedunujeHTHUM MumeBuMa coja C57BL/6J, je mokazano 3Ha4ajHO CMameHY MPOAYKIH]Y

KoJlareHa u3 cpuaHux QuoOpobmacra u Mamy ¢uoposy [270]. Melhyrum, HeIOBOBHO je

pasjanrmeHa yiora OBOT MOJIEKYJIa y MaTOT€He3W ayTOMMYHCKOT MuokapauTuca u J1IM.
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2. INJb CTYINJE

OCHOBHM IIMJb UCTPAKMBAKA j€ J1a C€ MCIUTA yJora U 3Hayaj TaleKTHHA 3 Y NMaTOreHe3!
ayTOMMYHCKOT MHOKapAuTHCa y MumjeM Mmoneiny EAM HHAYKOBaHOT NPHUMEHOM IENTHAA

muo3nHa MyHCoazzs-352.

v CKJIaly Ca OCHOBHUM LUJbEM, ITOCTABUJIA CMO caenche CKCIICPUMCHTAJIHEC 3a/IaTKC!

1. Ucnuratu yrunaj rajgektuHa 3 Ha pa3Boj xuneprpoduje cpua uzmehy WT C57BL/6 u
Gal-3 nedunmjentaux CS57BL/6 wmumieBa, ojapehuBamem ojHOCa u3Mel)y TexuHE
nepdyHI0BaHOT Cplia ¥ YKYITHE TEJIECHE TeKUHE.

2. WcnuTaty yTUIAj TaJeKTHHA 3 Ha Pa3BOj JereHepalje U HeKpo3e KapIuOMHUOLUTA KO
WT C57BL/6 u Gal-3 gepunmjentaux C57BL/6 muiesa.

3. Hcnuraru yruuaj rajektuHa 3 Ha pas3Boj MH(IAMAaTOPHHMX NPOMEHa Cpua y MHOKapay
xucrosomkuM 6ojemnuma kog WT C57BL/6 u Gal-3 nedunmjentanx C57BL/6 muesa.

4. Wcnuratn yrunaj ranexTuHa 3 Ha npucyctBo IgG nenosura u IgG no3utuBHuX henmja y
cpuy kog WT C57BL/6 n Gal-3 nepunujentaux C57BL/6 muiesa.

5. Hcnuratu ytHnaj rajekTHHa 3 Ha CTEIEH JICNIOHOBaWka KOJIAreHa y CpIly XHCTOJIOMIKUM
6ojewuma kox WT C57BL/6 u Gal-3 nepunujentaux C57BL/6 muresa.

6. Hcnuratm ¢eHoTHNICKE W (QYHKIMOHAIHE KapakTepUCTHKe henmuja Koje Tocpenyjy y
uHnamauju y cpuy kog WT C57BL/6 u Gal-3 nedpunujentaux C57BL/6 mumena.

7. Ucnuratu ¢eHoTUNcKe M (QYHKIMOHAIHE KapakTepUCTHKe henuja Koje mocpenyjy y
uHpnamanuju y cnesunu kog WT C57BL/6 u Gal-3 nedpunnjentaux C57BL/6 mumiesa.

8. Hcnuratn BpemHocTH TpoWH(IAMATOPHUX M MPOPUOPOTEHUX IMUTOKWHA Y CHCTEMCKO]

nupkynanuju kox WT C57BL/6 u Gal-3 gepunujearanx C57BL/6 mumesa.
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Pazma XHUII0Te3a HCIIMTUBAaKA:

lanexTH 3 WMa TPOTEKTHBHY YIOTY y paHuM uH(pramaropHum ¢azama EAM, na

oncycTBo ranektuHa 3 ynan C57BL/6 mMumieBe oceTJbUBUjUM Ha MHAYKIHK]y Oonectu. ["anexTun

3 uma npodudporeny yiory y kacaujum ¢azama EAM koje kapaktepuiie pa3Boj hpubdpose cpia.
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3. MATEPUJAJI U METOJIE

3.1. EkcriepMMeHTAaJHH MUIIIEBH

VY crymuju cy kopumthenn C57BL/6 mumieBn mymkor mona (enr. wild type, WT) u
MuieBd ucror noja u coja (C57BL/6) ca menennjom rena 3a raaektud 3 (enr. knock-out Gal-
3KO). Gal-3KO xuBotHmbe cy nooujeHe u3 BuBapujyma YHusepsutera Kanmugopuuje (Proffesor
Daniel K Hsu, University of California Davis, School of Medicine, Department of Dermatology,
Sacramento, California, USA).

CBu excnepumentanau mumesn (WT u Gal-3KO) cy mox cranmapaHuMm yclioBuMa
OJirajaHul y OJrajajuIuTy 3a MuiieBe PakynTera MEAMIMHCKUX Hayka, L[eHTpa 3a MOJEKyJICKy
MEIWIMHY W UCTpaKMBama MaTW4HUX hemuja YHuBep3utera y KparyjeBiy, y3 CBaKoJHEBHH
npuctyn Boau u xpaunu ad libitum. ¥V crymuju cy xopuniheHu MuIieBu npocedHe crapotu o 42
o 56 maua.

Crynujy je ogoOpmia etnyka komucuja dakynrera MEIUIIMHCKAX HAyKa I10J] HA3WMBOM
"ETruka KOMHCHja 3a 3alITUTY A0OpOOUTH OrieHHX KuBoTHUEA" O6poj 01-2630 ox 19.03.2014.

TOAWHC.

3.1.1. Meronmoaoruja noéujama Gal-3KO mumena na C57BL/6 nonsio3n

ITpumeHoM XxoMoJiore peKoMOMHAIM]e MOXKE Ce UCKIJbYYUTH jeJJaH WM BMIIE IeHa U Ha
Taj HauuH n00utH Knock-out »uBOTHMA Ca IHJbAHOM JCJICHHjOM KEJbCHHX TeHa. XOMOoIora
pekoMOrHaIMja je jeaH OJf MeXaHh3aMa TeHETCKE PEeKOMOMHAIM]e 3a 3aMEHY JeIHOT Jelia UiIu
KOMITJIETHOT IIHJBHOT (HOPMAJHOT) TeHa HeYHKIIMOHATHUM (MyTHpaHuM) reHoM [271]. 3amena
(GyHKIMOHATHOT He()YHKIIMOHATHUM I'€HOM OCTBapyje ce u3Mel)y XOMOJOrux CeKBEHIM Ha JIBa
nanna JIHK (ne3okcuprOOHYKIEHHCKE KHCEIMHE). XOMOJIOTe CEKBEHIIE Ha pPa3IMYUTUM
nannuma JIHK wmmajy reHe y kojuma je pacmopen HYKJICOTHIHUX CEKBEHIIM CIIMYaH WJIH
uaeHTu4aH. TOKOM XOMoJIore peKoMOWHallMje pa3Memyjy Ce T'€HHM ca XOMOJIOTUX CEKBEHIIH
JIOUMpPaHu Ha jABa paznnuurta mosekyna JIHK [272]. MexaHu3MoM XOMoJore peKOMOMHAIIU]E
nocTmwke ce 3amMmeHa WT rena reHom umja je excripecuja onemoryhena [271]. Camo one henuje y

kojuMa cy WT renu 3amemeHH HEQYHKIMOHAIHMM T€HHMa CE€ KOPUCTE Yy JlaJbeM IOCTYIIKY
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nobujama knock-out mwurreBa. 3a umuTerpanujy mooumjenux ¢parmenara JIHK koja camgpixe
He()YHKITMOHAJIHA T€H HEOIXOIHM Cy BeKTOpHU. BekTop y koju ce yrpahyje neo nanna JJHK koja
canpku He(DYHKIIMOHAIHU TEH je CaJprKao W JIBa TeHa KOja KOHTPOJUIIY pEeKOMOWHAIHjy. 3a
KOHTpoNy pexkomOuHanmje kopuimthenn cy renu: Neo u 7K renu. Excmnpecujom Neo-rena
HOCTHXKE CE€ OTIIOPHOCT HAa HEOMHIIMH JIOK je NpoAyKT 7K reHa BHpyCHa THMHUIUH KHHa3a [273,
274]. Bektop koju canpxku cekBenny JHK ca medynkiuonannum renom, Neo u TK reH ce
uHTerpuule y emOpuonanie marnyae henuje. EMOpuonanne matuune henuje mMuina cy ys3rajaHe
y MEIMjyMy KOjU je OCHM CTaHJapJHUX CacTOjaka caap)ka0 M HEOMULUH M TaHIMKIOBHP.
BupycHa TumMuIuMH KruHa3a MeTaOoNUIE HEOMHUIMH M TaHIMKIOBUD Yy TPOJAYKTE KOjU CYy
TOKCHYHM 3a cBe henmje y KojuMa je MHTETpHCAaH BEKTOp ald y KOjuMa ce HHje IOorojuia
XoMoJiora pexkoMOMHanuja. Y henmjama y KojuMa je MHTETPUCAH BEKTOP KOjU CalIp>Ku CBE
MOMEHYTEe T€He M Yy KOjuUMa Ce JOroJWiIa XOMOJIOTa peKoMOuHanuja Oumhe HCTOBpEeMEHO
PE3UCTEHTHE M HA HEOMUIMH M HA TaHIUKJIOBHP, IITO PE3YITUPA BbUXOBHM IIPEKHBIHABABEM Y
KyaTypu [275, 276].

I'en 3a Gal-3 je usrpahen ox 6 konupajyhux cexkBenim [277]. MckibyunBame rena 3a Gal-
3 mocturHyTO je Aenenujom 4, 5 m 6-or er3oHa u 4-or uHTpoHA. Er3on 4 u 5 yrpahenu cy y
Poly(A) BexTop mpokcumainno ox nmpomotepa 7K reHa koju je moBe3an ca Neo 6imokom. Erson 5
u 6 cy uHTerpucanu aucrainHo o Neo 6ioka, ok je y cermenty JHK usmely untpona 4 u
erzona 5 ymetHyT Neo ren [278]. OBako KOHCTPYHCAH BEKTOP MHTETPUCAH je Y eMOpHUOHAIHE
matuuHe henuje muma (D3). Ceneknuja hennja ca UHTErpucaHUM BEKTOPOM BpIIIEHA je momMohy
G418. henuje pe3ucTeHTHE HA HEOMUIMH U TaHnukiIoBup (G418- henuje) nerekroBane cy PCR
meromom (enr. Polimerase Chain Reaction) kao u Southern blot-om. Camo y aBa ximona ESC
(eur. Embryonic stem cell) merekToBana je xomosiora pekomOunanuja 1j. G418 pesucrenimja
(4A2 u 9A4 xnoH). JemaH on TO3WTHMBHO celekToBaHMX KiIoHOBa ESC je umexkTupan y
6nacromnucty mumieBa coja C57BL/6. Taka Onacrouucra je MHIUIAHTHpaHa y CyporaTr Majke
UCTOT coja MuIeBa. JJoOujeHr moToMuu OMIM Cy XMMEPUYHU MUIIEBU KOjJU CYy IMOTOM yHapeHH
ca WT C57BL/6 mumieBuma. [ToToMIin 100HMjeHU U3 OBAaKBOT ClIapUBamba OUJIH Cy XETEPO3UTOTH
3a nenerupanu Gal-3 ren. JlajbuM yKpHITameM XETEPO3UTOTHHUX MOTOMaka y cpoAcTBy, y F10
reHepaluju A00HUjeHH Cy XOMO3WUTOTHHM MOTOMIIM, KOjuMa cy Ha o0a XomoJjora Jjokyca Owiu

uckJbyueH reau 3a Gal-3. [278].
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Ananmuzom nobujennx Gal-3KO mumeBa u nopehemwem ca WT muieBuMa HUCY YOUCHE
pasiMKe y BEIWYMHU OpraHa, Opojy MMYHCKHMX helrja Kao M 3acTyIUbEHOCTH ojapeheHux

noryJaiyja u cyonomnysanuja Jumdornura [278].

3.2. EkcnepuMeHTAJIHH MOJeJ ayTOMMYHCKOr Muokapautuca npumMeHom MyHCasss-352

nenTuaa

Kao anturen 3a uHaykuujy EAM xopumihen je MyHCossssse mentun (Shanghai
ShineGene Molecular Biotech). Ceu mumesun (WT u Gal-3KO) umMyHH30BaHU Cy pacTBOPOM
koju je campxkao ucry konmuunHy MyHCosssss; nentuga u CFA (eng. Freunds adjuvant
complete, Sigma-Aldrich St.Loyis, USA). CBakom Muiiy je cyOKyTaHO y mpejeiy O0KOBa, Ha JBa
Mmecta, ammukoBano 100ug MyHCasssss2 mentuma y 100ul PBS-a (enr. Phosphate-buffered
saline, Gibco™, USA) u 100ul CFA (Sigma-Aldrich St.Loyis, USA) ca 500pug MHAKTHBHCAHOT
6aria Tyoepkynose coja H37 RA (Difco Laboratories, Detroit, MI, xontientparje 5 mg/ml) 0.
u 7. nana. Kao koHTpone xopuimheHu cy HETpETUPAHW MUIIEBU. 3a alIMKalHjy je KopuirheH
uHCynmuHCKY mmpui; oa 1ml ca urimom ox 20G. Wrna je nax/buBo ybaueHa Kpo3 KOXY Ja He Ou
gouuio Ao omrehewa nepuroHeyma. HakoH 1mITO je MOTBpheHO Aa je CTBOPEH BaKyyM
MOBJaYeHeM KIIMIA INNpUIla, CYCHeH3Hja je MaXKJbHBO yOpHW3raHa M WIJIa je M3BYYE€HA CaMo
HEKOJIMKO CEeKYHJHM HaKOH yOpusraBama Iiele cycnenswje. Hynror nmaHa wwumeBnMa je
HMHTpANCPUTOHEATHO alUTMKOBaH pacTBopeH Pertusis toxin (200ng y 100ul nectunoBaHe Boje).
Pertusis toxin je kymsben on List Biological Laboratories, USA, Campbell. Pactsopenu Pertusis
toxin y xonuenrtpanuju 50ug/ml uysan je Ha Temneparypu ox +4° C. JIpyror n1aHa MHUILIEBH CY
nobwunu apyry mo3y Pertusis toxin-a. IIpensulieHo Tpajame eKCriepUMEHTATHOT ayTOMMYHCKOT
MUOKapauTuca je 21 gaH.

HakoH Tpu Hejmesbe KCIEPHMEHTAIHU MUILIEBH CY XPTBOBaHH NMPUMEHOM IUETHIIETpPA
(BETA HEM, beoepao). XpTBOBaHMM MHIIEBUMA H30JIOBAHU Cy CpIIE€ U CIIE3UHA KOjU CY
KOpUIITNEHN 3a TATOXUCTOJIONIKY, WMYHOXHCTOXEMH]CKY aHaIM3y W aHauu3y (QeHoTHna
UMYHCKHUX henuja IpoTOYHOM LIUTOMETPUJOM. 3a aHATU3Y CEPYMCKUX KOHIIEHTpaIija HUTOKINHA
kopumiheHa je KpB Jo0OMjeHa MyHKTHpameM abJoOMHMHalIHE aopre. bpusramuma kojom ce

cakyIbasla KpB M3 abJOMHMHAJIHE aopre caapxkaia je 2,6% xemapuH. XelmaHU3WpaHa KpB je
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ctajania 30 muHyTa a notoMm neHtpudyrupana 20 munyra Ha 6p3unu ox 3000 rpm. /{oOujena

npoBHIHA TeuHa (a3a Tj. cepyM CKIIaauITeHa je Ha Temmeparypu ox -20°C (Cxema 4).

4 C57BL/6 (WT) 4 C57BL/6 (Gal3-KO)

# - MyHca334-352

* TeJIeCHA TeKHHA ~

* TexmMHA cpia  _— XHIEpTpoduja

KoHueHnTpauuja LHTOKHHA Y cepymMy r
* A
ELISA v —» deHOTHIICKE H PYHKIHOHAIHE

KapakTepucTuke heaunja
Denoruncke 1 GyHKIHOHAIHE * Flow cytometry
KapakTepuctuke heauja 5 g

* Flow cytometry

S .
e Kosmuuna IgG neno3ura
Undpaamannja, nerenepanuja, HeKposa * [F

* Hematoxylin Eosin

* JHC Dudposza

* Sirius red

Cxema 4. EBaayanuja EAM y WT u Gal-3KO mumesa. Uuaykiuja EAM npumenom MyHCoizzs-3s2 mentuaa
xon C57BL/6 WT mumesa u C57BL/6 Gal-3KO muresa.
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3.3. OapehuBame xuneprpoduje cpua

Crenen xwuneptpoduje cpua onapehuBan je 21. maHa HAKOH WHAYKIHje O0JIeCTH
onpehuBamemM onHOoca u3Mel)y TexHHE NPEeTXOoAHO NeppyHIOBAHOT CpLa pacTBOPOM 3a
nepdy3ujy ¥ YKyIHEe TelIeCHe TeXuHe MuIa. PactBop 3a nepdy3ujy je mpunpeMsbeH MellambeM
400ul xemapuna xounenrpanuje 2000U ca 200ml PBS-a (enr. Phospate Buffered Salline).
Hakon >xpTBOBama mmiieBa, ypahena je mepdys3uja cpua momohy amaparta 3a mnepdysujy y

Tpajamy 0]l 3 MUHYTA IO cpIly ca Op3uHOM mpoToka oa 10ml/min u npuruckom ox SOmmHg.

3.4. XHCTONATOIOMIKA MPOIEHA TeKHHE eKCIIEPUMEHTAJHOT ayTOMMYHCKOT MHOKAPANTHCA

Haxon »pTBOBama MuIlIEeBa KOPHUIINEHH Cy MCEYIH TKHBA CpIa KOjU Cy IPETXOIHO
¢bukcupann QopmanuHoM W ykanymsbeHu mapaduHom (enr. Formalin-Fixed and Paraffin-
Embedded, FFPE) y mmsby xucromatosoike mpoiieHe TekuHe EAM. Hakon kanymberma
y30pIH Cy CEYCHH MHKPOTOMOM Ha CEepHUjCKe Tpeceke ne0/pMHe SUM Koju cy OojeHu
XEMATOKCHIIMHOM M €03WHOM Ca [UJBEM JIa Ce YTBPIM JIOKaIM3allija 3ama/beHCKOT HHPHITpATa,
MHTE3UTET 3aMajbeHCKe HHPUITpaIMje, Kao M CTENeH JereHepallije ¥ HEKPO3e KapIHOMHUOIIHUTA.
3a onpehuBame cremena (uOpo3e MHOKapAa TKUBO cpia Oojeno je Sirius red m Masson

TEXHUKOM.

3.4.1. ®Pukcanuja TKUBa

VY mupy 3aycraBibama pasrpaibe TKUBA IMOJ J€JCTBOM IPOTEOTUTHUKUX CH3MMa Kao
ITO je KaTelCHMH U3 JIM3030Ma, Kao W NyTpudakiuje TKUBAa KOJy HW3a3UBaJy EH3UMH
canpopuTckux Oakrepuja Bpmu ce ¢ukcanuja TkuBa. DUKCAMjOM TKHUBA IOCTHXKE C€
MHAKTHBAallM]ja JIM3030MAJTHUX €H3MMa, oHeMoryhasa muxoBa audysuja y uuromniasmy henuje u
Mema nepmeabunHocT hemmjcke memOpane. I[Iporecom ¢ukcaruje MmocTUX)e ce CTaOUITHOCT
nporenHa y henuju, oapkaBa ce mopdosoruja henuje, yyBa ce MpUPOTHH JIOKATUTET XEMHU]JCKUX
CYIICTaHIIU U CIIpeyaBa c€ KOHTAMHHALMja MUKPOOPTaHU3MHUMA.

dukcanyja TKMBa MoOke OMTH (u3Muka (TOIUIOTa-MUKpOIIponaraiuja, MUKpOTalIacu-

TJIMKOCAJI, 3aMp3aBambe) U XeMujcka (rmortaname y ¢ukcatus, nepdysuja). Xemujcka Gukcammja
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TKHBA ce Hajyenrhe copoBOAM Kaja ce MpenapaTd MoCMaTpajy IO CBETIOCHUM MHKPOCKOIIOM.
®ukcammjom nomohy byeHoBor pactBopa ca MUKPUHCKOM KHCEIWHOM Win 4% HEyTpasHOT
nydepucaHor ¢popmainHa MOCTHKE ce XeMHjcka (pukcanuja TkuBa. PopmanuH Gukcupa TKUBO
YHaKpCHHM BE3HBamkEM MPOTEHHA, (OPMHUPAHEM BHIIECTPYKUX METHIICHCKUX MOCTOBA U3Mely
Mojekyna (opMaliHa M MOJIEKYla NpPOTEHHA. Y EKCICPUMEHTAIHOj CTyIHjH TKHBa Cpla
dbukcupana cy y 4% pactBopy napadopmangexuia rodujeHor pasonaxusamem Formaldehydum
sol. y konnentpanuju 37-40%. Y3opuu TKHBa cplia YpOomEHa Cy y napadopMaiexus] y KoMe Cy
OCTaBJbCHA HajMame 24 cara Ha COOHOj TEMIIepaTypHu.

[To 3aBpieTKy (hukcanuje, TKUBO MOAJICKE Ja/bUM IpoliecuMa o0paje, KOju uMajy 3a
IJb 3aMeHy Boae u3 TKuBa mnapapuHoMm. Ilocrdukcammona mnpoueaypa cacToju ce of

JexXuapaTaiuje, eMMMAHAIN]E ATKOX0JIa KCHIIOIOM U UMIIPETHAIM]e TKHBA TEUHUM MapaduHOM.

3.4.2. lexuaparauuja

Bona ce y TkuBY Hanasu y ci1000JHOM M Be3aHOM 001HKY. 97% unuu criobonHa BoJa,
oK octana 3% 4YWMHM BOJA BE3aHAa 3a MAaKPOMOJIEKyJe MPOTeHMHAa W YIJbeHHX XHUApara.
Jlexunparaiygja je mpolec 3aMeHe BOJIe y TKHUBY aJIKOXOJIOM, Tj. €TMMHHAIMja co00IHEe BOJE,
JIOK Be3aHa BoJa Mopa ocTaTH y TKMBY. OCHOBHM IIMJb JAEXMJpaTalyje je MpunpemMa TKUBa 3a
uMmmpersanyjy napapusom. [lomro ce Boaa u napapuH He MelIajy, HEOMXOHO j€ eTUMUHUCATH
ciobonHy Bomy u3 TkuBa. [locTynak gexuaparamyje moapazyMeBa noraname TKUBHUX HCeUaka y
Mocyzie Koje cy caapikaie alnkoxoll y koHueHtpauuju ox 70%, 96% u 100% unyhu on Hajmame

Ka HajBUILOj KOHIIEHTPALIUjH.

3.4.3. IIpocBeT/baBame TKMBA Y KCHJIOJTY

Ha xpajy nexuapatanuje, Bojia y TKUBY OuBa 3aMemeHa ankoxoioM. Ilomro ce ankoxon
1 napaduH HE MeIllajy, alKoX0Jl MOpa OMTH UCTHCHYT U3 TKHUBA U 3aMEH-EH MEINjyMOM KOJU ce
Menia ca napapuHoM. To ce mocThkKe KCUIIOIOM, KOjU je OpraHCKM pacTBapad M KOjU ca
napauHOM MpPUIIAZa UCTO] TPYNU OPTaHCKUX jeuibera (Tpyna YribOBOJOHHMKA). Y TOM IHIbY

KOpI/IH_IheH je KCHIIOJI. KCI/IJ'IOJ'I, KaO OpraHCKU pacTBapad Ca BUCOKHUM HHIACKCOM IIpCilaMabha
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CBCTIIOCTH, ITOPE eHI/IMI/IHaHI/Ije AJIKOXO0JIa oTalia u jez[aH ACO JIUIInga U yJjba U3 TKHBA, TaKO Ja

TKHUBO IOCTaj€ TPAHCIIAPEHTHO.

3.4.4. Umnpernanuja TKUBa NapauHOM

Jla Ou ce y30puM HCEKIM MHUKPOTOMOM Ha CEpHjCKE NpPECeKe, TKHBO Tpeba MpPOKETH
napaduroM. [lapaduH je yrJbOBOJOHUK KOjU ce J00Hja MpepajoM yriba U MUHEPATHUX YJba.
[Tapadun omoryhaBa noTnopy TKUBHUM CTPYKTYpaMa, Kao U JIAKO CEYCHE TKHBAa HA MUKPOTOMY.
Nmnpernanuja TkuBa napaduHOM ce oaurpaBa Ha Temmeparypu on 56-60°C mpu uemy He
70J1a3u 10 omitehema TKMBa TOIUIOTHUM M XEMH]CKHM areHcuMa. TKHBO cplia je KalylJbeHO Y
napapuHy ca pactyhuMm KoHIeHTpauujama 3 myrta mo 60 muHyTa mpu temmeparypu ox 60°C.
[MapadmHU3anmjoM TKMBa Cpla IOCTHIJIA C€ IOCTENEHAa 3aMEeHa WMIIPErHUPAHOT KCHIIOJa
napapuHoM. Jlexuapupano, napadhuHU3UPAHO TKUBO CPIIA j€ IOTOM YKaIYIJbCHO y mapaduHCKe
onokoBe. Kanyrmbeme y napaduHcke OJIOKOBE MMOCTHKE CE YTHCKHBAHEM HCEYaKa TKHBA CpIia y
METaJIHE TIOCYAMIIEC KOje CaJpKe CMelTy BOCKa U mapaduHa.

W3 ykanmymibeHHX TKHBa cplia JOOWjeHH Cy HCedlld TKMBa ACOJbMHE SUm pe3ameM
Kallyra Ha MEKPOTOMY. MUKpPOTOM je amapaT KOjHu CIYXH ca CeUeHhe eKCTPEMHO MalIUX Mpeceka
TkuBa (> Sum). Kopuctu ce 3a mpumpemy y3opaka y MHUKPOCKOIHJU KOjU C€ TMOCMaTpajy Ha
KJIJACHYHOM TPAaHCMHUCHOHOM CBETJIOCHOM, KOH(OKATHOM WM €JIEKTPOHCKOM MHKPOCKOITY.
TKUBHU UCEUIN Cy MOTOM YETKUIIOM MPEHOIICHH y BOJIEHO KYIATUJIO YMja je TeMIepaTypa ouina
45°C. IlpeHomiemeM TKUBHHX Mpeceka Yy BOJACHO KyMaTUIIO MOCTIKE Ce paBHAHE ceyaka TKHUBA.
[TnyTajyhu TKHBHU MCeUIH Cy TIOTOM CaKyIJbaHU MPEJAMETHUM cTakiumMa. [IpeaMeTHa crakia ca
TKMBHUAM HCEUIIMMa Cy TOTOM IIPEHOIIeHa y TepMOCTaT y KojuMa cy ce cymmia 12 catm Ha

temmieparypu o 56°C.
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3.4.5. XeMaTOKCHJIMH-€031H 00jerme

Bbojewme xemarokcunuaoM u eo3uHoM (eHr. hematoxylin-eosin, H&E) npencrasipa jenny
ol Hajuemhux XHWCTOJNIOMKUX Oojema. basodumue cTpykrype (jenpa) 0oju IMiIaBo, HPHO WIU
CUBO, a anuaopuiIHe CTPYKType (IMUTOIIa3Ma) y po3e WiH HpBeHy 00jy. CaM XeMaTOKCHUIIUH
Huje 6oja. OH ce okcuaWIe y XemaTeuH Koju 0oju jenpa. Eo3uH je kucena 6oja u Ooju
nuToruiazMy henmja.

Y uwpy nenapaduHHM3aIMje TKUBHUX KCEYaka cpia MOoOMjeHH MpemapaTd OWim cy
MOJIBPTYTHU TEMIIEpaTYpPHOM TPEeTMaHy Koju je Tpajao 45 munyta Ha +56°C. 3arpejanu uceuiu
Cy 3aTHM TPEHOIICHU Yy TIOCYJIe ca KCHJIOJIOM Kako Ou ce ykioHHo napadguH. HakoH mocrtymka
nenapaduHU3alMje CHOpoBeleHa je pexuapaTandja TKUBA. Pexuaparanuja TKHBa IOCTHXKE Ce
MoTanameM UCeYaka y pa3IMuuTe KOHIEHTPAIHM]je AJIKOXO0JIa TAKO MITO C€ TKUBO J[Ba ITyTa MOTara
y 100% ankoxon a morom jenHoMm y 96%, 90%, 70% ankoxon y Tpajamby OJ IO NET MUHYTA.
HakoH ajKoXOJHOT TpeTMaHa TKUBHHU MCEYIIM Cy MET MUHYTA MOTAlaHu Yy JeCTHIIOBAHO] BOJIH.
PexuapupaHo TKHBO je OTOM 00jeHO moTanameM y Mayer-oB pactBop xemaTokcuianHa (Sigma
Aldrich,USA) y Tpajamby on JeceT MHHYTa, HAKOH Yera je YCJIAMWIO METOMHHYTHO HCIUPAhe
JIECTUIOBAaHOM U TekyhoMm BOJOM. XeMaTOKCHJIMHOM O000j€HH TKHUBHM MCEULIH Cy IOTOM
TPETHPaHH AKOXOJHMM CO3MHOM Yy Tpajaky ona aBa muHyta (Sigma Aldrich, USA). H&E
000jeHN TKUBHHM MCEYIM Cy y JaJbeM IOCTYNKY JEXHIPUPAHW Ha cienehr HauWH: IIe3/1eceT
cekyHnu y 85% ankoxony, u no 2 nyra y 96% u 100% ankoxony y Tpajamky O] IO MEIEeCeT
cekynnu. [IpocBersbaBame TKUBHUX Hceuaka Ouo je cienehu xopak y H&E Gojewmy koju je
MOCTUTHYT TaKko LITO Cy TKUBHHM HMCEYLM CPLA YpamaHH y CMEIIY KCHJIOJIA M aJKOXoJja YHujH je
onHoc 6uo 1:1 y Tpajamy on me3aeceT cekyHau. [loTom cy TKMBHU Hceulld npedaluBaH y ABE
MoCcy/ie HaJIMBEHE KCHIIOJIOM H y KOjUMa Cy CTajalli Me3/eCceT CEKYH/IN.

[Tocnenmwu kKopak y 60jemy MoApa3yMeBao je HaHOLICHe KaHajae 0aa3amMa M IMOKpUBAHE
npenapara mokpoBHuM crakiauMa (Canada balsam, Centrohem, Cpouja). TxuBHm wuceunn
3aTBOPEHM KaHa/aa Oaj3aMOM W TOKPOBHHUM CTakJIMMa CyIIWIW Cy ce 24 cata Ha COOHO]j
temrepatypu. CBETIOCHHUM MUKpOcKoroMm ca Olympus AuruTaiHoM KaMepoM aHaTH3UPaHHU Cy U

¢dororpaducanu TkuBHM uceuy cpia (BX51, Japan).

49



Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe MuOKapdumuca

3.4.6. Sirius red 6ojeme KoJareHnX BJaKaHa

3a Bu3yenusanujy cremneHa (uOpo3e cpuaHor Muiha W CENEeKTUBHO JOKA3UBAHE
KOJIAreHUX BJlakaHa kopuinheHo je Sirius red Gojeme, Koje KoylareH 00ju I[PBEHO JIOK ce jeapa
60je cmehe o 6paoH. [Iperxonno GopmaauHOM GUKCUPaHH U MMapaGUHOM YKATYIIJbEHU TKUBHH
HCeUIM cplia Cy MOTOM JenapaduHU3UPaHU U PEXHIPAuPaHU IO MPOTOKOIY KOjU je OMUCaH y
NPETXOHUM TTOTJIaBJbUMA.

3a Oojeme npenapara kopuiiher je Weigert-oB pacTBOp XeMaTOKCUJIMHA KOJU j€ capkKao
ucre konuunHe A u b pactBopa (enr. Weigert's Iron hematoxylin Set, Sigma Aldrich). Ha Taj
HAYMH MPHUIPEMIBCHN TKHUBHH UCEUIM CPIIa CY IMOTOM O0OjeHHM OCMOMHHYTHUM IOTAllalkeM Y
Weigert-oB pactBop xemartokcuiuHa (Sigma Aldrich,USA). O6ojenn mnpenapatu Cy MOTOM
UCIIUPAHU JIeCeT MUHYTa Y TeKyhoj a 3aTUM M y JIECTUIOBAHOj BoaU. BooM McnupaHu TKMBHU
uceyny cy moroM obojeHu pactBopom Picro-Sirius red y Tpajamy HajMame O IIe€3IeceT
muHyTa. Racteop Picro-Sirius red nampasibeH je pactBapamwem 500mg Sirius red Goje (eHr.
Direct Red 80, Sigma Aldrich) y 500ml 3acuhene nukpuune kucenune (enr. Picric acid Solution,
Sigma Aldrich). O6ojenu npenaparu cy motom ucrnupanu y 0,005% pactBopy riammjanHe
cuphetHe KucenuHe 2 myTa y Tpajamy on mno netr munyra (Centrohem, 51 Cp6uja). Hakon
UCIUpaka TKUBHU Hceulu cy Jexuapupadnn 3 nyra y 100% ankoxoily a moTtoMm cy
MPOCBET/PMBAHN TMETOMUHYTHUM TMOTamamweM Yy Kcwiony. I[locnenmsu kopak y 0ojemy
MoJIpa3yMeBao je HaHOIICHkE KaHalae 0aj3amMa M MOKPHBaKkE Mpernapara MOKPOBHUM CTaKJIMMa
(Canada balsam, Centrohem, Cp6uja). TkuBHU HCedllM 3aTBOPEHH KaHaga Oana3aMoM |
NMOKPOBHUM CTakjiMMa Cymmian cy ce 24 cara Ha coOHOj Temmeparypu. CBETIIOCHUM
MHKpockornioM ca Olympus mururajiHoM KamMepoM aHaJIM3HpaHu Ccy W QoTorpaucaHu TKHBHU

uceunm cpia (BX51, Japan).

3.4.7. TpuxpomMHoO 0ojerm-e KoJIareHux Bjaakana no Masson-y

3a Bu3yenmsaiujy crerneHa (ubpo3e cpuaHor Mumiha W CEJIEKTUBHO JIOKA3WBAHE
KOJIareHUX BJakaHa KopHIIheHo je u 6ojeme mo Masson-y. Kao pesynrar oBe MeTone KojareHa
BIlakHa Ccy o0ojeHa IJIaBo, IUTOIIa3Ma IPBEHO a jenapa cy mpebojeHa upHo. [IperxomnHo

¢dbopManHoM ¢uKcHpaHH W mMapadUHOM YKAIYIUb€HU TKUBHU HCEUIM CpLHa Cy IOTOM
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nenapagUHU3UPAHN U PEXUAPUPAHH 110 TIPOTOKOITY KOjH j€ ONHUCaH Y MPETXOAHUM MOTJIaBJbUMa.
Hakon nenapaduHM3anuje u pexuaparanuje MPUCTYIHIH CMO (DUKCAIMjd TKUBHUX HCEYaKa
METHACCTOMUHYTHUM MOTamameM Y ByeHOB pacTBOp KOju je MpeTxoaHo O6uo 3arpejan Ha 56°C
(enr. Bouins solution, Sigma Aldrich). Hcnupame TKUBHHX Hce4aka W3BEACHO je TpameM y
Tekyhoj BoAM HaKOH uera je yciaeaumio 6ojeme Weigert-oBuM XeMaTOKCHIMHOM 10 IPOLEIyPH
Koja je onmcana npetxoaHo. O00jeHn npenapaTy Cy 3aTUM HCIMPAHH Y TeKyhoj U IeCTUII0BaHO]
BOJIM y Tpajamy OJ] IeceT MUHYTa. BoloM ucnupaHu mpenapati ¢y moToM 000jeHH pacTBOPOM
kucenor ¢ykcuna (enr. Biebrich Scarlet Acid Fuchsin, Sigma Aldrich) y tpajamy on mecer
MUHYTa W 3aTHM TIOHOBO MCITUPAHU Y JECTUIOBAHO] BOIU. bojeme KoareHux BiIakaHa y ILIaBO
MOCTUTHYTO j€ MOTalamkbeM TKUBHUX MCEYaKa y pacTBOP KOjH je caapikao ucre KoauunHe dpocdo-
TyHrcTHUHEe KucenuHe u 5% ¢ocho-monmubnencke kucenuHe (enr. Phosphotungstic acid,
Phosphomolybdic acid, Sigma Aldrich). Hakon Tora ycienwio je 6ojerse TKMBHHUX HCEUYaka
pactBopoM 1uiaBor anwimHa (Sigma Aldrich) 6e3 mperxomHor ucmupama y Tpajamby O MeT
muHyTa. [Ipenaparu ucrpanu y AeCTUIOBAHO]j BOJIU CY TIOTOM HOTAlaHM O]l JIBa JI0 TI€T MUHYTa Y
1%-0j cuphetrnoj kucenuuu. HakoH Tora mpemapatu Cy OeXUAPUPAHU M TPOCBETIFUBAHH I10
MPETXOAHO OmMHcaHOM mpoTokoidy. [locmenmu kopak y 00jemy MOApPa3yMeBaO j€ HAHOIICHE
KaHajie 0an3ama M MOKpUBame mpenapara mokpoHuM crakiuma (Canada balsam, Centrohem,
Cpbuja). TKUBHH MCEYIM 3aTBOPEHH KaHasia 0al3aMOM M MOKPOBHUM CTAaKJIMMa CYIIWIN CY Ce
24 cara Ha coOHOj Temneparypu. CBeTIIOCHUM MHKpockoroM ca Olympus qurutaiHoM KamepoM

aHaTM3upaHu ¢y u potorpadrcanu TKUBHY uceuiy cpia (BX51, Japan).

3.4.8. IIponieHa XHCTOJIOLIKOI CKOPA

3a gepuHHCcame M KBaHTH(UKOBame TexnHe EAM KOpHUCTUIM CMO CKOPHHI CHCTEM
npeiokeH on crpane Valaperti-a 2008. rogune [106], a Mukpockonupame cy oOaBuiIa JBa
He3aBHCHa ucTpaxuBada cienoM metogom (C.M. m M.M.K.). Ckopupame je ypaheHo 3a
JIOKaJIU3alujy 3amajbeHCKe WHQUITpauje, MpoleHy WHTE3UTETa 3amajbeHCKe HHQUITpaIHnje,
MPOIICHY CTETeHa JereHepanrje W HEKpo3e KapJHOMHOIMTa Kao W 3a KBAaHTHU(UKOBAHC
¢ubpo3ze. Jlokanuzanuja 3anabeHcke MHPHUITpaje KBaHTUHUKOBaHA je cieaehum ckpom: 0:
06e3 3HakoBa Oosectw; 1: amekc; 2: JaTepalHd 3uf; 3: CcenTyM. 3a MpPOLEHY HMHTE3UTETa

3anajbeHcKe MHOuITpanyje KopucTwin cMmo cienehu ckop: 0: Hema uHUATpaTta y BUAHOM
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noJby; 1: Mame o1 5 MojeqUHAYHUX, CUTYPHUX MOHOHYKJI€apa y KOHTAKTYy ca CapKOJIEMOM Y
BUJIHOM T0JbY; 2. 5-20 mojequHavyHuX, CHTYPHUX MOHOHYKJIapa Yy KOHTaKTy ca CapKOJIEMOM Y
BUJIHOM TMOJbYy; 3: Bume onx 20 MojeAWHAYHUX, CUTYPHHX MOHOHYKJIeapa y KOHTaKTy ca
capkoJIeMOM y BHIHOM TmoJby. IIporena cremeHa aereHepanvje ¥ HEKpO3€e KapAHOMHOIUTA
KBaHTHU(HKOBaHa je kopumihewmem cieneher ckopa: 0: 6e3 3HakoBa Oonectu; 1: <10% nHa
nocmatpadoMm nosey; 2: 11-30% Ha nmocmarpanoMm noswy; 3: 31-50% Ha mocMarpaHom mnoJby; 4:
51-90% na mocMarpanoM moJey; 5: >91% Ha mocmartpanom mnosey. Ckopupame ¢Guodpose je
ypaheno cinenehum ckop cuctemom (0: oacyTtHa, 1: o0yxBaheno 25% muokapna, 2: o0yxBaheHo
50% wmuokapna, 3: odyxBaheno 75% muokapaa, 4: odyxsaheno 100% muokapaa). Ynorpebom
ImageJ (NIHh, Bethesda, MD) pauynapckor nmporpaMa u3BplieHa je KBaHTH(PHUKALIH]ja KOTHIHHE
KolareHa aHanu3oMm ¢oromukporpaduja y oom mporpamy. Codrepcku maker Imaged
porpama MU3padyHao je MPOIEHTYaIHY 3aCTYIUBEHOCT LPBEHO MPeO0jeHnX KOJAareHWX BJIaKaHa
y OJIHOCY Ha YKYITHH IPOIICHAT BHIHOT M0Jba. J0OMjeHH MPOICHAT KoJlareHa U3padyHaT je Kao
Cpe/ba BPEIHOCT MPOIEHTYATHE 3aCTYIJbCHOCTH KOJIAreHUX BJIaKaHa M3 JIECET BUIHKX 110Jba 32

CBaKH Ipernapar 1o Ha 0co0.

3.5. UmyHoduyopecueHumja

Y by nerexkuyja IgG nenosura u IgG mosutuBHux henuja kopuirheHa je mertona
umyHodyopeciernuje. Frozen section npenapatu cy kopuirhenu 3a aetekimjy IgG neno3ura u
lgG mnosutuBHMX henuja. HemocpenHo HaKOH XPTBOBamka EKCHEPUMEHTATHHUX >KUBOTHHA
M30JI0BAaHO TKHMBO Cplia CTaB/bEHO j€ Ha Jie[ a MOTOM IpebadeHO y KPHUOCTaT y KOME je
temmieparypa ouna -25°C. TkuBa cpma cy y kpuoctaty Ouia ox 60-120 cexyHIM HaKOH 4Yera Cy
HceYeHa Ha KpUOTOMY MpPH Y€MYy je MPEeYHUK ucedaka ouo ox Sum go S8um. JobujeHu cepujcku
IIpecely Cy 3a Jajby aHaJIM3y CKIAJUIITEHH Y KOMOpe Yy KojuMa je Temreparypa oumna -20°C.

IIpBu Kopak y 0BOj MpoleaypH je (QHKcalMja TKHBA KOja je€ U3BpIIEHA HAHOIICHEM OJ
500ul mo 1000ul amerona, koju je yyBaH Ha Temmeparypu o -20°C, Ha KpHOCTATCKe TKUBHE
Hceuyke y Tpajamy oa 7 mmHyTa. HakoH 3aBprieHe Qukcammje ycleauso je IBOCTPYKO Tpame
TKUBHHX nceyaka y PBS-y (enr. Phospate Buffered Salline) y tpajamy ox no ner munyra. Hakon
npama Ha npenapate je momato 100ul 1% BSA pactBopenor y PBS-y (enr. bovine serum

albumin). Ha oBaj HaunH TpeTUpaHH UCEYIM TKHBA Cy UHKYOMPAaHU Ha COOHOj TeMIepaTrypH y
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Tpajamky 0] MeTHaecT MUHyTa. HakoH 3aBpmieHe mHKyOammje Ha mpemnapare je HaHeTo 150ul
(I1yOopoXpOMOM KOHYTOBAaHOT M PAaCTBOPEHOT CEKYHIApHOI' aHTUTENa: Ko3jer aHTu-mumjer 1gG
(Abcam, Cambridge, UK) y pasomaxewmy 1:200. PagHu pacTBOp CEKyHIApHOI aHTHUTENA
HampaBJbeH je nomaBameM |l koHmeHTpoBaHor antutena y 1% BSA mperxomHo pacTBopeH y
PBS-y. Hakon HaHOIIEHa CEKyHAAPHOT aHTUTENA MPETIApaTH Cy MOJIOKEHU y BIAKHY KOMOPY H
WHKyOMpaHu Ha COOHOj TeMmIeparypu Yy Tpajaky oJ Mme3geceT MuHyTa. Ilo HCTeKy
II€3/IECETOMUHYTHE WHKYyOaIije ycleauio je ABOCTPYKO Hcmupame npenapata y PBS-y mpu
YeMy je CBAKO UCIHpPAmE TPajasio 1Mo MeT MUHyTa. TKUBHH MCEUYIH KOJU CYy MPETXOAHO UCTIPAaHH
y PBS-y cy morom nokpuBeru ca 1000ul Bogenor meaujyma (Fluorescent Mounting Medium
with DAPI), 3a ouyBame (iyopeciieHIInje TKUBA, U TIOKPOBHOM JbYCITHUIIOM.

[TpucyctBo u nokanmzanuja IgG nenosura n IgG mo3utnBHUX henuja Cy aHaNM3UpaHu U
YCIMKaHU MOCMaTpameM Ha KOH(OKaTHOM j1acepckoM Mukpockomy (Axiovert 200M (LSM 510
Laser Module), Zeiss, yBenuuame 630x). Kantudukanuja uHTe3uTeTa (IyOpecIeHIUje je
ypahena anamu3oMm QoTomukporpaduja momohy padyHapckor mporpama ImageJ (NIHh,
Bethesda, MD).

3.6. UmyHoXxucroxemmja

Y mmby ucnuTHBama (EHOTHUIICKHX KapaKTePHCTUKAa MOHOHYKJIEApHOT WHQWITpaTa H
MPOIICHE CTENEHA BUX0BE HHPMITpaIje KOPUITNEHO j€ UMYHOXUCTOXEMH]CKO 0ojeme. Y IUIby
nerekiuje CD45, F4/80, CD3 u IL-10 mo3utuBHUX henuja, TKUBHU HUCEYIH cpiia 000jeHH Cy
UMYHOXHCTOXEMHJCKH yrmoTpedoM crennpuynnx antuMumgjux anturena (Abcam, Cambridge,
UK).

[Ipe umyHOXUCTOXEMH]CKOT O0jera mapaUHCKU KAyl TKHBa Cplia Cy Ha MUKPOTOMY
HCEYeHH Ha CepHjCKe Tpeceke neOspuHe Spum. YClIeauo je MOCTymak aenapaduHuzaiuje y
KCUJIONTY, HAKOH Yera cy TKMBa Cplia pexuApupaHa 1o IpoTOKOJy KOJU j€ OMHMCaH y MPETXOJHUM
MoTJIaBJbMa. Y IHJbY OTKPUBaka EMUTONA TKHBHH UCEUIH MIOTOIREHH Y Na-IIUTpaTy Cy MOTOM
MOJIBPTHYTH TEMIIEPaTypHOM TpPETMaHy, a HAKOH OBOT TpeTMaHa W xyal)erha TKHBHUX HCeYaKa
ucTu cy 3 nmyra uctipanu y PBS-y. Panu 61okupama akTUBHOCTH €HIOTE€HE MEPOKCHUIa3€ TKUBHU
HCeUlld Cy MHKYOMpaHH Y Tpajamby OJ JeceT MHHYTa KOojuMma je mperxogHo goxaro 100ul

Hydrogen Peroxide Block-a. TTo 3aBpiiieHOj MHKYOAIlUju YCIACIUIO j€ JBOCTPYKO HCITHPAHE
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npenapara y PBS-y. ¥V nasbeMm noctynky a y nuspy crpedaBama HecieU(UIHOT 00jeha TKUBHU
uceury cy npekpusanu ca 100ul Protein Block u Tako Tpetupanu npenapatu ¢y ocTaB/baHd Ha
JIeCTETOMUHYTHY MHKYyOarujy. HakoH nHKyOaluje TKMBHA UCEUIM CpLa Cy UCIUPAHU KPATKUM
noranameM y PBS-y. Ha oBako npunpemsbeHe uceuke TkuBa cpua je cunano 150ul mpumapnor
aaturena (CD45, ab10558; F4/80, ab15694; CD3, sc-20047; IL-10, ab33471). Paxuu pactBOp
NpUMapHUX aHTUTeNla HampaBibeH je y PBS-y ca 1% BSA (eur. bovine serum albumin)
koHnenrpauyje 1:200. Mukybanuja ca mpuMapHUM aHTUTEIIOM Tpajaja je me3JeceT MUHYTa Ha
COOHOj TemIeparypu a NpenapaTH Cy IMOJOXKEHH y BIaXHY Komopy. Hakon jemHoyacoBHe
MHKYyOaIuje ycleAuo je TPOCTPYKO HCHUpame TKUBHUX ucedaka y PBS-y koju je caapxkao
0,005% Tween (Sigma). IToTom je Ha TKkuBHE mceuke ctaBjbano 100ul Streptavidin Peroxidase
HAKOH Yera je yclieAnia JeCeTOMUHYTHA HHKYyOalrja a moToM M TPOCTPYKO uctmpame y PBS-y.
Haxon tpoctpykor ucnupama y PBS-y Ha cBakm ox TKMBHHX Hcedaka jgoxaaro je mo 100ul
paanor pactBopa DAB pearenca. Panuu pactBop DAB pearenca HampaBsbeH je Tako IITO CMO Y
1000ul DAB Substrate momamu 0,02ml DAB Chromagen. Paguu pactBop DAB pearenca ce
JoJlaje Kako O peakiyja MPUMapHOT aHTUTENA Ca IHJPHUM aHTUTCHOM IIOCTala BHJJbUBA.
Wukybamnmja ca DAB pearencom je tpajana ox 30 cekyHIU 10 HEKOJIUKO MUHYTA y 3aBUCHOCTH
O]l TOra Koje NMpuUMapHO aHTHTeNo je kopumheHo. Bpeme mukybanumje ca DAB pearencom
oapehuBaIM cMO Tako IITO CMO IOJ] MUKPOCKOIIOM IOCMaTpalii KOjoM Op3MHOM ce MpenapaTu
06oje y Opaon. UuMm je youeHO Ja je TKHUBO cpra Oujio OpaoH mpebojeHo HHKyOamuja ce
MPEKHIaJIa TPOCTPYKUM HCIIUPABEM Y IECTHIIOBAHO] BOJIH.

Vcnpann uceynu cpia cy HOTOM YypamaHH y IOCyAe Koje cy caapxane Mayer-os
pactBop xemarokcuiuHa (Sigma). HakoH ABOMUHYTHOT 00jerha TKMBHH HCEUIM Cy ONpPaHH Y
tekyhoj u necrtunoBanoj Boau. Hakon 0ojema ucedln Cy AEXUIPUPAHH U MPOCBETIHEHHU, Ka0
IITO je MPETXOJHO omucaHo. Ha mceduke je HaHET BOJCHH MEIWjyM 3a TIOKPUBAE a TpernapaTu
Cy MpEeKpUBEHU NOKPOBHMM cTakioM. llpenmapaTd Cy NOKpPHUBEHHM NOKPOBHHM CTaKJIOM U
OCTaBJbeHH Ha COOHOj TemmepaTypu aAa ce cyme Hajmame 48h. Hakon 48h cBernmocHum
MHKpockornoM ca Olympus murutajiHoM KamMepoM aHaJIM3MpaHu ¢y W QoTorpaucaHd TKHUBHU
uceur cpra (BX51, Japan). Tokom aHamusupama OpojaHe cy camo OpaoH npebojene hemuje Tj.
henuje 3a koje cy ce Besasa mpumapHa anturena 3a CD45, F4/80, CD3 u IL-10 monexy.

Amnanu3a je o6aBsbeHa Ha 10 pa3nMuuTHX Henpeksianajyhux BUIHUX MoJba, yBenndame X200.
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3.7. Anaan3a MOHOHYKJIeapHUX hesimja cpua u cjie3uHe MeTOI0M NPOTOYHE IUTOMETPHje

Ceu wmwumeu (wild type (WT) u knock-out (Gal-3KO)) nHakoH Tpu Hemesbe O
cyOkyranor yopusraBama MyHCoasss-352 menrtuna (Shanghai ShineGene Molecular Biotech)
KpTBOBaHU Cy ymoTpebom nuertminerpa (BETA HEM, beocpad). Y 1iby aHaIM3Uparmba
MPOLIEHTYaJHE 3aCTYNJbEHOCTH, alCOJyTHOr Opoja, (EHOTUNCKUX U  (GYHKIMOHATIHUX
KapakTepUCTHUKA Pa3IMUUTUX NeJHjCKUX MoITyJalyja, MOHOHYKIeapHe hemnuje cy n30I0BaHe U3

Cpla M CJIe3MHE U aHAIM3UPAHE METOAOM IPOTOYHE LIUTOMETpH]e.

3.7.1. U3onanuja MOHOHYKJIeapHUX hesamja u3 cpua

Haxon xpTBOBama MHIIIEBUMA je OTBOPEH TPYIHH KOIII U W3BPIICHA repdy3nja cpuaHux
HIyIUbMHA, Kao MITO je MPETXOJHO omucaHo. [lephyHIOBaHO M H30JI0BAaHO CpIE CMO 3aTUM
YCHUTHHIJIM MaKa3uilama. YCHTHECHO TKHBO Cplia je CHIaHo y emnpysere 3anpemune 50ml koje cy
caapxkane 2,5ml memmjyma 3a gurectrjy. Meamjym 3a IUTEeCTH]y je caapxkao: 2,24mg
konarenaze Tum I (Sigma) u 7,2ul DNA-3e (Sigma) pactBopenux y 2,5ml HBSS-a (Sigma).
Jlurectuja TKHBA je CIPOBE/CHA CTaBJbAbEM Y30paka y BOJCHO KymaTwio (Y4eTpiaeceT W IMeT
muHyTa, 37°C, 100 rpm) ca Tpu mpekuzaa 3a pydyHo Mellame. HakoH 3aBplueHe Turectuje y
enpysere je naoxaaro 20ml DMEM wmenujyma (Sigma) ca 5% FBS-om (Sigma) u caapxaj je
NPOMYINTEH Kpo3 cTpejHep umje cy mope oune BenmmuuH /0pum (BD Biosciences) koju je motom
ucrpan ca 2,5ml DMEM wmeaujyma (Sigma) ca 5% FBS-om (Sigma). Hobujena hemujcka
cycnensuja je unentpudyrupana Ha 400g necer muHyra. HakoH oanuBama cynepHaTaHTa y
enpysete je noxato 10ml kommierhHor DMEM menujyma (Sigma) ca 5% FBS-om (Sigma) u
cajapikaj je MPOMyIITeH Kpo3 crpejep ca mopama ox 40um (BD Pharmingen). Jlobujena
henmmjcka cycnensuja uentpudyrupana je Ha 400g 7 munyra. HakoH nentpudyrupama y
enpysere je noxaro no Ilml FACS pactBopa koju je cagpxkao 1% BSA, u 0,1% NaN3
pactBoperux y PBS-y. Cycnensuja henmja qoOujeHa oBUM HaYMHOM KOPHUCTHIIA CE 32 aHAIH3Y
¢denorumna henuja npoToyHOM HUTOMETpUjoM. BujabunHocT n3onoBanux henuja nmposepaBaHa je
0ojemeM cycrniensuje hemuja 6ojom trypan-blue. 3a nasby aHaTU3y KOPUCTHIIM CMO CaMO y30pKe

KOju cy caapxainu suiie oa 90% Bujabunnux henuja.
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3.7.2. U3o1aumja MOHOHYKJIeapHuX henmja u3 cie3une

Hakon XpTBOBama EKCHEPUMEHTAIHUX >XHUBOTHH-A W3 CBUX MHUILIEBA HM30J0BaHE CYy
cieszune. M3o0moBaHe ciae3uHe ¢y MoToM npebaveHe Ha cTpejHep ca nopama Bennuuae 40Um xoju
ce Hayla3uo Ha enpysetH 3anpemunre S0ml. [IpuTrckameM clie3nHa KIMIOM MINPHIIA U3BPIIECHA
je MexaHHWYKa JUTecTHja cie3nHa. HakoH MexaHWYKe TUTecTHje CTPEjHep Ha KOME Ce Halla3uja
YCHUTH-CHA CJIE3MHA HCTIPaH je ca Sml KoMIuieTHOT Menujyma koju je caapxkao RPMI-1640 u 10%
FBS. Tlotrom cmo nobujeny cycneHsujy ueHTpudyrupamu 5 muuyra wHa 1500 rpm. Haxon
HeHTpuyrupama 13 ernpyBeTa je OJJIMBEeH CYepHATAHT a Ha MPEOCTaIH Tajlor je cumaHo 5ml
JU3UHT PacTBOpa M TOTOM j€ YCIeIWIO NETOMHUHYTHO WHKYOMpame Ha Jienay. PajaHu nau3uHT
pactBop HamnpasJbeH je 1o cienchoj penentypu: y 200ml dH20 cumano je 200mg NaHCO3, 8mg
EDTA u 1652mg NH4Cl. Hakon neromuHyTHE MHKyOamuje CHIaHo je 1mo Sml KoMIuieTHOr
MeArjyMa pal 3aycTaBjbama Jajber jusupama henuja. [lotom cmo nobujeHy cycrneHsujy
uentpudyrupanu 5 munyta Ha 1500 rpm. Hakon uneHTpudyrupama u3 enpyBeTa je OIJIMBEH
CyIEepHaTaHT a Ha NPEOCTaIH Tajlor je cumaHo mo 8ml kommuieTHOr Meauwjyma. JloOujeHu
pEeCyCIIEHIOBaHH TaJIOT j€ TIOTOM CHIIaH Ha CTPEJHEp palu oOJBajara CIUICHOIUTA Off
xuctuonuta. CycneHs3uja CIUICHOIUTa J00WjeHa OBHM HAUYMHOM KOPHCTWIA C€ 3a aHaIu3y
¢eHotuna henuja MPOTOYHOM IUTOMETPHjOM. BHjaOUIHOCT U30J0BAaHUX CIUICHOLMTA
mpoBepaBaHa je 0ojemeM cycnensuje henuja 6ojom trypan-blue. 3a naby aHamu3y KOPUCTHIIH

CMO caMo y30pKe KOju ¢y caapxanu Butie o1 90% Bujadmiaux henwuja.

3.8. ®enoruncka U GyHKUHOHATHA AHAJIM3a MOMYJANMja M30J10BAHHX MOHOHYKJEAapHHUX

heanja

[IpumernoM MeToae NPOTOYHE UUTOQIyOpOMETpHje oApehuBamm CcMO pelaTHBHY,
OJTHOCHO TMPOIICHTYaJIHY 3acTYIJBEHOCT PazNUYUTUX CyOrmomynaiuja MOHOHyKJIeapHX henuja,
Kao U BHUX0Be (PeHOoTHUNICKe W (DYHKIIMOHAIHE KApaKTEPHUCTHKE. 3a aHAIM3y Cy KopuIlheHe
n3osioBaHe henuje cpua M ciesuHe. Y LWJbY ojpehuBama pa3iMUUTHUX MOBPUIMHCKUX U
UHTpalleTyJapHUX MOJEKyla KopullheHa Cy aHTH-MHIIja MOHOKIOHCKA aHTUTENa oOenexeHa

. . 5
paznuuutuM  ¢ayopeciieHTHUM Oojama. 3a cBaky aHanmuzy kopumheno je  5x10

pecycnienoBanux hemuja y mydepy 3a 6ojeme (BD Biosciences) Bomymena 50ul. V' cBaku

56



Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe Muomlpdumuca

y30pak pecycreHnoBaHux henuja cumnana cy MoHokJIoHcKa antutena (Tabesma 1) unu uzoTuncke

kouTpoie (Tabdeaa 2) y ogroapajyhuM KoHIIEHTpalldjama.

TabGesa 1. Ilpuka3 MOHOKJIOHCKHX aHTUTela KopumheHux 3a 0ojeme MOBPIIMHCKHMX H

HHTpAaIeTyJapHUX MapKepa

HA3HB KJIOH IMPOHA3BOBAY

APC Anti mouse CD4 RM4-5 BD Biosciences, San Jose, CA, USA
FITC Anti mouse CD8 eBioH35-17,2 | eBiosciences, San Diego, CA, USA
Per CP Anti mouse CD3 17A2 eBiosciences, San Diego, CA, USA
Per CP Anti mouse CDl1lc HL-3 BD Biosciences, San Diego, CA, USA
APC Anti mouse CD45 30-F11 Invitrogen, Carlsbad, CA, USA

PE Anti mouse F4/80 CIL:A3-1 Biolegend, San Diego, CA, USA

PE Anti mouse CD11b M1/70 eBiosciences, CA, USA

FITC Anti mouse CD11c N418 Invitrogen, Carlsbad, CA, USA

Per CP Anti mouse Ly6c HK1.4 eBiosciences, San Diego, CA, USA
APC Anti mouse CD206 15-I1 Biolegend, San Diego, CA, USA

PE Anti mouse CD273 TY-25 BD Biosciences, San Jose, CA, USA
FITC Anti mouse IFN-y Rm9001 Invitrogen, Carlsbad, CA, USA

PE Anti mouse IL-17 079-289 BD Biosciences, San Jose, CA, USA
Per CP Anti mouse IL-4 11B11 BD Biosciences, CA, USA

FITC Anti mouse IL-12 27537 Invitrogen, Carcbad, CA, USA

APC Anti mouse IL-10 JES5-16E3 BD Biosciences, San Jose, CA, USA
PE Anti mouse IL-13 eBiol3A eBiosciences, San Diego, CA, USA
Per CP Anti mouse IL-33 RMST2-2 Invitrogen, Carsbad, CA, USA
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Taoesa 2. U30THIICKE KOHTPOJIE

HA3HB KJIOH IIPOHU3BOBAT

Pe Rat anti mouse IgG,, Isotype control eBR2a | eBiosciences, San Diego, CA, USA
Per CP Rat anti mouse IgG,,, Isotype control R35-95 | BD Biosciences, San Jose, CA, USA

APC Rat anti mouse IgG,, Isotype control A95-1 | eBiosciences, San Diego, CA, USA

FITC Rat anti mouse IgG,, isotype control R35-95 | BD Biosciences, San Jose, CA, USA

3.8.1. bojeme NOBPIIMHCKUX MapKepa

3a 0ojeme MOBPIIMHCKUX MapKepa KopuinheHa Cy MOHOKJIOHCKAa aHTHTeNa crenuduyHa
3a oxaromapajyhe emurone Ha henmujama. 3a 0ojeme MOBPIIMHCKUX MapKepa KOPUCTHIA CMO
cycrensujy xoja je caapsxana 3xX10° Bujabunanx henuja pecycenI0BaHNX y YKYITHOM BOJYMEHY
oxn 50ul. ¥V cBaky enpyBery koja je campxkana S0ul hemujcke cycmensuje cumano je mo Iml
pacTtBopa 3a Oojeme. Tako mpunpemsbeHH y3opuu LeHTpudyrupanu cy 5 munyra Ha 400Q.
Haxon nentpudyrupama oAIMBEH je CyliepHaTaHT 0e3 10AMpHBamba erpyBeTe ca yopycoM Tako
na je Ha nHY emnpyBere octano oko 50ul y3opka. Ilorom je y cBaku y3opak cumano mo S0ul
MPETXOAHO HaNpaBJbeHUX KOMOWHAIMja pACTBOPEHHMX aHTHTENAa Tako Jaa y (UHAITHOJ
KOHIIEHTpaLlUju 3ajeHo ca henujama, antutena Oyay pasonaxema 1:200. YV npunpemu pagHor
pacTBOpa aHTUTENa BUXOBO pasdnaxeme Ouio je 1:100 Ha nmpumep: Syl anTUTena cumato je y
500ul pactBopa 3a 0Oojeme M W3 TakBe cycreHsuje je ysumano mo SOul pamHor pactBopa
aHTUTENa U CHUIMAHO Yy Yy3opak BoiaymeHa on S0ul m Ha Taj HaumH je noOujeHa QuHaAIHA
koHnenrpauyja 1:200. HakoH cumama NOBPIIMHCKUX aHTHUTENA Y30pLH Cy HHKYOMpaHH
Tpunecer mMuHyTa Ha +4°C (y ¢puxunepy). Ilo ucreky momydacoBHe MHKyOaluje y CBaKy
enpyBeTy ca y3opiuMma cumaHo je mo 2ml pactBopa 3a 00jeme, HaKOH dYera Cy Y30pIH
neHtpudyrupanu et mMunyta Ha 400g9. M3 neHTpudyrupaHux y3opaka cy MOTOM OIJTUBEHH
CyNEpHATaHTU a eNpyBeTe KpaTKo CTaBJbeHEe Ha yOpyC Tako Jia je Y CBaKOj ElpyBeTH OCTajao
camo Tajor obojenux hemuja. Ha henmjcku tanor je cunano no 350l pactBopa 3a 60jeme. Ha
OBa] HAYMH CBU IPHUIPEMJbEHU Y30pLH Cy aHAJIU3UPAHU HA MPOTOYHOM LIUTOMETPY YHYTap

JEeHOT caTa O MOCHeAmker Kopaka 3a 0ojeme. [IpoTounn muroMerap Ha KOME Cy aHAM3UPAHH
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nobujenu yzopuu 6mo je FACSCalibur (BD Biosciences). IToganu qo6ujeHn aHaan3oM 000jeHHX
hennja Ha MPOTOYHOM LUTOMETPY Cy Aajbe oOpahuBaHu KopuirheHeM codTBEpCKOr IakeTa

FlowJo.

3.8.2. bojeme uHTpahe/MjcKUX MapKepa M IUTOKUHA

3a Gojeme uHTpahenjckux Mapkepa M IUTOKMHA KopuiTheHa Cy MOHOKJIOHCKA aHTUTeNa
cnenuduyHa 3a onropapajyhe enurone y henujama.

VY cBaku y30pak n30i10BaHuX henuja cunato je no Iml kommnernor meaujyma (DMEM u
10% FBS). Ilotom je y cBaky ox emnpyBera momaro mo Sul jonomunmua (Sigma), Sul PMA
(Sigma) u 0,8ul GolgyStop (BD Biosciences) paau aktuBanuje henuja. OQHOCHO jOHOMHIIUH H
PMA ce kopucTe Kao akKTHBAaTOPH TPAHCKPHIILKje reHa 10K je yiora GolgyStop-a ma 3aapikaBa
CHHTETHCAaHE NMPOTEHHE y OpraHeliamMa Kao IITO Cy €HAOIUIa3MAaTCKH PEeTUKYIyMmMy wiau ['omyu
armapar IITO JOBOAM 10 NoBehaHe akyMmynanuje CHHTETUCAaHUX IUTOKMHA a CaMHM TUM U Behe
MOTyhHOCTH J1a ce JETEeKTyjy caMo OHe helrje Koje MPEKOMEpPHO IMPOJYKYjy oaroBapajyhe
muTokuHe [279]. Hakon nmomaBama akTUBAaTOpa M HWHXHOWTOpA TPAHCIOPTAa Y30pIH CYy
MHKYOUpaHu 1ecT catd Ha Temneparypu onx 37°C. HakoH miecTroyacoBHe HMHKyOaiuje y cBe
enpysere j1oaato je mo 1ml pactBopa 3a Oojewme. HanuBene enpysere cy LeHTpU(yTrupaHe nert
munyTa Ha 400g. [Iporec npama je y UCTOM Tpajamy U MPH MCTOj Op3WHU MTOHOBJBEH JBA ITyTa.
Hakon apyror mpama henuja u oanuBama CylnepHaTaHTa y CBakd y30pak cuiaHo je mo lml
KOMIUIETHOT Meaujyma. Tako NpUIIpeMJbEHH Y30pLM Cy OCTaB/beHH Y (GPUXKUAEpY HOK ce
IPaBUO PaJHU pacTBOp aHTUTena. OO3MpoOM Ja CMO MMalM MET PAa3TUUYUTHX KOMOMHAIM]ja
aHTuTena u3 cycnensuje hemuja BomymeHa Iml y3ero je mo 200ul henmjcke cycriensuje u
pasnmuBeno y mer FACS tube (empysere 3a FLOW). Tako ma je cBaka cycrmeHsuja hemuja
canpxana 1x10°8 Bujabunuux henmja. Y cBaky empyBeTy je moToM cumano 1o 1ml pactopa 3a
06ojembe W y3opuu cy ueHTpudyrupanu ner mMuHyra Ha 400g. Hakon ueHtpudyrupama
CylepHaTaHTU Cy OJJUBEHH Oe3 ymoTpebe yOpyca u jgojata cy paszOiaxkeHa MOBPIITMHCKA
anTuTena y konnenrpanuju 1:100, rako ga ¢punamHa korneHTpanuja oOyne 1:200. Hakon cunama
MOBPIIMHCKUX aHTUTENA Y30pLU Cy HHKYOupaHu TpuaeceT MuHyta Ha +4°C (y dpmwxunepy). [1o
HCTEKY MOJIy4acoBHE MHKYyOaIMje y CBaKy enpyBeTy je npoaato mo 1ml pactBopa 3a 6ojeme u CBU

y3opuu cy neHtpudyrupanu ner muHyta Ha 400g. 3aTMM je W3 CBake empyBeTe OJTMBEH
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cynepHaTaHT Ha yopycy. [lorom cy enpyBere ca hemnjcKuM Tajaorom U3BOPTEKCOBAHE Uy CBAKY
on mux cumano 1mo 200ul Cytofix pacrBopa (BD Biosciences) y mupy ¢Gukcamuje u
nepmeabunm3anuje hemmja. Pagu Gosbe (ukcanmje n mepMeadbWIn3anKje y30pIU CYy IMOHOBO
BOPTEKCOBAaHHU a IMOTOM OCTaBJhCHU Ha JIBaJICCETOMUHYTHY MHKYOaIujy y ¢pmwkuaepy Ha +4°C.
ITo ucrexy mHKyOaIuje cBe enpyBeTe HAIMBEHE Cy ca 1Mo 1ml pacTBopa 3a mepmeadbMIHM3aIn]y.
PactBopa 3a mepmeabunu3aiyjy HampaBJbeH je Mo cienehoj perenTypu: y MEH3ypy je CHUITaHO
20ml FBS u 2ml 10% mroka canmoHWHA, MOTOM je y3 3UJ MEH3ype HanuBeH PBS mo ykymHor
BorymeHa 1o 200ml, tako ma je nobujeHa punanHa koHueHTtpamuja canonnaa oxa 0,1%. Hakon
J0JlaBaba pacTBopa 3a MepMmealduiu3anujy cBu y3opuu IneHTtpudyrupanu cy Ha 400g mer
MUHYTa, IIOTOM j€ U3 CBaKe eNpyBeTe OJJIMBEH CyNepHATaHT 0e3 yrnoTpede yopyca. OmuBambeM
cynepHaranra 0e3 yOpyca y cBakoj emnpyBetH octaje oko S0ul cycrenswje henmja. Ha Taj
BOJIYMEH CHIIaHA Cy aHTHUTeNa 3a MHTpaherjcKke MapKepe MPEeTX0HO pacTBOpeHa y mydepy 3a
nepMeaOuiIn3almjy y KOHIEHTpaIjamMa CreliuuHIM 3a CBaKd LIUTOKHMH 10 Ha 0co0. Hakon
CUllamba MHTpahelIMjCcKUX aHTUTENa Y30pLUU Cy HMHKYOMpaHM TpuaeceTr MuHyra Ha +4°C (y
bpmwxuaepy). [lo ucrexy momydyacoBHe MHKyOaIyje y CBaKy €MpyBeTy ca y30pliuMa CHUIIaHO je
mo Iml pactBopa 3a mepmeabunu3zaijy, emnpyBere cy morom neHtpudyrupane Ha 400g mer
MHUHYTa, ¥ OJUIMBEH je cymepHaTaHT Ha yOpycy. IlotoMm je y cBaky empyBeTy ca y3opLuma
cunano mo Iml pactBopa 3a 60jeme, HAKOH Yera Cy Y30pIH IeHTpu(yrupaHu MeT MHUHYTa Ha
400g a cynepHaTaHTH O/yIMBeHH Ha yopycy. Ha henmjcku Taor je cunano mo 350ul pacteopa 3a
6ojewe. Ha oBaj HaumH CBM NPUIPEMIbEHU Y30PIH Cy aHAJIU3UPAHU HA MPOTOYHOM IIUTOMETPY
YHyTap jelHOr caTa O] IOCcHeamer Kopaka 3a Oojewme. IIpoTounu nuTomerap Ha KoMe Cy
aHanu3upanu nobujenn ysopuu Ouo je FACSCalibur (BD Biosciences). Ilomauu moGujeHu
aHaJIM30M 000jeHuX henMja Ha IMPOTOYHOM IMUTOMETPY Cy JAajbe oOpahuBaHu KopuirheHeM

corBepckor makera FlowJo.
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3.9. OnpehuBame KOHIIEHTPaNKje HUTOKHMHA Yy CEPYMY

XKusotume 00e ekcrepuMeHTanHe rpyne cy 21-or naHa eKCIepUMEHTa XPTBOBAHE Y
atmMoctepu 3acuhenoj muermnerpom (BETA HEM, bBeocpad) w acnupupaHa je KpB U3
a0JIOMHUHAJTHE aopTe W LEeHTpudyrupana y tpajamy oj aeceT MuHyTta npu Op3unum on 300g.
Jlobujena mpoBuaHa ¢asza (cepyM) HM3IBOjEHAa je ayTOMAaTCKOM ITMIIETOM W CKJIaIUINTCHA Y
koMope Temmnepatype -20°C no najse aHamuse.

Cepymcke konnentpauuje IFN-y, IL-4, IL-33, u IL-10 ompehuBane cy ymorpeGom
komepuujanaux TectoBa (ELISA) cnennpuunux 3a nutokude muma (R&D Systems).

Jlan nipe aHanM3e y MUKpPOTHTAp iody cunano je mo 100ul Capture anturena, ioue cy
3aTBOPEHE W OCTaBJbeHE Ha COOHOj Temmeparypu 19-18 catu. Hakon mnkyOaruje ca Capture
AHTUTEJMMa CBAaKO OyHap4ye MHKpPOTUTAp Iuioue je ompano ca 250ul Wash Buffer-a ykymuo tpu
nyra. HakoH ucnupaa, caMo y o0elnekeHe enoBe MUKpoTutap miode cumnat je Block Buffer u
TO y oHe OyHapuuhe y kojuma he ce onpehusaru cepymcke koHuentpauuje IFN-y. V ce ocrane
Oynapunhe mukpotutap ruioue cumano je mo 150ul Reagent Diluent-a. Hakon cumnama Block
Buffer-a u Reagent Diluent-a mukpoTutap miode Cy NpeKpuBaHE aJxe3uBHOM (oIHjoM U
MHKyOUpaHe Ie3JieceT MUHyTa Ha COOHOj Temreparypu. HakoH npBe MHKyOauuje MUKpOTHTAP
wiove cy omnpane ca Wash Buffer-om tpu myra. ¥ cBako npBo OyHapue mpBe KOJOHE 3a CBaKH
IUTOKMH cumano je o 200ul oaroeapajyher cranaapaa a y ocraie OyHapuuhe mpBe KOJIOHE 110
100ul Reagent Diluent-a (konrienTpanuje cranaapaa y npsom oynapuety: IL-4 u IL-33 komHil.
1000 pg/ml; IL-10 u IFN-y konu. 2000 pg/ml). JloOujama omamajyhux KOHIEHTpaiuja
CTaHJap/a U3BEACHO je Ha cieaehu HauuMH: U3 MpBOI OyHapyeTa MpBe KOJOHE y KOje je CUIIaHO
200ul cranmapaa onroapajyhe konmeHTpamuje y3ero je 100ul u cunano y apyro 6yHapue ucre
kosoHe. Hakon memama campikaja npyror OyHapueta u3 mera je m3Baheno 100ul y tpehe
OyHapue W 10 MCTOM MpPUHLUNY ypal)eHo 10 ceamor OyHapyeTa MpBe KOJIOHE, TaKO Jia j&é OCMO
OyHapue mpBe KosioHe ciapxkano camo 100ul Reagent Diluent-a. ¥V mpeocrane Oynapuuhe cy
CUIIaHHW Y30pLHU cepyma MpemMa yHampel yTBpheHoj meMu (yKyrmaH BOJIYMEH KOjU je CHUIaH Y
cBako OynHapue Oumo je 100ul koju je caapxao 20ul cepyma m 80ul mecrunoBaHe BojE).
HanuBene MukpoTuTap Iiode mpekpuBaHe cy (onrjoMm UM WHKyOMpaHe JBa caTa Ha COOHO]
temneparypu. HakoH nBodacoBHe HMHKyOalMje MPOCYT je cajapraj IUlode a MOTOM je Iioya

ompana ca mo 250l Wash Buffer-a 3a cBako OyHapue Tpu myra. Hakon ucrnupama y CBaKko
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oynapue je cumano mo 100l Detection anTurena, miode cy npekpuBeHe GOIHjoM U HHKYOHUpaHe
JIBa cata Ha cOOHOj Temmeparypu. HakoH qBoOYacoBHE MHKYyOAIMje MPOCYT j€ caapikaj miode a
notoM je rwioda omnpana ca mo 250ul Wash Buffer-a 3a cBako Oynapue tpu myra. Hakon
ucnupama y cBako OyHapye je cumano mo 100pl pamgnor pacrsopa Streptavidin-HRP-a (ewr.
Streptavidin horseradish peroxidase), mioue cy nmpekpuBane GOIHjOM M HHKYOHpaHE ABaIECET
MHUHYTa Ha COOHO] Temmeparypu y Mpaky. HakoH nBameceToMHHyTHE WHKyOaldje MmpocyT je
caJpikaj Ijo4e a moToMm je mioda ompana ca nmo 250Ul Wash Buffer-a 3a cBako Oynapue Tpu
nyra. HakoH wcrnmpama y cBako OyHapue je cumano mo 100ul pactBopa koju je caapxao
cyncrpat A u b. Mukpoturap riode HamBeHe cyoctpatoM A u b nHKyOHpaHe cy OKO JBajieceT
MUHYyTa y MpaKy Ha coOHOj TemmepaTypu. JlyxuHy uHKyOamuje oapehBao je UHTE3UTET IJIaBe
0oje. Hakon mnkybanuje y cBako OyHapue je cumano mo 50ul crom pactBopa u cBe HaJIMBEHE
MUKpPOTHTAp IJI0YE Cy CTaBJbaHE Ha Memanuiy mnojemeHy Ha 100 oOpraja y Tpajamy OJ IeT
MuHYyTa. Tako mpumpeMibeHe MUKPOTHTAp IUIOUE aHATM3UpaHe Cy Ha anapary Microplate reader

y nporpamy Zenyth, Anthos koju je moaemiex aa mepu abcopbaniry ox 450nm.

3.10. CrarucTHYKA aHAJIN3A 0IATAKA

JlobujeHn mojany aHaJU3UpaHu Cy y co(pTBEPCKOM Mporpamy 3a CTaTUCTUYKY aHAJIU3Y
nomataka (SPSS 22.0). 3a ucnmutuBame pasnuke y CpeamHM BpeaHocTHMa u3Mel)y naBe
pasnuunTe BapHujabiie Koje cy uMajie HopMallHy pacrozeny kopumihen je Student t rect 1ok je 3a
TeCTHpame paznuka u3Mely menujaHa aBe pasinyure Bapujabie Koje HUCY MMajie HOPMAJIHY
pacniozeny kopumihen Herapamerapceku Tect Mann-Whitney. TIposepa HopManHOCTH pacroerne
tectupana je ymorpebom Shapiro-Wilk wmu Kolmogorov-Smirnov tecroBa. Cee mo0OujeHe
BpPEIHOCTH Tpe3eHToBane ¢y kao SEM +/- SE unm xao memujane (5., 25., 75. u 95. neprentun).
CraTMCTHUKM 3HAYajHA pas3liuka y J00MjeHMM BpenHocTuMa u3Melhy ryma je onpehena Ha

p<0.05.

62



Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe Muomlpbumuca

4. PE3YJITATHU
4.1. OncycrBo rena 3a Gal-3 3nauajuo nopehaBa xuneprpodujy cpua

VY 10 cama 00jaBJbeHO] JIMTEpaTypH IO3HATO je na ekcipecuja rena 3a Gal-3 yruue Ha
TEeKUHY BHPYCHOT MuOKapauTuca [268], mok je ymora OBOr MoOJIeKyJa y MaTOTCHE3H
ayTOMMYHCKOT MHOKapJUTHCa jOoll yBEeK Heno3Hata. [lo3Haro je u na cy muiesu coja C57BL/6
pelaTHBHO PE3UCTEHTHH Ha mentuaoM uHaykoBanu EAM, a nma ce ocerspuBocT moBehaBa
aIJTMKAIKjOM [eJIor TemKor jania muosuna [280, 281]. Jla Ou ce yTBpAWIIO Aa JM U Ha KOjU
HauuH fenenuja reda 3a Gal-3 yrude Ha natorenesy EAM kopuitheHr cy MUIIEBH YUCTOT COja
WT- C57BL/6 u Gal-3KO mumieu. CBu WT u Gal-3KO mumesu umynuzoanu ¢y MyHCozas-
352 mentugoM 0. u 7. nana. Texxuna EAM oxapehuBana je 21-or maHa eKCriepuMeHTa, OJHOCHO
MPUIIMKOM KPTBOBaHa )KUBOTHHHA.

Jeman on mapamerapa koju je kopuinheH 3a ucnuTHBambe TexkuHe EAM Ouno je

onpehuBame crerena xumneprpoduje cpma. Xuneprpoduja cpmua oapehusana je mpema cienehoj

bopmymnn:

TEXHHA CPII3

XunepTeoduja cpua =
TeJIECHA TEKIHA

[Mpukazanu pesynrar mokasyje na umynuszoBanun Gal-3KO mumeBn nmajy CTaTUCTHYKA
3HavajHo Behy xumeprpodujy cpua y mopehemy ca kontpormaum WT mumeBnma 21-or nana

excriepumenTa (p<0.05; I'paduxon 1).

63



Ynoca zanexmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe Mu0Kap0umuca

10 *

: [

d = T

Texuna cpua:TenecHa TexkuHa

WT Gal-3KO

I'pduxon 1. OxcycrBo rena 3a Gal-3 mopehaBa xuneprpodujy cpua Hakon amukanuje MyHCasss-3s mentuga.
O6omemn Gal-3KO wmumeBn wMmajy 3HauajHo Behy xumeptpodujy mmokapma y omgHocy Ha WT wmumese
(5.9889+0.11235 vs 7.0558+ 0.43264). Ilpukasanu pe3ynrTaTH MPeACTaB/bajy MEAHjaHE OJHOCA TEXKHHE cplia H
TeNecHe TeXKHMHE 3a M0 9 MHUIIEBa Y CBAKOj TPYIH, YKYITHO 27 MUIIEBA 110 TPYIH ¥ TPH OIBOjeHa ekcriepumenTa (25.

nepueHTua + meaujana + 75. nepuentui, *p< 0.05). ITomauu cy ananmmsupanu je Mann-Whitney rectom.

4.2. lenennja rena 3a Gal-3 y C57BL/6 mumeBuma 3Ha4yajno noBehaBa omrehemwe TknBa

Cpua y eKCICepuMEHTATHOM AYTOUMYHCKOM MUOKAPAUTHUCY

Hakon mto je youeno aa oacycrso Gal-3 nocnemryje xuneprpodujy cpua (I'paduxon 1)
UCIIMTAaHO je Ja JHM OJCYCTBO OBOT MOJIEKyJla YTH4YE€ Ha OCTaje II0Ka3aTejbe TEXHHE
ayTOMMYHCKOT MHOKAp/IUTHCA.

Ha texuny EAM ocum xumneprpoduje ytuuy u Opoj, BEIMUYMHA U JIOKAIM3aLHja
MHOWITpaTa y cpiy, Kao M CTENEeH JereHepaluje U HEKpo3e KapAUOMHOLMTA. Y TOM LUJbY
olpehuBaH je XHUCTOJOIIKM CKOp M Ha OCHOBY H.era BplleHa mpolueHa TexxuHe EAM. 3a
neduHrcame U kBaHTH(UKOBame TexknHe EAM, kopuiihen je ckopunr cuctem 1o Valaperti et

al. [106], xopuroBan u npunaroheH eKCliepUMEHTATHOM aHUMaTHOM Mozeny Oonectu (Tadema

3).
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Taoesna 3. Kbantudgukanuja resxxkune EAM.

(Moougpurosarno npema: Valaperti A. et al. J Immunol. 2008; 180:2686-95.)

JIOKAJIM3AIIAJA | HHTE3HTET JETEHEPAITAJA | HEKPO3A
3ANTAJBEHCKE
HHOWITPAITHJE
0 Bes 3HaK0BA Be3 3aaK0Ba Be3 3HaK0BA Be3 3HaK0BA
Gonectn GonecTn Gonecrn Gonecrn
1 Anexc <5 momomykieapa | <10% mm* <10% m*
Y BHIHOM DOJBY
2 JIaTepaJHH 381 5-20 mononmykreapa | 11-30% m* 11-30% m*
Y BHEHOM IOJbY
3 Cenrym >20 mononyxiieapa | 31-50% mm* 31-50% m*
Y BHEHOM IOJbY
4 ! / 51-90% mm* 51-90% mm*
5 / / >91% m* >91% m*
CKOP 0-5 0-5 0-5 0-5 025

Crenen Te)xuHe MHUOKapauTuca onpehuBaH je HAKOH OOjema TKUBHUX HCEYakKa cpla

XEMaTOKCHIIMH-€03MHOM 00joM. Ha OCHOBY olleHa 10OMjeHHX CKOpPUpPAEM I10jeIMHAYHUX

napamerapa uHQpIamanuje oApeaniI CMO YKYIaH XUCTOJIOUIKH CKOp 3a MpoleHy TexuHe EAM.

Ha I'pa¢mkony 2 npukasana je pasnuka y EAM ckopy Gal-3KO u WT muieBa rae ce youasa

jacHa pasmuka (p<0.05) y texxurn EAM omnocHo Gal-3KO wmuiieBn umajy 3Ha4ajHO TEXKY

¢dopmy EAM y nopehewy ca koutponrnum WT munieBuma.
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EAM Ckop

WT Gal-3KO

I'paduxon 2. Xucrosomku ckop 3a npoueny texnHe EAM kog WT u Gal-3KO muieBa Tpu Hee/be HAKOH
umyHu3anuje MyHCuasss-352 menruaa. Umynnzoann Gal-3KO munieBn uMajy 3HauajHO BHIIHM XHUCTOJIOLIKH CKOP
KOju oOyxBaTa CTemeH WH(pHUITpaIfje MUOKapia, JercHepaluje U Hekpo3e kapauomuonuta y mopehewmy ca WT
mumeBuma (4,83+0,7 vs 7,78+2,4). Tlpukazanu pe3yiaTaTd MpeicTaBibajy Meaujane omHoca EAM ckopa 3a mo 9
MHUIIIEBA y CBAKO]j IPYITH, YKYITHO 27 MUIIEBa 11O TPYNH Y TPU OJBOjeHA EKCIIEpUMEHTa (25. MepleHTH + MeaAnjaHa +

75. nepuentui, *p< 0.05). Cratuctruka 3HauajHoct oapehusana je Mann-Whitney recrom.

AHanmM30M Hceyaka TKHMBa Cplla yO4yeHO je. 3HauajHo Behe omrTeheme MHoOKapaa u
npucyctBo Beher Opoja audys3Ho pacrnopelerux mHbUITpaTa Yy TKMBHUM Hceunuma cpua Gal-
3KO wmmumeBa (Camka 1A). YV muokapay Gal-3KO muineBa Takole je aeTeKTOBaHa jacHO
BUJUbMBA U OOMMHA JIET€HEpallrja U HEKpo3a KapJuoMuoluTa 3a pasnuky ox WT wmumesa y
4yijeM MHUOKap/y Cy youeHe peTKe W IojeIMHa4YHe JereHepaTuBHE poMeHe. AHanu3oM Opoja u
BeNIMYrHEe MH(IaMaIMjCKuX MHOUITpaTa YOUYeHO je a y cBUM jenoBuMma muokapaa Gal-3KO
MHUILIEBA MOCTOje OOMMHHM M JU]Y3HO pacropeheHr HH(pIaAMaIUjCKU HUHPUATpATH, JOK je y
muokapay WT MurieBa AeTeKTOBaH MamH Opoj COPaJMYHUX U XUITOLETYIapHUX HH(pUITpaTa
(Cauxka 1B). Takolhe je mokaszaHo Ja cy TKHBa Cplia HEHMYHH30BaHUX MHUIIIEBa Onta 0e3 3HaKOBa
JeTeHepalnrje ¥ HEeKpo3e, OJHOCHO MMaya ¢y HopMmaiHy xucrojomky rpah)y (Cimka 1B). o
caJla TIPUKa3aHU Pe3yJITaTH JaCHO IMOKa3yjy Ja HEJOoCTaTak ekcrpecuje reHa 3a Gal-3 3HauajHO

nosehasa omrehemwe Muokapaa nuaykoBaHor uMyHuzannjom MyHCosss-3s2 mentua.
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Cauxka 1. Penpe3eHTaTUBHM Mcedl TKHBa cpua HakoH umyHmn3anuje MyHCasss-352 menruaa. PerpeseHraTuBHI
HCEYI TKWBa CpIla 000jeHH CTaHIapIHUM MATOXHMCTONOIMIKAM OojemeM (yBemmuame 200X, pasmepa=50um). Ha
nesom naHeny (1A u 1B) npukaszane cy penpesentaruBae (ororpaduje umynnzopanux WT, a Ha JecHOM maHeny
nmyHuzoBannx Gal-3KO mumieBa. Ha ciunm 1B ¢y nprkazaHu TKHBHH HCEUI HEMMYHH30BaHUX, KOHTPOIHUX WT

u Gal-3KO mumesa.
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4.3. Henocrarak reHa 3a Gal-3 3HayajHo Mema 3aCTYIUbEHOCT MOHOIUTHHUX H
rPaHyJOUUTHUX TMoNyJanuja/cyonomyjanmja y TKHBY Cpla MHUIIEBA HMYHH30BAHMX

MyHCa3z3s-352 menTuaom

Kaxo je xon Gal-3KO mumesa youen Behu xucrosomku ckop (I'padukon 2), 3HauajHo
jage omreheme Muokapaa ca OpojuujuM uHpIamManujckuM hemujama (Cauka 1), aHanu3upaHo
j€ Ja MU Cy yOdeHEe pa3jiMKe MOCICIUIa Pa3InIUTe 3aCTYIUEHOCTH TOjeIUHUX CyOromynamnyja
MoHonuta. [lo3Haro je ga ce wHGIAManUjcKu HHQHUITPATH y TKUBY OOOJIETIOT MHOKapia
YIJIAaBHOM CacToOje O MOHOIHWTA, rpaHyionuta U gumdormra [282]. ¥V mwby ucnuTHBama
cacTaBa MOHOHYKJICAPHOT MHPHUITPATa KOPUCTHIM CMO HIMYHOXHUCTOXEMHUJCKO 00jerhe Y3y KHUX
npeceka TKUBa cplia 00e eKCIePUMEHTAIHE TPYIIE )KUBOTHA. 3aCTYIUbEHOCT MOHOHYKIICAPHUX
hemuja oxpehuBamu cmo O6pojem CD45, F4/80 u CD3 mo3utuBHUX henuwja 1o BUIAHOM IOJbY H
cnenehum ckopom: 1- >50, 2- 50-100, 3- <100 no3uTuBHUX henuja Mo BUTHOM IOJBY.

CrnenuuuHMM HMMYHOXMCTOXEMH]CKMM O0jemheM Cy aHaau3upaHe cyoOmnomysanuje
MOHOIINTA y TKUBY CpII.

CD45+ mum¢pouuTu: IMyHOXHUCTOXEMH]jCKOM aHAJIM30M JIETCKTOBaH je 3Ha4ajHo Behu (p<0.05)
6poj CD45+ henuja y TkuBy cpua Gal-3KO mumesa y nopehemwy ca 6pojem uctux henuja y
tkuBY cpua WT kontponnux mumiesa (Cimka 2A).

CD3+ aum¢pouutu: JlajboM aHAIM30M TKUBHHX HCEYaKa cpla MMYHH30BAHUX MHIIEBA
JIETEKTOBAHA je 3HavajHa pasnuka y 0pojy CD3+ henmja. Pesynraru ananuse mokasaiu Cy Ja ce
y muokapay Gal-3KO mumeBa aerextyje 3HauajHo Beha 3actymibeHoct CD3+ numdonura kana
ce opeau ca 6pojeM oBux henuja y Tkuy muokapaa WT kontposnnux muinesa (p<0.05; Ciaunka
2B).

F4/80+ maxpodaru: J[lonatHa uMyHOXHCTOXEMHjcKa Oojea Ha Mapkepe Makpodarse
NOITyJTalije TMoKa3aia Cy pa3iiKy y eKCIpecHju U JucTpuOynuju nopmmHckor F4/80 mapkepa.
AHanmmM3oM eKcIpecuje OBOI MapKepa MoKaszaHa je nudy3Ha AUCTpuOylHMja W 3Ha4yajHO Behu
(p<0.05) 6poj F4/80+ henmja y TkuBy cpria Gal-3KO mumesa, y nopehemy ca mojeIMHauHUM,

perkum F4/80+ makpodaruma y TkuBy cpua WT mumesa (Cauka 2B).

68



Ynoza zanekmuna 3 Y namoczeéne3u eKCnepumMeHmaiHnoZ aymoumyHCKoe MuOKapdumuca

300 %k
250
200
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100
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CD 45+ (hesnje y BHAHOM MOJbY)
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CD 3+ (hesiuje y BHIHOM 110/bY)

WT Gal-3KO

154

=

10

0—

F4/80+ WT Gal-3KO

F4/80 + (heamje y BUIHOM 110/bY)

Cauxa 2. HMmyHoxucToxeMujcko 0Oojer-e MOHOLMTHO/MakpodarsHe mnomyJjanuje y TKHBHUM HCeYIMMAa
umynn3oBanux WT u Gal-3KO mumena. Ha j1eBoj cTpaHu CiMKe NMpHKa3aHe Cy pernpe3eHTaTuBHE (oTtorpaduje
HMYHOXHUCTOXEMH]CKOr Oojerba mmyHuzoBanux WT u Gal-3KO wmumesa (ysenmuame 200X, pazmepa=50um). Ha
JIECHO] CTpaHM CJIHMKe Cy rpa@uuku MpHKa3aHH CKOp M Cpeima BpeaHoct Opoja CD45+ (53,4+19,8 vs 135+2,1) ,
F4/80+ (5,66+1,9 vs 11,11+1,8) u CD3+ (4%0.5 vs 13,77+5,8) moHo1mTa 110 BUAHOM 1OJbY. [IpHKa3anu pesynratu
NIPE/ICTaBJbajy Cpelibe BpeJHOCTH Opoja mo3uTHBHUX hennja 3a o 9 MumieBa y cBakoj IpylH, YKyrnHO 27 MUIIEBa 1o
TpyIId y TPH OABOjeHA ekcrepuMeHTta (25. mepueHtun + Meaujana + 75. mepuentuia, *p< 0.05). Crarucruuka

3HavajHOCT oapehuBana je Mann-Whitney tectom.
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Eo3unopuau: Iloganu no6ujeHn U3 KIMHUYKUX CTyAHja Cy MOKa3ald Jla €03MHO(PUIN
Mpe/ICTaB/bajy HAj3acCTYIUbEHHU]y monynanujy henuja y wuHbuUATpaTMMa MHOKapAa ocola
o0oJyenux O]l MHOKapJIWTHCAa IMHOBCKHX henmuja ©u  €03MHOPHIHOT HEKpOTH3Upajyher
muokapautuca [41, 42]. Ocum pesynrara KIMHUYKAX CTyAdja W TOAAaNU JOOMjeHU Ha
eKCIIEpUMEHTAIHUM MOJeliuMa yKa3yjy Ha 3HauajHy yJlory oBuX henuja y matorenesu EAM.
Pesynratu jemHe o TakBUX CTyAMja Cy MOKa3ald Ja je 3aCTYIJbEHOCT €03MHO(HIIA y TKHUBY
o0oJeIor MUOKapAa y MO3UTHBHO] KOpENaluju ca TeKUHOM ayTOMMYHCKOT MHOKAapAWUTHCA
WHJyKOBaHOT uMyHH3anujoM A/J mumesa [78]. O03upom na Ha matoreHesy EAM 3HaudajHO
yTH4Ye ¥ XalJOTUN MHIIEBa KOpUIINEeHMX Yy eKCHepUMEHTY, Y HAaCTaBKy MCTpaKUBaba
UCIHUTUBAIM CMO 3aCTYIJbEHOCT €03MHO(MIa Yy TKUBY cpua uMyHu3oBaHux CS57BL/6 mumena
xaruotuna H-2°. TIaTOXMCTOIOMKOM aHAIN30M TKHBA CPIia 000jeHNX XEeMaTOKCUINH-C03HHOM
(H&E), nerexToBanu cy eo3uHopmiInd caMo y TKHBY cpiia umyHu3oBanux Gal-3KO xuBoTHIbA

(Cnmka 3). Eo3uHOobwam ca TaMHO LIPBEHO MPeO0jeHOM HUTOIIA3MOM YOUYCHH CY CaMO Y TKUBY

Gal-3KO mumesa.

400x, pazmepa=50um).

Cauxa 3. XeMaTOKCUJIHH-€03UH 0ojere eo3MHO(NIa Yy TKUBHUM HceuynnmMa umyHuzoBanux WT n Gal-3KO

MHIIEBa. Penpe3eHTaTHBHU MCEYIM TKHMBAa cplia 000jeHH CTaHAapHUM IMaTOXUCTOJOIMIKUM OojermeM (yBelnuyame

JloOujenu mopamm ykasyjy Ja HeaocraTak ekcrpecuje reHa 3a Gal-3 yrude Ha cacraB
nH(IaMIMjCKUX HHPUITpATa y TKHBY MHOKapAa TaKo INTO MEHa 3aCTYMJBEHOCT IOjeIUHUX

MOHOIIUTHUX U TPAHYJIOIUTHUX CyOMOMmynaIyja.
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4.4. Cepymcke xkonuenrpanuje Th2 uuroxkuna IL-4 u 1L-33 cy Behe y o6oaenum Gal-3KO

MHUIII€EBUMA

[To3naro je na y marorenesu EAM Outny ynory umajy Thl u Th2 nurokunu. Pesynratu
JOCaIalllibUX CTyArja ¢y onpeunu y noryeny ynore u Thl u Th2 nurokuna. Pesynraru crynuja
nmokasyjy aa cy Bpeanoctu IFN-y Buiie y MuimieBruma Koju umajy Texxu ook EAM, cynpoTHo
OJl OBUX pe3yiTaTa ToKa3aHo je na je nenenuja reHa 3a IFN-y takohe moBe3ana ca Texum
oomukom EAM [112, 119]. Cauunu pe3ynrtatu 1oOUjeHU Cy M Kaja je ucrnuThBaHa yiora Th2
uTokrHa. HanMe, mokasaHo je ga HemocTatak ekcrpecuje reHa 3a IL-4 atenyume EAM y A/J
mumeBuMa [78], 1ok je oacyctBo rena 3a IL-33 mosesano ca texom ¢popmom EAM y BALB/c
muireBuma [283].

Kako je xox Gal-3KO murreBa youen Behu xuctosomku ckop (I'padpukon 2), 3HauajHO
jaue omrreheme Muokapaa u Behu Opoj unpnamatopuux henuja y muokapay Gal-3KO mumesa
(Cnmka 1) y HacTaBKy MCTpakKHMBarba HMCIUTHBAHO j€ 1A JIK CY YOYCHE pas3liMKe HacTajie Kao
nocieauna pasnuka y cekpeuuju  Thl vs Th2 uurokuna. Cepymcke KOHICHTpaIHje
WCIUTHBAaHUX IIUTOKKWHA MepeHe cy 21-or nana o uaaykuuje EAM, ELISA metomom.

Kao mro je mpukazano Ha ®urypm 1A cepymcke konuenrpauuje (IL-4 u IL-33),
onHocHo Th2 murokuHa 6uine cy Bume y aHanuzupanuM cepymuma Gal-3KO y nmopehemy ca
koHTporHEM WT mumeBuma. OBa pasznuka JOCTUTIIA je CTaTUCTUYKY 3HadajHoct ox P<0.05.
HcroBpemeno, HemocTtartak ekcrpecuje reHa 3a Gal-3 HHje y3poKOBao 3HayajHy pas3iuKy
(p>0.05) y xonuentparnujama Thl murokuna (IFN-y) ka0 HU UMyHOCYITpPEeCHBHOT IIUTOKKHA |L-

10 (®urypa 1B; p>0.05).
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®@urypa 1. Bpeanoctn konunenrpanuje muroxkuna y cepymy WT um Gal-3KO mumesa. Konunenrpanuja 1L-4
(9,77%6,6 vs 39,27+6,6) u IL-33 (15,31+5,9 vs 22,05+2,15) je craTuctmuku 3HadajHo Beha y cepymy Gal-3KO
(*p<0.05). Paznuka y cepymckum Bpensoctuma IFN-y (36,02+5,4 vs 38,29+14) u IL-10 (27,63+14,1 vs 30,75+8,4)

HUje Jloceryia CTaTHCTWYKy 3HadajHocT (p>0.05). TlpukazaHu pe3ynTaTH MpeNCTaBibajy CpEeNme BPEIHOCTH

CEepYMCKHX KOHIIEHTpanuja oapehnBaHUX IUTOKMHA NOOHMjeHEe M3 cepyMa 9 MuIIeBa y CBakoj TPyIH, yKymHO 27

MHILIEBA 10 TDVIIA V TOU ONBOi€HA EKCIIEPUMEHTA (cpenma BpennoctT + SE. Student-os t Tect).
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4.5. OacycerBo ekcnpecuje rena 3a Gal-3 mosehaBa opoj mupuarpumyhux Th2 u Thl

hesuja y cpuy o0oJjiesiux MuieBa

JerexroBanu Behu EAM ckop (I'padmkon 2) u Buie KoHueHTpauuje Th2 nurokuHa y
cepymy (®urypa 1A) obonenux Gal-3KO muiesa, mocpeHo ¢y HaBOAWIM Ha MPETIIOCTABKY Ja
je nmoehana wHbuUATpanKja uHPIAMATOPHUM helrjama oJIroBOpHA 3a youeHe pasnuke. M3 Tor
pasyora je mpOTOYHOM ITUTOMETPHjOM oJipehiBaHa 3aCTyIUBEHOCT M PEHOTUT MHPUITPUYITHhUX
MOHOHYKJI€apa y cplly UMYHHU30BaHUX MHUIICBA.

[TpOTOYHO LUTOMETPHjCKOM aHAIM30M OJpehUBaHM Cy M MPOLEHTYaTHU U HYMEPUUKH
oxHocu MoHouMTHUX CD45+, CD3+, CD4+ u CD8+ cyOnonynanuja. JleTekToBaHe pas3iuke y
MPOLICHTYATHO] 3aCTYIUBEHOCTH U arcoiyTHoM Opojy CD45+, CD3+ u CD8+ cybnomynamnuja
HUCY JOCerelie CTaTUCTHUKY 3HadajHOCT (p>0.05) m3mehy obonenux WT u Gal-3KO mumiesa
21-or nana ekcrnepumeHnTta (®Purypa 2A). Y3 To, HPOLCHTyalHA 3aCTYIUBEHOCT M alCOJIYTHH
opoj perynaropuux CD3+Foxp3+ henuja cy 6min 3nauajuo Behu y cpuy Gal-3KO mumiena
(®urypa 2B). YoueHa pa3nuka Joceria je cTatuctuuky 3HadajHoct (p<0.05). Cratuctuyuku
3HauYajHA pa3JIMKa y ancolyTHOM Opojy nerektoBana je u mopehemem CD8+Foxp3+ hemuja Tj.
3Ha4yajHo Behu (p<0.05) 6poj oBux henuja nerekroBaH je y uzonary cpua Gal-3KO mwumena
(®urypa 2B). JlerexkToBaHa pa3iHMKa y MPOLEHTYAIHO] 3aCTYIUbEHOCTH U alCOIYyTHOM Opojy
perynatropaux CD4+Foxp3+ henuja Huje mocerna cratucTuuky 3HaudajHocT (®urypa 2B,
p>0.05).

Nako pasznuka y HpoleHTyanaHoj 3acTylubeHocTH CD4+ numdonurta msmely uzonata
IOOUjeHUX M3 UCTIMTUBAHUX IPyIa HUje J0Ceria CTaTUCTHIKY 3HayajHoCcT (Purypa 2B, p>0.05)
aHaJIM30M alCoJIyTHOT Opoja OBUX henuja IeTEeKTOBaH je CTaTUCTUYKH 3HauajHo Behu 6poj CD4+
henuja y muokapay Gal-3KO mumesa wero y WT mumnesuma (®@urypa 2B, p<0.05). V3 To,
HyMepuYKa M TporeHTyanHa 3acTyiubeHocT CD4+IL-4+ u CD4+IFN-y+ henmja Oumma je

cTaTHCTHYKHY 3HayajHo Beha y cpiy Gal-3KO muesa (@urypa 2B, p<0.05).
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®urypa 2. OacycrBo exkcnpecuje resa 3a Gal-3 3nauajHo nmosehasa anconyran 6poj CD4+, CD3+Foxp3+ u
CD8+Foxp3+ hesmja y cpmy. A. Pasnuka y mnpoleHTyalHOj 3acTyIUbEHOCTH M amcoiyTHoM Opojy CD45+
(30,76+7,8% vs 33,70+5,8% ; 123,72+37,1x10* vs 310,54+121,7x10%), CD3+ (15,32%4,5x10* vs 23,95+5,6x10%) u
CD8+ (1,81+0,4% vs 1,73+1,2% ; 7,65+1,6x10* vs 12,26+6,6x10%) henuja y TkuBy cpua obonemux WT u Gal-3KO
MuIeBa 21-or gaHa eKcliepruMEHTa HHje JOoceriia CTAaTUCTHYKY 3HadajHocT. b. 3amakeH je CTaTHCTHYKH 3HA4YajHO
Behia mpoIeHTyaHa 3aCTYIJREHOCT W arcoiyTHu Opoj perymatopHux CD3+Foxp3+ (4,16+2,1% vs 10,43+4,7%
32,46+15x10* vs 112,3+47,5x10%) u CD8+Foxp3+ (0,6+0,06% vs 2+0,6% ; 4,98+1,6x10* vs 22+6,8x10%) henmja y
cpuy Gal-3KO y mopeljery ca WT. He nocToju cTaTHCTHYKK 3HaYajHA Pa3MKa Y OPOLEHTYAIHO] 3aCTyIUbEHOCTH U
ancosyTHoM Opojy perynartopaux CD4+Foxp3+ (0,45+0,2% vs 1,45+0,7% ; 3,67+1,5x10% vs 15,03+7,7x10%), henuja
mmehy WT u Gal-3KO mumieBa. B. Anconyrau 6poj CD4+ henuja 6uo je craTucTHyky 3Ha4ajHO Behu y Muokapay
Gal-3KO y oxnocy na WT (10,72£68x10* vs 23,95+5,6x10%). Hymepuuka 1 1polieHTyaiHa 3acTymbenoct CD4-+1L-
4+ (612,3% vs 14,86+3,4% ; 20,99+10,6x10* vs 140,98+62,9x10%) u CD4+IFN-y+ henuja (6,25+1,2% vs 16,13+6% ;
25,21+6,4x10* vs 177,85+116x10%) 6mma je 3mauajuo Beha y cpuy Gal-3KO y ommocy ma WT (*p<0.05). Jlor
IUIOTOBU TPHKAa3yjy mpoueHtyanny 3actymbeHoct CD4+IL-4+ u CD4+IFN-y+ y cpuuma WT u Gal-3KO mumesa.
[IprkazaHu pe3ynTaTH MPEACTaBIbajy CPEAHE BPEIHOCTH HyMEPHUKE W MPOLEHTYATHE 3aCTyIIJbEHOCTH NCIIMTHBAHMX
henuja noOujeHMX W3 TKHMBa cpua 9 MUIIEBa y CBakoj IPYNH, YKYIHO 27 MHMIIEBa IO TPYNH Yy TPU OJBOjeHA

excriepuMenTa (cpenma Bpeanoct + SE, Student-os t Tecr).

4.6. OacycTBo exkcnpecuje resa 3a Gal-3 3nauyajno nosehapa ykynan 6poj F4/80+ hesmja u

0JIAKIIABA AJITEPHATHBHY aKTHBANMjy Makpodara y cpuy

Pesyntatn mperxomnux cryawja cy mnokazanmu na Gal-3 moke na moacThyue WU

CYIpUMHUpPa alIT€pPHATUBHY aKTUBAIMjy Makpodara mro Hajueirhe 3aBUCH O MUKpPOCPEIUHE,

npupo/ie nato(hU3HOIOIIKOT polieca U BPCTe TKUBa/opraHa kao u ox henuja Ha kojuma je Gal-3

excripumupan [240].

Hana3z 3HayajHO M3paxxeHHjUX AEreHepaTHBHUX MpoMeHa y cpiy npaheHuX OOMMHHUM,

mudy3auM uHpramanujckum nHpuarparuma (Cauka 1) kon Gal-3KO nocpeano cy HaBenu Ha

3aKJbY4YaK Jla 3aCTYIJBEHOCT Makpodara u muxoBa nojapuzangja y M1 unun M2 npasiy mory

OWTH y3pOK yO4deHUM pasiukama. M3 Tor paszsiora je mMpoTOYHOM IUTOMETpHUjoM oapehnBana

3aCTYMJBEHOCT M (peHOTUN MHpMITpUIIyhrux Makpodara y cpily MMyHU30BaHUX MHUIIEBA.

VY o6onenom muokapay Gal-3KO muieBa peructpoBaH je CTaTUCTUYKH 3HadajHO Behu

(p<0.05) ancoxytau 6poj F4/80+ makpodara (@urypa 3A). YoueHno 3Ha4yajHo nosehame Opoja
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F4/80+ maxpodara y cpiy Gal-3KO muiieBa mocpeaHo je HaBelno Ha 3akJbydak Ja OICYCTBO
excrpecyje rena 3a Gal-3 yruue Ha nosiapusanujy Makpodara.

W3 Tor pasznora y HacTaBKy MCTpaXMBamba aHAIM3MPaHA je HyMEpHUYKa U MPOLEHTyallHa
3actymbeHocT F4/80+CD206+ (M2), F4/80+IL-13+ wu  F4/80+IL-33+ anTepHaTHBHO
akTuBucaHux Makpodara y cpuy WT wu Gal-3KO wmwumeBa. bpoj M2 wmakpodara
(F4/80+CD206+) kao u F4/80+IL-13+ u F4/80+IL-33+ 6uo je 3nauyajuo Behu y TkuBy cpua Gal-
3KO (®wurypa 3b, p<0.05). ¥ okBupy ananmusupane nonyianuje F4/80+ henuja youaBa ce
uspasuta fomuHanuja F4/80+1L-13+ u F4/80+1L-33+ henuja y cpuy Gal-3KO (durypa 3B).

Pesynratu nobujeHu aHanu3upameM 3acTyIJbEHOCTU U peHoTuna Makpodara ykasyjy Ha
TO JIa OJICYCTBO eKcrnpecuje rena 3a Gal-3 mpomorwuiie nmonapusanujy Mmakpodara y M2 denorurn

Y MHOKApAUTHCY HHIYKOBaHOM arutikarjoMm MyHCa3s4-352 mentua.
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®urypa 3. Hymepnuka M NMpOUEHTyalHa 3acTylubeHOCT Makpodara y cpuy WT u Gal-3KO mumesa. A.
3anaeHa je 3Ha4ajHO Beha Hymepuuka 3acTyrmubeHocT F4/80+ makpodara (17,60+5,7x10* vs 35,17+3,6x10%) y cpuy
Gal-3KO wmwumieBa y mopehewy ca WT wmumieBuma 21-or naHa HakoH wHAyKImje Oonectu. B. AmcomytHu 6poj
F4/80+CD206+ M2 maxpodara (100,34+9,6x10* vs 328,7+147,7x10%), kao u F4/80+ makpodara koju npoaykyjy IL-
13 (8,30+4,2x10* vs 112,89+56x10%) u IL-33 (2,750,6x10* vs 4,92+2,5x10%) y cpuy Gal-3KO 6wo je 3Hauajuo Behn
y omuocy Ha WT (*p<0.05). PerpeseHTaTHBHY IUIOTOBH TIPHKa3yjy MPOIECHTYaIHY 3acTymbeHocT F4/80+CD206+
M2 hemmja m F4/80+IL-13+ u F4/80+IL-33+ y cpmmma WT u Gal-3KO wmwumesa. Ilpukaszanu pesysirati
MIPEICTaBIbajy CPedbe BPSIHOCTH HyMEpHUUKE M MPOIEHTYaTHE 3aCTYIIJFeHOCTH MCIIUTHBAHUX helija JoOWjeHnX u3
TKHBa cpua 9 MuineBa y CBakoj IpylH, YKymHO 27 MHIIEBa MO IPYHNH Yy TPH OJBOjeHa eKCIepUMeHTa (cpemba

spennoct + SE. Student-os t Tec).

4.7. lenenuja rena 3a Gal-3 3Hauajno moBehaBa mpoueHTya Hy 3aCTYIUbEHOCT M YKyNaH

opoj mujenougunx CD11b+Ly6CN makpodara

Mujenounne CD11b+ makpodare npencrasibajy riaaBae egexkropcke henuje y MHOKapay

TOKOM akyTHe (aze wmHGIaManuje, MeyTuM TOKOM XpoHW4HE (ase wuHIaManuje uMajy

IIPOTEKTHBHY ynory. Y akyTHoj ¢asu mupnamaruje Ly6C"" hemmje mMory nudpepenuupartu u y
M1 u M2 makpodare, I0K y XpoHHYHO] (asu mHbnamarmje perpyroBannm Ly6CM" hemmje
NPBEHCTBEHO TU(EPEHINPajy Y aJTepHATHBHO akTHBUpaHe M2 makpodare [90, 91].

O03upoM Ja cy aocajanimbi pe3yaTatu nokasanu aa obonenu Gal-3KO muiesu umajy

Behu Opoj F4/80+ makpodara (®Purypa 3A) kao u antepHTUBHO akTuBUpanux F4/80+CD206+

makpogara (®urypa 3B), y HacTaBKy HCTpaXHMBama HCIHUTHBAIA CMO 3aCTYyIJEHOCT
mujenonanx CD11b+ u CD11b+Ly6C+ henwuja.

Pasnuka y anconytaom 6pojy CD11b+ henuja y TkuBy muokapaa obonenux WT u Gal-
3KO wmmureBa 21-or gaHa eKCliepUMEHTa HHUjE JOCeriia CTaTHCTHUYKY 3Ha4yajHOCT (Durypa 4A,
p>0.05). Hymepuuka u nponenrtyansa 3actymsbeHoct CD11b+IL-10+ u CD11b+IL-12+ henuja
3Ha4ajHoO je Beha y TkuBy cpua Gal-3KO mumesa (®urypa 4B, p<0.05).

VY ob6onenom muokapay Gal-3KO wmuiieBa pericTpoBaH je CTATUCTHYKH 3HA4ajHO Behu
(p<0.05) arconytau 6poj CD11b+Ly6C+ henuja. Yuyrap momynanuje CD11b+ Ly6C+ henmja
3amaka ce CTATHUCTMUKM 3HayajHa AomuHammja (p<0.05) CD11b+Ly6C" hemmja y Gal-3KO
MHIIEBA JOK pasiuka y 3acTymsbeHocTH H Opojy CD11b+Ly6C'" henmja muje nocerna

CTaTHCTHUKY 3HauajHOCT (Purypa 4B, p>0.05).
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®urypa 4. IlpouentyajHa u OpojyaHa 3acTylm/beHOCT MUjeaouAHUX heamja pasnauuuTux (QPYHKUMOHATIHUX
¢enoruna y cpuy WT u Gal-3KO mumeBa. A. Huje OWio CTaTUCTUYKK 3HAYAjHE Pa3jiMKe Y 3aCTYMIBEHOCTH
mujenouaaux CD11b+ hemmja (202,03+4,02x10% vs 235,53+47,9x10%) o6onemux WT u Gal-3KO mumesa 21-or nana
HaKkoH uHayKIuje bonectu. b. Hymepuuka u npouentyaina 3actymbenoct CD11b+I1L-10+ (4,68+1% vs 1,58+0,7% ;
8,59+6,3x10* vs 60,5+18,7x10%) u CD11b+IL-12+ henuja (1,5+0,3% vs 3,19+0,5% ; 13,19+6,6x10* vs 38,8+8,9x10%)
3HauajHo je Beha y muokapay Gal-3KO mumesa y oguocy Ha WT mumese, *p<0.05.

B. 3anmaxeH je cTaTucTMuKM 3HadajHo Behu ancomytHu 6poj CD11lb+Ly6C+ henunja (188,22+17,6x10* vs
347,6+115,1x10%), u CD11b+Ly6C" (128,97+3x10* vs 328,97+105,7x10%) y TkuBy cpua Gal-3KO mumesa y oaHocy
Ha WT wmumese,*p<0.05. He mocroju craTucTHyky 3Ha4ajHa pasiauka y npoueHty (3,25%3,5% vs 4,69+1,9% ) u
6pojy CDI11b+Ly6C'™" henmja (45,84+25,8x10* vs 48,26+14x10%) usmehy WT u Gal-3KO wmwumesa, p>0.05.
[Tpukazanu pe3ynaTaTH MPEACTaBIbajy CPEABhEe BPEIHOCTH HyMEPHUKE U IPOLEHTYaIHE 3aCTYIJbEHOCTH UCTIMTHBAHUX
henuja noOujeHMX W3 TKMBa cpua 9 MuINeBa y CBakoj IPyNH, YKymHO 27 MuIleBa MO TPyNH y TPU OJIBOjeHa

eKxcriepuMenTa (cpeama Bpeanoct + SE, Student-os t tecr).
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48. Y cpuy oboaeaunx Gal-3KO mumeBa npucytHo je Bume CDllct heamja koje

npoaykyjy IL-13

Hakon wucnuTtHBama yinore makpodara y MHOKApAMTUCY WHIYKOBAHOT AaIlIHKAIHjOM
MyHCoas34-352 mentuia, Kao jeaan of ciefachux musbeBa OMO je aHaTUu3Hpame 3aCTYIIJbEHOCTH U
¢enotuna penapurckux hemmja. M3 TOr pasiora je y HAcTaBKy HCTpPaXKHBama Yy
XOMOTEHH30BaHOM TKHMBY MHOKapjaa ojapehuBaHa HyMmMepHuKa W MpPOIEHTyalHa 3aCTYIJHEHOCT
CD1lc+ hemmja, xao wu 3acrymbeHoct CDI11b+F4/80+, CD11c+CD11b+MHCII+,
CD11c+TNFo+ u CD11c+ IL-13+.

Huje nerexkroBana 3HauajHa pas3iiMKa y 3acTyNJbeHOCTH Kako ykymHux CDI1lc+ hemwmja
TaKO W HHXOBUX cyOmomynainuja koje ekcrnpumupajy CD11c+CD11b-, CD11c+F4/80-,
CD11c+CD11b+MHCII+ u CD11c+TNFo+ u3melhy obonenmnx WT u Gal-3KO (®urypa 5,
p>0.05).

Nako Huje Ouio paznuke y MpoLEHTYaTHO] 3aCTyIUbEHOCTH, aHAIM30M YKYITHUX OpojeBa
henmujckux cyOmomynanuja W3IBOJEHUX M3 MHUOKapja 3a0elieXkeHa je 3HadajHa pas3iihKa, ma je
Tako Opoj meHapurckux hemuja koje excrnpumupajy CD11c+CD11b- u CD11c+F4/80- 6uo je
3HauajHo Behu y TkuBy Mmuokapaa Gal-3KO y ognocy Ha WT mumiese (@urypa 6, p<0.05).

Takohe cy neTekTOBHE pa3iMKe KajJa je aHalu3MpaHa HyMepudKa U IpOLEHTyalHa
3aCTYIJBEHOCT joul jeaHe henmujcke cyOmomysainuje W37BOjeHE W3 MHUOKapja, Ma je Tako Opoj
nenaputckux hemuja koje mpoaykyjy IL-13 (CD1lc+IL-13+) 6uo 3Hauajuo Behu y TKUBY
muokapaa obosnenux Gal-3KO y ognocy nHa WT mumiesuma (@urypa 6, p<0.05).
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®urypa 5. 3acrymbeHoct AeHaputrckux heauja y mmoxkapay WT um Gal-3KO mumeBa. 3acTymbeHOCT
CDl11c+aesaputckux hemuja (0,85+0,8% vs 11,04+6,3%) koje excripumupajy IL-13+ 3HagajHO je Beha y muokapmy
Gal-3KO y oamocy ma WT wmumese, *p<0.05. Huje OWIO CTATHCTHYKH 3HAYajHE PAa3UKE y TPOIECHTY
CD11c+CD11b-, CD11c+F4/80-, CD11¢+CD11b+MHCI+ u CD11c¢+TNFo+ henuja usmehy obonenux WT u Gal-
3KO, p>0.05. ITpukazanu pe3yntaTu NpeACTaB/bajy CPEIbEe BPEAHOCTH HyMEPUYKE U MPOICHTYAIHE 3aCTYIJbEHOCTH
ucnuTHBaHUX henuja MOOWMjeHMX M3 TKHMBA cpla 9 MuIIeBa y CBaKoj TPYyNH, YKYIMHO 27 MHUIIEBA IO TPYNH Yy TPH

oBOjeHa excriepuMenTa (cpeama Bpeanoct + SE, Student-os t TecT).
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®urypa 6. Hymepuuka 3actymbenoct CD1lc+ nengpurckux heamja m cyomomynaamuja y oxkBupy CDl1lc+
nonyaanuje y muokapay WT u Gal-3KO mumesa. Hymepuuka 3acrymsenoct CD11c+ nenapurckux henuja koje
excripumupajy 1L-13 (3,67+3,6x10% vs 75,25+32,7x10%) kao u CD11c+CD11b- (13,35+2,3x10* vs 21,80+3x10%) u
CD11c+F4/80- henuja (23,15+1x10* vs 55,28+18,7x10%), 6una je 3Hauajuo Beha y muokapay Gal-3KO y oxHocy Ha
WT wmumeBe, *p<0.05. Huje Owno craructuuku 3Hauyajue pasnuke y Opojy CDI11c+CDI11b+MHCI+ u
CDI11ct+TNFo+ henuja u3mely obomenmux WT u Gal-3KO, p>0.05. IIpukasanu pe3yitaTd MPEACTaBIbaj]y CPEIbE
BPEIHOCTH HyMEpPHUYKE U IPOIEHTYaIHE 3aCTYIJFeHOCTH UCTIMTUBAHMX henrja 1o0ujeHnx n3 TKUBa cpia 9 Mumena y
CBaKOj IPyIH, YKYIHO 27 MHIIEBa MO IPYNH y TPH OJBOjeHa eKcliepuMeHTa (cpeama BpeaHoct + SE, Student-os t

TECT).
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4.9. O6oaenun Gal-3KO mumesu umajy Behu 6poj 1gG no3utuBuux heauja u 1gG nenozura

y TKHMBY cpua

[To3nato je ma Bucoke BpenHoctu |L-4 kopenupajy ca texxom hopmom EAM. Jenan ox
MexaHu3amMa KOjUM ce oOjammaBa oBa Kopemanwja je na IL-4 yruuy Ha aktuBanujy B
auM(AOLIUTA U IPOMOBHIIY IPOU3BO/II-E ayToanTuTena [78].

W3 1o cana npukasaHux pe3y/Tara jacCHO ce BU/M Jia aenenuja reHa 3a Gal-3 nmpomosuiie
noJlapu3aljy UMYHCKOr oArosopa y Th2 mpaBiy, mITO je MMIUTMIMPAIO MPETHOCTaBKY Ja y
MaTOreHE3W ayTOMMYHCKOT MHUOKapIHWTHCA OCHUM hellujcKor, 3HaYajHy YJIOry UMa U XYMOPAJTHH
UMYHCKHU OJIrOBOp. 3aTo cy uMyHodiyopecueHuujom, oapehusanu kako 6poj IgG mo3uTuBHUX
henmuja Tako u konmunHa IgG gemosura y cpiy obonenux WT u Gal-3KO mumieBa 21-or nana
exciepuMenTa. KBaHTudukoBame wuHTE3uTeTa (QuyopecueHnuje je ypaheno kopunthemem
pauynapckor nporpama ImageJ (NIHh, Bethesda, MD).

Y EAM wunaykoBanuMm armukanujom MyHCoasss-ss2 mentuna, aenenuja rena 3a Gal-3
y3pokyje 3HauajHo nosehame (P<0.05) 6poja IgG no3uruBHux henuja (Cauka 4A). Ha TkuBHUM
npenaparuma Gal-3KO wmwumeBa ce youaBa 3HauajHo Beha audysna wunbuirpanmja 1gG
nosutuBHEX henuja (Cauka 4B; ciuke ca gecHe cTpane), y nopehemy ca 6pojem oBux henuja y
aHaIM3UpaHUM cepujckuM npecenuma cpiua WT wmumesa. Takohe, y mmokapay Gal-3KO
MHUIlIeBa JieTekToBaHa je Beha konmuuuna IgG aeno3uta y nmopehemy ca TKUBHUM Tpernaparuma
WT wmurieBa y kojuma cy peructpoBanu ockynanu IgG nemosutu (Cauka 4bB; criuka ca jeBe

CTpaHe).
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Cauxa 4. O6osnesn Gal-3KO mumesu umajy Behy xosmuuny IgG neno3ura u Behm 0poj IgG mo3uTuBHMX
henuja y ognocy Ha WT mmmeBe. A. Ha rpadukony je mpuxasana SE£SEM wunrtesureta (imyopecreHiuje m3
aHanu3upanux BuaHUX nosea (18,52 + 8.7 vs 80,25 + 0.5). Bb. PenpesenrarusHe ¢oTorpaduje cCMp3HyTHX pe30Ba
TKkuBa cpua nmyHn3oBaHNX WT n Gal-3KO mumieBa 000jeHHX TEXHHKOM HMyHO(Iyopeciennyje (yBenndame 630X,

pasmepa=20um).

4.10. Jeneuuja rena 3a Gal-3 cmamyje 1enoHOBame KoJIareHa y cpuy

Kako 6u ucnuranu ma nu jgenenuja reHa 3a Gal-3 uma yiory y JeNmOHOBamY KOJIAareHa,
KOje MOXe JIOMpPUHETH INporpecuju GpuoOpoze Muokapaa Tokom EAM, uMcnUTUBAIN CMO CTENEH
JIeTIOHOBama KojlareHa y cpuuMa umyHuzoBaHux Gal-3KO u WT mumesa. 3aro je cemu-
KBaHTHTAaTUBHUM MeTOjaMa (CEJIEKTHBHOM XHCTOXEMHjCKOM TexHHKOM Sirius Red u Masson
0ojeme) onapehuBaHa KOJIMYMHA JCMOHOBAHOT KojareHa y cpuy obonennx WT u Gal-3KO
mumeBa 21-or paHa exkcnepuMeHTa. KBaHTudukoBame uHTe3uTeTa 0oje je ypaheHo
kopuinheweM pauyHapckor nporpama ImageJ (NIHh, Bethesda, MD).

Kao mro ce Buan Ha Caunu 5 a Ha OCHOBY KOJIMYMHE LIPBEHO Mpe00jeHOor KojareHa
peructpyje ce 3Hauajuo Beha (p<0.05) konuumHA JEMOHOBAHOT KOJAareHa y TKUBHUM
npenapatuma cpua WT mumesa y nopehewy ca uctuMm TkuBHUM ueednuMa 3 Gal-3KO mumesa
21-or nana HakoH uaaykuuje EAM (Cauka 5A). Kao mTo je npuka3zaHo Ha pernpe3eHTaTUBHUM
¢dotorpadrjama TKMBHHX HCEYaka cplia 000JEHMX CEJIEKTUBHOM XHUCTOXEMHjCKOM TEXHUKOM

Sirius Red, yo4aBa ce 3Ha4ajHO Mame JCMOHOBame KojareHa y cpuuma Gal-3KO mwurmieBa
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(Cauka 5b; ciuka ca neche crpane) y nopehewy ca WT mumesuma (Cimmka 5b; ciuka ca jiese
ctpane). ClIMyHU pe3yiTatu ¢y 100HjeHH Kalla Cy TKHBa cplia 000jeHa TPUXPOMHUM 00jeHEeM 10
Masson-y, To ject Behu cTerneH JenoHoBamba KojareHa peructposat je y WT muieBiuma Hero y
Gal-3KO mumieBa (Camka 5B). OBu Haja3u Cyrepuilly Ja jeé Mame JCIMOHOBambEe KOojarcHa y
cpuy tokom EAM mocneauna onacyctBa ekcrpecuje reHa 3a (Gal-3. Takohe, npukazanu
pe3yNTaTi yKa3yjy Ha TO Ja CTEIeH JIeTIOHOBama KojlareHa kao Mapkepa cpuate Gguopose Moxaa

HUje noBe3aH ca Behom nHgramanujom muokapaa kox Gal-3KO mumesa.

A b
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Cauka 5. OxpcycrBo exkcmpecuje reHa 3a Gal-3 3HadajHO cMamyje JemoHOBame KojareHa y cpuy. A. Ha
rpadukony cy mnpukazaHe SE+SEM noOujeHe m3 onHOCa yKynHa NOBpILIMHA BHIHOT MOJba/LIPBEHO NpedojeHa
noepiimaa (11,91 + 0,6 vs 2,43 = 0,4). B. Penpesenratusre ¢dortorpaduje napaduHCKUX HCeyaka TKUBA CpLa
nmyHuzoBanux WT n Gal-3KO mumesa o6ojennx Sirius Red texuukom (yBenuuame 200X, pazmepa=50um).

B. PenpesenratuBHe Qotorpaduje napaduHckux ucedaka Tkua cpua mmyHuzoBanux WT u Gal-3KO mumena

000jeHnx TexHuKoM 1o Masson-vy (yeemnuame 200x, pazmepa=50um).
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4.11. O6oaeau Gal-3KO mumeBu umajy Behu 6poj 1L-10+ heauja y cpuy

O63upom ma je moznato aa IL-10 mma antuduOpoTHuUKM edekar W na yTHYE Ha
JICTIOHOBame KojiareHa [284], y HacTaBKy HCTpakMBama HCIHUTHBAIA CMO CKCIPECH]y OBOT
IUTOKHMHA y cpiuma umyHu3oBaHux Gal-3KO u WT mumeBa. 3ato je y TkuBy cpua 21-or gaHa
eKkcriepuMenTa, oapehusana excrpecrja IL-10 *MyHOXHCTOXEMHjCKOM METOIOM.

YV EAM wunpykoBanum amnukaiujom MyHCosssss; mentuna y Gal-3KO mwumesuma
nerekToBaHa je Beha 3actymsbeHoct IL-10+ henuja y muokapay (Cimka 6A). YV muokapay Gal-
3KO wmmumeBa perekryje ce 3HadajHo Beha (p<0.05) uwmromnasmarcka ekcrnpecuja IL-10 y
nopehewy ca TkuBHUM mnpemnapatima WT wumeBa (Ciamka 6b, necau mnasen). Ha
penpe3eHTaTuBHUM (oTorpadujama TKHBHHX HCEYaKa CpIia, youaBajy ce nudy3Ho pacropehene
IL-10 mo3utuBHe henuja y TkuBy cpia umynusoanux Gal-3KO y nopehewy ca WT murieBuma,

rae cy aerektoBane petke IL-10 mosutuBhe henuje (Cauka 6B, nesu nanen).
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Cauxa 6. UmyHoxucroxemujcko 6ojeme IL-10 mo3utuBHux hejquja y TKRHBHMM HceynnMa UMyHH30BaHUX WT
u Gal-3KO mumena. A. I'padpuuxu je npukazad ckop u SE+SEM 6poja IL-10+ u3 aHanm3supaHuX BHIHHUX T0Jba

(1,8+0.6 vs 8,6£1,7). B. Penpesenrarusue dororpaduje MIMyHOXHCTOXEMH)jCKOT Gojerba nmyHn3oBanux WT u Gal-
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4.12. OnacycerBo ekcnpecuje rena 3a Gal-3 npomoBuiie nojiapuszamnujy y M2 makpodare u
Mema npoueHtyaaHu oanoc F4/80+IL-12+/1L-10+, Tako mrTo moBehaBa mnpoueHTyaaHy

3actymbeHoct F4/80+I1L-10+ makpodara y ciie3uHu

Hanas 3nauajuo Beher Opoja anTepHaTHUBHO aKTUBHCAaHUX Makpodara y cpiy (Purypa
3b) xao u Behe cepymcke konnenrpamuje Th2 murokuna (®Purypa 1A) y Gal-3KO murieBuMma,
HAMETHYJIO j€ HUCIHTUBAkEe OBE Momyjiaudje heiawja y CIE3MHH W HHHXOBOT LUTOKHMHCKOT
npodmuia.

W3 tor pasnora je y clie3uHU €KCIEPpUMEHTAIHUX )KUBOTHHA, IPOTOYHOM LIUTOMETPUjOM
oapehuBaHa 3aCTYNJbEHOCT AJITEPHATUBHO aKTMBMCAHUX Makpogara Kao U HBbUXOB LIUTOKUHCKH
npodumt.

Ha ®urypu 7A mnpukazana je 3actymsbeHoct F4/80+CD206+ makpodara y ciesmHama
Gal-3KO u WT wmumieBa. Pesynraru mnokasyjy Ja pasiiika y HYMEPUYKO] 3aCTYILbEHOCTH
F4/80+CD206+ makpodara m3mehy Gal-3KO u WT wmwuineBa HHje AOCTHINIA CTATUCTUYKY
3navyajuoct (®urypa 7A, p>0.05). Ocum CD206 wmojekyda Kao MapKepa aITepHATHBHO
aKTUBUCAHUX Makpodara, yecto ce kopuctu u CD273 Takohe xao mapkep M2 makpodara. 13
TOI pasjiora y HAacTaBKy HCTpaKuBama aHAIM3Mpald cMO 3acTymsbeHocT u F4/80+CD273+
cyononynauuje M2 makpodara. bpoj u npouenar makpodara koju ekcripumupajy CD273, je
Behu y cnesunn y Gal-3KO mumieBa (@urypa 7A, p<0.05).

Hakon mTo je nerekToBaH 3HauyajaH MOPACT CEPyMCKUX KoHUeHTpauuja Th2 nurokuna
(®urypa 1A) u 3Hauajuo Behu Opoj aNTEpPHATUBHO aKTUBHCAHUX Makpodara y cpiy  CIe3uHH
(®urypa 3b u ®urypa 7A) Gal-3KO muiieBa, y HacTaBKy HCTpaKUBamba UCIIMTHBAHO je J1a JIH
Cy JETEKTOBAHE pa3JIMKe HacTaje 300T IPOMEHE y IUTOKMHCKOM Npoduily Makpodara cie3uHe.

AHanu3oM HyMepuYKe | TpOIlEHTyaldHe 3actymbeHoctd F4/80+IL-12+ henuja
3a0erexeH je 3HayajaHo Behu Opoj oBux hemwmja y cnesmnama Gal-3KO (®@urypa 7B, p<0.05).
Ca npyre cTpaHe, MaKO HUj€ PETUCTPOBAaHA pa3jMKa y arncoiyTHoM Opojy F4/80+IL-10+ henuja
uamehy Gal-3KO u WT wmumesa (p>0.05), oBa pa3nuka q00Hja CTAaTHCTHYKH 3HAYaj Kajua ce
yropeje MpoleHTyalHe 3acTylibeHocTu. Kao mto ce Bunu Ha @urypu 7B y crie3nnu o6omienux

Gal-3KO mumieBa craructuuku 3Ha4ajHo uMa Buiie (p<0.05) F4/80+IL-10+ henuja.
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Anconytau koamuaunm 1L-12+/1L-10+ makpodara 3nadajuo cy Behu y ciaesunama WT muiiesa,
OuHUIJIeIHO 300T oBehama MpoleHTyaHe 3acTyrbeHocTH |L-12+ Makpodara y cie3nHu cBakor

nojeaunauyHor WT muma (@urypa 7B, p<0.05).
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®urypa 7. IIpoueHtyanHa u 0pojuyaHa 3aCTYIVbEHOCT Makpodara pasiunuuTux GyHKIHOHAIHUX (peHOTHNA Y
caesuan Gal-3KO nu WT mumeBa. A. Huje nerexkToBaHa pasinka y HyMEpUUYKO] M MPOLIEHTYaJIHO] 3aCTyNJbEHOCTH
F4/80+CD206+ wmakpogara wusmehy Gal-3KO u WT wmumena, p>0.05. Bbpoj F4/80+CD273+ wmakpodara
(1,73+0,4x10* vs 2,14+0,33x10%) cratucTuku 3Ha4ajHO je Behn y cnesurn Gal-3KO mumesa, *p<0.05. b. O6onenn
Gal-3KO mwumnieBn umajy umajy 3HauajHo Behin mporieHat u ancomyTHu 6poj F4/80+ IL12+ hemmja (1,17+0,1% vs
1,24+0,1% ; 1,12+0,2x10* vs 1,69+0,3x10%) y onHocy Ha WT mumese, *p<0.05. O6onenu Gal-3KO mumesn umajy
uMajy 3HadajHo Behwm mponenar F4/80+IL10+ (0,61+0,1% vs 1,92+0,5% ; 0,89+0,3x10% vs 2,8+1x10%), Makpogara y
onnocy Ha WT muiese, *p<0.05. Anconythu koiauununy [L-12+/IL-10+ makpodara 3Ha4ajHO cy Behu y crne3nHama
WT wmumesa, *p<0.05. Ilpukazanu pe3ynaTaTd MNpeiCTaBibajy CPeAmbe BPEAHOCTH HYMEPHUYKE W IPOLCHTYaIIHE
3aCTYIUbEHOCTH MCIIMTUBAHUX hennja 100ujeHnX M3 TKUBa cpla 9 MHIIeBa y CBaKoj IPYIH, YKYIHO 27 MHIIEBa I10

IDVIIM V TDH OJBOi€Ha eKcrepuMenTa (cpenma BpenHocT + SE. Student-os t Tecr).

4.13.'Y cae3unn o6oseanx Gal-3KO mumesa npucytHo je Bume CD11c+IL-10+ DCs

VY HacTaBKy HCTpaXHBamkba y XOMOIE€HaTHMa cie3uHe oJpehuBaau CMO HYMEpHUUKY,
MPOIEHTYATHY 3aCTYIJBEHOCT U IUTOKUHCKH rpodmin CD11c+ nennpurckux henuja.

VY cnesunn Gal-3KO mumieBa neTeKTOBaH je 3Ha4yajHO Behw amconyTHH Opoj YKYIHHX
CDl1l1ct+ henuja (®@urypa 8, p<0.05). Paznuka y npoueHTYyallHOj 3aCTYIUbEHOCTH JCHAPUTCKHUX
hemmja u3mely Gal-3KO u WT muimeBa Huje Joceria cTaTUCTHUKY 3HadajHocT (Purypa 8,
p>0.05). Mehyrtum, HyMepruka 1 nporieHTyanHa 3acTymubeHocT CD11c+IL-10+ hemmja Owmia je
3HauajHo Beha y ciesmnama Gal-3KO wmumeBa (®@urypa 8, p<0.05). Huje Ouino pasmuke y
npotieHty u 6pojy CD11c+IL-12+ henuja y crnesunama Gal-3KO u WT wmumiea (®Purypa 8,
p>0.05).

Anconyrtau komuununu 1L-12+/IL-10+ nenaputckux henmja 3Ha4yajHo cy Behum y
cnesunama WT wmumneBa (®urypa 8, p<0.05), ouurmemno 30or moBehama MPOICHTYaTHE

3actymsbeHocTH |L-12+ nenapurckux henuja y cinesunu cBakor nojeauHaysor WT muma.
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®urypa 8. I[lpoueHTd U yKynmHu OpojeBu 3a momyJamuje aeHapurckux heauja y caesunu Gal-3KO u WT
mumena. O6onemu Gal-3KO wmuimesu umajy 3HauajHo Behum ykyman 6poj CDI1lc+ hemwmja (0,74+0,2x10* vs
1,23+0,11x10%) y omnocy na WT mumese, *p<0.05. Hymepuuka u npoueHTyanna sactymbenoct CD11c+HL-10+
henuja (4,22+0,7% vs 8,94+1,69% ; 3,68+0,6x10* vs 11,97+3x10%) 6umna je 3HauajHo Beha y cnesmnu Gal-3KO
mumea, *p<0.05. Huje mocrojana cTaTUCTHYKY 3Ha4YajHA pasivKa y npoueHty u o6pojy CD11c+IL-12 nenagpurckux
hemmja (2,2+0,3% vs 2,06+0,2% ; 1,98+0,2x10% vs 2,8+0,4x10%) mmely Gal-3KO u WT mumesa, p>0.05. AncomytH
xomuauunH [L-12+/IL-10+ nenpputckux henuja 3Hauajuo cy sBehu y cnesmaama WT mumiesa, *p<0.05. [Ipukazanu
pe3yiTaTdH IpeAcTaBbajy CPEAlmEe BPEAHOCTH HyMEpHYKEe M IPOLEHTyalHe 3aCTyIJbCHOCTH HCIMTHBAaHUX henuja
JOOMjeHNX M3 TKUBA cpua 9 MUIIeBa y CBaKoj TPpylH, YKYIHO 27 MHIIEBa IO TPYNH Y TPH O/IBOjeHa eKCICPUMEHTa

(cpenma Bpenuoct = SE, Student-oB t Tecr).
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5. IMCKYCHJA

OcHOBHH 3akJbydaK CIIPOBEJICHOT HCTpakMBama yKazyje na nenenuja reHa 3a Gal-3
noehaBa wH(pIamanujy y eKCHEPUMEHTATHOM MOJETY ayTOMMYHCKOT MHOKapAUTHCA
WHIYKOBAHOT artukarijoM Myhcazss-ss;.

ExcniepuMeHTanHM ~ ayTOMMYHCKH MHOKApJWUTHC TIPEJACTaB/ba AHMMAIHUA  MOJEIN
NOCTUH(EKTUBHOT MHOKapJIUTHCAa WM JAWJaTallMoHe Kapauomuonaruje. [amextuH 3 mpunana
bamunmju B-ranakTo3u-Be3yjyhux JIGKTHHA ¥ eKCIPUMHPAH je Ha MHOTUM helujama UMYHCKOT
cucTeMa M HMMa BaXHYy YJIOry y peryinauuju uHduamanuje. Ynora Gal-3 je ucnuTtuBaHa y
pa3IMYUTAM ayTOUMYHCKUM M MH(IAMaTOpHUM OOJIecTUMA U MOKA3aHo je Ja Jejelrja reHa 3a
Gal-3 arenyupa wim moropiasa 00JIeCT y 3aBUCHOCTH OJ] IPUPO/IC MATOPU3UOJIONIKOT IpoIieca
u Bpcre TKuBa/oprana [285, 286]. Tako je moka3ano ga jaeneruja rexa 3a Gal-3 arenyupa
EKCIIEpUMEHTAIH ayTOUMYHCKU eHuedanoMujenutuc, tun 1 nujabereca, uHduamanujy u
bubposy jerpe [244, 253, 287]. CympoTHO pe3yaTaTMMa MPETXOJHO OIMCAHHMX CTY/H]a,
mokaszaHa je mnporektuBHa yiora Gal-3 y wmwuiijem mojeny mnpuMapHe OuiHjapHe IHpPO3e
MHYKOBaHE aluidKamujoM ayroaHTtureHa [286] u y momeny tum 2 nujabereca MHIYKOBAHOT
JIMjETOM Cca BUCOKUM cajapkajem Mactu [288]. Jlakie, Gal-3 Moke ABOjako peryincatd MMyHCKH
OJITOBOP, ILITO 3aBUCH O BUIlE (haKTOpa, Ko IITO CYy CHEHM(PUUHH YCIOBU UH(IIaMaluje, BpcTa
TKHBa W HHMBO EKCIIPECHj€ OBOT MOJIEKylda Kako y (H3UOJOMIKMM TaKO M Yy MATOJOMIKHM
CTamuMa.

V 1o cazma 00jaBJbeHUM HCTpaXKMBambKUMa, yinora u 3Hauaj Gal-3 y marorenesu EAM kon
C57BL/6 muiieBa jour yBek HHje y MOTIIYHOCTH HCIUTaHA. Pe3ynTaTH Haller HCTpPaKHBarbha
jacHo mokasyjy aa ngenenuja reHa 3a Gal-3 y C57BL/6 mumieBuMa mosehaBa wHpIamanujy y
cpuy koja je mpahena mnoehanmm mnpucyctBom Th2 henmmja W TUTOKWHA, aNTEPHATHBHO
aKTHUBHUCAHUX Makpodara, perynaropHux aeHapurckux henuja, anu u Thl henuja y nopehemy ca

WT mumesuma.
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5.1. desaeunja rena 3a Gal-3 y C57BL/6 mumeBuma 3Hauajuo nopehapa omreheme TkuBa

CpLA y eKCIIePUMEHTAJIHOM ayTOUMYHCKOM MHOKAPIUTUCY

TexxuHa MuOKapAHWTHCA CE MPOLEHYje Ha OCHOBY BENUYMHE, Opoja M JIOKaTu3aluje
MOHOHYKJICAPHUX WHQUITpaTa, CTENeHa AETeHEpalyje M HEKpo3e KapIUOMHOIMTA, W TUTpa
ayroanturena [289]. Takohe, xuneprpoduja cpua je jemaH oj mapaMerapa KOju ce KOPUCTH 3a
nporeHy Toka u ucxonaa muokapautuca [290]. ITo3uaro je ga cy C57BL/6 MurieBu peaaTuBHO
PEe3UCTeHTHH Ha MHAYKIHMjy EAM ammmkanujoM menTuja TEeImIKOT o JIaHIa CPYaHOT MHO3MHA,
ali M J]a ce OCETJHUBOCT MoBehaBa arummKanujoM LeNor JIaHIla MHO3WHA WK TporonuHa [280,
281].

Y 3apaBom cpuanom TkuBY Gal-3 mosutmBHE henmje ce yriiaBHOM Halasze y
MHTEPCTHLINjYMY TOK KapJHOMHOLUTH He excnpumupajy Gal-3 [267]. Melhytum, y TKUBY cpua
3axBaheHoM nHpmamanujom nosehasa ce excpecuja oBor Mojekyna [259]. [locnenmux ronquna
3HAYajHa yJora y naTOreHe3u BUPYCHOT MUOKApAWUTHCA U CPYAHOM PEMOJICIIOBIY IPUITHCYjE Ce
Gal-3 [268-270]. Pesynrati 10 caga 00jaBJbeHUX CTY/AMja MOKa3yjy Ja Y €KCIEPHUMEHTAIHOM
MOJIeTTy BUPYCHOT MUOKapJIuTHCa 1MocToju Beha ekcrpecuja u npoayknuja Gal-3 u3 makpodara
cpua, kao u na Gal-3 uma 3HauajHy ynory y nposudepanuju cpyanux ¢uopobiacTa U HaCTaHKY
cp4ane ¢pubdpo3e, mWTO 3a nocaeauly uma nosehan pusuk 3a paszsoj JLIM [268].

Jla Ou ce yTBpIWIiIe pa3jiMKe Y TeKWHHU OOJIECTH M OINCEKHOCTH omTehema TKHBa cpia
kon EAM wuzaszBanor y Gal-3KO u WT wmwumieBa, onmpehuBana je xumeprpoduja cpia u
NaTOXMUCTOJOWKHU ckop. OBa cTyaMja je, MO HpBU MHyT, MMOKa3aja ja jaeieurja resa 3a Gal-3
3Ha4yajHO MpOMOBHILIE OosecT U noBehasa omreheme TkUBa U3a3BaHO ariMKajoM Myhcasss-3s2
nentunaa: 21-or nqana HakoH arumkaije Myhcasss-ss; mentuna, xuneprpoduja cpmua Gal-3KO
muiieBa 6uia je 3Hayajuo Beha (I'paduxon 1, p<0.05). Ananuszupajyhu XMCTOJIOIIKE penapare
cpla >KMBOTUBA TpeTupaHux Myhcosss-352 menTHIOM youeHa je audysHa HHUITpanuja
uHbnamanujckuM henujama, 3HauajHa JereHepalnyja U HEKpo3a KapAMOMMOIIMTA Y TKUBY Cpla
Gal-3KO wmumieBa 1ok ¢y ce y TkuBy cpiia WT MulieBa BUICTH Mambe IETYITapHUA U yrIIaBHOM
orpaHMyYeHu MHGIAMalKjCKu UHQUITpPATH U MHUOKap] 0e3 3HaKoBa JlereHepaiyje U HEeKpose,
IITO HaM je yKas3allo Jla OJICYCTBO ekcipecuje reHa 3a Gal-3 3nauajHo nmosehaBajia mpUCYCTBO

uHdnamaropaux henmja u omreheme Mmuokapaa (Cauka 1).
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AHnanmuze ¢eHotuna wHpIAMAM]CKUX henrja UMYHOXHCTOXEMHJOM M XEMaTOKCHIIMH-CO3UH
(H&E) 6ojemem cy moTBpanie aa 0JACYCTBO eKcrpecHje rena 3a Gal-3 3Hauajuo mosehasa 6poj
CD45+, F4/80+, CD3+ (Cauka 2) u eo3unoduia y TkuBy mruokapaa (Ciamka 3). Afanasyeva u
capaauuiy [78] cy takohe mokasanu noehany wHuITpanujy uHIaManujckum henvjama u
eo3nHo¢una Tokom cybakytHe (aze EAM. Iloeehana 3actympenoct CD4+, CD8+ henuja u
Makpodara y cpiy TokoM EAM kopenupajy ca texxurom Oonectu [291]. Pesynraru ckopuje
o0jaBJbeHE CTYIHje MOKa3yjy Ja y €KCIePUMEHTATHOM MOJENTy ayTOMMYHCKOT MHOKapJAHTHCA
mocroju Beha 3acTyIUbEHOCT €03MHOGWIA y CpPIy MHIIEBAa KOJA KOJUX J0Jla3u A0 pa3Boja
dbaranHOor €03uHOMUIHOT MHOKapauTHca [84].

Pesynaratu crymumja o yio3u Gal-3 y pasiuuuTHM eKCIEPUMEHTAIHUM MOEIMMa
ayTOMMYHCKHX OoJjiecTH cy ompedHd. Tako je mokazaHo aa Hemocrarak Gal-3 arenympa
CKCIIEPUMEHTAIHU ayTOMMYHCKHU eHledanomujenutic [287] m tunm 1 nmjabereca [244], a
MIPOMOBHIIIC ayTOMMYHCKH OJATOBOP y MOJENy IpuMapHe OunujapHe mnupose [286]. Pesynraru
OBHUX CTyAMja yKa3yjy Ha uMmeHuly na je yiora Gal-3 y ayrouMyHCKUM OoyieCTMMa OpraH

CHGIII/I(i)I/ILIHa M 3aBUCHU O[] THUIIA CKCIICPUMCHTAJIHOT' MOACTIa OoitecTH.

5.2. leqenuja rena 3a Gal-3 nosehasa 0poj maguiarpumyhunx Th2 u Thl heanja y cpuy

000J1eJIMX MHIIIEBA

Pesynratu no caga o0jaBJbeHHMX HCTpakMBama, Mokazyjy Aa je EAM mnpeBacxomHo
nocpenoBaH ayropeaktuBHUM CD4+ T henujama [292] u to Thl, Th2 unu Th17 numdpountuma
ITO 3aBUCH 01 (paze GojecTH y K0joj ce Mepe IMTOKUHM MPOAYKOBaHM U3 OBUX henuja, Kao U oj
XaryIoTUIIa MHIIIA Y KOjeM je OosiecT nHaykoBaHa [22]. Pasnuuute dasze u popme Muokapautuca
Cy TIOBe3aHe ca cMameHoM win noBehanom mpoaykimjom I1L-12, IFN-¥ (Thl), IL-4, IL-13 (Th2)
u IL-17A, IL-23 (Th17) uurokuna [83, 293].

OnpehuBama KoHIeHTpalnuja nuTokuHa y cepymy (ELISA TexHUKOM) Kao M aHanu3e
¢byHkuoHanHUX (enotuna nHuaTpumyhux hemnuja mpoToOYHOM LIUTOMETPUJOM CY MOTBpAMIIA
na aenenyja rena 3a Gal-3 3Hauajno nosehaBa 6poj nHUATpUITYhHX UMYyHCKUX henuja y TKUBY
cCpua M CIEACTBEHO TOME KOHIIEHTpalldje LUTOKMHA Yy CepyMy HMYHHU30BAHHUX KHBOTHHA.
AHanmu3oM excnpecuje MeMOpaHCKUX MapKepa MCKa3aHUX Ha Wi y uHuiatpuimyhum henujama

nobujenux u3 Muokapaa odonenmux Gal-3KO mumieBa youeHo je nma nenenuja rera 3a Gal-3
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nosehaBa 3actymbenoct peryiaaropuux CD3+Foxp3+ u CD8+Foxp3+ henuja (®urypa 2B).
Haxo je nerekroBana Beha 3actymbenoct CD4+Foxp3+ henuja y muokapay Gal-3KO muriesa y
nopehewy ca WT muiieBnma, Ta pa3iidka HUje IOCTHIVIA CTaTHCTHUYKY 3HadajHOCT (Durypa
2B).

Ha cy CD4+ T numdonutu rmaBHe edekropcke hemmje y matorenesm EAM mokasyjy
OpojHa uctpakuBama [73]. YV OpojHMM CTyaMjaMa jacHO je IMOKa3aHO Ja MHOKAPIUTHC MOXE
OUTH MHIYKOBaH aaonTUBHUM TpaHchepom CD4+ T numdornura crnenupuyHuX 3a CpUYaHU
muo3uH [73]. 3uajyhm na CD4+ henmje umajy kpyuujanHy ynory y maroreHesm EAM, y
HACTaBKYy OBOT MCTPaXKMBama UCIIMTHBAHO j€ J1a JIU OJICYCTBO eKcrpecHje reHa 3a Gal-3 yrude Ha
3aCTYMJBEHOCT OBe momynanuje henuja obonenux muimeBa. Kao mro je npukazano Ha @urypu
3B, u3onat u3 Gal-3KO mumeBa nma 3aadajuo Behu 6poj CD4+ henwmja.

bynyhu na je mosnato ma je untpanenyitapau Gal-3 HeraTMBHM perynaaTop aKTHBAaIlUje
CD4+ mumdornura u ga CD4+ T numboruru uzosnoBanu u3 Gal-3KO murmresa y in vitro
ycioBuma nosehano nponykyjy IFN-y u IL-4 [294], mpoBepeHo je na iu aenenuja rena 3a Gal-3
yrade Ha 3acTymbeHocT CD4+IFN-y+ u CD4+IL-4+ T mumdonura y cpuy Gal-3KO mumiesa
KojuMa je uHykoBaH EAM.

Ananmuzom CD4+ nomynanuje, 0AHOCHO BUXOBOT IUTOKUHCKOT Npoguia 3adenexeHa je
CTaTUCTMYKHU 3Ha4yajHO Beha mporeHTyanHa u 6pojuana 3actynsbeHocT CD4+IL-4+ u CD4+IFN-
v+ henuja y TkuBy cpra obonenux Gal-3KO mumeBa y nopehewy ca WT mumieuma (®urypa
3B). OBne mpukazanm pesynararu, Behe 3actymbeHoctn CD4+IL-4+ u CD4+IFN-y+ hemwmja y
n3onatuma Gal-3KO mwuieBa, cy cariacHu ca MPEeTXOAHO HaBEIEHUM pe3ylTaTHMa CTyIauje y
K0joj je mokazano ga CD4+ Gal-37/~ henuje mosehano mpoxykyjy IL-4 u IFN-y [294].

Kako je oBO ucTpakuBame HEJBOCMHUCIEHO MOKa3ajlo Ja jenenuja reda 3a Gal-3
nosehasa Opoj T perynaropuux aumdormra y cpiyy, CD4+IL-4+ henuja, npeanocraBibeHo je 1a
je moryhe objammeme nonapusaiuja Thl y Th2 oarosop. M3 Tor pasnora yrBphuBaH je yTHIaj
nenenuje rena 3a Gal-3 nva konuentpauujy Thl (IFN-y), Th2 (IL-4, IL-33) u uMmyHOCYIIpECUBHOT
IL-10 mmrokuna. [lokazaHo je nma Hemocratak ekcrpecuje reHa 3a Gal-3 O6utHo moBehaBa
npoaykuujy IL-4 u IL-33, nok edekar nenernuja rena 3a Gal-3 na konnenrpauuje IFN-y u IL-10
Huje aerektoBaH (®urype 1A u 1B). /luz0ananc y KOHIEHTpalyjamMa MEpEeHUX LIUTOKHWHA Yy
cepyMy jacHO yka3zyje aa nenerja reHa 3a Gal-3 y3pokyje CHaXHY nojlapu3ainujy Ha ctpany Th2

HMYHCKOT" OAT0BOpa.
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Kana je peu o yno3u Th17 henuja u IL-17A y matorenesn EAM noka3aHo je 1a oBaj THII
MMYHCKOT OJI'OBOpa HEMa JOMHHAHTHY YyJOTY y WHULMjaIHO] (a3 wHIaMamnuje aau Ja je
yruiaj IL-17A on kspydHor 3Hauaja 3a nporpecujy EAM y 1M [83]. Umajyhu y Buny na je
ynora IL-17 y HacTaHKy U IaTOreHEe3u OpPOjHUX ayTOMMYHCKHX 00ecTd J00po JOKYMEHTOBaHA
[295, 296], mehy muma u y EAM [83], ompehuBan je m uHuBo IL-17 (pe3yiraTm HHCY
npukaszanm). Meljyrum yrunaj genenuja rena 3a Gal-3 Ha KOHICHTpAIHjy OBOT IHTOKHHA HHjE
PETUCTPOBaH.

Panuja ucrpaxkuBama cy nokaszana g1a EAM nHuje crpuxkTHO nocpenoBad HU Thl vu Th2
MMYHCKUM OJrOBOpPOM. MHIIEBH KOJ KOJUX je yMameHa WM ojcyTHa mnonapusauuja y Thl
npasiy, kao mro cy IFN-y”~ u Tbx21™”" mumesu, pa3Bujajy jom Texu oONIMK GomecTH y
nopehemy ca WT mumesnma [118, 119, 121]. Ilopex Tora, Texuna EAM kox mumtesa 1L-12a™
MOKe OuTH yrmopeauBa ca TexxuHoM Oosectr y WT mumeBuma [118]. Pesynratu mperxomHo
HaBeJICHUX cTynauja nokasyjy aa Thl momapuzanuja Huje HeonmxoaHa 3a pa3Boj EAM. Ilocroje
onpeuynu pesyatatu o yno3u IFN-y y matorenesm ayroumyHckux Oosectu. [lojenunu ayropu
yKa3yjy Ha natoreny yinory IFN-y [297], nok apyra rpyma ayropa cyrepuiie, a yimpKoc BeroBoj
npouHdiamaroproj ynosu, IFN-y uma MoryhHOCT 1a ymMamu TeXKHHY ayTOMYHCKHX 00OJbEH-a
[120]. V EAM wuHIyKOBaHUM CpPYaHUM MHO3MHOM y A/J MUIIEBHMa, TIOKa3aHa je MPOTEKTBHA
ynora IFN-y [78]. Moryha o0jammerma npotekteHe yiore IFN-y cy: cympecuja cekpeunje IL-4
u3 akTuBUCaHUX B numdorura, naxubunmja xemorakce eosuHodmia u Th2 henmja y mosee
uHbmamaiuje u cynpecuja npoiudepanuje Th2 henmja [298-300]. Takohe, onucano je aa IFN-y
nosehasa anontozy CD4+ T num¢ponura y EAM HHIyKOBaHMM NENTHAOM MHO3MHA. MelyTum,
ucnutuBaweM EAM y mumeBuma ca geneuujom resa 3a IFN-y u IL-17A, nokaszaHo je na
MUIIEBH KOJU Cy OWJIM JIyIJIM HOKAyTH pa3Bujajy (paTaaHu €03MHO(UIHM MOKapAUTHUC, KOJU CE
KapaKTEepHIle jakoM €03WHOMUIHOM HH(MITPAIM]OM M HEKPO30M KapAUOMHOIIMTA, Ca JaCHOM
nojlapu3aljoM HMyHCKor oxaroBopa y Th2 mpasmy. Ilomenyra crynuja, ykasyje Ha
cu"epructuuko nejctBo IFN-y u IL-17A y cympecuju nponykumje IL-4 u IL-13, omHOCHO
natoreror Th2 umynckor oarosopa [84]. ¥V morneny ymore Th2 henuja u BUXOBUX MUTOKHHA,
pe3yiaTaTH paHUjuX CTyAHja TOoKaszyjy na nenernuja rena 3a [L-4 arenynme EAM y A/J anu He n
BALB/c mumesuma [78]. Mehytum, nokazano je u na IL-13 uma nporextuBHy ynory y EAM

uHaykoBaHoM y BALB/c mumesuma [102].
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OBne npukazanu pesyntaTt, noBehane mpoxaykiuje IL-4 u IL-33 y cepymy Gal-3KO
MHUIIIEBA, Cy Y KOpelalMju ca pe3yiaTaThuMa CTy[uja KOju ykasyjy Ha martorene edekre Th2

henuja ¥ MUTOKMHA CEKPETOBAHUX M3 HHUX.

5.3. OacycTrBo rajekTuHa 3 moJACTHYE AJITEPHATHBHY aKTHBaUMjy Makpodara y cpiy

HAKOH nMyHu3auuje nentuaoM muozuHa MyHCa33s-352

Pesynratu noOujeHu y oBoj cTynuju mokasyjy aa oacycrtBo Gal-3 monapu3syje UMyHCKH
OJIrOBOpP Tako IITO (aBOpU3yje aNTepPHATHBHY aKTHBALM]y Makpodara. AHAIM30M EKCIpecHje
MEMOpaHCKMX MapKepa HCKazaHuX Ha wid y uHbwitpuinyhum henujama nobujeHuM U3
muokapna obonenux Gal-3KO wmumieBa youeHo je ma nenenuja rera 3a Gal-3 mosehasa
HyMepHuuKy 3actyrbeHoctT F4/80+ makpodara (@urypa 3A). Jlasbom aHann3oM MeMOpaHCKHX
Mapkepa F4/80+ momynanuje makpodara perucTpoBaHO je 3Ha4ajHO MoBehame ancoayTHOT
Opoja Makpogara koju excpumupajy mosexyn CD206 y uzonary Gal-3KO mumesa (®Purypa
3b). HUcnutuBamem Mapkepa uckazanux y F4/80+ mnomynmanuju 3a0eneXeHO je 3Ha4dajHo
noBehame 0poja F4/80+ hemuja koje nmponykyjy IL-13 u IL-33 y o6onenum Gal-3KO mumeBuma
(®urypa 3B). [ToBehana HymMepuyKa 3aCTYIJBEHOCT aNTEPHATHBHO aKTUBHCAHUX Makpodara je
OYHMIJIeIHO mocnenuia oacycrsa Gal-3.

VY cryauju lacobini u capannuka [301] mokasano je na je uHdIamanuja jerpe y MoJaey
eKCIIEPUMEHTAIHOT CTEaTOXEMaTUTUCA 3Ha4YajHO Mama koj Gal-3KO murieBa u To Kao AUPEKTHA
nocienuia nosehane noxapusamnuje mMakpodara y M2 ¢genorun. CauuHo HallMM pe3yiTaTuMma
Volarevic u capamaunnu [253] cy mokaszanmu Behy 3acTYIUBEHOCT alTEPHATHBHO aKTHBHCAHHX
Makpodara y Gal-3 peduinMjeHTHUM MUIIEBUMA OOOJIEIUM OJI XEMaTUTHCA W3a3BAHOT
KoHKaBaMHOM A. Takole je y ekcreprMEeHTaTHHUM MOJETMMa BHPYCHOT MHOKAPAWUTHCA H
eKCIIEPUMEHTAIHOT KOJIHUTHCA NokazaHo aa Gal-3 mpomosuine monapusanujy makpogara y M2
¢denorun [240, 302]. Takohe, Cihakova u capaguumm [102] cy nokaszamu na je oncycrso 1L-13
MOBE3aHO ca MamkOM 3acTyrsbeHolhy M2 makpodara TokoM akyTHe (paze EAM.

Ly6C hemuje unne 2% ykynHuX Makpodara y cpiy. TOKOM pa3InYuTHX MATOJOMKAX U
nH(IaMaTOPHUX CTama, Y CpLy ce 3HadajHO moBehaBa momynanuja Makpodara U TO Kpo3
JoKanHy mnpoiudepanujy w/mim IudepeHnujandjoM MoOHoIMTa W3 KocTHe cpxku  [303].

Monynanuja Ly6C hemuja Mosxe monapusopatn y Ly6C" umn Ly6C"° penorun. Cy6rnonynanuja
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Ly6C'"° nudepenuupa nckpyuno y M2 makpodare, goxk Ly6C" mory mudepenuuparn y M1
win M2 maxpodare [90, 91]. IMonapusamujy Ly6C™ henuja y M2 makxpodare dasopusyje IL-4
poayKoBaH u3 noaumopdonykieapa [304].

Makpodare Mory HactaTH M3 MHjEJIOMAHMUX henrja M KapakTepully ce MPHUCYCTBOM
MmemOpanckor CD11b mapkepa. Y HekuMM cTyauMjama IMOKa3aHO je Ja HEIOCTaTaK EKCIpPecHje
rena 3a Gal-3 wmema 3acrymmbenocr CDI11b+ Makpodara u HWHXOBUX CyOIOIMyaluja
(CD11b*/Ly6C" u CD11b*/Ly6C") y undnamupanom tkuBy [305]. Pesynratu oBe cTymuje
nokasyjy na Gal-3KO mumesu umajy 3adajuo Behy 3acrymmbenoct CD11b*/Ly6C" maxpodara
(®urypa 4B) amu u CDI11b* makpodara xoje mpoaykyjy IL-10 u IL-12 (®Purypa 4B).
PeructpoBano 3HauajHo nosehame Opoja u npoieHTa Makpodara koju npoaykyjy IL-10 u 1L-12
y obonemux Gal-3KO mutieBa je 04uriieTHO MoCIeuIa OJCYCTBA OBOT MOJICKYJIa.

Pesynratu crynuja o ynosu Gal-3 y monapusanuju makpodara cy onpednu. CynpoTHO
HamuM pesyaratuma Dragomir wu capamnunu [305] cy mokasamu Behy 3acTyIJbEHOCT
CD11b*/Ly6C'" maxpodara y Gal-3 neduumMjeHTHAM MHIIEBMMa OOONEIMM OJf XENaTUTHCA
u3asBaHor arieramuHodenom (enr. Acetaminophen, APAP).

O063upom 1a je y oBoj cryauju nokazano ga Gal-3KO muiieBu nmajy Behy 3aCTyIbeHOCT
M2 makpocgara y cpuy (@urypa 3Bb) u Bumm HuBo Th2 murokuHa y cepymy (®urypa 1A)
aHaJM3UpaHa je 3acTyIUbeHOCT W (yHKUMOHANHM (enorun M2 Mmakpodara y ciae3uHH Kao
TJIABHOM M3BOPY CEPYMCKHUX ITUTOKHHA.

OBJie IpUKa3aHOM CTY/IM]OM je IMOKa3aHo Jia HejocTaTak ekcipecuje rena 3a Gal-3 ocum
y Cply OJakuiaBa M alITePHATUBHY aKTBallM]y Makpodara y CcJIe3UHH. AHAIU30M
(GyHKIMOHATHUX (PEHOTHUIIOBA CIIJICHOLMTA j€ TIOKa3aHo J1a HeJJOCTaTaK eKkcipecuje reHa 3a Gal-3
3HayajHO noBehaBa mponeHTyanHy u 6pojuany 3acrymsbeHocT F4/80+CD273+ (M2) makpodara
(Durypa 7A) u cmamyje npoueHtyaaHu ognoc F4/80+IL-12+/IL-10+, tako mrto mosehara
npoleHTyanHy 3actymbeHocT F4/80+IL-10+ makpodara y ciesumnn (®urypa 7B). Crnuuno
HamuM pesyntatuma Volarevic m capagauim [253] cy mokasamu Behy 3acTymibeHOCT
F4/80+CD273+ wmakpodara y Gal-3 nedurujeHTHUM MHUIIEBHMa OOOJEIMM OFf XemaTUTHCA

M3a3BaHOT KOHKABAJIMHOM A.
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5.4. Jlepunujennuja rajekTuHa 3 je yjapy:keHa ca mnoBehaHom uHUITPaNUjoM

AeHaApuTCcKHUX hesmja y cpuy M ciae3uHu

Hennputrcke hemmje cy mnpodecnoHanne aHTtureH-mpeseHtyjyhe henuje koje wumajy
HEHTPAIHY YJIOTY Y MMYHCKOM CHCTEMY TakO IITO yTUYy Ha aktuBauujy T ammdonuta n
nonapuzainujy T henmujckor onroopa. Matpanenynapau Gal-3 y nmenaputckum henmmjama uma
yIOTY Yy OApXaBamby XOMEOCTa3e W peryjamuje UMyHCKor oaroBopa. [lo cama oOjaBibeHU
pe3ynraTé CcTyadja y moriiefqy yiore uHTpanenynapuor Gal-3 u nenaputckux henuja y
MOJIapHU3aliji UMYHCKOT OJI'OBOPA CY ONPEYHHU. Y HEKUM aHUMAJIHUM MOJIENIMMa MIOKa3aHo je 1a
Gal-3 nedunujentHu mumeBu pasnuyuto nonapusyjy Th hemuje (paBopusyjyhu Thl u Thl7
¢denorun) y nopehewy ca WT mumieBuma [306-309]. Pesynratu Hekux cTyamja mokasyjy aa 3a
nonapuzanyjy Th hemuja y Gal-3 nedunujeHTHIM MUIIIEBUMA KJbYYHY YIIOTY UMajy IEHAPUTCKE
henuje [306]. Nomoto u capamuunu [310] cy mokasanu ma Hemoctatak Gal-3 Ha JEHIPUTCKUM
henujama ycmepaBa hemujcku umyHcku oaroBop y Thl mpasiyy. Takohe, Bellinghausen u
capaganmy [311] cy nokasann na Gal-3"* nennputcke hemuje koje mponykyjy 1L-13 daBopu3yjy
noiapuzaunjy y Th2 umyncku oarosop. Mehyrum, Breuilh u capamuunm [312] cy moka3zanu na
Henoctarak Gal-3 y genapurckuMm henwjama uma ynory y aktuBauuju T mumdonuTa aau He 'y
nonapuzauuju Th1l/ Th2 umyHckor oarosopa.

Hennpurcke henuje unne 1-2% ykynHe nomynanuje UMyHCKUX henuja y TKHUBY cpla U
npubmmxao 20-25% cBux CD45+ henuja. Ericsson u capaguumm [79] cy ykasanu Ha Kby4HY
yaory neHaputckux henuja y mHaykuuju EAM, Tako 1mTo Ccy HoOKa3alu Ja ce aJONTHBHUM
TpaHchepoM JeHAPUTCKUX hennja Koje cy MPEeTXOAHO CTUMYJIMCAaHE CPUaHUM MHO3UHOM MOXKeE
unaykoBatu EAM miro je u nmorBpheHo Opojuum uHuiaTpatuma ayropeaktuBHux CD4+ T
nuMdonura.

Pesynratu oBae mpukazaHe CTy/Hje MOKa3yjy Ja HeJOoCTaTak ekcrpecuje rena 3a Gal-3
nosehaBa O6poj CD11c¢+CD11b-, CD11c+F4/80- u CD11c+IL-13+ henuja y cpiy (®Purypa 6).
Taxobe, y 0BOj cTynuju je aHATM30M MOBPIIMHCKUX U UHTpALeTyJapHUX MapKepa JIeHIPUTCKUX
henuja nmokazano na y cinesunu Gal-3KO mumeBa uma 3Hauajuo Buie CD11c+ u perynaTopHux
CD11c+IL-10+ henuja (®urypa 8). CauuHo pesynTaTMMa IpHKa3aHUM Y OBOj CTYIHjH,

Volarevic u capaguuim [313] cy mnokasanmu na nenenuja reda 3a Gal-3 wiam cenekTHBHA
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naxuounmja Gal-3 mocnemryje ToneporeHd (GpEeHOTHUIT ACHAPUTCKUX henuja, Ka0 U OHHUX KOje

npoaykyjy IL-10.

5.5. leneunja rena 3a Gal-3 cmamyje 1enOHOBam-€ KOJIAT€HA Y CPILY

Makpodare 1 Muodubpobiactu cy kJbydHe henuje y mpoliecy cTBapama KOJIareHUX
BJIAKaHAa W JICTIOHOBamWY eKcTpauerynapHor matpukca. [loznaro je ma Gal-3 y pasnuuutum
MaTOJIOUIKUM yCJIOBHMA, aKTUBHpa OpojHe nmpodudpoTcke pakrope kao mto cy bFGF (enr. basic
fibroblast growth factor) u TGF-B, koju cTuMyaMily OPOAYKIH]Y ¥ JACHOHOBAaKE KOJareHa
[314]. Gal-3 ne camo na je BakaH y akTUBAIMju Beh je ¥ HEOMXO/aH 3a MpOoMaraiyjy CUrHaaa y
henuju 3a OpojHe muToKMHe M mpodudporcke daktope. Henderson u capaguunm [257] cy
MOKazalu Ja W y CTakHMa KajJa TocToju TpekoMepHa mnpoxaykmuja TGF-B, rimaBHOT
npodubporckor ¢akropa, pubposa je oacyTHa wiH jako cMmameHa y Gal-3 nedunujeHTHUM
mumesuMa. Meru ayropu cy nokaszanmu aa TGF-f u npyru npoduOpoTCKH HUTOKMHE HE MOTY
UCIOJbUTH CBOj eekar y oncyctBy Gal-3 [257].

VY norneny ynore Gal-3 y mporecy ¢huOpuHOTEHE3e pe3yiTaTH CTyAHja W3BEICHUX Ha
Pa3IMYUTHM aHMMAITHUM Mojenuma Oojectu cy onpeunu. Tako cy Jeftic u capagnunm [315]
nokasanu aa Gal-3 neduuujeHTHH MHIIEBH Yy SKCIIEPUMEHTAIHOM CTEATOXCNATHTHCY HMajy
Mambe cteren ¢uopose. CympoTtHo, Arsenijevic u capamuuiu [286] cy mokasanmu ma Gal-3KO
MUIIeBH MMajy Behu crteneH ¢uOpose jerpe y aHMMaTHOM MOJENY HNpUMapHOr OWIIMjapHOT
XOJIAHTUTHUCA.

Vnora Gal-3 y OGonectuma cpra je aA00po JOKyMeHTOoBaHa. Mepewe HuBoa (Gal-3
KOPHUCTHU C€ Kao MPOTHOCTUYKM OMOMapKep KOJ MNalyjeHara ca CpYaHOM HHCY(QUIIN]EHIIN]OM
[316]. Bucoku uuBom cepymckor Gal-3 cy y MO3MTHBHO] KOpENAlMjU ca TEKUHOM CpUaHe
uHcypunmjennuje [316]. Mehytum, pedynarati ekcriepuMeHTamHHX cryauja o yno3u Gal-3 y
pEMOZIETIOBaY CpIla Y aHMMAJIHHM MOJENUMa Cy ONPEYHHU. Y EKCIIePHUMEHTAIHOM MOJEIy
npekoMepHor ontepehema eBe Komope MmokazaHo je nma oacyctBo Gal-3 Huje yrumano Ha
MpEeXXUBIJbABAbE, CUCTOJHY M AujacToiHy (yHKIHU]y U ¢udposy cpua y C57BL/6 MumeBuma
[317]. Cympotro, Jaquenod u capamuuum [318] cy mokasanmu na Beha excnpecuja Gal-3 Ha
Makpodarama cpua u nosehaHa mpoJyklMja OBOI MOJIEKYyla 3HayajHo nosehaBajy

nponudepannjy cpuyanux (ubpodnacra, crenmeH ¢uOpo3e W PH3UK O pa3Boja CpUaHE
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HHCYUIH]EHIIHje Y CKCICPUMEHTAITHOM MOJICITy BUPYCHOT MHOKapauTuca. Takohe, Gonzalez u
capaauuii [319] cy mokasanu ga genenmja reda 3a Gal-3 cmamyje nndmamanujy u Guobposy y
cpuy. Y ckiaay ca mojanuMa U3 IMpeTXOIHO HABEJCHE CTYIHUje Cy U Pe3yJTaTH OBJE MPHKa3aHe
CTYIHje KOjU jaCHO TOKYMEHTY]jy Aa ce y cpuuma Gal-3 nedunmjeHTHUX MUIIIeBa UMYHH30BaHUX
MyHCo334-352 IENTHIOM JIETEKTYyje 3HaUajHO MambH CTEIICH JCTOHOBAma KojareHa y nopehemy
ca WT mumeBuma 21-or mana ekcnepumenta (Camka 5). OBae npukasaHud pe3yiaTaTH Cy y
CKJIaJy ca pe3ylitTaTUMa NPEeTXOJHO HaBEICHHX CTyauja y KojuMa je moka3ano nga Gal-3
neuurjeHTHE MULIEBH pa3Bujajy Mamy Gpuopo3y. Pesynratu nobujenn y oBoj CTyAuju MOTy ce
00jacHUTH 3HAYajHO M3pakeHHjoM mpoaykinujoM Th2 mutokuna y cepymy (®urypa 1), Behom
3actymibeHouthy M2 makpodara (®@urypa 3b) u henuja koje excnpumupajy IL-4 u IL-13 y
cpurma Gal-3KO murieBa (@urype 2B u 3B).

OncyctBo Gal-3 je moBe3aHo ca cMameHOM (UOPO30M Al M CMAFCHOM IPOIYKIIH]OM
Thl uurokuna [253]. Tlozuwaro je na Ha creneH ¢uoOpoze ocum Gal-3 yruue u mosehana
NPOyKIIMja UMYHOCYIIPECHBHUX M aHTHMH(IaMaTOpPHUX HUTOKMHA. bpojHe cTyauje ykasyjy Ha
3HauajHy ynory IL-10 y penykumju puodpose jerpe, miyha u mankpeaca [320-322]. ITokasaHo je
na wHTpaBeHCKoM arummkanujom CDI11b+ makpodara koje mpekomepHo excnpumupajy 1L-10
3HAUYajHO penyKyjy (uOpo3y cplia y MHUIIjEM MOJENy ayTOMMYHCKOT MUOKapauTuca [284]. ¥V
CKJIaJy ca HaBeJEHHM IOoJallMMa Cy M pe3yiTaTd OBJAE INpUKa3aHe CTyJHje KOjHu jacHO
JTOKYMEHTY]Y Ja je amncosryTHu 0poj IL-10+ hemnja y cpriuma Gal-3KO mutieBa 3HauajHo Behu
on 6poja IL-10+ henuja y cpurma WT mumiesa (Caunka 6). Pesynratu noOujeHu y oBoj CTyauju
MOry ce 00jacHUTH 3HadajHO wu3paxeHujuM Opojem IL-10+ henmja, amum M HpPeTXoaHO
npukasaHuM pesynrtatiMa Behe 3actymsbeHoctu henmja koje mpoxaykyjy IL-33 y cpuuma Gal-
3KO wmumeBa (®@urypa 3Bb), xao u BumuM cepymckuM Bpeanoctuma IL-33 y Gal-3KO
vuieBnma (@urypa 1). Oae mpukazaHu pe3yiaTaTH Cy y CKIaAy ca pe3yiaTaTuMa CTyIauje y

K0joj je mokazaHo jaa IL-33 uma npoTeKTHBHY yJI0Ty y pa3Bojy ¢pudpose cpia [323].
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5.6. O6osenu Gal-3KO mumeBu umajy Behu opoj IgG nozuruBaux henmja n IgG nenozura

y TKHMBY cpua

MeTtonom umMyHOGITyOpeCcIieHIHje MTOKa3aal CMO IpHUCycTBO 3HavajHo Beher Opoja 1gG
no3utuBHUX henwja u IgG nmemosura y TkmBy cpua Gal-3KO mumea y mopehemy ca WT
mumreBuma (Cauka 4). Y ckiagy ca HaIldM pe3yiaTaToM je W Haja3 paHHje IyOJMKOBaHe
CTyIuje, Koja ykaszyje na uatpanenynapan Gal-3 mxubupa mudepennmjanujy B nmumdonura y
wiasmorure [324, 325] u ThMe ce objammaBa jga je HemocraTk Gal-3 mpaheH mojauanom
npoaykuujom antutena [326]. Takohe je moka3aHo Jga y TMOjeIMHHM COjEBUMA MHIIIEBA
MHOKapIUTUC MOXe OUTH WHIyKOBaH amukandjom anturena I1gG kmace [73]. IgG memosutn
uMajy 3Ha4ajHy yjlory y omrehemy KapamomuonuTa cBojuM BeduBameM 3a Fcy-RIII ma NK
henujamMa W TOCIEIUYHO HMHTEPAKIMjoM OBHX henuja ca kapauomuonutuma [327]. Takobe,
[I0Ka3aHo je Ja Be3uBawme [gG 3a eo3uHodwmiIe y3poKyje AerpaHyianujy oBUX henuja yuju

npoayktu omrehyjy kapauomuorure [328].
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6. SAK/bYYII

Ha ocHOBY cBuX mpuKa3zaHUX pe3yjiTaTa OYHWrjienHo je na aeneunuja rera 3a Gal-3
nosehaBa omreheme TKHBa y MOJETY MHUIIjET ayTOMMYHCKOT MHMOKapIUTHCAa HWHIYKOBAHOT
armmkanujoM MyHCozzs-3s2 mentuga u ykuaa pesucteniujy C5S7BL/6 muieBa Ha UHIYKIH]Y
EAM. Jleneunja rena 3a Gal-3 3nauajno noBehara tun 2 uHdIamMaIuje y cpiy TOKOM CyOaKyTHE
¢asze EAM. Henocrarak Gal-3 nmosehasa npucyctBo antunHpaamanujckux (M2) makpodara y
cpuy obojenux wmwumeBa MmTo moBehaBa WHGIYKC perynaTOpHHUX ICHAPUTCKUX henuja u
anTuuobporckux henuja xoje mponaykyjy IL-10 mTo ce manudectyje 3Ha4ajHO CilHaOUjuUM

JCIIOHOBAKkLCM KOJIarcHa.

3akJpyuak je U3BeJIeH Ha OCHOBY cienehux pesynrara qooujenux uaaykinujom EAM y Gal-3KO

u WT Mumesuma:

OncycrBo ranektuHa 3 yuman C57BL/6 mumeBe ocerspbuBHjuM Ha WHAYKIH)y EAM HakoH
uMmyHmH3anuje nentugaoM mo3nHa MyHCoaszs-352, Ma oHE pa3Bujajy Behy xumeptpodujy cpua u
uMajy Behr NaToXUCTOJIOIIKH CKOP.

IToBehame mapamerapa omrehewa cpua peructpoBaHo y Gal-3KO wmwuieBa, nocnenuna je
nosehane Tun 2 unpnamanuje y cpiy Gal-3KO muiesa.

[loBehawe cucremckux BpeaHoctu Th2 murokuHa peructpoBano y Gal-3KO wmuiiesa,
nocienuua je mnosehaHe 3acTymibeHOCTH aHTUHMHGmamanujckux (M2) wmakpodara u
perynaTopHux aeHapuTckux henuja y cpiy u cinesunu Gal-3KO muiesa.

OncyctBo Gal-3 y3pok je Behe mudysne unbpuntpanuje IgG mosutuBHux henmja u Behe
konuuuHe IgG neno3ura y nH(IaMHpaHOM CPITY.

Henenuja rena 3a Gal-3 cmamyje IenoHOBame KoareHa y cpuuma odonenux Gal-3KO mumiesa.
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CKPAREHMIE
BSA anoymun teseher cepyma (enr. bovine serum albumin)
CFA komruieTHr PpojuoB agjysanc (enr. Freund's Complete Adjuvant)
CD enr. clustter of differentiation
CRD JIOMEH 3a MMpero3HaBame yribeHUX XuapaTa (eHr. carbohydrate recognition domain)
cDNA KOMIUIEMEHTapHa JIe30KCUPUOOHYKIIEHHCKa Kucenrna (enr. complementary DNA)
ConA KoHKaBaiuHO A (eHr. concavalin A)
JILIM JUIIaTalMoHa KapAuOMHUOIaTHja
DNA JIe30KCHPHOOHYKIIenHCKa KucenuHa (eHr. deoxyribonucleic acid)
DMEM enr. Dulbecco's Modified Eagle's Medium
EAM CKCIICPUMCHTAJIIHU aYTOUMYHCKHU MUOKApAUTHUC
ELISA enr. enzyme-linked immunosorbent assay
FoxP3 enr. forkhead box P3
FBS enr. Fetal Bovine Serum
FIAU enr. 1-(29-deoxy-29-fluoro-1-4-D-arabinofuranosyl-)-5-iodo-uracil
FSC/SSC enr. Forward scattered light/Side-scattered light
GM-CFS enr. granulocyte-monocyte colony-stimulating factor
Gal-3 Tanextun 3 (enr. Galectin-3)
HLA enr. human leucocyte antigen complex
HMGB1 enr. High-mobility group box 1
HBSS enr. Hank's balanced salt solution
IL uHTepaeykuH (eHr. interleukin)
IFN-y unrepdepon- y (enr. Interferon-y)
LPS enr.lipopolysaccharide
MHC enr. major histocompatibility complex
MRNA enr. messenger RNA
NK henwuje ypoheno younauke henmuje (enr. Natural killer cells)
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NKT henuje NKT henuje Ypoheno younauke henuje T henuje (enr. Natural killer T cells)

PAMPs enr. pathogen-associated molecular patterns

PMA enr. phorbol 12-myristate 13-acetate

PBS enr. Phosphate-buffered saline

PCR enr. Polimerase Chain Reaction

gRT-PCR KBAaHTUTATUBHA peakllMja JIaHYaHE TOJUMEpU3alHje y pPEeaTHOM BPEMEHY (€HT.
Quantitative Real Time-PCR)

RAGE pelenTopy 3a Kpajibe npojaykTe riukaiuje (eHr. Receptor for advanced glycation
endproducts)

RPMI enr. Roswell Park Memorial Institute medium

STAT 3 enr. Signal transducer and activator of transcription 3

Streptavidin-HRP

enr. Streptavidin horseradish peroxidase

SE

crangapaHa rpeika (exr. standard error)

TNF-a eHr. tumor necrosis factor-a

TAC TpaHCBEp3aJIHA A0PTHA KOHCTPHKITHja

Th nomarauku T mumborutu (enr. T helper)

TNF-a (akTop Hekpose Tymopa-a. (eHr. tumor necrosis factor-a)

TGF-B tpanchopmumnyhu pakrtop pacta-f (enr. transforming growth factor-4)
TLRs peuentopu cinunu Toll -y (enr. Toll-like receptors)

WT MUIIIEBH IUBJBET COja
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BUOTPAOUIA

Hp Mapuna Muneruh-Kosauesuh je pohena 09.11.1984. ronune y KpasbeBy. OcHOBHY U
cpenmy mKomy je 3aBpmmia y KpasseBy. Menununcku ¢akynrer, YHuBepsutera y Kparyjesmy
je ymucana mkoicke 2003/2004 roaune (OCHOBHE CTYAMj€ MEIUIMHE, JOKTOP MEAMIMHE), a Ha
ucToMm je mumomupana y HoBemOpy 2009. roamne ca mpoceuyHoMm oreHoMm 9,71. Hakon
IUIJIOMUpaka 00aBWIA j€ TPUIIPABHUYKHU JIEKAPCKH CTAX M IOJIOKWIIA CTPYYHH HCIHUT 32
JTOKTOpa MEIUIIMHE.

TokoM OCHOBHUX CTyAMja BuIlle MyTa je Omna HarpahuBaHa kao jegaH oJi HajOOJBUX
CTyJICHATa Ha TOJMHHM CTY/AHja ¥ Kao jeJaH o]l HajOOJhHX allcoJIBeHaTa reHepanuje. Kao cryaeHnr
JIEMOHCTPATOp TOMaraia je y u3Bohemy HacTaBe Ha mpeaMeTy XHCTOJIOTHja U eMOpHOJIoTHja
tokom 1mkosicke 2005/2006 rogune. YuecTBOBana je Ha BHIIE KOHTpeca Ca HAIMOHATHUM H
MelyHapoAHUM 3HauajeM.

komncke 2009/2010 romune je ymucana JIOKTOpCKe akajgeMcKe CTy[uje Ha
MenumuHckoM (dakynTeTy, YHuBep3utrera y KparyjeBimy, a yCMEHH JOKTOPCKH HCIIUT je
nonoxwia y ¢ebpyapy 2012. rogune. Y HoBemOpy 2016. roguHe mnpujaBuia je JOKTOPCKY
JaMcepTauyjy TOJ Ha3MBOM: ,,Yjora TajJeKTMHa 3 'y TMaToreHe3u eKCIepUMEHTAIHOT
ayTOMMYHCKOT MHOKapAuTHca™.

On mxkoncke 2010/2011 je anrakoBaHa y wu3Bohewmy HacraBe Ha Dakynrtery
MEIMLMHCKUX Hayka, YHBep3utera y KparyjeBiy Ha mpeaMery XucCTojoruja U eMOpuoioruja
Kao capaJHHK Y HacTaBH, a o Maja 2013. rojuHe je y 3Bamby acCUCTEHTA.

Kangunat je ayrop BUIlle OpUTHHATHUX HAYYHUX PaJoBa M MPBU ayTOp Y jeIHOM paay

00jaBJbEHOM Y Yaconucy uHaekcupanom Ha SCI nmmcrn.
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Hayuna o0Jgacr: Menunuaa

Hay4yHna qucuuninHa: Menunnna
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IIpenmeTHa ogpeaHUIa/ K/by4YHE pe4n

o EKCIIEpUMEHTAIIHA ayTOUMYHCKH MUOKApAUTHUC, TAJIEKTUH 3, TUT 2 HH(IamManuja
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Muokapautuc je uH(pramaTopHo 000Jb€HE CpyaHOr MuIMha, Koje ce
KapakTepHllle JereHepanyjoM H/WIM HEKPO30M KapAMOMHOLUTa M MPUCYCTBOM henujckor
MHOWITpaTa y HMHTEPCTUIM]YMY MUOKapAa. MHOKapIUTHC ce MOKe MaHU(ECTOBaTH Kao aKyTHO,
Cy0aKyTHO MJIM XPOHHUYHO 3ala/bemhe MHOKapaa, ca (OoKadHUM WiH Audy3HHUM henujckum
HHQUATpaTOM M MOXe mporpeaupatd A0 (ulOposze, pemMonenoBama TKUBA U TyOWUTKa
KOHTpakTwiHe ¢yHkiuje. Hajuemrhn y3pouHMIM MHOKapIuTHCa Cy BUPYCH, OakTepuje H
napazutu,MehyTum OpojHM J10Ka3u yKa3yjy Ja OBO OOOJbEHE MOXKE OUTH M ayTOMMYHCKE
npupoae. Excriepumenrtanuu ayroumyHcku muokapautuc (EAM) npencraBiba aHUMaIHU MOJEIN
MOCTUH(EKTHBHOT MHOKapIUTHCa W JWiIaTaloHe Kapauomuomnatuje. [amexktun 3 (Gal-3)
npumnaga Gamunnju B-ragakTo3ua-Be3yjyhux JeKTHHA U eKCOPUMHUpaH je Ha MHOrMM henujama

MMYHCKOT CHCTeMa M HMa BaXHY yJory y peryinanuju uHdmamanuje. Yinora Gal-3 je



UCIHUTHBAHA Y Pa3IMYUTUM AyTOMMYHCKUM M HMH(}IamMatopHuUM OojiecTMMa M IIOKa3aHOo je Ja
Gal-3 mMoske 1BOjako peryaucaTd UMyHCKH OJrOBOP, IITO 3aBHCH OJ Bullle (pakTopa, Kao LITO Cy
cneun(UYHNA yCIOBU MHGIIaMalyje, BpcTa TKUBA M HUBO EKCIPECHje OBOT MOJIEKYJIa KaKO y
(DU3MOJIONIKUM TaKO W Yy TATOJOMIKMM cTamiMa. Hema moxaraka o yno3u u 3Hauajy Gal-3 y
natorenesn EAM kox C57BL/6 mwuimeBa, KOju Cy peIaTHBHO PE3MCTEHTHH Ha IEMNTHIOM
nHaykoBanu EAM.

Jla ©6u ce yTBpAMIIO J1a M ¥ HA KOJU Ha4MH Jenenrja reHa 3a Gal-3 yrude Ha matoreHesy
EAM xopunihenu cy mumesu uucror coja WT- C57BL/6 u Gal-3KO mumesu. Ceu WT u Gal-
3KO wmmumeBn wumynusoBanu cy MyHCaasss-ss2 nmentupom 0. m 7. pana. Texuna EAM
onpehuBana je 21-or jaHa eKCliepuMEeHTa, OJJHOCHO IPUIMKOM >KPTBOBaa )KUBOTHIHA.

Gal-3KO wmwumeBn cy wumanu 3HadajHo Behy xuneprpodujy cpua u  Behu
MaTOXUCTONOMKH cKop y nopehemy ca WT mumieBuma 21. nana vakon umynusamuje. Gal-3KO
MUIIEBH UMajlM Cy 3Ha4yajHo Behy undunrpauujy cpuanor mummnha CD45+ MoHOHYKIIEapHUM
henujama mocedbno F4/80+ makpodarama u CD3+ T aumdponuntrma, kao u Behy 3aCTyIIbEHOCT
eozuHo¢mia y nopehewy ca WT mumesuma. Cepymcke konuenrpauuje Th2 murokuna (IL-4 u
IL-33) cy Owmne Bume y cepymuma Gal-3KO y nopehewy ca xonrpomnum oGonenum WT
muieBuma. [lenenuja rena 3a Gal-3 je unaykoBana 3HayajHo Behu unduykc Thl u Th2 henuja y
cpuy umynuzoBanux Gal-3KO y ognocy na WT mumee. OncyctBo ekcrpecuje reHa 3a Gal-3
3HauajHo mnoBehaBa ykyman Opoj F4/80+ henuja m onakmasa anTepHaTHBHY aKTHBALU)y
Makpodara y cpiy. Y obonemom muokapay Gal-3KO murieBa perucrpoBana je 3Hauajuo Beha
TIPOIEHTYaNTHa 3aCTYIUBEHOCT M yKymaH 6poj: mujemommamx CDI11b+Ly6C" makpodara; u
CDl1c+ henuja xoje npoaykyjy IL-13. ¥V muokapay Gal-3KO mumesa gerekroBad je Behu 6poj
IgG mo3utuBHUX henuja m Beha konmumumHa IgG nenosurta y mopehewy ca WT mwumieBuma.
Jlenenuja rena 3a Gal-3 mosehasa 0poj antududporckux hemuja koje mpoaykyjy IL-10 mro ce
MaHH]ecTyje 3Ha4ajHO cIa0ujuM JIEIOHOBAKEM KoJlareHa y cpily 000JIeTuX MUIIIEBa.

Henemnja rena 3a Gal-3 mnosehaBa omTeheme TKHMBAa y aHUMAHOM MOJAEITY
ayTOMMYHCKOT MHOKapauThca uHAyKoBaHor arummkamujoM MyHCasszsss; mentuga u ykuaa

pesucteniyjy C57BL/6 MumeBa Ha HHIYKIH]Y OOJIECTH.
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Abstract:
AB

Myocarditis is an inflammatory heart muscle disease characterized by
degeneration and necrosis of cardiomyocytes with presence of cellular infiltrates in the
interstitium. Myocarditis can be manifested as acute, subacute or chronic myocardial
inflammation with focal or diffuse cell infiltrates, it can progress to fibrosis, tissue remodeling
and loss of contractile function. The most common causes of myocarditis are viruses, bacteria
and parasites, however numerous evidence suggests that this disease can also be autoimmune.
Experimental autoimmune myocarditis (EAM) is an animal model of postinfective
myocarditis and dilated cardiomyopathy. Galectin 3 (Gal-3), which belongs to the family of B-
galactoside-binding lectins is expressed on many cells of the immune system and plays an
important role in regulation of inflammation. The role of Gal-3 was studied in various
autoimmune and inflammatory diseases and it has been shown that Gal-3 can have a different
effect on the immune response. Its role depends on several factors, such as the specific
conditions of inflammation, the type of tissue, and the expression level of this molecule in
pathological as well as in physiological conditions. There are no precise data on the role and
significance of Gal-3 in the pathogenesis of EAM in C57BL/6 mice, which are relatively
resistant to EAM-induced by peptide.

Mice of the pure strain WT-C57BL/6 and Gal-3KO mice were used in order to
determine whether and how the deletion of the Gal-3 gene affects the EAM pathogenesis. WT
and Gal-3KO mice were immunized with the MyHCasz4-352 peptide on day zero and day
seven. Severity of EAM was determined on the 21st day of the experiment, during the
sacrifice of animals.

Gal-3KO mice had significantly higher cardiac hypertrophy and higher
histopathological score compared to WT mice on the 21st day after immunization. Gal-3KO
mice also had a significantly higher infiltration of heart muscle by CD45+ mononuclear cells,
particulary with F4/80+ macrophages and CD3+T lymphocytes, and higher number of
eosinophils compared to WT mice.



Serum concentrations of Th2 cytokine (IL-4 and I1L-33) were higher in Gal-3KO mice
than in control diseased WT mice. The deletion of the Gal-3 gene also induced significantly
higher influx Thl and Th2 cells at the heart of the immunized Gal-3KO compared to WT
mice. The absence of gene expression for Gal-3 significantly increases the total number of
F4/80+ cells and facilitates alternative macrophage activation in the heart. In myocardium of
Gal-3KO mice were significantly higher percentage of distribution and total number of:
myeloid CD11b+Ly6C" macrophages and CD11c+ cells producing I1L-13. In the myocardium
of Gal-3KO mice were detected a higher number of 1gG positive cells and a larger amount of
IgG deposits compared to WT mice. The deletion of Gal-3 gene increases the number of
antifibrotic cells that produce IL-10, which is manifested by significantly less collagen storage
in the heart of diseased mice.

Gal-3 gene deletion increases tissue damage in animal model of autoimmune
myocarditis induced by application of the MyHCuaasss-352 peptide and eliminates the resistance
of C57BL/6 mice to induction of the disease.
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Abstract

Experimental autoimmune myocarditis (EAM) is a mouse model of immune-mediated myocarditis and cardiomyopathy. The
role of Galectin-3 (Gal-3), a 3-galactoside-binding lectin, in autoimmune myocarditis has not been studied. Therefore, the aim of
this study was to delineate the role of Gal-3 in myosin peptide-induced autoimmune myocarditis in mice. EAM was induced in
relatively resistant C57BL/6J mice (wild type, WT) and in mice with a targeted deletion of Gal-3 gene (Gal-3KO) by immuni-
zation with myosin peptide MyHC o334 35,. Gal-3KO mice developed more severe myocarditis and more pronounced heart
hypertrophy than WT mice. Increased infiltration of CD45™ leucocytes, CD3* T cells, F4/80™ macrophages, and eosinophils was
observed in hearts of Gal-3KO mice compared to WT mice on day 21 after EAM induction. Moreover, hearts of Gal-3KO mice
had more T helper type 2 (Th2) cells, alternatively activated M2 macrophages, higher amounts of IgG deposits, and higher serum
levels of IL-4 and IL-33 than WT mice. Ablation of Gal-3 in Thl-dominant C57BL/6J mice that are relatively resistant to EAM
resulted in more severe disease characterized by type 2 cardiac inflammation. The complex effects of Gal-3 on EAM progression

might be important in the consideration of therapeutic options for the treatment of EAM.

Keywords Experimental autoimmune myocarditis - Galectin-3 - Type 2 immune response

Introduction

Myocarditis represents progressive organ-specific autoim-
mune disease of the myocardium with clinical presentations
ranging from asymptomatic disease to a fatal outcome [1, 2].
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Myocarditis is characterized by a cellular infiltrate in the myo-
cardium, and degeneration and necrosis of myocytes.
Although infectious pathogens including viruses and bacterial
infections are important etiological agents of myocarditis, ge-
netic predisposition and autoimmune mechanisms cause path-
ogenic heart injury [3]. In viral myocarditis, disease develops
through an early phase of cardiac inflammation, the second
phase of autoimmune inflammation, and the third, chronic
phase which is characterized by dilated cardiomyopathy [4].
The dominant autoantigen most often associated with autoim-
mune myocarditis is cardiac myosin [5] and the disease is
mediated by autoreactive CD4" T cells and anti-cardiac auto-
antibodies [6, 7]. The relative contribution of Th1, Th2, and
Th17 cells in the pathogenesis of this disease is still unclear
[8—10]. Immunosuppressive therapy was not effective in pa-
tients with myocarditis, the findings that point to a complex
nature of the disease [11].

Experimental autoimmune myocarditis (EAM) is a mouse
model of immune-mediated myocarditis and cardiomyopathy
[10]. Immunization with cardiac myosin (CM) and cardiac
myosin peptides has been utilized to induce EAM in animals.
The susceptibility to EAM is genetically determined and
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differs among rodent strains. A/J and BALB/c mice are sus-
ceptible to EAM [9], whereas C57BL/6 mice are relatively
resistant [11]. In A/J mice, EAM can be induced by immuni-
zation with CM peptide 334-352, CM peptide 10741646,
and whole CM [9, 12], in BALB/c mice with CM peptide
614 to 629 or with whole myosin [13, 14], whereas in
C57BL/6 mice with whole CM or myosin peptide 334-352
[2, 15]. The development of EAM in particular mouse strain
or individual may be related to Thl or a Th2 cytokine profile
[11]. C57BL/6 mice preferentially develop Thl immune re-
sponse and BALB/c mice Th2-type response, and they repre-
sent prototypic Th1- and Th2-type mouse strains [16, 17]. In
A/J and BALB/c mice, EAM exhibits Th2 phenotype, as dem-
onstrated by the presence of eosinophils in the heart lesions
and by the humoral response with upregulation of IgG1 and
total IgE with the critical role of IL-4 in disease progression [9,
18]. Among mouse strains, C57BL/6 mice showed the lowest
susceptibility to Coxsackievirus B3-induced autoimmune
myocarditis [19]. It has been also reported that this strain is
resistant to myosin-induced myocarditis [11]. However,
Okabe et al. reported induction of EAM in C57BL/6 mice
immunized with porcine CM [15] and Lv et al. [2] evoked
EAM in C57BL/6 mice by using mouse CM or cardiac
troponine I. Also, Gangaplara et al. [20] reported that
C57BI1/6 male mice immunized with myosin peptide 334—
352 developed myocarditis accompanied with higher frequen-
cies of IL-17A and IL-22 producing Th17 cells.

Gal-3 is a galactosidase-binding lectin and has multiple
functions depending on its location. Extracellular Gal-3
can trigger mediator release of apoptosis, while intracel-
lular Gal-3 inhibits apoptosis and regulates the cell cycle.
Gal-3 is widely distributed in a number of cell types in-
cluding cells of innate and adaptive immune responses,
constitutively, or induced by various inflammatory stimuli
[21, 22]. This multifunctional lectin promotes or sup-
presses inflammation depending on the nature of the path-
ophysiological process and tissues/organs involved.
Numerous studies suggest the pro-inflammatory role of
Gal-3 through its effects on cell activation, cell migration,
or inhibition of apoptosis [23]. Recent report demonstrat-
ed that Gal-3 released by microglia acts as an endogenous
ligand and induces TLR4-mediated cell activation and
that depletion of Gal-3 exerted neuroprotective and anti-
inflammatory effects in LPS-induced inflammation [24].
However, reported data also show exacerbation of inflam-
mation and microglial activation in the absence of Gal-3
in the model of amyotrophic lateral sclerosis [25]. Thus,
Gal-3 may attenuate or enhance the development of in-
flammation, depending on which immune mechanisms
predominate in each disease [26].

Gal-3 has an important role in cardiovascular diseases [27].
Elevated serum levels of Gal-3 in patients with acute and
chronic heart failure have been reported to be predictive of
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disease outcome [28]. In experimental model of viral myocar-
ditis, it has been shown that Gal-3 produced by macrophages
in heart lesions promoted cardiac inflammation [29]. Thus,
Gal-3 could be a potential therapeutic target for the treatment
of various cardiovascular diseases.

The role of Gal-3 in EAM has not been studied. It is a given
fact that C57BL/6 mice are relatively resistant to cardiac
peptide-induced EAM which it was of interest to explore their
susceptibility to EAM in the absence of Gal-3. In this study,
we investigated whether the disruption of the Gal-3 gene in
C57BL/6J mice would affect the development of
MyHC-x334 35, peptide-induced EAM. Our results demon-
strate that depletion of Gal-3 enhanced the severity of EAM
by facilitating type 2 myocardial inflammation.

Materials and methods
Experimental animals

Eight-week-old male Gal-3-deficient mice on the C57BL/6J
background (Gal-3KO) and their littermate controls, wild-
type (WT) C57BL/6J mice, were obtained from the
University of California Davis (Davis, CA; by courtesy of
D.K.Hsu and F.T.Liu). Targeted disruption of mouse Gal-3
gene was performed in C57B1/6J embryonic stem cells, and
mice homozygous for disrupted gene were obtained [30].
Breeding pairs of Gal-3KO and WT C57BL/6 mice were
maintained in animal facilities of the Faculty of Medical
Sciences, University of Kragujevac, Serbia. The genotypes
of WT and Gal-3KO mice were confirmed by PCR. Mice
were housed under standard laboratory conditions. All animal
experiments were approved by the Ethical Committee of the
Faculty of Medical Sciences, University of Kragujevac,

Fig. 1 Gal-3 deletion enhances myocardial hypertrophy and inflammation P>
as evaluated by increased number of inflammatory cells, and level of
degeneration and necrosis in EAM. a. Gal-3KO mice have significantly
higher heart vs. body weight ratios compared to WT mice on day 21 after
EAM induction. b. Gal-3KO mice have a significantly higher EAM sever-
ity score which included the degree of heart infiltration, degeneration, and
necrosis compared to WT mice. ¢. Images of H&E staining of paraffin-
embedded normal heart tissue sections (original magnification x 200, scale
bar =50 um). d. Images of H&E staining of paraffin-embedded heart tissue
sections (original magnification x 200, scale bar = 50 pm). Increased infil-
tration of mononuclear cells in hearts of Gal-3KO mice than in WT mice
(arrows). e. Images of H&E staining of paraffin-embedded heart tissue
sections (original magnification x 200, scale bar =50 pm). The interstitial
space was enlarged (thick arrows). Gal-3KO mice exhibited signs of in-
creased degeneration and necrosis with cardiac muscle fibers without nu-
clei and with the loss of transverse stratification (thin arrows). Combined
results of three experiments (n =9 mice/group). Data are shown as a me-
dian (middle line of the box) and percentiles 25 and 75 (inferior and supe-
rior borders of the box), 5 and 95 (vertical lines outside the box), *P < 0.05,
Mann-Whitney U test
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Fig. 2 Gal-3 deletion enhances infiltration of T cells and eosinophils in
the hearts of cardiac peptide-immunized mice. a. More numerous CD45*
leukocytes in hearts of Gal-3KO mice compared to WT mice (right pan-
el); images of CD45" cells (arrows) in hearts of WT and Gal-3KO mice
(left panel). b. Gal-3KO mice have significantly higher number of heart-
infiltrating CD3* T cells than WT mice (right panel); images of CD3*
cells (arrows) in hearts of WT and Gal-3KO mice (left panel). ¢. Increased
number of heart-infiltrating F4/80* macrophages in Gal-3KO mice com-
pared to WT mice (right panel); images of F4/80" macrophages (arrows)
in hearts of WT and Gal-3KO mice (left panel). d. Immunostaining of
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CD45, CD3, and F4/80 on paraffin-embedded heart sections from WT
and Gal-3KO mice (original magnification x 200, scale bar =50 um). e.
Increased influx of eosinophils (arrows) in the hearts of Gal-3KO mice
during EAM; images of H&E staining of paraffin-embedded heart tissue
sections (original magnification x 400, scale ba » =50 um). The results of
three experiments (rn = 9 mice/group). Data are shown as a median (mid-
dle line of the box) and percentiles 25 and 75 (inferior and superior
borders of the box), 5 and 95 (vertical lines outside the box), *P < 0.05,
Mann-Whitney U test
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Induction of EAM

EAM was induced by subcutaneous administration of 200 pl
suspension at two sites over the hind flanks. The suspension
consisted of 100 pg myocarditogenic peptide (MyHCox334
352, Shanghai ShineGene Molecular Biotech) in 100 puL of
PBS, emulsified with 100 puL complete Freund’s adjuvant
(CFA) (Sigma-Aldrich, Germany) with 0.5 mg heat-
inactivated Mycobacterium tuberculosis (strain H37 RA;
Difco Laboratories, Detroit, MI). Each mouse was immediate-
ly, thereafter, injected intraperitoneally and 48 h later with
200 ng pertussis toxin (List Biological Laboratories,
Campbell, USA) in 100 pL 0.9% NaCl. Mice were sacrificed
on day 21 following immunization and hearts and blood were
collected for further analyses [8].

Histological assessment of EAM

Mouse hearts were removed and fixed in 10% buffered for-
malin fixative overnight. Paraffin wax-embedded hearts
(5 wm), from nine mice per group, were cut from base to apex
and stained with hematoxylin and eosin (H&E).

For evaluating the severity of EAM, histology scoring sys-
tem was used [31] and microscopy was performed in blinded
fashion by two investigators (S.M. and M.M.K.). Localization
ofthe inflammatory infiltration was quantified as described: 0-
disease free; 1-apex; 2-lateral wall; 3-septum. To assess the
intensity of inflammatory infiltration, the following score was
used: 0-no infiltrates in the visual field; 1-less than 5 individ-
ual mononuclear cells in contact with the sarcolemma in the
visual field; 2—-5-20 single mononuclear cells in contact with
the sarcolemma in the visual field; 3-more than 20 individual
mononuclear cells in contact with the sarcolemma in the visu-
al field. Evaluation of the degree of degeneration and necrosis
of cardiomyocytes was quantified using the following score:
grade 0-no disease; grade 1-< 10% of'the observed field; grade
2—-11-30% of the observed field; grade 3—31-50% of the ob-
served field; grade 4-51-90% of the observed field; grade 5->
91% of the observed field. The images were captured with a
light microscope (Olympus) equipped with a digital camera.
Score is calculated for each of the tissue clip and compared
with a control.

Detection of IgG deposits by confocal fluorescence
immunocytochemistry

The detection of IgG deposits and IgG-positive cells in the
hearts was performed by immunofluorescence. Hearts were
isolated from Gal-3KO mice and WT mice and immediately
frozen. Sections (5 wm) were cut on a cryostat, fixed in ace-
tone, and washed in PBS (phosphate buffered saline) two
times and blocked with 1% BSA in PBS for 15 min. Diluted
goat anti-mouse IgG (FITC)-labeled antibodies (ab7064,

Abcam, Cambridge, UK) were incubated 1 h at room temper-
ature in a humid chamber. The presence of IgG deposits and
IgG-positive cells was determined by observation on a confo-
cal laser microscope (Axiovert 200M, LSM 510 Laser
Module, Zeiss, magnification x 630). The fluorescence inten-
sity of stained heart tissue sections from each animal (five
mice per group) was calculated using Imagel] software
(NIHh, Bethesda, MD), and expressed as mean value of the
fluorescence intensity.

Immunohistochemical analysis of heart-infiltrated
mononuclear cells

For the immunohistochemical staining, we used paraffin-
embedded heart sections (5 pm). Deparaffinized tissue sec-
tions were incubated with primary rabbit anti-CD45
(ab10558, Abcam, Cambridge, UK), primary rat anti-F4/80
(ab15694, Abcam, Cambridge, UK), mouse monoclonal
CD3 (PC3/188A: sc-20047, Santa Cruz Biotechnology), and
rabbit anti-rat IgG (ab6703, Abcam, Cambridge, UK) follow-
ed by visualization using HRP/DAB detection IHC Kit
(ab64259, Abcam) and sections were counterstained with
Mayer’s hematoxylin. Sections were photomicrographed with
a digital camera mounted on a light microscope (Olympus
BX51, Japan), digitized, and analyzed. Analysis was per-
formed on 10 fields/section (magnification x 200). Results
are presented as mean number of positive cells per field.

Flow cytometric analysis of heart-infiltrated
mononuclear cells

Cells were labeled with fluorochrome-conjugated monoclonal
antibodies: CD45, CD3, CD4, CD8, CDllc, F4/80, CD206,
or isotype-matched controls (BD; eBioscience; BioLegend,
San Diego, CA, USA). For flow cytometric analysis of intra-
cellular cytokines, cells were activated with PMA (50 ng/ml)/
ionomycin (500 ng/ml) (Sigma-Aldrich) with Golgy Stop (BD
Bioscience) for 4 h and stained with fluorochrome-labeled
anti-mouse mAb specific for IL-4, IL-13, IL-33, and IFN-y.
Cells were acquired using FACSCalibur Flow Cytometer (BD
Biosciences, San Jose, CA) and analyses performed using
FlowJo (Treee Star, Ashland, OR, USA).

Serum cytokine levels

Serum levels of IL-4, IL-33, IFN-y, TNF-«, and IL-10
were determined using commercially available enzyme-
linked immunosorbent assay (ELISA) kits (R&D
Systems, Minneapolis, MN, USA) according to the
manufacturer’s instructions.
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Statistical analysis

Statistical analysis of the data was performed using SPSS
version 22.0. Statistical significance was determined by ¢
test and, where appropriate, by Mann-Whitney U test.
Data are presented as mean £ SEM or as median (25th,
75th percentiles) and P <0.05 was considered to be sta-
tistically significant.

Results

Gal-3 deletion enhances the severity
of Myhcagss,_35;-induced myocarditis in C57BL/6J
mice

WT and Gal-3KO mice were immunized with Myhcoss,-
352, sacrificed on day 21 and hearts removed for the eval-
uation of EAM severity. Cardiac hypertrophy, as assessed
by the ratio of heart weight to body weight, was signif-
icantly higher in Gal-3KO mice compared to WT mice
(Fig. 1a, P<0.05). EAM histology score, which included
the degree of inflammatory infiltration, and the degree of
cardiac muscle degeneration and necrosis, was markedly
higher in Gal-3KO compared to WT mice (Fig. 1b, P<
0.05). Figure lc shows that deletion of Gal-3 did not
affect the structure of the heart muscle tissue.

The hearts of Gal-3KO mice after immunization showed
more pronounced inflammatory foci, cardiac muscle degen-
eration, and necrosis (Fig. 1d, right vs left panel). WT mice
exhibited very mild cardiac muscle degeneration (Fig. le,
left panel). Heart muscle fibers of Gal-3KO mice exhibited
clear signs of hypertrophy with partial irregular distribution.
Muscle cell nuclei were hypertrophic or vesicular, an indi-
cation of muscle cell necrosis. The interstitial space was
enlarged and hypercellular, mainly due to the increased
infiltration of mononuclear cells. Cardiac muscle fibers of
Gal-3KO mice exhibited signs of degeneration and necro-
sis, as shown by muscular fibers that were without nuclei
and interrupted with the loss of transverse stratification
(Fig. le, right panel). These pathological changes were
minimal in the hearts of WT mice.

Increased infiltration of CD45" leucocytes, CD3* T
cells, F4/80" macrophages, and eosinophils in hearts
of Gal-3-deficient mice with EAM

We next investigated the composition of the mononuclear
cell infiltrate on the longitudinal cross sections of the heart
tissue using immunohistochemistry. In comparison to WT
mice, Gal-3KO mice had significantly higher numbers of
CD45" leucocytes in their hearts after EAM induction
(Fig. 2a, P<0.05). Similarly, CD3" T cells were
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significantly more numerous in the heart tissue of Gal-
3KO mice during EAM (Fig. 2b, P <0.05). Figure 2c
shows the increased presence of F4/80" macrophages in
the hearts of Gal-3KO mice than in WT (P <0.05).

Furthermore, hearts of Gal-3KO mice contained scattered
eosinophils which could not be detected in the hearts of WT
mice. Heart-infiltrated eosinophils in Gal-3KO mice had red
stained granules and a donut-shaped nucleus, typical charac-
teristics of mouse eosinophils as shown in Fig. 2d.

Gal-3 deficiency enhances the number
of heart-infiltrating Th2 cells in EAM

We next analyzed the phenotype of heart-infiltrating T
cells by flow cytometry in Gal-3KO and WT mice. We
found higher total number of CD4* lymphocytes in the
hearts of Gal-3KO mice compared to WT mice (Fig. 3a,
right graph, P <0.05), whereas the frequencies of CD4"
lymphocytes did not differ between two genotypes of
mice (Fig. 3a, left graph). There was no difference in
the percentage and number of CD8" cells between
groups of mice as shown in Fig. 3b.

We next determined intracellular cytokine profiles of
heart-infiltrating CD4" T cells. The percentage and total
number of IL-4-expressing CD4" cells (Th2 cells) were
significantly higher in Gal-3KO mice than in WT mice
(Fig. 3¢, both P<0.05). Similarly, hearts of Gal-3KO
mice contained significantly higher percentage and total
number of [FN-y-expressing CD4" cells (Thl cells)
(Fig. 3d, both P<0.05). Based on the obtained results of
increased number of IL-4-producing Th2 cells and IFN-y-
producing Thl cells in Gal-3KO mice during EAM,
which are involved in strong antibody production, we
next looked for the IgG deposits in the hearts.

We showed that Gal-3 deficiency resulted in in-
creased amount of IgG deposits and more numerous
IgG-positive cells in the hearts during EAM as shown
in Fig. 3e (P<0.05). Figure 3f shows images of scarce
IgG deposits in WT mice (left panel), large amount of
IgG deposits along the Gal-3KO cardiomyocytes (mid-
dle panel), and IgG-positive cells (right panel) in the
hearts of Gal-3KO mice.

Gal-3 deletion favors polarization of alternative
activated macrophages and increased influx of IL-13*
dendritic cells in hearts of Myhcasz,_35,-immunized
C57BL/6J mice

Based on the obtained results of increased presence of Th2
and Thl cells in the hearts of Gal-3KO mice, we sought to
determine the percentage and absolute number of M1 and M2
macrophages in their hearts during EAM.
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Fig. 3 Gal-3 deletion increased the influx of CD4*IL-4" cells and amount of
IgG deposits in the hearts following immunization with Myhco34 35,. a.
Percentage and total number of CD4* lymphocytes in WT and Gal-3KO mice
during EAM. b. Percentage and total number of CD8* lymphocytes in WT and
Gal-3KO mice during EAM. ¢. Percentage and total number of IL-4-
expressing CD4* lymphocytes in WT and Gal-3KO mice during EAM repre-
sentative dotplots of heart-infiltrating CD4*IL-4" cells in WT and Gal-3KO
mice (right panel). d. Percentage and total number of CD4*TFN-y* Th1 cells in
WT and Gal-3KO mice. Representative dotplots of heart-infiltrating

CD4*TFN=y™ cells in WT and Gal-3KO mice (right panel). e. Quantification
of amount of IgG deposits and IgG-positive cells by mean fluorescence inten-
sity in hearts of WT and Gal-3KO mice. f. Inmunofluorescence images of IgG
deposits and IgG-positive cells (arrows) in the hearts of WT and Gal-3KO
mice. IgG deposits and IgG-positive cells is seen along the cardiomyocytes
in the hearts of Gal-3KO mice. There was less IgG deposits and IgG-positive
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Combined results of three experiments (r» = 9 mice/group), presented as mean
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The percentage of F4/80% macrophages did not differ
between two groups of mice, whereas total number of F4/
80" macrophages in the hearts was significantly higher in
Gal-3KO mice than in WT mice (Fig. 4a, P <0.05).
Percentage and the total number of M1 macrophages did
not differ between Gal-3KO and WT mice during EAM
(data not shown). Total number of M2 macrophages (F4/
80*CD206") was significantly higher in Gal-3KO com-
pared to WT mice (Fig. 4b, P<0.05). In addition, total
number of heart-infiltrating 1L-13-expressing F4/80" M2
macrophages was significantly higher in Gal-3KO com-
pared to WT mice (Fig. 4c, P<0.05). Similarly, in com-
parison to WT mice, total number of IL-33-expressing F4/
80" macrophages (Fig. 4 d, P<0.05) was significantly
higher in the hearts of Gal-3KO mice.

The frequency and total number of dendritic cells
(CD11¢*CD11b") were significantly higher in the hearts
of Gal-3KO mice than in WT mice during EAM (Fig. 4e,
both P <0.05). Furthermore, we show significantly higher
percentage and total number IL-13-expressing CD11¢*
cells in Gal-3KO hearts (Fig. 4f, both P <0.05).

Gal-3 deletion increases serum levels of IL-4 and IL-33
in Myhcassz,_35,-immunized C57BL/6J mice

We next examined the levels of IL-4, IL-33, IFN-vy,
TNF-«, and IL-10 in the sera of WT and Gal-3KO mice
on day 21 after EAM induction. Immunization with
Myhcaisss_3s, induced significant increase of serum levels
of IL-4 in Gal-3KO mice compared to WT mice (Fig. 5a,
P <0.05). Gal-3KO mice had significantly higher levels
of IL-33 in their sera in comparison to WT mice
(Fig. 5b, P<0.05). Serum levels of IFN-y (Fig. 5c¢) and
IL-10 (Fig. 5d) and TNF-« (data not shown) did not differ
between Gal-3KO and WT mice.

Discussion

The hallmarks of EAM are the presence of inflammatory
infiltrates consisting of T cells and macrophages, autoan-
tibodies to cardiac antigens, degeneration and necrosis of
cardiomyocytes, and dilated cardiomyopathy [32].
C57BL/6J mice develop only very mild disease after chal-
lenge with CM or peptide with immunodominant epi-
topes. In this study, we demonstrated that deletion of
Gal-3 in C57BL/6J mice enhances Th2-type inflammation
and also the presence of Thl cells in their hearts during
EAM compared to WT mice. These results clearly dem-
onstrate that ablation of Gal-3 resulted in increased sever-
ity of Myhcass, 35p-induced autoimmune myocarditis in
C57BL/6J mice.
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We show that Gal-3KO mice had more numerous T
cells, macrophages (Fig. 2a—c), and eosinophils (Fig. 2d)
in their hearts on day 21 of EAM. Moreover, hearts of
Gal-3KO mice had increased number of both IL-4- and
IFN-y-producing CD4" T cells (Fig. 3c, d). Here, elevated
IL-4 and IL-33 serum levels were found in Gal-3KO mice
(Fig. 5a, b), the findings that indicate the association of
Th2 phenotype with more severe inflammation in the ab-
sence of Gal-3. In addition, we found increased IgG de-
posits and IgG-positive cells in the hearts of Gal-3KO
mice (Fig. 3e—f), which may cause damage of
cardiomyocytes by triggering antibody-dependent cell-
mediated cytotoxicity [33]. Thl, Th2, or Th17 cells have
important roles in the pathogenesis of EAM which pre-
dominance is dependent on mouse strain [34]. Th2 cyto-
kine IL-4 was shown to be a critical mediator of severe
EAM in A/J mice [9] and the absence of IFN-y aggravat-
ed the severity of the Th2-mediated autoimmune myocar-
ditis in BALB/c mice [35]. Recent study showed that eo-
sinophils were the major IL-4-expressing cell type in the
heart during EAM that cause severe EAM and drove pro-
gression to dilated cardiomyopathy in BALB/c mice [18].
IL-4 may also enhance the severity of EAM through ac-
tivation of B cells and increased production of IgG anti-
bodies [36]. Th17 cells and IL-17A have been shown to
have crucial roles in postmyocarditis cardiac remodeling
and dilated cardiomyopathy [37].

In mice, Gal-3 is being upregulated after activation of T and
B cells [22, 38]. Our findings of increased presence of Th2
and Th1 cells in the hearts and increased IgG deposits in hearts
of Gal-3-deficient mice are in line with the evidence that in-
tracellular Gal-3 negatively regulates TCR-mediated CD4 T
cell activation at immunological synapses resulting in en-
hanced production of IFN-y and IL-4 after T cell receptor
engagement [39]. Intracellular Gal-3 inhibits plasma cell dif-
ferentiation [40, 41] and lack of Gal-3 favors antigen-specific

Fig. 4 Gal-3 deletion favors alternative activation of macrophages in the P>
hearts of Myhcazz4 350-immunized C57BL/6J mice. a. Percentage and
total number of F4/80" macrophages in WT and Gal-3KO mice during
EAM. b. Percentage and total number of F4/80"CD206" macrophages in
WT and Gal-3KO mice during EAM representative dotplots of heart-
infiltrating F4/80"CD206* macrophages in WT and Gal-3KO mice (right
panel). ¢. Percentage and total number of F4/80"IL-13" macrophages in
WT and Gal-3KO mice during EAM representative dotplots of heart-
infiltrating F4/80"IL-13" macrophages in WT and Gal-3KO mice (right
panel). d. Percentage and total number of F4/80*IL-33" macrophages in
WT and Gal-3KO mice during EAM representative dotplots of heart-
infiltrating F4/80*IL-33" macrophages in WT and Gal-3KO mice (right
panel). e. Percentage and total number of CD11¢*CD11b~ dendritic cells
in WT and Gal-3KO mice during EAM. f. Percentage and total number of
CDI11c¢*IL-13" dendritic cells in WT and Gal-3KO mice during EAM
representative dotplots of heart-infiltrating CD11¢*IL-13" dendritic cells
in WT and Gal-3KO mice (right panel). Combined results of three exper-
iments (n =9 mice/group), presented as mean + s.e.m., *P <0.05,
Student’s ¢ test
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Fig. 5 Gal-3 deletion increases a % b %
serum levels of IL-4 and IL-33 in 50 - 30 =
Myhcoaz4 35,-immunized
C57BL/6]J mice. a. Serum levels 45 1
of IL-4 were significantly higher 40 25 1
in Gal-3KO mice compared to P
WT mice. b. Serum levels of IL- = 135 4 —é
33 were significantly higher in g = 20 4
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did not differ between WT and < 1
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antibody production [42]. More pronounced myocardial dam- ~ Conclusion

age in Gal-3KO mice was accompanied with more numerous
alternatively activated M2 macrophages in the hearts than WT
animals (Fig. 4b, c). Similarly, reported data show the link
between predominance of alternatively activated M2 macro-
phages in the hearts and the severity of EAM [13, 43]. Gal-
3KO mice had also higher percentage and number of CD11¢*
dendritic cells (Fig. 4e) and type 2 dendritic cells (CD11¢*IL-
13%) in their hearts (Fig. 4f). Ericsson et al. demonstrated the
key role for dendritic cells in the EAM induction, as cardiac
dendritic cells loaded with cardiac antigens induced autoim-
mune myocarditis and infiltration of CD4" T cells in myocar-
dium [7]. Further, Bellinghausen et al. reported the key role of
IL-13 produced by human dendritic cells in the production of
Th2 cytokines [44].
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Our study indicates that deletion of Gal-3 enhanced se-
verity of myosin peptide MyHCoa34 355-induced EAM
in C57BL/6J mice enhancing pathogenic Th2-type in-
flammation in their hearts.
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Sazetak

Uvod: U poslednje dve decenije metoda endovaskularne embolizacije se nametnula
kao metoda izbora u leCenju nerupturiranih intrakranijalnih aneurizmi. Stoga je problem
leCenja aneurizmi u regiji PComA, udruzene sa slaboS¢u tre¢eg kranijalnog nerva (TKN),
postao jos kompleksniji. Slucaj pacijenta prikazanog u ovom radu je stvorio dilemu da li
treba ¢ekati spontani oporavak oftalmoplegije koja je nastala nakon embolizacije
aneurizme na PComaA ili je potrebno sprovesti rano operativno lecenje?

Prikaz bolesnika: U pacijenta muskog pola 58 godina starosti je dijagnostikovana
nerupturirana inferolateralno orjentisana bilobarna aneurizma na desnoj ACI u regiji
ishodista PComA, dijametra 9mm i Sirine vrata 6mm. Dan pre planirane embolizacije u
pacijenta se javila ipsilateralna oftalmopareza, a prvog dana nakon endovaskularne
procedure doslo je do razvoja kompletne desnostrane oftalmoplegije. Nakon 10 nedelja
perzistentne oftalmoplegije doneli smo odluku da se sprovede operativno leéenje u vidu
klipsovanja aneurizme i ekstrakcije koilova. Nakon 18 meseci od operacije doslo je do
potpunog oporavka funkcije m. levator palpabrae, m. rectus medialis i pupilarne funkcije,
sa parcijalnim oporavkom funkcije m.obliqus inferior, m. rectus inferior i m.rectus
superior.

Zakljucak: prema literaturi ocekivano vreme barem parcijalnog oporavka TKN
nakon embolizacije je tokom prvih nekoliko nedelja. Progresija oftalmopareze u
ofalmoplegiju uprkos sprovedenom endovaskularnom lecenju, a bez klini¢kog poboljSanja
nakon 10 nedelja od sprovodenja istog, je shvacena kao indikator izraZzene kompresije
TKN, koja bi dovela do ireverezibilnog ostecenja nerva. Uprkos sve vecoj ucestalosti
metode endovaskularne embolizacije u le€enju aneurizmi u regiji PComA koje su pracene
preoperativnom slabos¢u TKN, smatramo da je operativno lecenje bilo neophodno. Ostaje
pitanje da li je nasa reakcija u ovom slucaju zakasnila?

Kljucne reci: unutraSnja karotidna arterija, oftalmoplegija, aneurizma



Summary

Introduction: In the last two decades a method of endovascular embolization has
been imposed as a method of choice in the treatment of unruptured
intracranial aneurysms. Therefore, the problem of treating posterior communicating artery
(PcomA) aneurysms presenting with the third cranial nerve (TCN) palsy has
become even more complex. The case of a patient reported in the paper itself has
presented a dilemma of whether to wait for  spontaneous  resolution  of
ophthalmoplegia developed after the coiling of a PcomA aneurysm or whether to

implement an early surgical treatment?

A case report: An unruptured saccular aneurysm, directed inferolaterally in the right
ICA segment in the position of the PcomA origin, was diagnosed in a 58-year-old male
patient. The aneurysm was measuring 9 mm in diameter while the neck was measuring 5
mm. The day before the planned embolization, the patient developed ipsilateral
ophthalmoparesis, whereas the first day after the endovascular procedure was
completed, the patient developed right-sided complete ophthalmoplegia. Ten weeks after
the endovascular embolization our team decided to perform a microsurgical treatment
including aneurysm clipping and coil extraction. Eighteen months after the surgery, the
patient made a full recovery of the functions of m. levator palpabrae, m.
rectus medialis and pupillary function, with a partial recovery of the functions of

m. obliqus inferior, m. rectus inferior and m. rectus superior.

Conclusion: according to medical research and literature, the partial recovery of
TCN palsy is expected to happen in the first few weeks after embolization. Despite the
completion of endovascular treatment progression of ophthalmoparesis to ophthalmoplegia
without any simptoms of clinical improvement after 10 weeks is considered to be an
indicator of long-standing TCN compression, which can lead to irreversible nerve damage.
Despite the increase in the use of an endovascular embolization method in the treatment of
PComA aneurysms preceeded by the TCN palsy, neurosurgical treatment is believed to
have been necessary. One question is yet to be answered: did we react too late in this

particular case?

Key words: Carotid Artery, Internal; Ophthalmoplegia; Aneurysm.



INTRODUCTION

The question of an effective treatment alternative of  unrupted
intracranial aneurysms poses a particular problem encountered by neurosurgeons,
especially nowadays when the detection rate of aneurysms during routine neurodiagnostic
examinations has been increased (1). Particular neurosurgical approaches have always been
required for the treatment of posterior communicating artery (PComA) aneurysms.
These aneurysms reported to occur in 13-30% of all cases cause the third cranial nerve
(TCN) palsy (2). Therefore, even before the era of ’high definition’ neuroimaging,
aneurysms have been detected prior to the occurence of spontaneous subarachnoid
hemorrhage due to aneurysmal rupture. The clinical presentation of unruptured PComA
aneurysms includes symptoms associated not only with the TCN palsy, but with
retrobulbar pain as well (3). Considering the wide wuse of endovascular coil
embolization to treat unruptured intracranial aneurysms (4), particularly in the
last decade, the problem regarding optimum management of unruptured PComA

aneurysm has become even more complex.

Possible mehanisms for the occurrence of the TCN palsy caused by a PComA
aneurysm are the following: aneurysm induced mass effect and consequent compression of
neighboring nerve, pulsatile effects of aneurysm and the combination of the latter two
mechanisms. Coiling of PComA aneurysms was considered to affect the compression
effect on the TCN, and aneurysms in this region were believed to require surgical
treatment. However, in the past few years there has been an increasing number of reports
speaking in favour of complete symptomatic recovery or partial relief from the TCN after
coil embolization (5-7). Also, they refer to the fact that no significant differences were
recognized in the clinical outcome observed while following treatment compared with

surgical clipping aneurysms (8-10).

The patient’s case presented in our paper has initiated a dilemma related to until

which moment or whether to wait for a spontaneous recovery of the TCN palsy which



progression is observed immediately after endovascular coiling of an unruptured PComA
aneurysm. Once more, the reported case put an emphasis upon the complexity of
pathology manifested within the case itself along with the emergence of taking a patient-
centred approach which should be tailored to each individual. Other possible
complications relating to the management of a PComA aneurysm have also been discussed

within the paper itself.

CLINICAL PRESENTATION

A 58-year-old male patient was admitted to the outpatient clinic of the
Department of Neurology because of repeated episodes of right-sided headaches
followed by ipsilateral retrobulbar pain. The computed tomography (CT) scan of
endocranium revealed no evidence of intracranial hemorrhage or any other
pathological lesions. During the further course of examination, magnetic
resonance (MR) angiography was performed, complete with the digital subtraction
angiography (DSA) study. With 3D DSA of the cerebral wvessels, an unruptured
aneurysm was recognized (Fig.1A). It revealed a bilobed saccular aneurysm of the right
internal cartoid artery (ICA) proximal to the PComA origin, directed inferolaterally. A
diameter of the aneurysm sac was 9 mm, with a proximal neck diameter of 6 mm and
a dome-to-neck ratio of 1.5. Endovascular coil embolization was recommended as an
initial treatment. It was also planned along additional placement of a stent for the finally

recovery of aneurysm.

The day before the scheduled endovascular embolization the patient developed a
TCN palsy causing ptosis which was accompanied by lateral deviation in the right eyeball.
Although it was followed by ophthalmoparesis, the procedure  of  endovascular
embolization (EE) was administered in order to relieve compression of TCN by

relieving pulsating effect of the aneurysm.

The EE was performed and after treating the intracranial wide-necked aneurysm,
approximately 75% of the total aneurysm sac volume was filled, which was
revealed by the immediate postprocedural DSA images (Fig. 1B). However, in the

immediate postprocedural course the patient developed right-sided ophthalmoplegia,



including drooping of the upper eyelid (ptosis), pupilary dilation (mydriasis) and paralysis

of the bulbomotor muscles innervated by TCN.

Eight weeks after procedure there was no regression of neurological
deficit. Taking into consideration that it was not possible to completely fill the aneurysm
and that in the postprocedural course the patient exhibited the progression to
complete ophthalmoplegia, our clinical team decided to perform neurosurgical operative

treatment 10 weeks after the endovascular embolization.

After the right-sided pterional craniotomy, due to the level of magnification
increased by an operating microscope it was enabled to present the right n. opticus and
right ICA in the first place. In a microdissection procedure a wide-necked aneurysm was
first identified on the posterolateral wall of the ICA proximal to the PComA origin, with a
fundus which was directed inferolaterally, causing compression of the TCN (Fig. 2A). N.
oculomotorius presented a flatter surface, while the fundus caused its slightly elevated
prominence and convex outer surface. The two clips were placed across the neck of the
aneurysm — a slightly curved clip, measuring 9 mm and the straight one,
measuring 8,3 mm (Fig. 2B). Then, microdissection of the aneurysm fundus was
carried out. Using the microscissors, the fundus was cut sharply and the placed coils were
gradually removed (Fig. 2C, 2D). The TCN compression was relieved completely, but
nerve was bent and arch-shaped and it was made thinner.

In the early postoperative period after surgery the patient awoke with right
ophthalmoplegia. Immediate postoperative angiography showed the absence of aneurysm
rest (Fig. 3). The postoperative course was uneventful. Examination performed two months
after surgery revealed regression rate of neurological deficit. The patient was
found to have made a full recovery, with resolution of the eyelid ptosis first, which
was followed by the recovery of external ocular movement and then improvement in
pupillary function. Follow up data concerning the patient's neurological state were
collected during a 6-month period. Eighteen months after the surgery the patient had
made a full recovery of the functions of m. levator palpebrae, m. rectus medialis and pupil
function. It also demonstrated that the patient had made a partial recovery of the functions

of m. obliquus inferior, m. rectus inferior and m. rectus superior.



DISCUSSION

Although it can be stated that the adequate management of unruptured intracranial
aneurysms is still one of the most controversial topics (11), unruptured PComA
aneurysms, presenting with TCN palsy, require urgent treatment to maximize the potential
of functional recovery and prevent subarachnoid hemorrhage (12). A surgical procedure of
aneurysm clipping used to be a method applied in a standard treatment of TCN palsy
caused by an expanding PComA aneurysm (13). Also, the mechanism of recovery by
surgical clipping was known to be effective by relieving the mass effect. As the method of
endovascular embolization has been more widely used over time, more cases have been
reported along with a minor case series of patients who have made a functional
recovery of TCN after coiling of an PComA aneurysm (5-7). Recovery mechanism of
TCN following coil embolization is related to loss or decrease of aneurysmal pulsation,
despite the fact that the mass effect was not completely relieved. There is also evidence
indicating that after embolization the aneurysm volume decreases by 30% within the period
lasting from 2 to 12 months (14).

Although some studies suggested that surgical clipping was associated with a
higher incidence of recovery of the TCN and higher recovery level in comparison
with endovascular treatment (15), meta-analysis of all similar available studies showed that
there were no statistically significant differences in clinical outcome and rate of complete
recovery between the two groups of patients following coil embolization and surgical
clipping (9, 10). The findings suggested that oculomotor nerve palsy may result not only
from mechanical compression by coils but also from inflammation induced by

perpendicular thrombosis occurring immediately after endosaccular embolization (11).

The prognosis of TCN palsy mainly depends on the degree of preoperative deficit.
Gender, age and size of the aneurysm had no influence on the functional
recovery of the nerve (6, 7, 10, 17). The importance of interval between the onset of palsy
and the time of operation/embolisation seems to be contradictory when compared to the
recovery of the nerve according to the results obtained by various authors (7, 12). Patients
usually  experienced complete functional recovery of TCN  within 3 months of

surgery/embolization. However, full recovery may also take two years. (6, 7, 17).



Ptosis is generally the first symptom, and it frequently shows the
earliest recovery of all other disturbed oculomotor functions after surgery. The restitution
of the single ocular muscle functions shows a fairly constant course: the levator
palpebrae muscle and the m.rectus medialis show rapid recovery. The parasympathetic
fibres follow next, but normal function of elevation and depression of the ocular bulb
(m. rectus sup., m. obliquus inf. and m. rectus inf.) is often delayed. The above mentioned
clinical course of TCN recovery in patients after clipping completely correlates with the
clinical data of the patient reported here, regarding his/her functional recovery (13).

Endovascular embolization of PComA aneurysms imposes a problem of anatomical
specificity of the location of an aneurysm, based on which the following types of
aneurysms can be identified: ,,true PComA aneurysms”, aneurysms which arise on the
posterolateral wall of the ICA located proximal to the origin of the PComA and ICA
communicating segment aneurysms distal to the origin of the PComA (18). In the first
aneurysmal type neck of the aneurysm originate of the PCom artery itself and is often
associated with large or fetal PComA arteries. In the most common second type the neck of
the aneurysm can partially incorporates the PComA artery (9), which was not present in
our reported patient, although the aneurysm neck was closely related to the PComA origin.
Although it is a seemingly irrelevant classification of a small segment of blood vessels at
the base of the brain, its significance is highlighted in the era of endovascular embolization.
As for recommendations given for the first two aforementioned subgroups of
aneurysms, microsurgical treatment performed by placing adequately modified clips is
being recommended. Endovascular embolization of the mentioned aneurysms is often
incomplete due to the efforts invested in order to save the PComA origin. This is followed
by aneurysm recurrence, while stent placement may compromise perforant branches. The
location of the branches cannot be determined without  performing  neurosurgical
microdissection. ICA communicating segment aneurysms distal to the origin of the
PComA can be adequately treated by microsurgical treatment and endovascular

embolization (18).

In the past few years, it has been reported an increasing number of aneurysms
demanding operative treatment immediately after the performed procedure of
endovascular embolization. In our viewpoint, it is a result of inadequate

diagnostic indications for aneurysm coiling procedures. Based on the literature, the most



common indications for operative treatment of previously coiled aneurysms were the
following: incomplete aneurysm occlusion, aneurysmal regrowth and coil herniation (19).
A few case series of patients demonstrated that microsurgical treatment of the given
aneurysms was associated with a low incidence of serious complications and favourable
clinical outcome in most cases. When reviewing the mass effect of an aneurysm,
numerous authors consider utilizing a aneurismal sac evacuation technique to be their first
choice regardless of aneurysm location and nerve deficits it causes (20). Taking
into consideration all the available literature, we have not been able to identify a case of
microsurgical treatment of a PComA aneurysm where ophthalmoparesis progressed to

acute TCN palsy immediately following the coiling procedure.

Due to all mentioned above, we are facing the following clinical dilemma: to wait
for a spontaneous recovery of developed ophtalmoplegia after the coiling of a
PcomA aneurysm or not and how long we should wait. In addition, is it necessary for
patients to undergo operative treatment as soon as possible? Or, to rephrase our question:
can our patient’s state be led to the point of irreversible TCN damage by taking an
expectation approach? The literature published so far does not give clear guidelines related
to a reasonable time frame to expect the recovery of the nerve after endovascular
embolization. Although it has been noticed that the recovery of TCN palsy can take even a
whole year after the embolization have been performed, it is all about cases where initial
regression of weakness symptoms has appeared in the first few weeks after the intervention
(6, 7). Taking into consideration all the findings revealed up to this point, we believed that
concerning our patient’s case we had run out of time and that microsurgical intervention
was necessary. The progression of ophthalmoparesis to ophthalmoplegia that did not
improve within ten weeks, was considered in our opinion to be an indicator of long-
standing compression of the TCN. In the following postembolization course, it could lead
to irreversible TCN damage. Having completed further analyses of the clinical course and
intraoperative findings, we concluded that the right decision was made at the given
moment, the one related to the further patient’s treatment. The decision was made for
the purpose of prevention of permanent nerve deficit. Still, one question remains to be
answered: did we react in a timely manner? Additionally, is the progression of
ophthalmoparesis to ophthalmoplegia after coiling considered to be a early predictor of
unfavourable outcome of the recovery of TCN which demands operative treatment in the

first few days? All the additional questions that may arise concerning the given topic



remain unanswered for the state being due to the lack of reported cases of patients with the

clinical course similar to the one presented within our case report.

CONCLUSION

Despite the increasing frequency of use of endovascular embolization in the
treatment of unruptured PComA aneurysms presenting with the TCN palsy, itis our
viewpoint that concerning the cases with weakness showing markedly progression towards
complete ophtalmoplegia after EE is performed — the patients are required to undergo
surgery. The surgery is to be performed by placing a clip over the neck of
an aneurysm and by the use of the technique of coil extraction in order to decompress the
oculomotor nerve. Simultaneously, it is neccessary to take into account the time
factor, because the acute complete ophtalmoplegia occuring after the coiling of a PcomA
aneurysm should be taken as an indicator of a predominantly expressed compression of the
TCN. The compression may lead to irreversible nerve damage, resulting in permanent
nerve deficit. In the case of the aforementioned  clinical  course  microsurgical
procedure is advised, by which the aneurysm mass effect could be relieved.
Unfortunately, based on our own experience and the given literature, we have to state that
nothing can be said about the period of time recommended for the patient to undergo
surgery which is considered to be more invasive treatment modality. However, in this case,
according to the authors of the paper itself — the utilized modus of treatment was highly

necessary.
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Fig. 1: Preoperative cerebral digital subtraction angiography (DSA) shows (A) bilobed
saccular aneurysm of posterolateral wall of the internal carotid artery (ICA),
communicating segment, aneurysmal sac was measuring 9 mm in diameter while the neck
was measuring 6 mm in diameter, with a fundus which was directed inferolaterally. (B)
DSA immediately after coil endovascular embolization shows that approximately

75% of the total aneurysm sac volume was filled (arrow), with a neck residue

(asterisk).




Fig. 2. Intraoperative images under magnification (8x) of an operating microscope
showes (A) microdissection of an aneurysmal sac (asterisk) (B) by placing two
clips at aneurysmal neck which is at posterolateral wall of internal carotid artery

(ICA) followed by the (C) aneurysmal sac opening and (D) removing of coils from

aneurysmal sac with third cranial nerv (TKN) decompression.




Fig. 3. Immediate postoperative cerebral digital subtraction angiography shows complete

obliteration of the aneurysm
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STANDARD LUMBAR DISCECTOMY
VERSUS MICRODISCECTOMY - DIFFERENCES
IN CLINICAL OUTCOME AND REOPERATION RATE
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SUMMARY - Microdiscectomy (IMD) is accepted nowadays as the operative method of choice
for lumbar disc herniation, but it is not rare for neurosurgeons to opt for standard discectomy (SD),
which does not entail the use of operating microscope. In our study, differences in disc herniation re-
currence and clinical outcome of surgical treatment of lumbar disc herniation with and without the
use of operating microscope were assessed. Our study included 167 patients undergoing lumbar disc
surgery during a three-year period (SD, n=111 and MD, n=56). Clinical outcome assessments were
recorded by patients via questionnaire forms filled out by patients at three time points. Operation
duration, length of hospital stay and revision surgeries were also recorded. According to study results,
after one-year follow up there was no statistically significant difference between the SD and MD
groups in functional outcome. However, we recorded a statistically significant difference in leg pain
reduction in favor of the MDD group. According to the frequency of reoperations with the mean follow
up period of 33.4 months, there was a statistically significant difference in favor of the MD group (SD
6.3% vs. MDD 3.2%). There appears to be no particular advantage of either technique in terms of func-
tional outcome since both result in good overall outcome. However, we choose MD over SD because

it includes significantly lower recurrent disc herniation rate and higher reduction of leg pain.

Key words: M; icrodiscectomy; Standard discectomy; Clinical outcome; Reoperation

Introduction

Elective lumbar discectomy is regarded a good
treatment option for lumbar disc herniation and one of
the most common neurosurgical procedures. Discec-
tomy is considered the gold standard in the treatment
of lumbar disc herniation patients if sciatica or neuro-
logical deficits occur and still persist after a course of
conservative therapy™?. In 1934, Mixter and Barr were
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the first to recognize herniated disc as a common cause
of neural compression in the lumbar spinal canal and
advocated surgical approach to the problem®. Surgical
approach, commonly known as standard discectomy, is
still employed today, accompanied by a number of
technical modifications implemented over years, and
includes partial hemilaminectomy and partial discec-
tomy for herniated disc removal. A new era in the op-
erative management of lumbar disc herniation began
in the year 1977 with the use of operating microscope
for surgical removal of herniated disc material*’. Soon
after the introduction of the above mentioned innova-
tion, according to the first results, it was pointed out
that microdiscectomy was just as efficient as standard
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discectomy, having certain advantages over the latter®.
Compared with the standard open discectomy, micro-
discectomy enabled the use of smaller incisions of the
skin and fascia and facilitated a less traumatic surgical
procedure, thereby reducing postoperative pain and
hospital stay.

Although microdiscectomy is accepted nowadays
as the method of choice for the presenting pathology,
it is not rare for neurosurgeons to opt for standard dis-
cectomy, which does not entail the use of operating
microscope. Over the last two decades, several kinds of
operative techniques have been generated in the treat-
ment of lumbar disc herniation patients (chemonucle-
olysis, laser discectomy and endoscopic-assisted tech-
niques), but they have not become widely accepted
into clinical practice due to having a limited range of
indications and often unsatisfactory clinical results’”.
'The newer minimally invasive methods (microendo-
scopic or tubular discectomy), which appear to be gen-
erally accepted nowadays, have been proven to be a
satisfactory alternative to microdiscectomy. The major
advantages of endoscopic discectomy are reported to
include significantly less muscle damage' and less
peridural scar tissue formation''. However, there were
no statistically significant differences in the final clini-

cal treatment outcome'?.

13-15 16,17

Several retrospective and prospective
domized studies have been published so far, comparing
the relative merits of microdiscectomy and standard
discectomy, which imposes a general conclusion that
there is no clinically relevant difterence in the clinical
treatment outcome even after continuous long-term
monitoring of patients.

It is our belief that a drawback of prospective ran-
domized studies is the fact that they are highly influ-
encing the choice of surgical procedure performed by
the individual surgeon because if the surgeon is not
familiar with his/her own chosen method, its applica-
tion can affect the final clinical treatment outcome. In
addition, most of the studies are dedicated to the sur-
gical aspects in the treatment of patients, including
possible complications, surgery duration and hospital
stay. Although pain assessment method is covered in
numerous studies, there are quite a few studies that
include patient self-rated outcome scale, which turns
out to be essential in the clinical outcome assessment.
Unlike most other studies, we included the problem of
recurrent disc herniation that required reoperation.

ran-
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Our study presents an attempt to make a multidi-
mensional comparison between the course and out-
come of surgical treatment of lumbar disc herniation
with and without the use of operating microscope.

Patients and Methods

Our study was designed as a prospective non-ran-
domized study and it included patients undergoing
lumbar disc surgery during the three-year period at the
Center for Neurosurgery, Kragujevac Clinical Center
in Kragujevac, Republic of Serbia. Clinical outcome
assessments were recorded by the patients via ques-
tionnaire forms filled out by the patients preoperative-
ly, three months after surgery and properly conducted
physical therapy program, and also one year after sur-
gery. The questionnaires contained the following pa-
rameters: Visual Analog Scale (VAS, 0-10) used as a
tool in quantifying patient experience of back and leg
pain intensity and Oswestry Disability Index (ODI,
0-100%disability) used for assessment of disability and
functional recovery in patient daily activities. The ODI
is considered the ‘gold standard’ of low back functional
outcome tools'™. Operation duration, length of hospi-
tal stay and revision surgeries were also recorded.

'The mean follow-up in terms of potential reopera-
tion and other surgical complications in the postoper-
ative period was 33.4 months.

The criteria for inclusion into the study were de-
fined as: single level lumbar disc herniation; monora-
dicular symptoms with predominant sciatica compared
to less severe lower back pain; conservative treatment
failure or intolerable sciatica, or rapidly progressive
neurological deficits (including motor deficits, bladder
dysfunction, partial and complete cauda equina syn-
drome).

Exclusion criteria were defined as a history of pre-
vious lumbar back surgery; signs of spinal instability or
other spinal abnormalities; excessive obesity; body
mass index above 35'; and history of psychiatric or
addiction and mental disorders.

Procedures were performed under general anesthe-
sia and patients were placed in the genupectoral posi-
tion. The affected interlaminar space was localized by
lateral x-ray fluoroscopy just before and with confir-
mation during surgery. Microdiscectomy was per-
formed after a horizontal skin incision of approxi-
mately 4-5 cm in length above the lumbar spinal seg-
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ments and incision of lumbodorsal fascia and sub-
periostal preparation to the interlaminar space. Using
the operating microscope (Carl Zeiss Co., OPMI
Vario/NC33, Oberkochen, Germany), the following
aspects of the surgery were performed: partial hemi-
laminectomy of the superior and inferior lamina and
partial flavectomy. After these aspects had been per-
formed, the herniated disc was removed. In addition,
all patients were mobilized during the first 24 hours
after surgery.

'The protocol of the present study was approved by
the institutional ethics committee.

Data are presented as mean + standard deviation
(SD) or median (range). For comparison of the two
treatment modalities, the independent samples t-test
was used for normally distributed data and the Mann-
Whitney test for skewed data. The paired samples #
test was used to test statistical difference between two
time points within each procedure. The x?-test was
used to analyze the association between surgical group
and reoperation rate. Statistical significance was ac-
cepted at the p<0.05 level. Statistical data analyses
were done using SPSS Statistics 22.

Results

During the study period, 223 patients diagnosed
with lumbar disc herniation underwent surgery by

four experienced neurosurgeons. The study admission
criteria were satisfied by 167 patients and at the same
time they were available when requested to complete
the questionnaires. Depending on the surgeon’s prefer-
ence, 111 patients underwent surgery by using the
method of standard discectomy, that is, without using
operative microscope, whereas 56 patients underwent
surgery by the method of microdiscectomy. The stan-
dard discectomy group had 57 men and 54 women
undergoing surgery, whereas the microdiscectomy
group included 34 men and 22 women. The mean age
of patients in the standard discectomy group (SD) and
microdiscectomy group (IMD) was 44.9 (range: 17-75)
years and 44.8 (range: 19-67) years, respectively. The
most common level of disc herniation was at the level
of L5/S1 lumbar vertebrae in both groups (SD, n=61
and MD, n=28), and then at the level of L.4/L5 (SD,
n=33 and MD, n=17).

There were no statistically significant group differ-
ences in the operation duration or the length of hospi-
tal stay. In both groups, surgery was usually completed
during the first hour from the beginning of operation,
which was observed in 74.3% of SD cases and 68.7%
of MD cases. The mean duration of hospital stay was
5.6x+2.8 (range: 3-9) days in the SD group and 6.7+3.1
(range: 4-11) days in the MD group.

The mean preoperative ODI score in the SD group
was 58.34+21.32 (range: 23-94) and mean VAS leg

Table 1. Initial parameters and operation details

Variable Standard discectomy | Microdiscectomy p value
group group
Number of patients 111 56
Gender
— male 57 34
— female 54 22
Patient age (years) 449 (17-75) 44.8 (19-67) p=0.95
Operation duration (h)
<1h 74.3% 68.7% p=0.43
>1h 25.7% 31.3%
Hospital stay (days) 5.6+2.8 6.7£3.1 p=0.87
Preoperative VAS leg pain 7.7+1.9 8.2+2.1 p=0.26
(range: 2.5-9.2) (range: 2.3-9.6)
Preoperative VAS back pain | 4.7£2.2 4219 p=0.33
(range: 1.8-6.5) (range: 1.5-6.2)
Preoperative ODI (%) 58.34+21.32 55.1£19.13 p=0.7

VAS = Visual Analog Scale; ODI = Oswestry Disability Index
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Table 2. Clinical outcome 3 months after surgery

Variable Standard discectomy | Microdiscectomy p value
group group
3-month postoperative 3.0+2.5 2.84+2.3 _0.69
VAS leg pain (range: 0.5-7.5) (range: 0-7) p=t
3-month postoperative 2.1+2.2 1.9+2.0 -0.89
VAS back pain (range: 1-5.2) (range: 0-6.1) p=t
3-month postoperative ODI | 25.67+18.43 22.4+16.14 07
(%) (range: 4-63) (range: 0-43) p=t
VAS leg pain reduction ~
after 3 months 47 >4 p=0.08
VAS back pain reduction ~
after 3 months 2.6 2:3 p=0.67
Reduction in ODI
after 3 months 32.67 32.7 p=0.93

VAS = Visual Analog Scale; ODI = Oswestry Disability Index

pain level was 7.7+1.9 (range: 2.5-9.2). The mean pre-
operative ODI score in the MD group was 55.1+19.13
(range: 26-87) and mean VAS leg pain level was
8.2+2.1 (range: 2.3-9.6). Patients in the SD group had
a baseline mean low back pain (LBP) score of 4.7+2.2
(range: 1.8-6.5), whereas patients in the MD group
had a mean LBP score of 4.2+1.9 (range: 1.5-6.2).
There was no statistically significant difference be-
tween the two groups according to these initial param-
eters (Table 1).

While completing the questionnaires for the sec-
ond time at 3 months postoperatively, significant re-
duction was noted in the perceived pain score for leg
pain and for LBP in both study groups. The mean VAS
for leg pain in the SD group was 3.0£2.5 (range: 0.5-
7.5), compared to 2.8+2.3 (range: 0-7) in the MD
group. The mean VAS for LBP in the SD group was
2.1+2.2 (range: 1-5.2), compared to 1.9+2.0 (0-6.1) in
the MD group. Also, a significant decrease in ODI
values was observed: 25.67+18.43 (range: 4-63) in the
SD group and 22.4+16.14 (range: 0-43) in the MD
group. There was no statistically significant difference
between the two groups in the monitored parameters
after three months of surgery. There was no statisti-
cally significant difference in the reduction of ODI
and VAS values for leg and back pain at three months
either (Table 2).

At 12-month follow-up after operative treatment,
the patients were requested to complete the question-
naires once again. Both groups showed a clinically im-
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portant trend towards a decrease in the VAS of leg
pain and ODI scores, whereas LBP values determined
using the VAS scale demonstrated a minimum de-
crease compared to the previous examination. The
SD patients displayed the mean leg pain level of 2.3+
2.5 (range: 0-7.5), median back pain of 2+1.9 (range:
0-5.5) and ODI of 19.13+15.69 (range: 0-60). The
MD patients had the mean leg pain of 1.9+2.5 (range:
0-7), median back pain of 1.60+2.0 (range: 0-6),
and ODI of 14.65+13.2 (range: 0-32). At one-year
follow-up, improvement of preoperative leg pain
according to VAS was 5.4 (p<0.001) in SD patients
and 6.3 (p<0.001) in MD patients.

Significant reduction in LBP intensity was noted
as well. The corresponding values for LBP reduction
were 2.7 in the SD group and 2.6 in the MD group.
'The preoperative mean ODI values after one year de-
creased by 39.21 in the SD group and by 40.45 in the
MD group (p<0.001 both), yielding a statistically sig-
nificant improvement in both groups. At one-year
follow-up, there was no statistically significant differ-
ence between the SD and MD groups according to the
reduction in VAS score for back pain or reduction in
ODI values. However, we recorded significant differ-
ence in the leg pain reduction by VAS (p=0.038) in
favor of the MDD group (Table 3).

Of the 167 patients in the database with the mean
follow-up of 33.4 months, nine (5.4%) patients under-
went reoperation. In the SD group, seven (6.3%) pa-
tients underwent reoperation, whereas five (4.5%) pa-
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Table 3. Clinical outcome 12 months after surgery and reoperation rate

Variable Standard discectomy | Microdiscectomy p value
group group

12-month postoperative 2.3+2.5 1.9+2.5 037

VAS leg pain (range: 0-7.5) (range: 0-7) p=t

12-month postoperative . .

VAS back pain ?r_ig .0-5.5) (1r6r(1)_2 0-6) p=0.23

(median) ange: 0-5. ange:

12-month postoperative ODI 19.13+15.69 14.65+13.2 _0.19

(%) (range: 0-60) (range: 0-32) p=t

VAS leg pain reduction B

after 12 months >4 6.3 p=0.038

VAS back pain reduction ~

after 12 months 2.7 2.6 p=0.75

Reduction in ODI 39.21 40.45 _0.86

after 12 months (p<0.001) (p<0.001) p=t

Reoperation rate (%) 5.4 3.2 | p=0.0001

VAS = Visual Analog Scale; ODI = Oswestry Disability Index

tients underwent reoperation because of recurrent disc
herniation. Due to postoperative recurrent radicular
pain, two patients received the treatment of fibrous ad-
hesions of spinal nerve roots caused by scar tissue for-
mation. Of the 56 patients in the MD group, two
(3.2%) patients underwent reoperation and one
(1.78%) patient underwent reoperation because of re-
current disc herniation. According to the frequency of
reoperations, there was a statistically significant differ-
ence in favor of the MD group (p=0.0001). The SD
patients underwent reoperation at 6-28 (mean, 16.5)
months after their first surgery.

Discussion

'The present study sought to investigate differences
in the functional outcome after lumbar disc excision
with and without the use of microscope, and also to
detect whether there were significant differences in
terms of the pain syndrome reduction. If each group is
assessed separately, both groups displayed significant
improvement in terms of leg and low back pain inten-
sity scores, showing good recovery according to the
ODI. The only statistically significant difference noted
between the two groups was reduction in the leg pain
intensity score. Although no significant difference was
noted at 3 months post-surgery, there was a statisti-
cally significant reduction in leg pain intensity at 12

Acta Clin Croat, Vol. 56, No. 3, 2017

months in the MD group (pain reduced by 6.3 points)
compared to the SD group (pain reduced by 5.4
points). The verified difference could be attributed to
the lower preoperative leg pain score in the SD group,
which could be caused by better patient selection for
operative treatment in the MD group.

Although we had expected better functional out-
comes after surgical treatment in the MD group be-
cause they had the advantage of less tissue trauma and
better visualization, no statistically significant differ-
ences were detected between the two groups in out-
comes based on the results obtained by the ODI and
VAS. Our starting hypothesis was not verified in the
works of other authors either, who used various ques-
tionnaires for treatment outcome assessment!®162425,
Most of the above mentioned studies share the same
view related to the significant reduction in leg and low
back pain intensity in both groups, completed with ex-
cellent functional recovery, but the overall results are
not statistically and clinically significant. In addition,
some segments of the studies show the authors’ prefer-
ence for one of the treatment modalities. However,
their overall results are generally heterogeneous.

The main reason why our study differs from the
majority of other studies is the follow-up of lumbar
disc reherniation rate and the need for reoperation.
'The abovementioned studies do not give their views on
recurrent lumbar disc herniation. Our study showed
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that after microdiscectomy, there was a statistically less
chance of reoperative treatment because of recurrent
lumbar disc herniation or excessive fibrous traction of
the dural sac and spinal roots. We attribute this result
to better visualization of the neural structure and
pathologic substrate, and their mutual relations. Ac-
cording to a few available studies on recurrent lumbar
disc herniation, the reoperation rate is 6%-24% de-
pending on the length of follow-up®*?%. Studies having
similar length of follow-up just like ours are reported
to have the reoperation rate of approximately 10%%,
which is a considerably higher rate compared to our
study. However, it is not the difference related to the
reoperation rate that proves the higher level of efhi-
ciency in lumbar disc herniation treatment (demon-
strated by our own results), but the reasons for claim-
ing this should be found in setting different indica-
tions for reoperation.

In the present study, the use of microscope did not
lengthen the duration of the operation, although a
higher percentage of the operation cases in the SD
group lasted for less than one hour. The operating time
varies in other studies depending on the use of micro-
scope. Our results are in agreement with the findings
of some earlier studies®, some of which even report a
shorter operation time when using the standard dis-
cectomy technique'®'”?. However, there are only a few
authors who came to the following conclusion and re-
port a shorter operation time when using the micro-
scope'. The operating time is an important factor to
consider, especially the aspect of blood loss and intra-
operative risk factors for surgical site infections. Ac-
cording to the findings of some studies, one of the
benefits of microdiscectomy is a significantly decreased
perioperative blood loss?%. In terms of surgical data,
considering the fact that the increased visualization al-
lowed for smaller incisions of the skin and fascia, less
tissue trauma and more efficient hemostasis are ex-
pected. However, bearing in mind that blood loss re-
ported for standard discectomy does not affect the he-
modynamic stability of the patient, the aforemen-
tioned surgical data cannot be taken as an essential
factor for the choice of one of the surgical methods
given. In addition, blood loss is directly proportionate
to the length of operation duration, which is frequent-
ly dependent on the individual surgeon’s skills per se,
and not so much on the operating method preferred.

Our study concurs with the recently published re-
sults'®?26 which demonstrated that both standard
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discectomy and microdiscectomy were appropriate
techniques with no difference in outcomes. However,
studies concerned with patient earlier return to work/
normal activities are reported to choose microdiscec-
tomy over standard discectomy?*?. These results were
explained by the correspondingly reduced tissue trau-
ma during microsurgery. However, the results given
should not be fully taken into consideration because
they are strongly influenced by differences in the
worker compensation policies in different countries
worldwide.

As regards the length of hospital stay, there was no
clinically relevant difference between the two groups
in our study. There are some studies favoring microdis-
cectomy'®?”% but also there are other studies support-
ing the results obtained in our study*. However, this
variable, too, is often dependent on the factors other
than the medical ones, such as healthcare policies and
insurance systems in a particular country.

When making comparison between our study and
a number of similar studies in this respect, some stud-
ies are reported to have the following drawbacks: ret-
rospective character®, and the fact that there is only
one surgeon and patients randomized to treatment by
using one of the aforementioned methods'. If the
validity of our study is subject to discussion, it is our
belief that its main advantages were related to the fact
that the surgeon was enabled to implement a familiar
technique and relatively uniform indications for sur-
gery. In addition, in our study, patients were not ran-
domized to treatment by the use of specific modality,
but it was the surgeon who made final choice in the
way that best served the patients’ interests, and the
choice itself was related to the adequate treatment mo-
dality, depending on the pathology-based substrate.
Apart from the patient inclusion criteria for the study,
the approximate mean initial VAS and ODI values
provide similar indications for surgery. The similarity
of frequency of disc herniation level, gender distribu-
tion and mean age in both groups additionally demon-
strate the level of compatibility between the two pa-
tient groups. Finally, although the two group sizes
were different, the MD group size (56 patients) was
still large enough to give the study sufficient power to
reach appropriate conclusions.

We have come to a conclusion that in terms of pa-
tient-rated outcomes, there appears to be no particular
advantage of either technique for the operative treat-
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ment since they both result in good overall outcome.
In addition, there was no significant difference in the
overall functional outcome after standard discectomy
and microdiscectomy procedures. Bearing in mind the
results obtained, along with a constant tendency in
spine surgery towards developing minimally invasive
techniques, an important concern has been raised re-
garding the justification of financing a plethora of the
above mentioned tools for minimally invasive spinal
surgery. Good overall long-term functional outcome
in both groups imposes a conclusion that the surgeon
should make decision to use a specific operative tech-
nique relating to whether he/she is adept in his/her
own chosen method. However, we choose microdis-
cectomy over standard discectomy because it includes
a significantly lower recurrent disc herniation rate and
higher reduction of leg pain, as observed in the present
study. In addition, one of the most obvious advantages
of microdiscectomy is its superiority in teaching
younger colleagues, for it provides a brief overview of
insights into the neuroanatomy and pathologic sub-
strate, which is not always possible to achieve when it
comes to standard discectomy.
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Sazetak

STANDARDNA LUMBALNA DISKEKTOMIJA NASUPROT MIKRODISKEKTOMIJI
- RAZLIKE U ISHODU LIJECENJA I STOPI REOPERACIJE

V. Kovacevic, N. Jovanovié, M. Miletic-Kovacevié, R. Nikolié, M. Peulié, K. Rotim, T. Sajko i L. Rasuli¢

Mikrodiskektomija (MD) je danas prihvacena kao operativna metoda izbora u lijeCenju lumbalne diskus hernije, ali se
neurokirurzi nerijetko odlucuju za standardnu diskektomiju (SD) koja ne podrazumijeva upotrebu operativnog mikroskopa.
U nasoj studiji smo nastojali uoditi razlike vezano za rekurentnu diskus herniju i funkcionalni ishod kirurskog lije¢enja lum-
balne diskus hernije uz uporabu operativnog mikroskopa i bez nje. Nasa studija je ukljucila 167 bolesnika koji su podvrgnu-
ti operaciji lumbalne diskus hernije tijekom trogodisnjeg razdoblja (SD, n=111 i MD, n=56). Ishod lije¢enja procjenjivao se
pomocu upitnika koji su bolesnici ispunjavali u tri vremenske tocke. Vrijeme trajanja operacije, duzina hospitalizacije i reo-
peracije su takoder biljezeni. Nakon godinu dana pracenja prema nasim rezultatima nije bilo statisticki znacajne razlike iz-
medu skupina SD i MD u funkcionalnom ishodu lije¢enja, ali je zabiljeZena statisti¢ki znac¢ajna razlika u smanjenju boli u
nozi u korist skupine MD. Prema ucestalosti reoperacija s prosje¢nim razdobljem pracenja od 33,4 mjeseca, utvrdena je sta-
tisticki znacajna razlika u korist skupine MD (SD, 6,3% i MD, 3,2%). Nijednoj operativnoj tehnici ne moze se dati prednost
u smislu funkcionalnog ishoda lijeenja, jer obje daju odli¢ne rezultate. Ipak, nas izbor je mikrodiskektomija zbog nize stope
rekurentne diskus hernije i viSeg stupnja smanjenja boli u nozi.

Kljucne rijeci: Mikrodiskektomija; Standardna diskektomija; Ishod lijecenja; Reoperacija
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The mineral content of the hard dental tissue of mesiodens

Sanja Tanaskovic-Stankovic, Irena Tanaskovic’, Nemanja Jovicic, Marina Miletic-Kovacevic?, Tatjana Kanjevac®,
Zoran Milosavljevic®

Objective. Mesiodens is the most common form of supernumerary tooth mainly located between the maxillary cen-
tral incisors. Its etiology is not completely understood but both genetic and environmental factors are assumed. The
degree of mineralization and inorganic element content in hard tooth tissues is poorly understood as well as is the
durability and suitability for allo- and auto-transplantation. Therefore aim of this study was to examine the content of
inorganic elements.

Materials and Methods. This study included 26 mesiodens teeth and 26 normal central incisor teeth as controls. All
specimens were prepared for SEM/EDS analysis which was aimed at specific sites on the enamel, dentine and cementum
in order to evaluate the weight percentage and ratio of important inorganic elements.

Results and Conclusion. The results showed that there was a difference in the weight percentage of selected inorganic
elements (calcium, phosphorus, oxygen, carbon, magnesium and sodium) in all three types of dental hard tissues but
the differences were mostly expressed in the cementum tissue. The statistical analysis showed that the differences were
marginally significant especially for calcium and phosphorus values and ratio in the enamel and dentine. The carbon
and magnesium content in all three hard tissues showed the most differences, but overall, the hard tissues mineral
content of the mesiodens did not differs significantly from healthy teeth.

Key words: mesiodens, elemental composition, dentin, enamel, cementum
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INTRODUCTION oxygen (O), as indicated by the formula for hydroxyapatite
(HAP), also carbon (C), magnesium (Mg), sodium (Na),
Tooth development is a complex process of mineraliza-  as well as several trace elements'*>. On the other hand, a
tion of connective tissues that depends on various genetic ~ survey of the literature related to the mineral content of
control mechanisms and biochemical cellular reactions.  the supernumerary teeth as well as mesiodens provided
Supernumerary teeth have become interesting to clini- no results. Given that, the degree of mineralization, ratio
cians and researchers in last decade due to their auto-and  of inorganic elements as well as the presence of trace ele-
allo-transplantation potential as well as a good source of  ments in hard dental tissues of the mesiodens are impor-
stem cells'?. The overall prevalence of the supernumerary  tant facts when susceptibility to tooth decay and erosion
tooth in permanent dentition is from 1.5-3.5% and me- are evaluated, the aim of our study was to examine the
siodens contribute around 80% of cases (ref.*). Mesiodens  mineral content of the enamel, dentin and cementum of
is the most common form of the supernumerary tooth  the mesiodens.
mainly located just between the maxillary central inci-
sors’. Often the mesiodens has a typical appearance
(conical shape) and with all morphological characterr MATERIAL AND METHODS
istics of the normal tooth, but it sometimes is atypical
with altered form as a result of defective development All procedures in the study were approved by the
from the remnants of the tooth bud®’. Both, genetic and  Ethics Committee. The study included 26 mesiodens
environmental, factors have been considered and several  teeth and 26 central incisor teeth. All specimens were
different theories such as the atavism, dichotomy theory  obtained from different patients. Clinical diagnosis of the
and genetic syndromes have been suggested to explain the  mesiodens was confirmed with X-ray imaging and these
occurrence of the mesiodens®'°, Regardless of the reason,  teeth, extracted for esthetic or orthodontic reasons, were
its development follows that of other normal permanent  used as the experimental group, while the control group
teeth, while its mineralization frequently occurs later than  consisted of central incisor teeth extracted for orthodontic
homologous teeth which means that inductive factors  reasons. Teeth from both groups were from the permanent
(stimuli) for mesiodens teeth are weaker and somewhat  dentition, from healthy patients of both sexes without car-
impaired!"2, A number of studies have shown that the ies, periapical granulomas and orthodontic treatment.
normal tooth possess calcium (Ca), phosphorus (P), and  Patients were 25-50 years of age from whom we received
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Fig. 1. Distibution ofbasic chemical elements in healthy and mesiodens enamel, dentine and cementum in weight percentage.

HE- healthy teeth; M-mesiodens; (*)-significantly

written consent to participate in the study and who had
previously been fully informed, orally and in writing,
about the aims of the study. During the initial prepara-
tion of samples, the teeth were cut into a lingual and labial
part and separated using a diamond disc with constant
cooling at the speed of 6000 rev/min. The surface of the
obtained parts was first polished with fine silicon carbide
paper and then with diamond paste. Diamond polishing
was essential to remove the debris and to obtain glossy
surfaces needed for a quantitative chemical analysis. The
enamel surface of each tooth was polished for 5 min with
a rubber cup mounted at a low-speed hand piece (KaVo,
Biberach, Germany) and under constant deionized water
irrigation in order to remove the remnants of the carbide
paper. Abrasive substances were not used. Finally, the
teeth were rinsed again in an ultrasonic bath before stor-
ing them in labeled plastic tubes with 10% formalin
solution for 3 days for further analysis. Although fixing
solution for a prolonged period could affect the mineral
composition of the teeth, in our experiment the fixation
period was too short to manifest that effect.

Energy dispersive spectrometry (EDS) analysis

Energy dispersive spectrometry is a specific method
for determining the concentration of chemical elements
in the substratum. Samples for the EDS analysis were
previously cleaned by ethanol and kept in an ultrasonic
bath for a several minutes and then air dried. The samples
were then fixed on a holder with carbon paste (to the
bottom of the specimens) and gold vapor was applied, so
that the surface would be electron transparent for the pen-
etrating electron beam. Such samples were then analyzed
with scanning electron microscope equipped with energy-
dispersive system for EDS analyses. The analysis of the
chemical elements of the enamel, dentin and cementum
was performed in the Laboratory for Scanning Electron
Microscopy with Energy-Dispersive Spectrometry (SEM-
EDS) Surface of the specimens was examined by means of
a scanning electron microscope (SEM) type JEOL JSM-
6610LV at 20 kV. Relative amounts of the measured chem-
ical elements were calculated using Energy-Dispersive
System-EDS, model XMax Large Area Analytical Silicon
Drift connected with INCA Energy 350 Microanalysis
System, with the detection limit of 0.1 mass percentages
and resolution of 126 eV. Optimal magnification was set
on 500. The SEM/EDS analysis was directed to specific
regions of the teeth: for the enamel the three sites selected
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were (the surface, 0,5mm below the surface and 0.5 mm
distal from the dentin-enamel junction). For dentin crown
and root parts were selected and for cementum 0,Imm
from the root apex. In order to assure the same location
of analysis for all the specimens, selection of every line
of interest was performed by aiming the EDS X-ray at the
exact same distance from the marker point (e.g. tooth
surface, enamel-dentin junction and root apex) on the
low-power microscopic image of the examined tooth.

Statistics

Quantitative analysis of the distribution of chemical
elements in enamel, dentin and cementum were done by
applying “dotted” analysis at a previously determined line
of analysis. The chemical and elemental composition of
each tooth samples were tested for normal distribution
(Gaussian distribution) using the Shapiro-Wilk test.
The following were used to process the: Mann-Whitney
U-test, Student t-test and X2 test. The level of significance
was set as (P<0.05). The results are presented as means
+ standard deviation (SD). For statistical analysis SPSS,
IBM Analytics, USA software, version 22.0 was used.

RESULTS

Results of the comparative quantitative analysis of the
basic chemical elements (plus oxygen whose content had
been calculated by stoichiometric calculations) in hard
tissues of the healthy teeth and mesiodensare displayed
in Table 1.

Enamel analysis

Analysis of healthy enamel showed that the mean val-
ue of Ca concentration was 29.33 wt% whereas the mean
value of calcium concentration in mesiodens enamel was
25.59 wt%. It was observed that the concentration of
calcium was significantly higher in healthy enamel com-
pared to mesiodens enamel (P<0.05). The mean value
of phosphorus concentration in the enamel of the teeth
from the control group was 15.46 wt% and in mesiodens
enamel 11.78 wt%. Carbon concentration was statistically
significantly higher in mesiodens enamel compared to
healthy enamel (P<0.05). Regional distribution of the
carbon showed that the concentration of this element
sharply decreased from the dentin-enamel border towards
the surface (Table 2). The mean value of magnesium
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Table 1. EDS results from enamel, dentine and cementum.

ELEMENT ENAMEL DENTIN CEMENTUM
HE M HE M HE M

Calcium (%) 29.33£2.33 25.59 +2.01 23.55+ 1.55 29.10 £ 2.03 29.62 £ 1.44 24.54 £ 1.51
Phosphorus (%)  15.46 + 3.04 11.78 £ 2.26 14.94 £ 2.62 10.59 + 1.26 14.17 £ 0.87 12.47 + 1.60
Carbon (%) 9.95+ 1.40 20.64 +2.18 11.93 + 1.76 19.78 + 1.52 13.21 £0.71 19.50 = 1.10
Oxygen (%) 44.48 £ 1.95 44.15+2.10 48.15+2.59 39.33+2.64 41.96 = 1.02 42.28 + 1.89
Magnesium (%) 0.72 £0.16 0.35+0.12) 0.76 £0.14 0.60 £ 0.11 0.28 £0.06 0.34+0.12
Sodium (%) 0.58 £0.10 0.61 £0.11 0.48 £0.07 0.59 £0.10 0.68 +0.12 0.62 +0.21
Ca/P ratio 1.97 £0.55 2.26 £0.50 1.63 £0.35 2.78 £0.38 2.10+0.19 2.00 = 0.30
Ca/C ratio 3.02 £0.49 1.53 £ 0.15 2.23+£0.37 1.48 £0.17 2.25+0.21 1.26 £0.12

Data in weight %. HE - healthy teeth group; M - mesiodens teeth group

concentration in enamel of the teeth from the control
group was 0.72 wt% and in mesiodens enamel 0.35 wt%.
Magnesium concentration was statistically significantly
higher in healthy enamel compared to mesiodens enamel
(P<0.05). The mean value of sodium concentration in
healthy enamel was 0.58 wt% and in mesiodens enamel
0.61 wt%. There was no statistically significant difference-
between the concentration of sodium in healthy enamel
compared to mesiodens enamel (P>0.05).When the con-
centration of calcium and phosphorus was considered,
the experimental and control group of were significantly
different, as well as carbon in enamel (P<0.05) (Fig. 1).

The ratio of calcium and phosphorus concentration
in healthy enamel was 1.97:1, whereas this ratio in me-
siodens enamel was 2.26:1. Analysis of the ratio of cal-
cium and carbon concentration in healthy enamel was
3.02:1 and the ratio of calcium and carbon concentration
in mesiodens enamel was 1.53:1. Healthy and mesiodens
enamel did not differ significantly in terms of statistics
considering the ratio of calcium and phosphorus concen-
tration (P=0.083), whereas the ratio of calcium and car-
bon concentration was statistically significantly higher in
healthy enamel compared to mesiodens enamel (P=0.000)
(Table 1).

Dentine analysis

Analysis of healthy dentine showed that the mean
value of Ca concentration was 23.55 wt% whereas the
mean value of calcium concentration in mesiodens den-
tine was 29.10 wt%. It is shown that the concentration
of calcium was significantly higher in mesiodens dentine
compared to healthy dentin (P<0.05). The mean value of
phosphorus concentration in healthy dentine was 14.94
wt% and in mesiodens dentine 10.59 wt%. Phosphorus
concentration was statistically significantly higher in
healthy dentin compared to mesiodens dentine (P<0.05
).The mean value of carbon concentration in healthy
dentine was 11.93 wt% and in mesiodens dentine 19.78
wt%. Carbon concentration was statistically significantly
higher in mesiodens dentine compared to healthy den-
tine (P<0.05). The mean value of magnesium concentra-
tion in healthy dentine was 0.76 wt% and in mesiodens
dentine 0.60 wt%. Magnesium concentration was statisti-
cally significantly higher in healthy dentine compared to
mesiodens dentine (P<0.05). The mean value of sodium
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Table 2. Carbon content in wt% in different zone of enamel
of healthy and mesiodens teeth.

Zone of enamel Carbon (weight %)

Healthy teeth Mesiodens teeth
Close to DEJ 14.10 = 1.83 39.20 £ 3.64
Middle zone 9.12+1.36 15.58 £ 1.94
Surface zone 6.63 = 1.01 7.14 £ 1.14
Mean+SD 9.95+1.40 20.64 £ 2.18

concentration in healthy dentine was 0.48 wt% and in
mesiodens dentine 0.59 wt%. Sodium concentration was
not significantly higher in mesiodens dentine compared
to healthy dentin (7>0.05). The concentration of dentine
calcium, phosphorus and carbon was significantly differ-
ent between groups (P<0.05) (Fig. 1).

The ratio of calcium and phosphorus concentration
in the dentine of the teeth from the control group was
1.63:1, whereas the ratio of calcium and phosphorus con-
centration in mesiodens dentine was 2.78:1. Analysis of
the ratio of calcium and carbon concentration in healthy
dentine was 2.23:1, and the ratio of calcium and carbon
concentration in mesiodens dentine was 1.48:1. Healthy
and mesiodens dentine were statistically significantly dif-
ferent for ratio of calcium and phosphorus concentration
(P<0.05). The ratio of calcium and phosphorus concen-
tration was statistically significantly higher in mesiodens
dentine compared to healthy dentine. The ratio of calcium
and carbon concentration was statistically significantly
higher in healthy dentine (P<0.05) (Table 1).

Cementum analysis

Chemical elements analysis of healthy cementum
showed that the mean value of Ca concentration was
29.62 wt% whereas the mean value of calcium concentra-
tion in mesiodens cementum was 24.54 wt%. We observed
that the concentration of calcium was significantly higher
in healthy cementum compared to mesiodens cementum
(P<0.05). The mean value of phosphorus concentration
in healthy cementum was 14.17 wt% while in mesiodens
cementum was 12.47 wt%. Phosphorus concentration
was statistically significantly higher in healthy cemen-
tum compared to mesiodens cementum (P<0.05). The
mean value of carbon concentration in healthy cementum
was 13.21 wt% and in mesiodens cementum 19.50 wt%.
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Carbon concentration was statistically significantly higher
in mesiodens cementum compared to healthy cementum
(P<0.05). The mean value of magnesium concentration
in healthy cementumwas 0.28 wt% while in mesiodens
cementum was 0.34 wt%. Magnesium concentration was
statistically significantly higher in mesiodens cementum
compared to healthy cementum (P<0.05). The mean value
of sodium concentration in healthy cementum was 0.68
wt% and in mesiodens cementum 0.62 wt%.There was
no statistically significant difference between the con-
centration of sodium in healthy cementum compared to
mesiodens cementum (P>0.05). The cementum levels of
Ca, P and C were statistically significant between groups
(P<0.05) (Fig. 1).

Ratio of calcium and phosphorus concentration in
healthy cementum was 2.10:1, whereas the ratio of cal-
cium and phosphorus concentration in mesiodens ce-
mentum was 1.96:1. Analysis of the ratio of calcium and
carbon concentration in healthy cementum was 2.25:1,
and the ratio of calcium and carbon concentration in me-
siodens cementum was 1.26:1. Healthy and mesiodens
cementum did not differ significantly for calcium and
phosphorus concentration (P>0.05), whereas the ratio
of calcium and carbon concentration was statistically
significantly higher in healthy cementum compared to
mesiodens cementum (P<0.05) (Table 1).

DISCUSSION

Scientific and clinical interest in supernumerary teeth
and mesiodens has risen sharply in the last decade mostly
due to reports in which researchers showed their success-
ful clinical use in auto- and allo-transplantation proce-
dures and identified these teeth as a good source of stem
cells'?. Previously, supernumerary teeth were considered
mostly as an orthodontic and esthetic problem. Clinical
utilization of these teeth in transplantation procedures
potentiates the importance of the quality and durability
of the hard dental tissues, especially in terms of their min-
eral content. In the available literature a number of the
studies have been published on epidemiology, etiology
and clinical manifestations associated with supernumer-
ary teeth and mesiodens, but not on inorganic content®?®.
In our study, the results showed that the concentration
of calcium and phosphorus is higher in healthy enam-
el and cementum compared to mesiodens while in the
dentine the calcium is higher, but phosphorus is lower.
Nevertheless, overall the in incisors are very similar which
is in correlation with the previous findings'®". It is well
known that when enamel ratio of Ca/P is under 1,33 the
tooth is more susceptible to decay, but in our investigation
neither normal incisors, nor the mesiodens belong to that
category'®!®. Our results showed a significant different in
carbon content between groups. Analysis of the carbon
concentration shows that the values are significantly high-
er in mesiodens enamel compared to healthy teeth, but re-
gional distribution shows that concentration of mesiodens
carbon abruptly decreases from the DEJ to the surface
(with end-value very near to the normal teeth) which is
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in correlation to the previous findings”*. This increased
carbon presence in mesiodens is the result of persistence
of remains of organic matter, probably due to alteration in
maturation during which proteins are reabsorbed?'. Bozal
et al.”! and Jalevik et al.?? reported that decreased carbon-
ate content strengthens the enamel. Crombie et al.? claim
that carbonate is a substitute for the phosphate group in
the HAP. Normal or lower carbon concentration contrib-
utes to enamel hardness. One more conclusion is that me-
siodens is not susceptible to accelerated decay although
there are no comprehensive data on the incidence of the
mesiodens caries?*?®. In relation to the Mg differences
found, magnesium is “trace” element that is absorbed,
but not incorporated into the hydroxyapatite structure.
Our results showed significantly (twice) lower amounts
of magnesium in mesiodens enamel compared to normal
teeth. Wychowanski et al.?’, suggest that magnesium is
detrimental to enamel due to increased susceptibility to
acid influence. We conclude that lower mesiodens enamel
magnesium content in fact contributes to its resistance.
This study showed increased calcium and decreased phos-
phorus content so the ratio of these elements is markedly
in favor of calcium (up to 2.78:1). Our findings are in cor-
relation with the report of Akgun et al.”” who found that
mesiodens dentine is more calcified that normal dentine
although exact values are at variance. On this matter we
managed to find one very short report of Caihong et al.?
who stated the opposite, but our sample was larger. The
dentinal Ca/C ratio examination in our study showed that
this ratio is lower in mesiodens than in healthy teeth, but
the total amount of these elements was in fact increased.
This is important because some authors claims that the
very low carbon content in dentine may reduce its ability
to withstand the mechanical pressure from the enamel, to
become brittle and develop micro-cracks**. In a conclu-
sion we can state that out study showed that, although
there are some differences in overall mineral content and
the ratio of the important inorganic elements of the hard
tissues of the mesiodens and normal incisors, these differ-
ences are not highly significant. Therefore, auto- and allo-
transplantation of mesiodens is valid given that durability
is similar to normal teeth.
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ABSTRACT

Obesity and type 2 diabetes mellitus (T2DM) constitute
major health problems worldwide. Increased visceral adipos-
ity enhances the risk of insulin resistance and type 2 diabetes.
The mechanisms involved in obesity-associated chronic in-
flammation in metabolic tissues (metaflammation) that lead
to insulin resistance and dysregulated glucose metabolism are
incompletely defined. Galectin-3 (Gal-3), a [-galactoside-
binding lectin, modulates immune/inflammatory responses
and specifically binds to metabolic danger molecules. To dis-
sect the role of Gal-3 in obesity and diabetes, Gal-3-deficient
(LGALS3”) and wild-type (WT) C57Bl/6 male mice were
placed on a high-fat diet (HED, 60% kcal fat) or a standard
chow diet (10% kcal fat) for 6 months and metabolic, histo-
logical and immunophenotypical analyses of the visceral
adipose tissue were performed. HFD-fed LGALS3” mice had
higher body weights and more body weight gain, visceral adi-
pose tissue (VAT), hyperglycaemia, hyperinsulinemia, insulin
resistance and hyperlipidemia than diet-matched WT mice.
Compared to WT mice, the enlarged VAT in obese LGALS3”
mice contained larger adipocytes. Additionally, we demon-
strate enhanced inflammation in the VAT of LGALS3” mice
compared with diet-matched WT mice. The VAT of LGALS3”
mice fed a HFD contained more numerous dendritic cells and
proinflammatory F4/80*CDI11c¢*CD11b* and F4/80"¢" mac-
rophages. In contrast to WT mice, the numbers of CXCR3*
and CD8" T cells were increased in the VAT of Gal-3-deficient
mice after 6 months of high-fat feeding. We provide evidence
that Gal-3 ablation results in enhanced HF D-induced adipos-
ity, inflammation in the adipose tissue, insulin resistance and
hyperglycaemia. Thus, Gal-3 represents an important regula-
tor of obesity-associated immunometabolic alterations.

Keywords: Galectin-3, obesity, hyperglycaemia, insulin
resistance, metaflammation
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SAZETAK

Gojaznost i tip 2 diabetes mellitusa (T2DM) predstav-
ljaju veliki svetski zdravstveni problem. Uveclanje visceralnog
masnog tkiva u gojaznosti je povezano sa vecim rizikom za
nastanak insulinske rezistencije i T2DM. Molekularni me-
hanizmi povezani sa hronicnom inflamacijom u metabolicki
aktivnim tkivima (metaflamacijom) u gojaznosti koji leze u
osnovi insulinske rezistencije i narusene homeostaze glukoze
nisu do kraja razjasnjeni. Galektin-3 je multifunkcionalni
lektin sa znacajnom ulogom u imunoregulaciji i metaflama-
ciji. Sa ciljem da se ispita uloga galektina-3 u nastanku go-
jaznosti i T2DM, galektin-3 deficijentni misevi (LGALS3")
i misevi divijeg soja (WT) stavijeni su na ishranu sa visokim
sadrzajem masti (60% kcal od masti) ili standardnu ishra-
nu (10% kcal od masti) u trajanju od 6 meseci nakon cega
su ispitivani metabolicki parametri, morfologija visceralnog
masnog tkiva i fenotipske karakteristike infiltrisucih Celija.
LGALS3” miSevi na ishrani sa visokim sadrzajem masti
imali su vecu telesnu tezinu, vecu kolicinu visceralnog ma-
snog tkiva, hiperglikemiju, hiperinsulinemiju, izrazeniju in-
sulinsku rezistenciju i hiperlipidemiju u poredenju sa WT
misevima na istom rezimu ishrane. Adipociti iz uvecanog
visceralnog masnog tkiva LGALS3” miseva imali su veéi di-
Jametar u poredenju sa adipocitima u WT miseva. IzraZe-
nija inflamacija u visceralnom masnom tkivu LGALS3” mi-
Seva na ishrani sa visokim sadrZajem masti bila je pracena
vecom zastupljenoséu dendrticnih Celija, proinflamatornih
F4/80*CD11c*CD11b* i F4/80"¢" makrofaga, CD3*CXCR3*
i CD8* T limfocita u poredenju sa WT misSevima na istom
rezimu ishrane. Dobijeni rezultati ukazuju na znacajnu pro-
tektivnu ulogu galektina-3 u nastanku gojaznosti, insulinske
rezistencije i T2DM.

Kljucne reci: Galektin-3, gojaznost, hiperglikemija, in-
sulinska rezistencija, metaflamacija
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INTRODUCTION

Obesity and type 2 diabetes mellitus (T2DM) consti-
tute a major public health problem worldwide, particu-
larly in developing countries (1). Obesity, mainly abdom-
inal adiposity, is linked to various metabolic alterations
that increase the risk for T2DM (2). T2DM is a metabolic
disorder characterized by insulin resistance (IR) followed
by pancreatic B-cell dysfunction (3). Pancreatic p-cells
normally compensate for obesity-associated reduced
insulin sensitivity by secreting more insulin to maintain
glucose homeostasis. Hyperinsulinemia occurs early in
the disease progression and before the B-cell function
becomes impaired, leading to late-stage (insulin-depen-
dent) T2DM (4).

Obesity-induced diabetes is associated with low-grade
inflammation in the visceral adipose tissue (VAT). Inflam-
mation in the VAT plays an important role in metabolic
abnormalities such as IR (5). Antigen-presenting cells,
including dendritic cells (DCs) and macrophages, are in-
creased in the VAT in obesity, where they potentiate both
innate and adaptive immune/inflammatory responses.
Numerous studies have shown the increased infiltration
of the visceral adipose tissue by macrophages during
obesity (6,7). Macrophages may be derived from blood
monocytes and are classified as classically (M1) and alter-
natively (M2) activated macrophages (8). Recent studies
have shown that macrophages are key cells that mediate
obesity-induced metabolic abnormalities. In obesity, a
shift from alternatively activated M2 to classically acti-
vated M1 macrophages, characterized by elevated F4/80,
CD11b and CDl1lc expression, has been demonstrated
(9,10). Moreover, the ablation of CD11c-positive cells
normalizes insulin sensitivity in obese insulin-resistant
animals (11). Adipocytes damaged by high lipid intake
produce signals that promote a proinflammatory Type 1
immune response. The number of T cells is increased in
the enlarged VAT during obesity in response to adipose
tissue-specific factors (12). Adipose tissue-associated
regulatory T cells (Tregs) protect against (13), while the
recruitment of Type 1 CD4 and CD8* T lymphocytes pre-
cedes, metabolic alterations in obesity (14,15). The che-
mokine receptor CXCR3 is highly expressed in activated
T cells and is involved in the regulation of T cell traffick-
ing and maturation. Additionally, it has been shown that
CXCR3-positive cells play an important role in the modu-
lation of obesity-induced visceral adipose tissue inflam-
mation and systemic insulin resistance (16).

Galectin-3 (Gal-3) is a P-galactoside-binding lectin
that is expressed in different tissues and cells and plays
an important role in obesity, T2DM and inflammation
(17,18,19). Gal-3 regulates inflammation and adipogenesis,
and this lectin is expressed in adipocytes and infiltrating
immune cells in the adipose tissue (20). Additionally, Gal-
3 regulates adipocyte cell proliferation and differentiation
(21) and has a variety of regulatory roles in the innate and
adaptive immune response, depending on the disease con-
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ditions (18,22,23). However, the role of Gal-3 in type 2 dia-
betes remains incompletely understood. The Gal-3 levels
are increased in the sera of obese subjects and negatively
correlate with the levels of glycosylated haemoglobin (24).
In contrast with these data, Okhura et al. reported that low
serum Gal-3 levels are associated with insulin resistance
and T2DM (25). However, controversial results have been
reported regarding the effects of Gal-3 ablation in experi-
mental models of diabetes. It has been shown that Gal-
3-deficient mice were relatively resistant to diabetogen-
esis in streptozotocin-induced diabetes (26). On the other
hand, Pejnovic et al. reported that obese Gal-3-deficient
mice had enhanced adiposity, hyperglycaemia, hyperinsu-
linemia, IR and systemic inflammation in comparison with
their diet-matched wild-type controls (18). Moreover, in a
study by Peng et al. (27), Gal-3-null mice fed a HFD had
increased adiposity and dysregulated glucose metabolism.
In addition, the same authors found that young Gal-3-de-
ficient mice fed a standard diet exhibit altered glucose ho-
meostasis, thus suggesting the modulation of glucose me-
tabolism and possibly -cell function by Galectin-3 (Gal-3)
independently of obesity and inflammation.

To investigate the role of Gal-3 in high-fat diet-induced
obesity, we used Gal-3-deficient mice on a C57Bl/6 back-
ground. We examined inflammation in the visceral adi-
pose tissue and metabolic abnormalities following long-
term HFD exposure in Gal-3-deficient and wild type (WT)
mice. We report here that Gal-3 deletion enhanced high-
fat diet (HFD)-induced obesity and visceral adiposity, am-
plified inflammation in the visceral adipose tissue and led
to dysregulated glucose metabolism characterized by hy-
perglycaemia and insulin resistance.

MATERIALS AND METHODS
Experimental mice and study design

Gal-3-deficient mice on a C57BL/6 background and
their littermate controls were obtained from the Univer-
sity of California Davis (Davis, CA; by courtesy of D.K. Hsu
and FT. Liu) and accommodated in our animal facilities
under standard laboratory conditions in a temperature-
controlled environment with a 12 h light/darkness cycle.
Male 2-month-old wild type (WT) and Gal-3-deficient
(LGALS3"") mice were fed either normal chow or a 60%
fat/kcal diet (Mucedola, Italy) ad libitum. After 6 months,
the mice were sacrificed and blood samples and visceral
adipose tissue were collected for analyses. All animal pro-
cedures were approved by the ethical committee of the
Faculty of Medical Sciences, University of Kragujevac
(Permit Number 01-2759/2).

Body weight and glucose metabolism analyses

Body weights and fasting blood glucose levels were mea-
sured once per month and after 6 months on a standard or
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HEFD. The mice were fasted for 4 h, and their glucose levels
(mmol/L) were determined using the Accu-Chek Performa
glucometer (Roche Diagnostics, Mannheim, Germany).
The serum concentrations of total cholesterol and triacyl-
glycerol were measured using the Olympus AU600 Chem-
istry Immuno Analyzer (Olympus, Tokyo, Japan) and the
fasting insulin was measured using an Insulin ELISA kit
(Alpco, Salem, NH, USA). The homeostasis model assess-
ment of insulin resistance (HOMA-IR) was calculated us-
ing the following formula: HOMA-IR = [(Glucose mmol/L
x Insulin mU/L)] / 22.5.

Histological analysis of visceral adipose tissue

Visceral adipose tissue (VAT), including the epididy-
mal, mesenteric and renal fat pads, was dissected and
weighed as visceral fat content. After weighing, part of
the epididymal fat was fixed in 10% buffered formalin.
The mean adipocyte size of the visceral fat pad was de-
termined by computer-assisted image analysis of paraf-
fin-embedded adipose tissue sections (5 pm) stained
with haematoxylin and eosin (H&E). The adipocyte
size was measured from a total of 50 cells per mouse
in three separate fields using a light microscope (BX51;
Olympus) equipped with a digital camera and Image/
software. Analyses were performed in a blinded fashion
by two independent observers. The data are expressed
as the mean adipocyte diameter (um) for each tissue in
each animal.

Isolation of visceral adipose tissue stromal
ascular fraction cells

Total visceral adipose tissue (VAT) was subjected to
the isolation of stromal vascular fraction (SVF) cells. Col-
lagenase digestion (1 mg/ml collagenase type II and 2%
BSA (Sigma-Aldrich, St. Louis, MO)) was used to separate
the SVF from the adipocytes of the VAT, as previously de-
scribed (18). SVF was used for flow cytometric analysis, as
described below.

Flow cytometric analyses

Adipose tissue SVF cells were stained with the following
fluorescence-tagged monoclonal antibodies: anti-mouse
CD45, CD3, CD4, CXCR3, CD8, CD11b, Lineage cocktail
(BD Biosciences, San Jose, CA), Sca-1, NK 1.1, F4/80 and
CD11c (BioLegend, San Diego, CA) or isotype-matched
controls (BD Biosciences). The cells were analysed using a
FACSCalibur flow cytometer (BD Biosciences) and Flow]Jo
software (Tree Star).

Statistical analyses
Statistical analysis was performed using SPSS 13.0. The

data are presented as the means + SEM. Statistical sig-
nificance was determined by an independent-sample Stu-

dent’s t test and, where appropriate, a Mann-Whitney U
test. Statistical significance was assumed at p<0.05.

RESULTS

Galectin-3 ablation accelerated HFD-induced obe-
sity and obesity-related metabolic alterations

After 6 months, HFD increased the body weight and
weight gain in both genotypes of mice, and these param-
eters were higher in HFD-fed LGALS3"" mice than in diet-
matched WT mice (Fig. 1A). HFD feeding increased the
visceral fat mass in both genotypes of mice, which was
more pronounced in HFD-fed LGALS3" mice than in di-
et-matched WT mice (Fig. 1B). The serum total cholester-
ol and triglyceride levels were significantly higher in obese
LGALS3” mice than in WT mice (Fig. 1C).

Galectin-3 deletion modulates HFD-induced adipo-
cyte morphology

In view of the fact that Gal-3 is expressed in the adipose
tissue and regulates adipocyte cell proliferation and differ-
entiation, we analysed adipose tissue morphology and adi-
pocyte size. The HFD significantly increased the adipocyte
size in both genotypes of mice compared with mice on a
standard diet. A significantly higher amount of total vis-
ceral adipose tissue was accompanied by larger adipocytes
in LGALS3” mice on a HFD than in diet-matched WT ani-
mals (Fig. 1D).

Gal-3 ablation accelerated HFD-induced hypergly-
caemia, hyperinsulinemia and obesity-associated insu-
lin resistance

In addition to accelerated HFD-induced obesity, the
fasting blood glucose, insulin and HOMA-IR were signifi-
cantly higher in obese LGALS3”" mice than in WT mice
(Fig. 2). Additionally, the fasting blood glucose levels, in-
sulin and insulin resistance were significantly higher in
LGALS3" mice than in WT mice on a standard diet (Fig.
2).

Increased dendritic cells and proinflammatory
macrophages in the VAT in LGALS3” mice on a HFD

Because obesity-induced diabetes is strongly associat-
ed with adipose tissue inflammation, we first analysed the
innate immune cells in the visceral adipose tissue in both
genotypes of mice after 6 months on a HFD. DCs and mac-
rophages are known to be increased in the visceral adipose
tissue during obesity. The VAT from HFD-fed LGALS3"
mice contained higher numbers of total CD11c* (p=0.034)
and CD11c¢'F4/80" (p=0.043) DCs than the VAT from
HFD-fed WT mice (Fig. 3A). In addition, the subsets of
mature proinflammatory F4/80" (p=0.034) and triple-pos-
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Figure 1. Galectin-3 ablation accelerated HFD-induced obesity and adipocyte hypertrophy

Male 2-month-old wild type (WT) and Gal-3-deficient (LGALS3"") mice were fed either standard chow or a HFD ad libitum for 6 months. Metabolic
parameters after 6 months on the HFD or standard diet are shown. (A) Body weight and weight gain were higher in HFD-fed LGALS3”- mice than
in diet-matched WT mice. (B) Total VAT and visceral fat mass (% body weight) were significantly higher in LGALS3"" mice fed a HFD than in diet-
matched WT animals. (C) Serum lipid levels were significantly higher in obese LGALS3”" mice than in WT mice. (D) Representative images depicting
the larger adipocyte size in LGALS3”" mice on a HFD than in diet-matched WT animals (original magnification 40x, scale bar = 50 pm). The results are
shown as the means + SEM (n=5-6 mice/group), *P<0.05, **P<0.01.
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Figure 2. Galectin-3 ablation accelerated HFD-induced hyperglycaemia, insulinemia and insulin resistance
The fasting blood glucose, insulin and HOMA-IR were significantly higher in LGALS3”" mice than in W'T mice after 6 months on a HFD. The results
are shown as the means + SEM (n=5-6 mice/group), *P<0.05, **P<0.01.
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Figure 3. Increased dendritic cells and proinflammatory macrophages in the visceral adipose tissue of LGALS3”" mice on a HFD
Representative images and flow cytometric analysis of VAT stromal vascular fraction cells from WT and LGALS3"" mice after 6 months on a HFD or
standard diet. (A) Dendritic cell numbers were increased significantly in the VAT in obese LGALS3" mice. (B) Proinflammatory macrophages were
significantly increased in LGALS3”" mice fed a HFD compared with diet-matched WT mice. Representative FACS plots are shown. The results are
shown as the means + SEM (n=5-6 mice/group), *P<0.05, **P<0.01.
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Figure 4. Increased CXCR3+ and CD8+ T lymphocytes in the visceral adipose tissue of LGALS3”" mice on a HFD

Flow cytometric analysis of VAT stromal vascular fraction cells from WT and LGALS3" mice after 6 months on a HFD or standard diet. (A) CD3",
CD4* and CD3*CXCR3* T lymphocytes in the VAT. (B) The number of CD8* T lymphocytes and the CD8/CD4 ratio were higher in Gal-3-deficient
mice on a HFD than in diet-matched WT mice. (C) NKT lymphocytes in the VAT (D) Lin Sca-1* innate lymphoid cells in the VAT. The results are

shown as the means + SEM (n=5-6 mice/group), *P<0.05, **P<0.01.

itive F4/80*CD11b*CD11c* macrophages (p=0.034) were
significantly higher in the VAT of obese LGALS3”" mice
than in WT mice (Fig. 3B).

Increased CXCR3+ and CD8+ T cells
in the VAT in LGALS3”- mice on a HFD.

Increased Type 1 T cells and cytotoxic CD8* T cells in
the VAT are hallmarks of obesity-induced diabetes and

are strongly associated with adipose tissue inflammation.
Therefore, we performed phenotypic analyses of T lym-
phocytes in the visceral adipose tissue in both genotypes
of mice after 6 months on a HFD.

The HFD significantly increased the number of CD3*
and CD4* T lymphocytes in both genotypes of mice com-
pared with mice on a standard diet. There was no signifi-
cant difference in the number of CD3* and CD4* T cells
between the genotypes on a HFD (Fig. 4A). The HFD sig-
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nificantly increased the number of CD3*CXCR3* T cells in
both genotypes of mice compared with mice fed a standard
diet. However, the number of CD3*CXCR3" cells (p=0.031)
was higher in the VAT from LGALS3”" mice than in the
VAT from WT mice, both on a HFD (Fig. 4A). Moreover,
the number of CD8* (p=0.034) T lymphocytes and the
CD8-to-CD4 ratio (Fig. 4B) were higher in LGALS3" mice
fed a HFD than in diet-matched W T mice (p=0.014). There
was no difference in the number of NKT cells (Fig. 4C) or
the percentage of CD45'Lin"Sca-1* innate lymphoid cells
between the two genotypes of mice on both diets (Fig. 4D).

DISCUSSION

In this report, we demonstrate increased obesity, vis-
ceral adipose tissue inflammation and dysregulated glu-
cose metabolism in LGALS3”" mice on a long-term high-
fat diet. These effects appear to be mediated by both the
metabolic and the immunoregulatory effects of Gal-3. Af-
ter 6 months on a HED, the body weight, weight gain and
amount of total visceral tissue were significantly higher in
LGALS3”" mice than in diet-matched WT mice (Fig. 1A
and 1B). HFD feeding in Gal-3-deficient mice resulted in
increased weight and visceral fat mass followed by sig-
nificantly higher serum total cholesterol and triglyceride
levels (Fig. 1C). Additionally, the fasting blood glucose
and insulin levels, as well as the HOMA-IR, were signifi-
cantly higher in obese and lean LGALS3”" mice than in
WT mice (Fig. 2).

There is increasing evidence that Gal-3 plays an im-
portant role in obesity and T2DM (18). However, contro-
versial results have been reported regarding the effects of
Gal-3 in obese patients and experimental models. Our re-
sults are in agreement with the study reported by Okhura
et al., which demonstrated that low serum Gal-3 levels are
associated with insulin resistance in T2DM patients (25).
It has been recently demonstrated that obese LGALS3”
mice have increased fasting blood glucose and insulin
levels compared with diet-matched WT animals (18).
Additionally, Pejnovic et al. (18) reported significantly
increased IFN-y-producing Type 1 T/NKT cells and pro-
inflammatory M1 macrophages and reduced T regula-
tory cells and alternatively activated M2 macrophages
in the VAT of LGALS3” mice fed a HFD compared with
diet-matched WT animals. Pang et al. (27) reported that
Gal-3-deficient mice fed a HFD for 12 weeks develop in-
creased adiposity and systemic inflammation. In addi-
tion, the same authors showed that despite the increased
adiposity in Gal-3-deficient mice, there was no significant
difference in the size of the adipocytes (27). In this study,
we demonstrated that LGALS3-/- mice fed a HFD for 6
months developed visceral adiposity, hyperglycaemia and
IR. Increased adiposity in Gal-3-deficient mice on a HFD
was associated with adipocyte hypertrophy (Fig. 1D).

Inflammation in the VAT during obesity plays a central
role in metabolic abnormalities such as IR. We demon-

strate that a long-term HFD induced innate and adaptive
immune cell infiltration in the VAT (Fig. 3 and 4). It has
been reported that DCs, as professional antigen-present-
ing cells, have an important role in obesity-induced VAT
inflammation (28). The obesity-associated increase of
CD11c* cells in the adipose tissue suggests that DCs play
a role in macrophage recruitment and activation (29). The
VAT from HFD-fed LGALS3" mice contained higher num-
bers of total CD11c* and CD11c'F4/80° DCs than HFD-
fed WT animals (Fig. 3A). Additionally, the expression of
CD11c s one of the key characteristics of proinflammatory
(M1) macrophages in addition to specific markers such as
F4/80 and CD11b. Triple-positive F4/80*CD11b*CD11c*
macrophages (30) were more numerous in the VAT of
LGALS3" mice fed a HFD (Fig. 3B) and were recently
described as a proinflammatory macrophage subset (10).
This macrophage population is increased in the adipose
tissue in obese vs. lean mice (10). In addition, the subset
of proinflammatory F4/80" macrophages (30) was signifi-
cantly higher in obese LGALS3”" mice than in WT mice
(Fig. 3B). This result is in agreement with the reported data
of increased proinflammatory F4/80*CD11c*CD206* mac-
rophage numbers in the VAT of LGALS3" after 11 weeks
on a HFD (18). Type 1 T cells have a major role in obesity-
associated chronic inflammation (31). The HFD increased
the number of CD3* lymphocytes in the VAT of both gen-
otypes of mice compared with chow-fed mice (Fig. 4A).
CXCR3, a chemokine receptor that is highly expressed on
activated T cells, is involved in T cell trafficking and ac-
tivation (32). CD3" cells expressing CXCR3 were higher
in the VAT from LGALS3” mice than in WT mice, both
on a HFD (Fig. 4A). Despite the overlapping expression of
chemokine receptors, CXCR3-positive cells represent Th1l
lymphocytes. Thl lymphocytes expressing CXCR3 pro-
duce more Th1-type cytokines such as IFN-y and enhance
the activity of CD8+ T cell effectors in vitro (33). Obesity
is associated with increased CD8* cells in the VAT (33).
In our study, the number of CD8" cells and the CD8/CD4
ratio (Fig. 4B) in the VAT was increased in LGALS3” mice
fed a HFD compared with diet-matched WT mice, sug-
gesting the role of cytotoxic CD8" cells in VAT inflamma-
tion and related metabolic abnormalities.

In summary, we provide evidence that Gal-3 deletion
enhanced long-term HFD-induced adiposity, visceral adi-
pose tissue inflammation, insulin resistance and hyper-
glycaemia. These data contribute to better understanding
of the role Gal-3 in obesity, metabolic inflammation and
T2DM.
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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is strongly as-
sociated with obesity, but the molecular mechanisms of liver
steatosis and its progression to non-alcoholic steatohepatitis
and fibrosis are incompletely understood. Immune reactiv-
ity plays an important role in the pathogenesis of NAFLD.
The IL-33/ST2 axis has a protective role in adiposity and
atherosclerosis, but its role in obesity-associated metabolic
disorders requires further clarification. To investigate the
unresolved role of IL-33/ST2 signalling in NAFLD, we used
ST2-deficient (ST2”) and wild type (WT) BALB/c mice
maintained on a high-fat diet (HFD) for 24 weeks. HFD-
fed ST27 mice exhibited increased weight gain, visceral
adipose tissue weight and triglyceridaemia and decreased
liver weight compared with diet-matched WT mice. Com-
pared with WT mice on an HFD, ST2 deletion significantly
reduced hepatic steatosis, liver inflammation and fibrosis
and downregulated the expression of genes related to lipid
metabolism in the liver. The frequency of innate immune
cells in the liver, including CD68"* macrophages and CD11c*
dendritic cells, was lower in HFD-fed ST2" mice, accom-
panied by lower TNFa serum levels compared with diet-
matched WT mice. Less collagen deposition in the livers of
ST27 mice on an HED was associated with lower numbers
of profibrotic CDI11b*Ly6c" monocytes and CD4*IL-17+ T
cells in the liver, lower hepatic gene expression of procolla-
gen, IL-33 and IL-13, and lower serum levels of IL-33 and
IL-13 compared with diet-matched W'T mice.

Our findings suggest that the IL-33/ST2 axis may have a
complex role in obesity-associated metabolic disorders. Al-
though it is protective in HFD-induced adiposity, the IL-33/
ST2 pathway promotes hepatic steatosis, inflammation and
fibrosis.

Key words: Obesity, steatosis, non-alcoholic steatohepa-
titis, liver fibrosis, immune cells

Pl DE GRUYTER
OPEN

*The authors NJ and IJ contributed equally to this study.

Accepted / Prihvacen: 24. 02. 2015.
SAZETAK

Nealkoholna masna bolest jetre je najéesée udruzena
sa gojaznoscu, ali su molekularni mehanizmi razvoja stea-
toze i progresije u stetaohepatitis i fibrozu jetre nedovoljno
razjasnjeni. Imunski mehanizmi imaju vaznu ulogu u razvo-
ju nealkoholne masne bolesti jetre. IL-33/ST2 signalni put
ima zastitnu ulogu u gojaznosti i aterosklerozi, ali je njego-
va uloga u razvoju metabolickih poremelaja udruzenih sa
gojaznoséu nedovoljno ispitana.

U ovom istrazivanju ispitivali smo ulogu IL-33/ST2 sig-
nalnog puta u nealkoholnoj masnoj bolesti jetre na misjem
modelu gojaznosti indukovane primenom dijete sa visokim
sadrzajem masti u trajanju od 24 nedelje na ST2 deficijent-
nim (ST27") i misevima divljeg soja BALB/c.

ST27 misevi na dijeti sa visokim sadrzajem masti su imali
vedi prirast telesne teZine, vecu teZinu visceralnog masnog tkiva
i vise serumske nivoe triglicerida, dok je teZina jetre bila manja
u predenju sa misevima divijeg soja na istoj dijeti. Nadalje, de-
lecija ST2” gena je znacajno smanjila steatozu jetre, inflamaci-
ju i fibrozu jetre sto je bilo praceno snizenom ekspresijom gena
ukljucenih u metabolizam lipida u jetri. Zastupljenost Celija
prirodne imunosti u jetri, CD68* makrofaga i CD11c* dendprits-
kih Celija i serumski nivo TNFa su bili nizi kod ST2” miseva.
Manje izrazena fibroza jetre u ST2" miseva je bila povezana sa
snizenom zastupljenoséu profibrotskih CD11b*Ly6c”" monocita
i CD47IL-17" T limfocita u jetri, snizenom ekspresijom gena za
prokolagen, IL-33 i IL-13 i snizenim serumskim nivoima IL-33 i
IL-13 u poredjenju sa misevima divijeg soja.

Dobijeni rezultati ukazuju na kompleksnu ulogu IL-
33/ST2 signalnog puta u metabolickim poremelajima
udruzenim sa gojaznoséu. lako protektivan za razvoj gojaz-
nosti, IL-33/ST2 signalni put pospesuje steatozu, inflamaciju
i fibrozu jetre.

Klju¢ne reci: gojaznost, steatoza, nealkoholni steato-
hepatitis, fibroza jetre, imunske Celije
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ABBREVIATIONS

ABCA - ATP-binding cassette transporter
BSA - bovine serum albumin
CD - cluster of differentiation
CDNA - complementary DNA
FCS - foetal calf serum

FFAs - free fatty acids

Gal-3 - galectin 3

HEFD - high fat diet

IFNy - interferon-y

IL - Interleukin

LXRa - Liver X receptor alpha

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease in developed countries and comprises
a wide spectrum of liver pathologies, from benign liver ste-
atosis to non-alcoholic steatohepatitis (NASH), eventually
causing liver cirrhosis that may lead to hepatocellular car-
cinoma (1). Approximately one third of the individuals with
simple steatosis develop NASH, and among them, up to 20%
will progress to liver cirrhosis over the period of years (2).

NAFLD is considered as a hepatic manifestation of met-
abolic syndrome, which is a cluster of interrelated metabolic
disorders, including obesity, hypertension and atheroscle-
rosis, insulin resistance and diabetes, and dyslipidemia and
fatty liver. The central features of metabolic syndrome are
related to lipotoxicity, glucotoxicity and chronic low-grade
inflammation leading to insulin resistance (3,4), for which
immune mechanisms and complex cytokine network coor-
dinate the inflammatory responses and metabolic distur-
bances (3,5). Genetic and environmental factors play a role
in the development of obesity (6,7), but the cellular and mo-
lecular mechanisms involved in obesity-associated meta-
bolic disorders are incompletely understood.

The hallmark of NAFLD is hepatocyte triglyceride
accumulation. Hepatic steatosis represents excessive fat
accumulation in hepatocytes and occurs as a result of
multiple metabolic pathways, including increased fat de-
livery, increased fat synthesis, reduced fat oxidation, and/
or reduced fat export in the form of VLDL (8). Increased
circulating fatty acids (FFAs) and de novo lipogenesis
from glucose are important determinants of hepatic ste-
atosis. Adipose tissue dysfunction in obesity is thought to
increase plasma FFAs, which are the major lipid provid-
ers in hepatic steatosis, and ectopic lipid accumulation in
liver and muscle tissues, leading to insulin resistance. The
mechanisms that lead to excessive plasma FFAs include in-
creased lipolysis in adipose tissue, increased dietary fatty
acids and newly synthesized fatty acids in the liver that are
esterified into triglycerides and either stored in hepatocyte
lipid droplets or secreted as plasma VLDLs (9).

The molecular mechanisms involved in the progression of
benign liver steatosis to liver inflammation and fibrosis in NA-

NAFLD - non-alcoholic fatty liver disease

NASH - non-alcoholic steatohepatitis

PBS - phosphate-buffered saline

PPARY - peroxisome proliferator-activated receptor gamma
gRT-PCR - quantitative real-time polymerase chain reaction
RNA - Ribonucleic acid

TNFa - tumour necrosis factor alpha

VAT - visceral adipose tissue

VLDL - very low density lipoprotein

WT - wild type

a-SMA - alpha smooth muscle actin

FLD are incompletely understood. Hepatic lipid accumulation
may promote the inflammatory response characterized by acti-
vated resident tissue macrophages (Kupffer cells), the increased
infiltration of myeloid and lymphoid cells within the liver and
the subsequent release of pro-inflammatory cytokines, includ-
ing TNF-a, IL-6 and IL-1p, all of which enhance the progres-
sion of NASH to fibrosis. Moreover, the most recent study
demonstrated that development of hepatic steatosis requires
IL-1 signalling, which promotes hepatic lipogenesis (10). Other
members of the IL-1 superfamily, including the IL-1 receptor
antagonist, [L-18 and IL-33, together with IL-1 have been im-
plicated in various pathological conditions, but their roles in
obesity-associated metabolic disorders are unclear.

IL-33 is a member of the IL-1 cytokine family, a multi-
functional cytokine involved in the pathogenesis of various
inflammatory and autoimmune diseases (11). IL-33 is a pleio-
tropic cytokine that binds to its plasma membrane receptor
complex comprising ST2 and the IL-1R accessory protein
(11) and generally promotes Th2-type immune responses. IL-
33 appears to exert protective metabolic effects in obesity and
atherosclerosis (12). IL-33 promotes liver fibrosis through the
activation and expansion of liver-resident innate lymphoid
cells, which produce profibrotic IL-13 (13). In the fibrotic
liver, IL-33 is present in activated hepatic stellate cells, which
are key cellular mediators of liver fibrosis (14).

The role of the IL-33/ST2 axis in obesity-associated
metabolic disorders requires further clarification. We
aimed to investigate the role of IL-33/ST2 signalling in the
development of hepatic steatosis, inflammation and fibro-
sis in a model of high fat diet (HFD)-induced obesity using
ST2-deficient (ST27") mice on the BALB/c background.

MATERIALS AND METHODS
Experimental mice and study design
Eight-week-old, male mice were used in the experi-

ments. ST2-deficient mice (ST2”- mice) on the BALB/c
background were generated by targeted disruption of the
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mouse ST2 gene (15). ST2" mice were kindly provided
by Dr McKenzie (University of Cambridge, UK). ST2-de-
ficient (ST2-/-) and wild-type (WT) BALB/c mice were
accommodated in our animal facilities under standard
laboratory conditions in a temperature-controlled envi-
ronment with a 12-h light/dark cycle. Mice received wa-
ter and standard chow (10% calories from fat, Mucedola,
Milano, Italy) or a high fat diet (60% calories from fat,
Mucedola, Italy) ad libitum. Animals were sacrificed af-
ter 24 weeks of feeding, and blood samples and liver and
visceral adipose tissues were collected for further analy-
ses. All animal procedures were approved by the Ethical
committee of the Faculty of Medical Sciences, University
of Kragujevac.

Metabolic parameters

Body weights and fasting blood glucose levels were
measured periodically, every 4 weeks. Before the measure-
ments, mice were fasted for 4 h, and glucose levels (mmol/L)
were determined using the Accu-Chek Performa glucom-
eter (Roche Diagnostics, Mannheim, Germany). Serum
concentrations of total cholesterol, triglycerides, AST and
ALT were measured using the Olympus AU600 Chemistry
Immuno Analyzer (Olympus, Tokyo, Japan). Fasting insu-
lin levels in sera were measured using the Mouse Insulin
ELISA Kit (Alpco, Salem, NH, USA).

Liver histological analysis

Livers were excised, fixed in 10% buffered formalin and
embedded in paraffin. Tissue sections, 5-um-thick, were
stained with haematoxylin and eosin and picrosirius red
as previously described (16). The quantification of red-
stained collagen in liver sections stained with picrosirius
red was performed on 10 fields of a section at 10X magni-
fication, as previously described (17).

We performed Oil Red O staining on 5-um-thick liver
tissue cryosections. Tissue sections were fixed in para-
formaldehyde (10%), rinsed with 60% isopropanol and
stained with freshly prepared a working solution of Oil
Red O for 10 minutes. After rinsing with 60% isopropanol,
sections were counterstained with Mayer’s haematoxylin
and mounted using water-based mounting medium. The
quantification of red-stained lipids in mouse liver sections
stained with Oil Red O was performed on 10 fields of a
section at 100X magnification by digital image analyses, as
previously described (18).

The quantification of liver tissue inflammatory cell in-
filtration was performed in blinded fashion by two inde-
pendent observers. Analysis was performed on 10 fields
of a section at 10X magnification. Inflammatory cell infil-
tration was graded as follows: O=no foci; 1=<2 foci/field;
2=2-4 foci per field; and 3=>4 foci per field. Then, a mean
score was calculated (19). Histological analysis was per-
formed on tissue sections using light microscope (BX51;
Olympus) equipped with a digital camera.

Immunohistochemistry

For immunohistochemical staining, we used paraffin-
embedded liver tissue sections (5-pm-thick). After per-
forming heat-mediated antigen retrieval in citrate buffer
(pH=6.0), deparaffinized tissue sections were incubated
with primary mouse anti-a-SMA antibody (ab7817, Ab-
cam, Cambridge, UK) or mouse anti-CD68 antibody
(ab49777, Abcam). Staining was visualized using the
Mouse-specific HRP/DAB Detection THC Kit (ab64259,
Abcam), and sections were counterstained with Mayer’s
haematoxylin. Sections were photomicrographed with
a digital camera mounted on a light microscope (Olym-
pus BX51, Japan), digitized and analysed. Analysis was
performed on 10 fields of a section at 40X magnification.
The results are presented as the mean count of positively
stained cells per field.

Isolation of liver mononuclear cells

The mice were euthanized, and their livers were re-
moved, thoroughly dissected and passed through a 100-
um nylon cell strainer (BD Biosciences); isolated cells were
then suspended in complete RPMI-1640 medium contain-
ing 10% foetal calf serum (FCS). Cell suspensions were
centrifuged at 507 rpm for 1 minute, and the supernatants
enriched for mononuclear cells were collected and centri-
fuged at 1500 rpm for 10 minutes, as previously described
(20). Cell pellets were then resuspended in complete RP-
MI-1640 medium.

Flow cytometry

Liver mononuclear cells were stained with combina-
tions of either fluorochrome-labelled primary Abs or iso-
type controls for 30 min at 4°C. For intracellular staining,
cells were activated with PMA/ionomycin and processed
as previously described (21). Cells were labelled with the
following fluorochrome-conjugated monoclonal antibod-
ies: anti-mouse CD3, CD11b, CD45, CD4, (BD Bioscienc-
es), F4/80, CD11c (BioLegend, San Diego, CA), and Ly-6C
(Life Technologies, Carlsbad, CA). The cells were analysed
using a FACSCalibur flow cytometer (BD Biosciences) and
Flow]Jo software (Tree Star).

Expression of genes related to lipid metabolism and
fibrosis in the liver

RNA was extracted from frozen mouse liver tissue us-
ing TRIzol (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. Total RNA (2 pg) was reverse-
transcribed to cDNA using the High Capacity cDNA Re-
verse Transcription Kit (Applied Biosystems, Foster City,
California, USA). qRT-PCR was performed using Power
SYBR MasterMix (Applied Biosystems) and miRNA-spe-
cific primers for procollagen, aSMA, IL-33, CD36, IL-13,
TGF-B, Abca-1, LXRa, and PPARYy as well as for B-actin, as
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Table 1: Primers used for qRT-PCR analysis

Procollagen | GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG

a-SMA ACTGGGACGACATGGAAAAG CATCTCCAGAGTCCAGCACA

IL-33 TCCTTGCTTGGCAGTATCCA TGCTCAATGTGTCAACAGACG

IL-13 CCTGGCTCTTGCTTGCCTT GGTCTTGTGTGATGTTGCTCA
TGF-$ ATACAGGGCTTTCGATTCAGC GTCCAGGCTCCAAATATAGG
mLXR-a ATCGCCTTGCTGAAGACCTCTG GATGGGGTTGATGAACTCCACC
PPAR-y CCCAATGGTTGCTGATTACAAA GAGGGTGTTAGAAGGTTCTTCATGA
Abca-1 CGCAGTGACCAGAAAACAATGTG TATCAATGAGGCAAGGGTGTGG
CD36 TCCAGCCAATGCCTTTGC TGGAGATTACTTTTTCAGTGCAGAA

a housekeeping gene (Table 1). qPCR reactions were initi-
ated with a 10-minute incubation time at 95°C followed by
40 cycles of 95°C for 15 seconds and 60°C for 60 seconds
in a Mastercycler® ep realplex (Eppendorf, Hamburg, Ger-
many). The fold change of miRNA gene expression was
calculated by the equation 2-22¢, described by Livak and
Schmittgen (22), where Ct is the cycle threshold. ACt was
calculated by subtracting the Ct values of the endogenous
control from the Ct values of the miRNA of interest. AACt
was then calculated by subtracting ACt of the control from
ACt of the calibrator.

Cytokine measurements

Cytokine levels in sera were measured using mouse
Duoset ELISA kits for IL-6, IL-10, IL-13, IL-33, TGE-f,
IFN-y and TNF-a (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

Statistical analysis

Statistical analysis was performed using SPSS 22.0.
Data are presented as the means + SEM. Statistical signifi-
cance was assessed by the Mann-Whitney U test, and, if
appropriate, independent sample Student’s t test. Statisti-
cal significance was assumed at p<0.05.

RESULTS

Metabolic analysis in WT and ST2”/- BALB/c mice
exposed to an HFD

At the beginning of the experiment, WT and ST2"
BALB/c mice had similar body weights. After 24 weeks
of feeding with either chow or an HFD, no differences in
body weights were observed between WT and ST2”" mice.
However, the weight gain and the weight gain expressed
as a percentage of the initial body weight were significant-
ly higher in ST2”" mice on an HFD compared with diet-
matched WT mice (Fig. 1A).

The visceral adipose tissue (VAT) weight and the VAT
weight expressed as a percentage of total body weight were
significantly higher in HFD-fed mice of both genotypes
compared with chow-fed mice. The visceral adipose tis-
sue weight was significantly higher in HFD-fed ST2”- mice
compared with HFD-fed WT mice (Fig. 1A). The liver
weight and the liver weight expressed as a percentage of the
total body weight were significantly lower in ST2” mice on
an HFD compared with HFD-fed WT mice (Fig. 1A). Fast-
ing blood glucose levels and the HbA1lc percentage did not
differ in HFD-fed mice of both genotypes, whereas fasting
serum insulin levels were significantly lower in ST27" mice
compared with WT mice (Fig. 1B).

Serum triglycerides were significantly higher in HFD-
fed ST27- vs. WT mice as well as compared with chow-fed
ST27 mice. An HFD significantly increased total choles-
terol serum levels in both genotypes, with no significant
differences observed between ST27 and WT mice (Fig.
1C). ALT activity was significantly increased in HFD-fed
WT and ST2" mice compared with chow fed mice, with
no differences found between the genotypes (Fig. 1D). AST
levels did not differ between chow- or HFD-fed ST2"- and
WT mice.

Liver steatosis, inflammation and fibrosis in WT
and ST27-BALB/c mice

Semiquantitative analysis of lipid deposition in liver
tissue sections stained with Oil Red O demonstrated that
HED increased liver steatosis in WT and ST2”/- mice com-
pared with chow-fed animals. However, liver steatosis was
significantly lower in ST2”- mice on an HFD compared
with diet-matched WT mice (Fig. 2A). Liver inflammation,
as evaluated by the inflammatory cell infiltrate score, was
significantly lower in ST2”- mice on an HFD compared with
diet-matched WT mice (Fig. 2B). The degree of liver fi-
brosis, quantified by staining collagen with picrosirius red,
was significantly higher in both genotypes of mice fed an
HFD compared with chow-fed mice. Notably, the degree
of collagen deposition was significantly lower in HFD-fed
ST27 mice compared with HFD-fed W'T mice (Fig. 2C).



>

» 0 week 24 week 12 e .
—_ * <
31 (®)] (o]
—~ S 10 ‘© 50
D % c =
= 8 ‘© S>>0
..5’ 27 S O')-g
g 25 'g’ 6 E O 30
= o) —
> 23 g 58
o© 4 =2
Q 21 %\ ; £
@ 19 o ? S
@ ®
17 4 o o
WT ST2-/- WT ST2-/- WT ST2-/- WT ST2-/-
o *
D 16 — ok 5 * 1,7 56 .
g 14 45 146 . S 54 ki
77} [ C=8 — —
£ é %)3,5 1 D = e
= =]
s * - 0 3 E14 og
O o5 —— 8 S25{ & flo) O 3 4
2 - >, — [ ) ; >
T o6 [e] 2 o 3 4
9 @ Q15 o 12 > 9
™ o4 o Q (<)) 2 Q0 a4
o DX 11 = - X
8 02 B — 11 = 42
W 0 o+ 1 4 4
= WT ST2-/- WT ST2-/- WT ST2-/- WT ST2-/-

1) " ; 129 * -]

(%2} 4,5

g ¢ 1 :

> = Py
ags 1 g 08 R 32
3% | =3 ® - [J LFD
o £+ ~ 06 2 2,5
S E = 2

g,"a- a 04 % 5.8 . HFD
= = 1

7] 2 — 0,24
LCE 0,5

1 o4 0
WT ST2-/- WT ST2-/- WT ST2-/-

~~ —~ .

= 7 = 35 * 60 120 4

° = L - > — *

E 51 E 3 50 | * 100 4

= 3 — 22 =~ 40 = 801

g a 4 % 2 a 3,

- D 30 60 -

2 ) o 15 5 5

E 5 -g i <C 20+ <T 40

S 8

© ! > 05 10 | frl

o 2

= o+ ~ 0 o o4

WT ST2-/- = WT ST2-/- WT ST2-/- WT ST2-/-

Figure 1. Metabolic parameters

A.

Body weight at the beginning of the experiment and after 24 weeks. Body weight gain as well as weight gain expressed as a percentage of the initial
body weight were significantly higher in ST2”- mice on a high-fat diet compared with diet-matched WT mice. The visceral adipose tissue weight and its
weight expressed as a percentage of the total body weight were significantly higher in high-fat diet-fed vs. chow-fed groups of mice of both genotypes.
The visceral adipose tissue weight was significantly higher in HFD-fed ST2”* mice compared with HFD-fed WT mice. The liver weight and the liver
weight expressed as a percentage of the total body weight were significantly lower in ST2" mice fed an HFD compared with diet-matched WT mice.
There was no difference in fasting blood glucose levels between groups. Fasting serum insulin levels was significantly lower in ST27- mice compared
with WT mice, both fed an HFD.

. Total cholesterol levels in the sera were significantly higher in the HFD-fed groups compared with the respective chow diet-fed groups. ST2"- mice

fed an HED had significantly higher levels of serum triglycerides compared with ST2 as well as WT mice fed a chow diet.

. ALT activity was significantly increased in WT and ST2” mice fed an HFD compared with the respective chow-fed groups. There were no differ-

ences in AST activity between groups.
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Figure 2. Liver steatosis, inflammation and fibrosis

A.

Significantly higher liver steatosis was observed in WT mice fed an HFD compared with WT mice fed chow. Significantly higher liver steatosis was
observed in ST2” mice fed an HFD compared with ST2"- mice fed chow. Liver steatosis was significantly lower in ST2”- mice than in WT mice, both
fed an HFD.

. Liver inflammation, as evaluated by the inflammatory cell infiltrate score, was significantly lower in HFD-fed ST2"" mice compared with HFD-fed

WT mice.

. The degree of liver fibrosis was significantly higher in mice fed an HFD compared with mice fed a chow diet in both genotypes. The extent of liver

fibrosis was significantly lower in ST2”* mice fed an HFD compared with diet-matched WT mice.
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A. Number of aSMA positive cells was significantly lower in ST2-/- mice on chow diet compared to ST2-/- mice on HED, with no differences between

the genotypes of mice

B. The number of CD68+ macrophages was significantly lower in ST2-/- mice on chow diet compared to ST2-/- mice on HFD as well as WT mice on
chow. ST2-/- mice on HFD had significantly lower number of CD68+ macrophages compared to WT mice on HFD. Wild type mice on chow had
significantly lower number of CD68+ macrophages compared to WT mice on HFD.

HED significantly increased the number of CD68* mac-
rophages in livers in WT and ST2” mice. However, the
number of CD68* macrophages was significantly lower in
chow- or HFD-fed ST2”- mice compared with diet-matched
WT mice (Fig 3A). HED feeding significantly increased the
number of aSMA-positive myofibroblasts in the livers of
ST27- mice only; there was no difference in the number of
aSMA-positive cells between the two genotypes of mice
fed chow or an HFD (Fig. 3B).

Immune cell composition in the livers of WT and
ST2/-BALB/c mice

We analysed several populations of innate immune cell
and lymphocyte subpopulations. HED feeding increased the

percentage of F4/80* macrophages in the livers of WT mice;
in contrast, no significant differences in the proportion of
these cells were found between WT and ST2” mice on an
HED. The percentage of CD11c*F4/80" dendritic cells (DCs)
was significantly higher in both genotypes fed an HFD com-
pared with chow-fed mice. CD11c* DCs were significantly
lower in the livers of ST2”- mice fed either chow or an HFD
compared with diet-matched WT mice (Fig. 4A).

HEFD feeding significantly increased the percentage of
CD11b*Ly6C™" cells in WT mice compared with HFD-fed
ST2"- mice. In contrast, HFD increased the percentages of
CD11b*Ly6Che" cells in both genotypes, and the propor-
tion of these cells was significantly higher in both chow-
and HFD-fed ST2”/" mice compared with diet-matched
WT mice (Fig. 4B).
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Figure 4. Phenotypic analysis of immune
cells in the liver A

A. The percentage of F4/80* macrophages was
significantly higher in WT mice fed an HFD
compared with WT mice fed a chow diet.
The percentage of CD11c*F4/80" cells was
significantly higher in groups fed an HFD
compared with the chow-fed groups. The
percentage of CD11c+F4/80" cells was sig-
nificantly lower in ST2 mice fed a chow diet ’ WT
compared with WT mice fed chow and was
also significantly lower in ST2 mice fed an
HFD compared with WT mice fed an HFD.

B. The percentage of CDI11b*Ly6C*v cells
was significantly higher in WT mice fed an
HFD compared with W'T mice fed chow as
well as with ST27" mice fed an HFD. The
percentage of CD11b*Ly6Cheh cells was
significantly higher in both the chow- and
HFD-fed ST2”- mice compared with diet-
matched WT mice.

C. Among the gated CD4+ cells, no difference
in the percentages of IFN-y producing cells WT
was found. The percentage of IL-17-pro-
ducing CD4+ cells was significantly lower
in ST27 mice fed an HFD compared with
WT mice fed an HFD.
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Among gated CD4* T cells, no difference in the per-
centage of IFN-y producing cells was observed among the
genotypes of mice fed either chow or an HFD. However,
the percentage of IL-17-producing CD4* T cells was sig-
nificantly lower in HFD-fed ST2" mice compared with
HFD-fed WT mice (Fig. 4C).

The expression of genes related to liver lipid metab-
olism and fibrosis and cytokine profiles in the sera of
WT and ST27- BALB/c mice

HED significantly increased the expression of ATP
binding cassette sub-family A member 1 (Abca-1), CD36
and oxysterol receptor LXR-alpha (LXR-a) genes in the
livers of WT mice compared with chow-fed animals; no
differences were observed in the mRNA levels of peroxi-
some proliferator-activated receptor gamma (PPAR-y)
(Fig. 5A). LXRa and PPAR-y expression was significantly
lower in HFD-fed ST2”- mice compared with diet-matched
WT mice.

HED significantly increased expression of the liver fi-
brosis-related genes collagen alpha 1 chain precursor (pro-
collagen), and alpha smooth muscle actin (aSMA) and the
profibrotic genes IL-33 and IL-13 in the livers of WT mice

compared with chow-fed animals (Fig 5B). In ST2” mice,
HED feeding led to significantly increased «SMA expres-
sion. The expression of procollagen, IL-33 and IL-13 was
significantly lower in ST27 vs. WT mice, both fed an HFD.
TGEF-B precursor expression was not influenced by HFD
feeding in both genotypes, although its expression was sig-
nificantly higher in chow-fed ST2”" mice compared with
diet-matched WT mice (Fig. 5B).

We also analysed serum proinflammatory and pro-
fibrotic cytokine levels in WT and ST2”" mice fed to an
HEFD for 24 weeks, as indicated in Figure 5. The levels of
TNEF-a, IL-13 and IL-33 were significantly lower in the sera
of ST27- mice compared with WT mice (Fig. 5C).

DISCUSSION

Mice on a BALB/c background are relatively resis-
tant to HFD-induced obesity (23). However, we demon-
strate that HFD-fed ST2-deficient mice had significantly
higher body weight gain compared with wild type mice.
It appears that ST2 deletion may partially attenuate the
resistance to diet-induced obesity. This result is in ac-
cordance with previous studies, which suggested that
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A. There were no significant differences in the expression of genes related to lipid metabolism in the livers of ST2 mice fed chow and an HFD. Sig-
nificantly increased expression of the Abca-1, CD36 and LXR-« genes was observed in W T mice fed an HFD compared with WT mice fed a chow
diet. The expression of CD36, LXRa and PPAR-y was significantly lower in ST2” mice fed an HFD compared with diet-matched WT mice.

B. Expression of the procollagen, alpha smooth muscle actin, IL-33 and IL-13 genes was significantly increased in the livers of WT mice fed an HFD
compared with WT mice fed chow. The expression of aSMA was significantly higher in the livers of ST2 mice fed an HFD compared with ST2"
mice fed chow. The expression of IL-33 and IL-13 was significantly lower in ST2”" mice fed an HFD compared with WT mice fed an HFD. Expres-
sion of the TGF-P precursor was significantly higher in ST2"- mice fed chow compared with diet-matched WT mice.

C. The levels of TNF-a, IL-13 and IL-33 were significantly lower in the sera of ST2”- mice fed an HFD compared with diet-matched WT mice.

IL-33 plays a protective role in obesity (12). Miller et al.
have previously demonstrated that exogenous IL-33 ex-
erted protective effects on adiposity and inflammation,
and Pantic et al. showed that ST2 deletion enhanced
visceral adiposity and inflammation in BALB/c mice. In
line with these studies (12,24) we also demonstrate the
higher amount of visceral adipose tissue in ST2”" mice
maintained on an HFD. Our main objective in this study
was to investigate the unresolved role of the IL-33/ST2

axis in the development of hepatic steatosis. We demon-
strate here that HFD-induced steatosis was ameliorated
in ST2”- mice compared with wild-type mice. Further-
more, the extent of liver steatosis was also significantly
lower in ST27" mice on a standard diet compared with
diet-matched WT mice. The lack of IL-33/ST2 signalling
resulted in increased visceral fat weight and hypertrig-
lyceridemia and attenuated liver steatosis in mice fed an
HED. This finding was somewhat unexpected consider-
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ing that enhanced lipolysis in enlarged adipose tissues in
obesity was shown to be the main contributing factor in
the development of liver steatosis (9, 25). Adipose tissue
lipolysis is the catabolic process leading to the break-
down of triglycerides stored in fat cells and the release
of fatty acids and glycerol (26). Our findings imply that
the protective effect of IL-33 in the obesity-associated
enlargement of visceral adipose tissue is not exerted on
hepatic steatosis. The role of IL-33/ST2 signalling in
hepatic steatosis has not been investigated. Recent re-
port suggests that IL-33/ST2 expression may promote
maternal lipolysis during pregnancy (27). It could be
speculated that the discrepancy between the protective
effects on HFD-induced adiposity and enhanced liver
steatosis may be related to the presumption that IL-33
promotes lipolysis and the “relocation” of fatty acids in
the liver. Furthermore, we demonstrated that WT mice
fed an HFD have increased expression of genes associ-
ated with lipid metabolism in the liver. The expression
of fatty acid translocase (CD36/FAT) was significantly
higher in WT mice than in ST2”" mice, both fed an HFD.
When fatty acids are released from adipose tissue stores,
they enter the circulation as FFAs. CD36 is a molecule
involved in the uptake of fatty acids by cells (28). We
show markedly lower LXRa expression in HFD-fed
ST27 mice compared with HFD-fed WT mice. Liver X
receptor alpha (LXRa) is oxysterol-activated nuclear re-
ceptor that is expressed in the liver and in other tissues
and that regulates inflammation and lipogenesis. It has
been demonstrated that LXRa activation has potentially
deleterious effects by promoting hepatic steatosis and
insulin resistance (29,30). As opposed to ST2" mice,
WT mice fed an HFD had increased expression of per-
oxisome proliferator-activated receptor (PPARY), which
has been associated with exacerbated steatosis when
overexpressed in hepatocytes (31).

Our findings point to an important role for IL-33/
ST2 signalling in obesity-associated changes in lipid
metabolism in the liver. A recent study showed that the
development of hepatic steatosis requires IL-1 signal-
ling (10), and considering that the IL-33/ST?2 axis shares
similar downstream molecules with the IL-1 pathway,
IL-33/ST2 signalling should be further explored in he-
patic lipogenesis. Recently, the direct role of IL-17 in liv-
er steatosis and fibrosis has been demonstrated (32,33).
In accordance with this finding, we showed that IL-17-
producing CD4" cells were less numerous in the livers of
HFD-fed ST2" mice compared with diet-matched WT
mice. Liver inflammation was attenuated in ST2”" mice
fed an HED, as evaluated by lower inflammatory scores
and lower numbers of CD68* macrophages and percent-
ages of CD11c* DCs in the livers of these mice compared
with diet-matched WT mice. Liver damage due to pro-
nounced steatosis in WT mice has been coupled with
on-going fibrosis. In contrast to HFD-fed ST2”" mice,
higher gene expression of procollagen, IL-33 and profi-
brotic IL-13 observed in the livers of HFD-fed WT mice

supports the notion of the profibrotic role of IL-33/
ST2 signalling in the liver. This was accompanied by in-
creased collagen deposition in steatotic livers of HFD-fed
WT mice and increased sera levels of IL-33 and IL-13.
In addition, we also demonstrated that CD11b+Ly6c'"
monocytes, which are cells with profibrotic or M2-type
functions in the liver (34,35,36), were more numerous
in the livers of HFD-fed WT mice compared with diet-
matched ST2"" mice.

Conclusion

In summary, our findings are compatible with the no-
tion that the IL-33/ST2 (IL-33R) axis may play multiple
roles in obesity-associated metabolic disorders and NA-
FLD. IL-33/ST2 signalling attenuates adiposity and in-
flammation in visceral adipose tissue but promotes liver
steatosis, inflammation and fibrosis, most likely by modu-
lating cell trafficking and the metabolic pathways that link
adipose and liver tissues in obesity.
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ABSTRACT

Tanycytic ependymoma is a very rare spindle-cell vari-
ant of ependymoma derived from tanycytes, which are part
of the primitive nervous system. This paper is presenting
48-year old woman who presented with low back and right-
sided leg pain of moderate intensity. MRI showed spinal in-
tradural tumor at the level of the L1 vertebral body. Right-
sided L1 hemilaminectomy and en bloc tumor resection were
performed. Neuroradiological and intraoperative diagnosis
of schwannoma was revised to tanycytic ependymoma after
careful immunohistochemical analysis. Six months post-
operativly, MRI did not show tumor recurrence. Tanycytic
ependymoma at the region of filum terminale is extremely
uncommon and only three cases have been described in the
literature. The low incidence of this tumor and atypical his-
tological image, which is distinct from the typical features of
commonly encountered ependymomas, can present a chal-
lenge in terms of making an accurate diagnosis. Awareness of
this transitional form of ependymoma among neurosurgeons
and pathologists may avoid incorrect surgical approaches
and postoperative treatment course.

Key words: tanycytes, ependymoma, filum terminale
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SAZETAK

Taniciticni ependimom je vrlo retka forma ependimoma
koja vodi poreklo od tanicita, Celija koje su deo primitivnog
nervnog sistema. Ovde je prikazan klinicki slucaj pacijent-
kinje stare 48 godina, kod koje je bolest pocela umerenim
bolovima u donjem delu leda i desnoj nozi. MR pregled je
ukazao na spinalni intraduralni tumor u nivou L1 prsljen-
skog tela. Nakon hemilaminektomije na L1 nivou sa desne
strane, tumor je uklonjen u celosti. Nakon paZljive analize
imunohistohemijskih preparata, neuroradioloska i intrope-
rativna dijagnoza svanoma je revidirana u taniciticni epen-
dimom. MR pregled nakon 6 meseci od operacije nije ukazao
na sigurne znake recidiva tumora. Taniciticni ependimom
u filum terminale regionu je izuzetno redak i do sada je u
literaturi opisano 3 slucaja. Niska inidenca ovog tumora i
atipicna histoloska slika, koja se razlikuje od drugih cestih
ependimoma u ovoj regiji, moze biti veliki izazov pri po-
kusaju donosenja precizne dijagnoze. Podizanjem svesti o
postojanju ove forme ependimoma medu neurohirurzima
i patolozima mogu se izbeci pogresni hirurski pristupi, kao
postoperativna evaluacija i tok leCenja.

Kljucne reci: taniciti, ependimom, terminalni filum
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INTRODUCTION

Ependymomas are tumors of neuroectodermal origin
which usually arise from the ependymal cells in the cen-
tral canal of the spinal cord, the filum terminale region,
choroid plexus or white matter adjacent to the ventricular
surface of the brain (1). The annual incidence rate of all
ependymomas in Europe is around 2 cases per million, oc-
curring more often in men than women (2), and approxi-
mately 15% of all patients are children younger than 5 years
(3). Spinal cord and filum terminale lesions are typically
associated with back pain of long duration, and motor or
sensory deficits of lower and upper extremities. Tanycytic
ependymoma is an even more rare spindle-cell variant of
ependymoma derived from tanycytes, which are part of
the primitive nervous system. By reviewing the scientific
papers that have been published so far, it is possible to find
three similarly described cases of tanycytic ependymoma
occurring at the region of filum terminale (4-6).

In the present paper we report a rare case of a tumor of
the cauda equina region in a 48-year-old woman in whom
the intraoperative diagnosis of schwannoma was revised to
tanycytic ependymoma after the application of immuno-
histochemical stains and careful interpretation. The iden-
tification of ependymoma is of a particular significance not
only in this case but in the similar cases as well because of
the postoperative treatment course of patients and further
evaluation.

CASE REPORT

In this paper, we present the case of a 48-year-old fe-
male patient, who was admitted to the Centre for Neuro-
surgery, Clinical Centre “Kragujevac’, Kragujevac, because
of the spinal intradural tumor at the level of the L1 verte-
bral body, that is the region of filum terminale, diagnosed
by means of a lumbosacral spine MRI The lesion showed
isointensity on the T1-weighted image and slightly higher
signal intensity than the spinal cord on the T2-weighted
image with minimal enhancement after gadolinium ad-
ministration.

The patient’s discomfort in terms of low back pain of
moderate intensity had lasted for a couple of years before
she felt the pain in her right leg five months prior to the
hospitalization.There was no presence of a neurological
deficit in the patient verified on hospital admission and
there was no bowel or bladder dysfunction either.

After preoperative preparation the patient underwent
surgery on the sixth day of hospitalization. We performed
L1 right-sided hemilaminectomy, after which the strictly
restricted intradural tumor was removed. The tumor was
friable, its colour was gray-white and it was adherent to
the filum terminale and spinal nerve. The entire tumor was
removed under operative magnification with surgical mi-
croscope, the spinal nerves remained undamaged and the
resection of the filum terminale was not performed.

The early postoperative course was uneventful. The
patient had neither motor nor sensory deficits nor sphinc-
ter disturbances. Sutures were removed on the eighth
postoperative day, after which liquorrhea occurred in the
cranial part of the postoperative wound. The liquorrhea
was managed by means of one secondary suture and the
restriction of fluid intake.

Pathohistological analysis (HE staining and immuno-
histochemistry) indicated the presence of the moderate
cellular tumor tissue of glial origin and solid and fascicular
structure. Spindle-shaped cells formed perivascular ro-
settes and they were characterized by round to oval, mod-
erately pleomorphic nuclei and grainy chromatin. In the
pathohistological sample the cells showed diffuse immu-
noexpression of glial fibrillary acidic protein (GFAP) and
individual expression of S100 protein. The lesion was char-
acterized by the pathologists as a grade II tanycytic epen-
dymoma according to the classification of World Health
Organization (WHO) (7).

In the further course of treatment the patient was re-
ferred to physical therapy. No adjuvant radiotherapy was
offered to the patient. In order to exclude the possibility
that the removed ependymoma had occurred due to the
liquor dissemination — MRI of the endocranium was per-
formed during a postoperative period, showing no sure
signs of expansive lesions.

Three months after the surgery, at the first control ex-
amination the patient did not claim to feel any level of pain
and discomfort. Six months after the surgery a control MRI
of the lumbosacral spine was performed, showing no signs
of the recurrence of tumor which had previously been op-
erated on. A control MRI is planned to be performed again
in a one-year period.

DISCUSSION

Tanycytes are specialized ependymal cells which line
the floor of the third ventricle and provide structural and
functional links between cerebrospinal fluid and the peri-
vascular and neural space. They can also be found in the
spinal cord and represent the common progenitor cells of
both ependymal cells and astrocytes (8).

Tanycytic ependymoma is a form of ependymoma that
was initially described by Friede and Pollak in 1978, who
represented it as neoplasm of low-to-moderate cellularity
characterized by a flow of elongated cells with moderate
nuclear pleomorhism and usually absent mitotic figures
(9). In these lesions, the classic ependymal rosettes and
perivascular pseudorosettes are replaced by more fibrillar
cells (10). Neoplastic cells usually do not exhibit anaplastic
cytological features, and although it has been assigned for
grade II lesions in the current WHO classification (7), it is
generally a slow-growing and noninvasive tumor (11).

Just like in the case presented here, the clinical pre-
sentation correlates with the anatomic location of the
neoplasm. Contrast-enhanced MR imaging remains the



Figure 1. Lesion showed isointensity on the MRI T1-weighted image (1a, transversal plane) and slightly higher signal intensity than the spinal cord on
the T2-weighted image (1b, sagittal plane) with minimal enhancement after gadolinium administration.

Figure 2.

A. HEx100 1 - The moderate cellular tumor tissue of glial origin and solid and fascicular structure.

B. HE x200 1 - The tumor cells contain round to oval nuclei with the grainy chromatin and form rare structures such as perivascular pseudorosettes.
C. GFAP x200 3 —The tumor cells show diffuse immunoexpression of glial fibrillary acidic protein (GFAP).

D. $100 x400 3 — The tumor cells show individual expression of S100 protein.
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radiological investigation of choice. Due to the similar ra-
diological picture as in myxopapillary ependymomas and
cystic schwannomas, the final decision in resolving the di-
agnostic suspense rests with the pathologist.

Intraoperatively, the tumors have a clear cleavage in re-
gard to neural structures but require a microneurosurgical
technique for their removal. Tumors usually have minimal
vascularity with cystic component, which contain dark-col-
ored fluid. Among cases reported so far (4, 5), no increase
in neurological deficits has been noted. Additionally, no
tumor recurrence has been detected in the patients, which
indicate favorable outcomes, without adjuvant therapy.

The low incidence of these tumors and atypical histo-
logical image, which is distinct from the typical features
of commonly encountered ependymomas, can present a
challenge in terms of making an accurate diagnosis. How-
ever, the presence of spindle cells, eosinofil cytoplasm, oval
isomorphic nuclei and the absence of Rosenthal fibers in-
dicate the ependymoma rather than other similar tumors
(pilocytic astrocytoma, schwannoma, fibroblastic menin-
gioma) (11). Careful immunohistochemical and ultrastruc-
tural analyses are necessary to establish the diagnosis of
tanycytic ependymoma. Considering the fact that among
other ependymomas in the cauda equine region the most
frequent type is myxopapillary ependymoma, the diagno-
sis of the afore mentioned ependymoma can be excluded
in this particular case due to the absence of papillary archi-
tecture and myxoid degeneration.

CONCLUSION

Tanycytic ependymoma at the region of filum termina-
le is extremely uncommon and only three cases have been
described in the literature. The treatment of tanycytic ep-
endymomas should be conducted in the same way as or-
dinary ependymomas, since there is no current evidence
suggesting that these morphologically distinct tumors dif-
fer in terms of biological behavior. A careful histological
inspection with utilization of immunohistochemical stains
and ultrastructural microscopy may be necessary to distin-
guish tanycytic ependymoma from other neoplasms such
as schwannoma and pilocytic ependymoma. Awareness of

this transitional form of ependymoma among neurosur-
geons and pathologists may avoid incorrect surgical ap-
proaches and postoperative course.
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