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CAXKETAK

YBoa: Tamextun-3 (Gal-3) wma 3HayajHy yjory y OpoOjHMM OHOJNOIIKMM U
NaTOJIOIIKUM TIpollecuMa, a MoceOHO je OMTaH y ca3peBamby M (YHKIMOHHCAKY HEPBHOT
CUCTeMa U HAaCTaHKy HeypouH¢uamanuje. [7aBHM IW/b OBOI HCTpakMBama OHO je
UCTIMTUBAE yTHIIAja aenenyje reHa 3a Gal-3 Ha nonamame ko muiesa coja C57/BL6.

Martepujan u Meroge: Pasiuke y moHamamy cCy eBalyHpaHe OWXEBHOPATHHM
TecToBUMa Koju cy crpoBeaeHun kox WT (wild-type) u Gal-3-/- (enrn. xnockout, KO)
C57BL/6 mumeBa, myxjaka, crapoctu 20 Henmespa, y 0a3aqHUM yClIOBHMa, Kao U 24 cara
HAKOH MHTPAIEPUTOHEATHE allUIMKaIKje Jumnononucaxapuaa (euri. lipopolysaccharide, LPS)
(y jemnoj nosm, 5 mg/kg). OnMax HaKOH TOTa, KHUBOTHIGE CY JKPTBOBaHE M ojapehuBanHu cy
HUBOM €KCIIPECHje TeHa 3a MOk 1aHu HeypoTpoduu axtop (eHrn. brain-derived neurotrophic
factor, BDNF), GABA-A peuentopcke cybjenunuie u npouHpaamanujcke nqutokune, 1L-6
(enrm. interleukin-6) u TNF-a (eHrin. tumor necrosis factor-a) y MO3Ty (XUIIOKamMIycy).

Pesyaratu: [enenuja rena 3a Gal-3 je y 0a3aqHMM yclIOBHMa UMaia HW3pakeH
aHkcuoreHu edexar. OBaj edexaT je OMO YApPYKEH ca CMamEHEM EKCIpecuje TeHa HU
caapxkaja IL-6 u TNF-o y xunokammycy. [Jedunwujenuumja Gal-3 je Ouna mnpahena u
cMamemeM TreHcke ekcrnpecuje W BDNF-umyHopeaktuBHOCTH, mocebHo y CAl
XUTNOKaMITATHOM peruony. Takohe, nenenuja rera 3a Gal-3 je nza3Bana cMamembe CKCIpecH)e
reHa 3a cyojenunune 2 u 5 GABA-A peuenropa y xunokammycy. Jleneuuja rena 3a Gal-3
HUje [oKa3aja MpoJienpecaHTHH edekar y Oa3aqHUM yciaoBUMa. AHKCHOTeHH edekar
HeypouHpramanuje naaykoBane LPS-om je xog WT muieBa 6uo yapyxkeH ca moBehanHom
excripecrjoM rena 3a IL-6, TNF-a u TLR4 y xunokammycy, Kao U peayKIUjoM I'€HCKE U
UMYHOXHUCTOXEMHjCKe ekcipecuje xunokamnanHor BDNF-a, y3 3nauajuy peaykunjy GABA-
AR2S y oaHOCy Ha BpeAHOCTH KOje Cy JETeKTOBaHe y Oa3alHuM ycioBuma. Mehyrum,
nebunmjenija Gal-3 je copeumna mosehame IL-6 U cMameme TeHCKE eKCIpecuje u
umyHopeaktuBHOcTH BDNF-a, kao u penykuujy xunoxkamnanHux GABA-AR2S u nHa Taj
Ha4YWH yOiakuiia aHKCUOTeHU eekaT akyTHe HeypouHdiamariuje.

3aksbyuak: Pe3ynTtatu oBor MCTpaxHBama yKa3yjy Ha TO Jia Cy Hau3IJe] CYyIpOTHU
edpextn nenenyje rera 3a Gal-3 Ha HMBO aHKCHMO3HOCTH (aHKCHOTeHHM edekaT y Oa3aHUM
yCcIIOBUMA U AaHKCHUOJUTHYKU edekaT TOKOM aKkyTHe HeypouHiamalyje) MOBe3aHu ca
npoMeHama ekcopecuje u caapxkaja IL-6, TNF-a, TLR4, GABA-ARS u BDNF-a y
XUIOKaMIyCy.

Kibyune peun: ranekrun-3 nedunujenuuja, Heypounpiaamanuja, TLR4, BDNF,

GABA-A peuentop, aHKCHO3HOCT, JENpecHja, XUIIOKaMITyC



ABSTRACT

Intraduction: Galectin-3 (Gal-3) plays a significant role in various biological and
pathological processes, and is particulary important in maturation and function of nervous
system and in promotion of neuroinflammation. The principle aim of this study was to
examine the effects of Gal-3 gene deletion on behavior in C57/BL6 mice strain.

Material and Methods: Behavioral differences were evaluated by behavioral tests carried
out on WT (wild-type) and Gal-3-/- (knockout, KO) C57BL/6 mice, males, aged 20 weeks, in
basal conditions, and 24 hours after an intraperitoneal application of lipopolysaccharide (LPS)
(in a single dose, 5 mg/kg). After that, animals were sacrificed and levels of gene expressions
of brain-derived neurotrophic factor (BDNF), GABA-A receptor subunits and
proinflammatory cytokines, IL-6 (interleukin-6) and TNF-o (tumor necrosis factor-a) in the
brain (hippocampus) were evaluated.

Results: Deletion of the Gal-3 gene had an anxiogenic effect in basal conditions. This
effect was accompanied by decrease in the gene expression and content of IL-6 and TNF-a in
hippocampus. Gal-3 deficiency was also accompanied by decreases in gene expression and
BDNF-immunoreactivity, predominantly in the CAl region of hippocampus. Besides, the
deletion of the Gal-3 gene resulted in decrease of hippocampal gene expression of GABA-A
receptor subunits 2 and 5. Deletion of the Gal-3 gene did not show a pro-depressant effect
under basal conditions. In WT mice, the anxiogenic effect of neuroinflammation induced by
LPS, was followed by increased hippocampal IL-6, TNF-a and TLR4 gene expression, as
well as by decreased gene and immunohistochemical expression of BDNF in hippocampus,
with a significant reduction in GABA-AR2S in comparison with the values obtained in basal
condition. However, Gal-3 gene deletion prevented the increase in IL-6 and the reduction in
BDNF gene expression and immunoreactivity, as well as the reduction of hippocampal
GABA-AR?2S, and therefore attenuated the anxiogenic effect of acute neuroinflammation.

Conclusion: The results of this study show that the apparently opposite effects of Gal-3
deficiency on the level of anxiety (anxiogenic effect in basal conditions and anxiolytic effect
during acute neuroinflammation) are associated with changes in the gene expression and
content of IL-6, TNF-a, TLR4, GABA-ARS and BDNF in hippocampus.

Keywords: galectin-3 deficiency, neuroinflammation, TLR4, BDNF, GABA-A receptor,

behavior, anxiety, depression, hippocampus



3AXBAJIHUIIA

Benuky saxeannocm oyeyjem ceojum komenmopuma, npogh. op 1eozoeny Pocuhy u
npogh. op Muoopazy Jlykuhy, Ha HeceOUUHOM AH2AIHCOBAILY, OZPDOMHOM YIOHCEHOM MpPYOy,
U3BAHPEOHO] CapadrlU, CMPYYHUM CABEMUMA, KOHCMPYKMUBHUM KPUMUKAMA U BElUKO]
nOOpULYU MOKOM U3paoe 00OKmMopcKe oucepmayuje.

Iocebno 6ux ce 3axsanuo doy. op paeuyu Cenaxosuh, ooy. op Josanu Jokcumosuh u
ooy. Op Hemarwu Josuuuhy Ha eeruxom awneadxcosary y eKCNePpUMEHMAIHOM paody U
HeceOuuHoj nomohu mokom uzpade 0OKmopcke oucepmaytije.

3axsamyjem ce ceum onum npoghecopuma Daxyimema MeOUYUHCKUX HAYKA

Yuusepsumema y Kpazyjesyy koju cy ceojum casemuma u cyzecmujama OOnpuHenu 060j

0OKMOPCKO] oucepmayuju, Kao U CEUMA KOju Cy NPY*CUIU MEXHUUKY NOOPUWKY MOKOM
cnpogoherva excnepumernama.

3axsamyjem ce mojoj nopoouyu na yo6asu, pasymesarby u 8e1uKoj noOpuyu.

... Mojoj acenu u cunosuma Ilasny u Jakogy
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1.1. Aukcuo3nu nopemehaju

AHKCHO3HOCT j€ eMOIIMOHATHO cTamke mpaheHo ocehamem Hemaroge, HemHpa U
HANeTOCTH, aHTULUIAIKUjOM MOryhe OmacHOCTH, Kao U OpOojHMM IpoMeHama (U3UOTIOLIKUX
¢dyHKIIMja. AHKCHO3HOCT c€ pa3liMKyje OJ] CTpaxa M IpeJCTaBjba MpETepaHy PEakiHjy Ha
CUTyaIMjy Koja ce camo CcyOjeKTHBHO cMarpa mperehom, a yecto je mpaheHa ocehamem
3a0puHyTOCTH, MHUIIHMhHOM HaneTtomhy, y3HeMupeHomhy, ymMopoM M TpoOjeMuMa ca
koHIeHTpanujom (1). Ankcuosznu mnopemehaju ce Hamaze Mel)y Hajuemrhum 3paBCTBEHUM
npobiiemnMma, 4.5% momnynanuje UMa HEKU aHKCMO3HU mopemehaj, mok ce kon 5-30% sbynu
oBM Tmopemehaju MOry jaBUTH TOKOM S>KMBOTHOT Beka (2). AHkcuo3HH mopemehaju cy
yuecTtanuju koa sxeHa (5.2%) y onHocy Ha Myuukapie (2.8%) u yriaBHOM ce jaBibajy Ipe
nBazaecerere roguHe. Hajuenthe ce jaBibajy (hobuje u conunjaaan ankcro3au mopemehaju (2-
4).

[Ipema [IujarHOCTHYKOM M CTATUCTUYKOM TPUPYYHUKY 3a MeEHTalHe mnopemehaje
(earn. Diagnostic and statistical manual of mental disorders, fifth edition, DSM-5),
aHkcno3Hu Tnopemehaju 00yxBarajy cemapanujcKy aHKCHO3HOCT, CEJEKTHBHHU MYTH3aM,
cnenuduuny ¢obujy, conujaaHe aHkcHo3He mopemehaje (comujanae ¢oOuje), MaHUIHU
nopemehaj, aropado0Oujy, reHepann3oBaHu aHKCHO3HH MopeMehaj, mopemehaj aHKCHO3HOCTH
M3a3BaH CyICTaHllaMa WM JIEKOBHMAa M aHKCHO3He mopemehaje KOoju mIpare HEKO ApYyro
obosbeme (5). AHKCHO3HE 0co0e uecTo u30deraBajy CuTyalije Koje Cy y IpoIuIoCTH H3a3Baje
y3HeMupeHocT (6). ErsucrennnjanHa aHKCMO3HOCT C€ MOXKE JaBUTH Kaja ce ocolda cyouH ca
CTpaxoM, €r3MCTEHIMjaJHOM KpHU30M WM HUXWIHCTHUKUM ocehamuma. Takohe ce moxe
JaBUTH COMAaTCKa AaHKCHO3HOCT M CTpax oOJl jaBHOT HacTyna win wucnuta. CouujanHa
AHKCHO3HOCT C€ KapakTepHIlle Y3HEMHUPEHOIINY W HEJaroJoM y cuTyaldjaMa kaja tpebda na
Ce OCTBape KOHTAKTU ca JpYyruM (HEMO3HATUM) JbyIuMa. XOpPMOHM CcTpeca KOjU ce
ociobahajy y aHKCHO3HOM CTamby MMajy YTHIA] Ha (QYHKIM]Y AUTECTUBHOT TPAKTa, IPU YeMy
ce jaBibajy (PM3MUYKU CUMITOMM KOJU MOTY JONPUHETH HACTAHKY WJIM MOTOPIIATH CHUHAPOM
MPUTAOMIIHOT KOJOHA. AHKCHO3HOCT CE€ YeCTO jaBJba KOJ 0co0a KOje HMMajy OIICECHBHO
KOMIYJI3UBHM M mNaHu4HU mnopemehaj. [IpBu kopak y jedewmy ocobe ca CHMITOMHMA
AQHKCMO3HOCTH TOJpa3yMeBa MpPOIEHY NPHUCYCTBa MOryher MeAMIMHCKOT Y3poKa, 4Hje je
IPEeno3HaBamkbe HEONMXOJHO Ja Ou ce cmpoBena oarosapajyha tepamuja (7, 8). Cumnromu
AQHKCHO3HOCTH MOTY IPUKPUTH OPTaHCKY OOJIECT, WIIH Ce TT0jaBUTH Kao TOCIIEANIIa COMATCKOT

nopemehaja (7-10).
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CuMOTOMH aHKCHO3HOCTH MaHHQecTyjy ce Ha YeTHpU TJaBHAa HoJpydja:
€MOIIMOHATHOM, KOTHUTUBHOM, OMXEBHOPATHOM M coMaTckoM. TenecHe mpomene cy npahene
KapJMOBACKYJIApDHUM, PECIUPATOPHUM, TaCTPOMHTECTHUHAIHUM U JpPyrUM IpOMEHama
IPOY3POKOBAaHUM AaKTHBHOIINY ayTOHOMHOI HEpPBHOI CHCTE€Ma, KOjU MOOWJIMILE TEJIO Ha
cyodaBame ca npezactojehum npodiemom. O1 HEYPOJIOMIKUX CHMIITOMA jaBJba Ce TJIaBO00JbA,
napecTe3rje M BPTOIVIABUIA, JOK Cy Hajuemhu TUTeCTHBHM CHMITOMH 001 y TpOyXYy,
MYYHMHa, Tujapeja, nopemehaju Bapewa 1 cyBa ycra. CUMITOMHU OJ] CTpaHE pECIUPATOPHOT
cucTeMa ce jaBibaJy y BUAY KpaTKOI Jaxa, a OJf CUMIITOMa KapAMOBacKyJapHOI CHCTeMa
NpUCYTHE Cy MaJNHTalje, Taxukapaja wim 06oa y rpyauma. CHMITOMH OJ CTpaHe
MUIIMNHOT CHUCTEMa jaBJbajy c€ Kao yMOp, ApPXTame MM TeTaHWja. JaBjba ce IMOjavyaHo
3HOjehe WIN CBpad KOXKe, a CUMTOMH YPOTE€HUTAJIHOI TPaKTa MCIOJbaBajy c€ y BUAY
y4ecTaJor MOKpemwa, JAucnapeyHuje wiu umnoreHuuje (7). TemecHu cumnToMu cy
JOMHUHAHTHU KOJ| CeMapanujcKe AaHKCHO3HOCTH W maHu4HOr Hamaga. CyOjeKTHBHH
JNOXHUBJBAJH Ccy 00MYHO mpaheHW (GHU3MOJIOMIKUM TpoMeHama (HOp. ocehame Henarofe,
cnabocTU U HECUTYpPHOCTH je mpahenHo mummhHoM Hameromihy; cTpax Aa he ce u3ryoutu
KOHTpOJIAa WK cBecT mpaheHo je yOp3aHuM lymameM cpiia). TerecHu CUMITOMU MOTY OUTH
npaheHn aHKCHMO3HONINY KOja MpeICcTaB/ba WHTEH3WBHH CTpax Ja Ne TEJICCHH CHMIITOMH
NOIMyT JIyHama Cpua, JApXTamka Wi 0ojoBa y TpOyXy HMarTh HETaTHBHE COIHWjaJHE,
NICUXOJIOLIKE MK TejecHe noceanie. O KOTHUTUBHUX nopemehaja jaBiba ce MHTEIEeKTyallHa
KoH(Yy3uja, anTununanyja Hecpehe u 3adpunyroct. Ko aHKCHO3HOCTH ce jaBJba KOTHUTHBHA
Je3opraHusanyja, wWTo jJonpuHocu jomr  Behoj  y3HemupeHoctu.  buxeBuopanne
MaHudecramnuje mnpaheHe cy: u30eraBambeM OMACHOCTH, OCIA0/LEHOM KOOPJIMHALM]OM |
crepeotunujama. [lonamame y Buay nzberaBama ONacHOCTH j€ KapaKTEpUCTUUHO 3a (oduje.
OncecuBHO-KOMMY/I3UBHM nopeMehaju npaheHun cy crepeoTunujaMa. Y COLMjaTHUM
aHKCHMO3HMM mnopeMehajuma wyemhe ce jaBjba ocinab/beHa KOOpAMHAIMja y OOJIHMKY
HECIPETHOCTH, TPEMOpa, WM MOTIYHE YKOUYEHOCTH. AHKCHO3HM mopemehaju y CyIITUHU
NpeJICTaB/bajy BEOMa KOMIUIEKCHU IICHXOJIOIIKM (DEeHOMEH Koju je mpaheHH CHEeKTpOM

paznnuuTux npomena (11).

1.1.1. daKkTOpHM OATOBOPHH 32 HACTAHAK AHKCHO3HMX NopeMehaja

3axBasbyjyhu cryamjama Onm3aHalia yCTaHOBJbEHO je na cy 3a 30-40% aHKCHMO3HHX
nopemehaja onroBopHu TeHETCKHM (aKTOPH U Ja CpeArHa Takole MMa BETUKH YTHIQ] HA

10jaBy aHKCHO3HOCTH, HAPOUWUTO y TMEPHUOAY NETUHCTBA. PH3MK 3a HAaCTaHAK aHKCHO3HUX
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nopemehaja moBehaBajy 370cTaBjbe y JACTUICTBY, IIOCTOjambe IOPOJMYHE HCTOpHUjE
nopemehaja MeHTaIHOT 31paBiba U cupomamTBo (12). OBu nopemehaju cy Takole moBe3anu
ca ynoTpeOoMm apora, ajakoxojia, kopernHa u OeH3oauazenuHa (KOju ce YeCTO MPOIUCY]y 3a
JIeYeHhE AHKCHO3HOCTH). AHKCHO3HM Topemehaju ce 4YecTo jaBibajy y CKIOIY JAPYTHX
nopemehaja MEHTAJIHOT 37paBJba, HAPOUUTO Cy 3aCTYIJBEHH KOJ BEJIHKOT JEIPECHBHOT
nopemehaja, ounonapHor nopemehaja, mopemehaja y ucxpanu wnm oapehenux mopemehaja
muyHoctn. OBU mopemehaju ce takohe uemhe jaBibajy Ko ocoba ca oapeheHuM npTama
JUYHOCTH Kao mTo je Heypotunusam (13, 14).

Y OCHOBM aHKCHO3HOCTH Hajlla3e C€ HEypOaHATOMCKa U HEypPOEHIOKPHHA
micyHkja, kao ¥ mopemehaju HeypoTpaHCMHTEpa W Heypomentuaa. butHy ymory y
HACTaHKy AaHKCHMO3HOCTHM HMajy mopemehaju cTpykrype u (QyHKIHje oapeheHux permoHa
Mo3ra, nomyt aumOudkor cucrema (15). Xumnokammyc, Kao BakKHa CTPYKTypa JIMMOHYKOT
crcTeMa UMa 3HavajHy yJIOry Y KOTHUTHBHHUM IIPOIECHMA, Kao IITO j€ eNH30IUYHO maMheme
U MIPOCTOPHA OpHjeHTanrja (JOp3aJlHU €0 XUIIOKaMITyca), a Takole ydecTByje y peryiamnmju
emMoluja W maroreHesu nopemehaja pacnojiokema U aHKCHO3HOCTH (BEHTpaTHH €0
xunokamnyca) (16, 17). VYrBpheHo je na mne3uje BEHTPAIHOT XHUIIOKaMIyca HMajy
aakcuonuTtuikn edekar (18, 19) m ma mManumynamuje ca apepeHTHHM Wi epepeHTHUM
HEYPOHCKUM IyTEeBHMMAa BEHTPAIHOT XMITIOKAMITyca MOT'Y YTHIIaTH Ha HACTAaHAK aHKCMO3HOCTHU
(20-27). Xumnokamnyc ce cacToju Of JeHTaTHOI rupyca (Jat. gyrus dentatus, DG) 1 aMoOHOBOT
pora (nat. cornu ammonis, CA), koju je noaesbeH Ha peruone CAl, CA2, CA3 u CA4 (28).
Xurmokamnyc KOMYHUIIMpa ca APYrUM CYOKOPTHKAJIHMM CTPYKTypama y KoOje CIajajy
aMurjaie U jJarepaiHu xunoraigamyc (29-32), koju takohe umajy OUTHY YJIOTY y KOHTPOJIU
NOHAIIamka Koje je MoBe3aHo ca aHkcuosHomthy (27, 33, 34). HemaBHa ucTpakuBama Cy
notBpania fa je BentpaaHu CAl pernon xunokammyca Oorat henujama Koje ce aKTUBHpPajy
y aHKCHOT€HUM CHUTyallijaMa M TOKOM MoHamama u3berasama (27). JlokazaHo je na crpec
MOX€ YTHIIATH Ha BOJIYMEH XHUIIOKaMIlyca M HEyporeHe3ly, a Ja je peayKildja BOJyMeHa
XHUIIOKaMIlyca TOBe3aHa ca TopeMehajuMa pacroyiokema W Pa3IuYUTHM aHKCHO3HUM
nopemehajuma (27, 35-38).

HctpaxkuBawa Ccy TOTBpAMJIAa W BEIUMKHM 3Hauaj mnopemehaja oapehenux
HEYPOTPAaHCMHTEPAa W HEYpPOIENTHAA Y HACTAHKY aHKCHO3HOCTH. MOHOaMHHCKa XHUIIOTE3a
UCTUYE Ja Yy HACTaHKy aHKCHO3HOCTH BaXHY yiory wuma mnopemeha) ¢yHKInje
HOpaJpeHEePruuKor, CepOTOHEPTHUKOT U JonamuHeprudkor cucrema (39). /lokasano je na
HACTaHKY aHKCHMO3HOCTH JONPUHOCU U JUCHYHKILHMjA IIIyTaMaTepruyKor, XOJIMHEPTUUKOT U

GABAepruukor (enrn. gamma-amino butyric acid, GABA) cucrema (40-42). VYV HacTaHky
4



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

oBor mopemehaja moTrBpheHa je W ynora KOPTHKOTpomuH-ocinoOahajyher ¢axropa (eHri.
corticotropin releasing factor, CRF), xunodusHor aneHWnaT IHMKIa3a-aKTUBUpPaAjyher
noymnentuaa (eHri. pituitary adenylate cyclase-activating  polypeptide, PACAP),
XOJICIIMCTOKMHWHA, aJICcHO3WHA, MEIATOHWHA, CYIICTaHIle P, Ka0 U MOXIaHOT HEYPOTPOPHOT

dakropa pacra (eHri. brain derived neurotrophic factor, BDNF) (43-46).

1.1.1.1. Yaora GABAepru4kor cucreMa y KOHTPOJIU CTeneneHa aHKCHO3HOCTH

GABA je Beoma BakaH MHXMOUTOpHH HeypoTpaHcmutep, a GABAepruynu cucrem
Mpe/ICTaB/ba HAJOUTHUj WHXHOUTOPHU MEXaHHW3aM y MO3Ty cucapa (47). JlokazaHo je aa Jak
u Onara arenyauuja GABAepruyHor cucremMa uH3a3MBa HAcCTaHAK HEMHpA, HECAHMIIE,
y30yhema, aHKCHMO3HOCTM M  IIpeTepaHe pEeaKTHMBHOCTH. Benuwka  3acTyNJbeHOCT
GABAepruuHnx HeypoHa je yodeHa y onapel)eHuM permoHMMa Mo3ra, Kao IITO Cy MOXKIaHa
KOpa, XHUIOKaMITyC, Tajamyc, Oas3allHe raHrimje, IepedenyMm, XUMOoTalaMyC M MOXKIaHO
ctabmo (48). Ilocebno je Baxkna ymora xumnokamnaiHor GABAepruukor cucrema.
XunokamIlyc UMa JiBe Tpylie HeypoHa: IJlaBHE HeypoHe (OArOBOPHE 3a €KCTpaxUIIOKaMIIaIHe
BE€3€) U HUHTEpHEYpOHE (OArOBOPHE 3a JIOKAJIHE BE3€ YHYTAp XMIIOKaMIlyca-NPETEeKHO
GABAepruuke) (49). GABA uHTEpHEYpOHH MMajy TJIaBHY YJOTY Y MOIYJAIMjH JIOKATHUX
HOpaJIpeHEePruuKHX, TOMIAMUHEPIMUKUX, CEPOTOHEPIMUKUX U TITyTaMaTepruyKuX HEypOHCKUX
kona (50). OcHoBHU uHXMOUTOpHU MexaHU3aM y GABAepruukoM cucremy mojipa3zymeBa
akTuBaln]y nocrcuHanTHuknx GABA-A peuenrtopa, ITO y3pOKyje HaCTaHAaK MHXUOUTOPHUX
MOCTCHHANTHYKUX TMOTEHIMjajla Y XUIOKaMIyCy U CMameme ociobaljamba eKCIMTaTOPHUX
tpancmutepa (51-53). OBy ¢ynkunjy GABA octBapyje momohy jBe TIiaBHE Kiace
GABAepruukux peuentopa, 0p3sux GABA-A u cnopux GABA-B penenropa. Hakon
aktuBaimje GABA-A penenrtopa HacTaje Op3u MHXMOMTOPHU MOCTCUHANTHYKKA MOTEHIIM]jal.
GABA-A penieniTopu Cy neHTaMepu CacTaBJHLEHH OJ1 J1BE 0, BE B U jenHe y cyOjenunuiie. OBu
peuenTopu uMajy HajMame 16 uaeHtuduxoBanux cydjenununa. GABA-A peuentopu ce
IPUMapHO Hajlaze y crenupUUHUM perHoHMMa MO3ra, Kao mTo je xunokamnyc. GABA-Aa-2
peuenTopcka cyOjeqununa (enrin. GABA receptor subunit alpha-2, GABRA2, GABA-AR2S)
UMa aHKCHUOJUTUYKY aKTHMBHOCT U KJbYYHY YJIOTy Yy KOHTPOJM €MOLIMOHAIHUX |
ouxeBuopanuux ¢ynkinuja (54, 55). UctpaxuBama cy mokazana na cy ocehaj crpaxa m
AQHKCHO3HOCT ITOBE3aHM Ca CMamb€HUM HHUBOOM jOIII jeJHE OMTHE pelenTopcke cyljeauHule,

GABRAS (GABA-ARS5S) (56, 57). Xunokamnanna GABAepruuna qucyHkigja uMa OuTHY
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yIOTy y TATOT€HE3M pa3NUUUTHUX mopemehaja pacmoiiokema, a HapoO4YuTo je OuTaHa y

HACTaHKy aHKCHO3HOCTH (58-60).

1.1.1.2. Yaora BDNF-a y KOHTPOJIM cTeneHAa AaHKCHUO3HOCTH

BDNF je neyporpoduH KOju yTHUYe Ha OICTaHAK, pacT M IudepeHIHjannjy HeypoHa
[EHTPAITHOT | TepudepHOTr HEepBHOT cucTteMa W mMoaudukanujy cunarcu (61). IToceOHo je
3HayajHa akTUBHOCT BDNF-a y xunokamnycy, KOpTeKcy U MpelmeM 0a3alHOM Jielly MOo3ra -
o0jacTMa BUTATHUM 3a yuewe, mamheme u pasMunubame. (62). HemaBHa uctpaxuBama Ccy
OTKpWJIa J1a MOJUMOp(H3aM jeTHOT HyKiIeoTHaa y komupajyhem permony rena 3a BDNF
(Val66Met) npexncraBiba (akTOp pHU3UKA 3a HACTAHAK AHKCUO3HMX M IOCTTPAYMATCKUX
ctpecHux nopemehaja (63, 64). ['enercka Bapujanuja Koja y3poKyje CYNCTHTYIM]y BajuHa
METHOHMHOM Y KOJIOHYy 66, orpaHu4yaBa WHTpalEIyJapHd TMpoOMeT © ociobahame
xunokammnamaor BDNF-a. Hocuoru oBor anena mMajy CMameH BOJYMEH XHITOKaMITyca,
neguuuTe y MEMOPHJH 3aBHCHO] OJl XMUIIOKAMITyCa M HU3MEHEHHM OJIrOBOP HAa €MOLMOHAJIHE
Hajgpaxkaje (65-72). Ox mnoceOHOr 3HAYaja y HACTaHKY aHKCHO3HOCTH j€ IIOCTOjame
abHopmannor xwunokamnanaHor BDNF cucrema. Penykmnmja BoiymMeHa XUIOKaMIyca M
TUCHYHKITMOHATHN XHIIOKaMITyC TIPEACTaBibajy Npeaucnonupajyhe dakTope 3a HacTaHak
HOCTTpayMaTCKUX cTpecHUX mopemehaja (73, 74). UcrpaxkuBama cy mnokasaia Jja ¢y HUCKU
HuBou BDNF-a koj jbyau moBe3aHu ca MambUM BOJIYMEHOM XHIIOKaMIlyca U nopemehajuma
pacrnionoxema (75, 76). Beza usmely auckux auBoa BDNF-a u nmopemehaja pacnosnoxema
(Tako3BaHa ‘“‘xurote3a HeypoTpodunHa) morBphena je moBehawem BDNF-curnammszanuje y
XUIOKaMIyCy HaKOH INpuMeHe aHTuaenpecuna (77, 78). McrpaxuBama Cy MOTBpAMIA Ja
cmameme KoHueHTepanrje BDNF-a y mnoctrpaymarckoM crpecHoM mnopemehajy wnma
aHKCHOTeHU edeKaT, jep y3pokyje penykuujy aktuBHoctd GABA-A peuentopa um 6poja
XUTMTOKAMITAJIHUX HEYypOHAa M HacTaHak xunokamnainHe atpoduje (79, 80). JlokazaHo je na je
BDNF BaxaHn 3a HOpManHy (QYHKIHJy XMIIOKaMIlyca M y aHMMaJHUM Mozenuma. Hucku
HuBou BDNF-a nimu cmameno ocnob6ahame BDNF-a y3pokoBano mnpucyctBom Val66Met
JIOBOAM JO peAyKIHUje BOJIYMEHa XHIIOKaMIlyca, HAcTaHKa I[IOHaIlamka IOBE3aHOr ca
aHKCcHO3HOMNYy U cMamema ehukacHoCcTH aHTuaenpecuBa (61). Enurenercke monudukaiuje
reda 3a BDNF cy moBe3ane ca ankcmo3Homhy u cnenuduuHuM oOpaciuma HEypOHCKE
AaKTUBHOCTH. Y HMCTpaKHUBamby IeéHOMa Takohe je yTBpleHa MoBe3aHOCT MOJUMOpQH3Ma reHa
3a BDNF peuenrop (eHran. neurotrophic receptor tyrosine kinase 2, NTRK2) u ankcuo3noctu

(81, 82).
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1.1.2. BHXGBHOP&J’IHI/I TECTOBU 3a MNpoueHy CTeIeHa AaHKCHO3HOCTH Ha

AHUMAJIHUM MOACJIHMA

1.1.2.1. O0pacuu noHamama y AHMMAJHHA eKCIIePUMEHTAJIHIM MOJeJIMMAa

AHUMAaNTHA MOJIENH MPEJICTaBbajy TAaKBY BPCTY €KCIIEPUMEHTATHUX Mojiena y Kojuma
ce JKMBOTHUIE€ KOPHUCTE Y pa3IMUUTUM HAyYHUM HUCTpaXKUBamkUMa, ca I[HbeM O0oJber
pasyMeBama (DU3HMOJIOIIKAX W TATOJOLIKMX Ipoleca Koj dYoBeka. Hajuemrhn anumannu
MOJIENI KOJU C€ KOPHCTE Yy NICHXOJIOTHJU U COLIMOJIOTHJU Cy aHMMAJIHHU MOJEIH MOHAIIamka, a
OCHOBHa CBpXa HUXOBE YIOTpede je pa3ymeBame MEXaHU3aMa KOjU KOHTPOJIUILY HOPMAIIHO
¥ TATOJOIIKO TOHamame. AHMMATHU MOJIENM CYy H3Yy3€THO BaXKHU Y aHAIM3HM Y3pOKa
OJITOBOPHUX 3a HACTaHAK CHMIITOMa KOjU Cy XOMOJIOTHH CHMIITOMHMa TNalMjeHaTa ca
onpehennm oboJberuMa. AHUMAITHU MOJETH MEHTAIHUX rnopemehaja Koju ce mpuMemyjy y
MEAMIIMHCKUM Haykama oOMOryhaBajy HCHHTHBAamE pPa3IMUUTUX OHXEBUOPATHUX U
(bU3HONOMIKUX MTPOMEHA KapaKTEePUCTUYHHX 32 OJpel)eHO eMOLMOHAIIHO CTamke, MPOYyYaBarbhe
eTrosoruje OOJeCTH W WCHUTHBamkE eekata TepamnujcKux uHTepBeHIMja. [Ipm pamy ca
aHMMAaJHUM MOJIEIMMA 32 NPOyYaBame MOjeJMHHUX acleKara JbYJACKE ICUXOMATOIO0rHje, KO
KUBOTHIbA CE€ M3a3MBa HACTaHAaK oJpel)eHHX CHHApPOMA KOjU Cy CIMYHU CHHAPOMHMA KO
sbynu. Otkpuhe OeH30/Ma3enrHa MOYETKOM ILe3/IeCETUX TOJMHA JIBAIECETOr BeKa U HUXOB
3Ha4ajaH KOMEPIHMjaTHH YCIeX y Jiederhy aHKCHO3HOCTH TOJCTAKao j€ pas3Boj OpojHUX
aHUMAJIHUX MOJIeJIa aHKCHO3HOCTH (83).

AHKCHO3HOCT oMoryhaBa mperno3HaBame OIacHOCTH, OJIHOCHO HEMO3HaTe WK HejacHe
YHYTpAIllbe WIN CIoJballllbe NMpeTikhe. CTpax je CIMYaH CUTHAN YIO30peha, alld Ce pasiuKyje
O]l aHKCHMO3HOCTH TI0O TOME€ INTO TPEACTaBjba OATOBOP Ha TO3HATY, AC(PUHUTUBHY,
HEKOH(QIMKTHY npeTwy. OBaj oAroBop ce KapakTepuile (U3HOJIOMIKUM peaklihjama, Kao U
IpoMeHaMa y TNOHamamwy (MPEeCTaHKOM JOTAJAlIkber IMOHAIlalka, OCMATPAkEM OKOJIHUHE,
u30eraBambeM M3BOpa OMacHOCTH UTH.). Kaxa je oBaj oAroBop mperepaH WM MajaJanTHBaH,
ped je o "martomomkoj" ankcuoszHocTH (84). Mako aHMManmHM MOJAENNW HE MOTY CaBpIIEHO
MPEJICTAaBUTH CII0KEHY XyMaHy HEeypOICUXOMNaTOJIOTH]y, OHU UMa]y G yHIaMEHTaIHH 3HA4a] y
npoydaBamy HeyporcuxujaTpujckux nopemehaja (85, 86). OcHOBHE NMPEeTHOCTH aHUMATHHUX
MoJiena cy MoryhHOCT Jlakor HabaBibama, OJJpXKaBamba, PyKOBamba, EKOHOMCKA UCIIIIATUBOCT U
Beha penpoayuOMIHOCT HCTpaXKuBama y nopehemy ca xknmuanukuM ctyaujama (87, 88). C

003UpOM Ha OBE MPEIHOCTH, Pa3BUJCHH CY MHOTH aHUMAJIHU MOJEIH 32 HWCIIHUTHUBAE
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aHKCHO3HUX Mopemehaja Koju ce KOpUCTe 3a MpOoydaBame MPOMEHa y MOHAIIAkY KUBOTHHA
HAKOH M3Jlarama Pa3MuuTHM BpcTama crpecopa. Moaenn y Kojuma ce KOpHCTe ToJapu
(maroBM W MHUIIEBH) Cy Hajuemhe KoOpummheHHM MOJEId Yy HEypOo(PHU3HONOMIKUM U
ncuxujarpujckuM cryarjama (89). McTtpakuBame MexaHM3aMa MEHTATHMX THopemehaja Ha
AHMMAaJHUM MOJeJIUMa 4YeCTO JIOBOJAU y MHTambE MOCTOjarhe €KBUBAJICHTHOCTH Ca JbYAMMA,
Mel)yTHM TMOCTOje MHOTH JOKa3W CIMYHOCTH u3Mel)y riiojapa u 4oBeKa, KOjU ce Mpe CBera
3aCHMBAJy Yy OpraHuM3alyju HepBHOr M eHaokpuHor cuctema (90). Ilopen Tora,
€KBUBAJICHTHOCT IOCTOj U Y OCHOBHUM KOTHUTHBHUM IIPOIIECUMA U TOHAIIAKY TOBE3aHUM
ca aHkcMoO3HomIhy, Kao IITO Cy YCJIOBHO y4Y€H€, aHTHLMIAIMja OMAaCHOCTH, M30eraBambe,
3aMp3aBame (IPEKUI KpeTama) U OCKCTBO, KOJU Yj€IHO MPEICTaBbajy U BaXKHE MEXaHH3ME

npexxuBibaBama (91, 92).

1.1.2.2. TecToBHM 32 NIPOLIEHY CTENEHA AHKCHO3HOCTH HA AHUMAJIHUM MOJeJIuMAa

TectoBu 3a TpOICHY CTElEHA AHKCHO3HOCTH CIIPOBOJIE C€ Y KOHTPOJIMCAHUM
EKCIICPUMCHTAIHUM yCJIOBMMa M oMmoryhaBajy a00ujame mapamerapa Ha OCHOBY KOjUX ce
MNpEUU3HO MOXKE OAPCAUTHU CTCIICH AHKCUO3HOCTH CKCIICPHUMCHTAIITHUX JXUBOTHHA. TecToBHU ce
3aCHHBAjYy Ha M3a3uBamky oApeheHUX OMXEBUOPATHHUX OJrOBOpA )KMBOTHHA KOje ce HaJla3e y
AHKCHOTEHUM CHTYyallfjama. ¥ OCHOBH OJATOBOpa c€ Halla3u MOCTOjame KOH(pIuKTa m3mely
notpebe 3a UCIHUTUBAKHEM HOBOT TEPEHA M MHCTUHKTA Ja ce M30ETHY CBETIE U OTBOPEHE

MOBPIIIMHE HAa KOjUMa OU KUBOTHbE OMJIE M3JI0KEHE MOTEHIM]aTHUM TIpeIaTopumMa.

1.1.2.3. Tect orBopenor nosba (OII Tecr)

Tect orBOpeHor nosba (eHri. open field test, OF) je npBooutHO ommcao Hall 1934.
TOJIMHE, a TECT C€ KOPHCTHO 3a MPOydaBamke eMOIMOHAIHOT cTaTyca Ko marosa. [locTynak
Ce cacrojao o]l TMOCTaBJhamka JXKUBOTHILE (IJI0Jlapa) y HEMO3HATO OKPYXKEHE M3 KOjer je
Hemoryhe OerctBo (93-95). TecT OTBOpEHOr MOJba C€ KOPUCTH 3a HHHIIMjAIHY MPOLIEHY
MOHAIIaka CIWYHOI AHKCHO3HOCTH KoJx rmionapa. OBaj TecT moapa3yMeBa IPHUCUIHY
KOH(pOHTAIM]y TJIoAapa ca HOBOM O€3M3JIa3HOM CHUTYyalljoM (apeHa je y BHIYy OTBOPEHE
KyTHje KBajpaTHOr o0iuka). JKMBOTHIbA Ce MOCTaB/ba y LIEHTAp WK OJIM3Y 3UJ0Ba apeHe U
IEHO MOHAIIalke ce CHUMAa y nepuoay of 2 no 20 muH (o6uuHo 5 muH). Hemocpennum
nocMaTpamkeM MM TomMohy KaMmepe mpare ce onpeheHn mnapamMeTpud JIOKOMOTOpPHE U

eKCIJIOpaTUBHE aKTUBHOCTU KOJU MPEACTaBJba)y MHAMKATOpE aHKCHO3HOCTU. HajBaxHUjU

8
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TUPEKTHH WHAWKATOPH AaHKCHO3HOCTH y OBOM TECTy Cy Opoj ylazaka U YKYIIHO BpeMe
MPOBEJICHO y MeHTpaHoj 30HH. [loBehame cremeHa aHKCHO3HOCTH TPaheHO je CMambEeHhEM
BPETHOCTH OBHX IapaMeTapa. Y OBaKBUM CHUTYyallHjama, IJIOJIapy BUILE BPEMEHA MPOBOJIC HA
nepudepuju u kpehy ce 6:1u3y 3u10Ba apeHe, a OBO MOHAIIAKE j€ MTO3HATO Ka0 TUTMOTAaKca.
Y3poK aHKCHO3HOT TOHAIIAka y OTBOPEHOM I0JbY CY MHAMBUIYAIHO TECTUPAbE ((KUBOTHUHA
je oZIBojeHa oJ CBOje rpyme) u ypoheHu crpax riojapa o1 OTBOPEHHX U CBETIUX MOBPIIHHA
(apeHa je mocra Beha y 0JIHOCY Ha yCJIOBE y3roja )KHBOTHEGA HITH TIPUPOJIHOT OKPYKEHa U HE
MOCTOj MOTYNHOCT 3amTuTe Of MOTeHIWjaTHUX mpenaropa). OBa nBa ¢akTopa MOry
MOKPEHYTH aHKCHO3HO TMOHAIIAlke KOJl >KUBOTHIbA KOje IMOKa3yjy CTpax O]l OTBOPEHHX
npoctopa. To je ympaBo ciy4aj ca TJoJapuMa KOjH y TNPHUPOAHOM YCIOBHMA XHUBE Y
JPYIITBEHUM TpyliamMa y MaJliM TyHeJIMMa. 3a MPOICHY CTeleHa aHKCHO3HOCTH KOPUCTE CE U
napamMeTpHy KOju M3BOPHO CIIYXe€E 3a IMPOIICHY JIOKOMOTOPHE aKTUBHOCTH Kao IITO Cy YKYITHU
npelheHu MyT u yKyImHO BpeMe KpeTama, Kao U MapaMeTpu eKCIIOPaTUBHE aKTUBHOCTH (OpOj
ycrpaBibama). CMamemne BPEAHOCTH OBUX ITapamMeTapa Takohe ykasyje Ha moBehame crerneHa
AHKCHO3HOCTH, a TJIABHHU PA3Jior je Taj IITO XUBOTHUIHE 3ay3UMajy NPUPOIAHU OAOpaMOCcHH
CTaB ca CBa YCTUPH EKCTPEMHUTETA Ha MOJIJI03H, KaKo Ou Ouiie cripeMHe 3a Op3u Oer ox Moryhe
onacHoctH (94, 96). Ilonamame KUBOTHIE Y OBOM TECTY 3aBUCH U O] OJipeheHux ycioBa y
KOjUMa C€ TECT CIIPOBOJIH, YCIOBA OCBETJhEHa, TEMIIEPATYpEe UTA. AHKCHO3HU OJTrOBOP KOjU
ce mpumehyje koA >KMBOTHI-€ aHaJOraH jé OHOM KOjU Ce 3amaka KoJ Jbyau. Y TecTy
OTBOPEHOT TM0Jha, I[IOCMaTpa Ce€ TMOHAIlalke Koje ce KapakTepuile uzberaBamemM
yrpoxaBajyhux mecta. Kon rimonapa, npucmiHa KoOH(QpOHTalUja ca HOBUM OKPYXKEHEM je
ctpecHa (97). Ctpec u3za3uBa aHKCHO3HO MOHAIIAKE, IIITO MOXKE MOCITYKUTHU 32 MPOYyYaBambhe

MeXaHU3aMa aHKCHO3HOCTH KOJU C€ MOTY IPUMEHHTH U Y JbYACKO] TOMYJIaIHjH.

1.1.2.4. Tect y3aurnyror kpcracror Japupunta (YKJI Tecr)

VY3aurnytu Kpcractd JaBUpUHT (eHTI. elevated plus maze, EPM) je jeman on
Hajuemthe kopuimheHMX TecTOBa 3a MPOILEHY MOHAllamba CIMYHOr aHKcHo3HocTH (98, 99).
Bberosa momynapHOCT ce yriaBHOM 3acHHMBa Ha MOryhHOCTH Op3or umcnuTHBama edekara
MOTEHILIMjaTHUX aHKCUOJUTHKA WJIM T€HEeTCKH MOIU(UKOBaHUX JabOpaTOpHjCKUX Tiojapa
0e3 MpeTXOAHOI TPEHHHra U MOCEOHUX MpuIpema XUBOTHHA (99). Y3IUTHYTH KpcTacTu
JaBUPHUHT C€ CAcTOjU OJ JiBa OTBOPEHA U JBa 3aTBOPEHA Kpaka KOju Ce Hajas3e MoJ MPaBUM
yrinoMm. Kana ce ekcriepyuMeHTallHa KMBOTHHE-A TOCTaBH Y OBaj JIABUPHHT NPATH CE HEHO

KpeTame, OopaBak U yKynaH Opoj ynazaka y onpeheHe kpaxose snaBupuHTa. Kon xuBoTHIA

9



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

ce jaBjba KOH(PMUKT m3Mmel)y moTpebe 3a HCTpaKMBAamEM HOBOI OKPYXKEHA, OJAJlacka y
oTBOpeHe (Hebe30eaHe) Ie0Be JIABUPUHTA M HarOHa 3a CKPUBAKEM Y 3aTBOPEHUM Kpaluma y
KOjUMa Ce )XUBOTHHa oceha curypHo. OBaj KOHQIHMKT je T0AaTHO MPOAyOJbeH B ypoheHum
CTpaxoM TJI0Aapa OJ BHCHHE, jep ce miIardopMa Ha KOjoj C€ TeCTHpa XKMBOTHIbA HATa3H Ha
BucuaM 071 100 cm. AHKcHonuTUIM oMoryhaBajy peBazuiIakKemhe HHXUOUIIH]Ee UCTPAKHUBAHA
OTBOPEHUX KpaKOBa Y3pPOKOBAaHE CTPAXOM KHMBOTHEA OJ OTBOPEHOT MIPOCTOpa, JIOK
AQHKCHOTCHM areHCH CMamYyjy EKCIUIOPAaTHBHY aKTHBHOCT Y OTBOpEHHM Kpauuma. OOpacuu
NOHAMIaka Yy Y3AUTHYTOM KPCTacTOM JIaBUPUHTY MOTY CE€ PA3IMKOBAaTH KOJ Pa3IUYUTHX
cojeBa WJIM BpPCTa JKMBOTHIbA, WJIM 3aBHCUTH OJ YCJIOBAa OKpPYKE€Ha, MOMYT HMHTEH3UTETa
cBemyiocTd, HUBoa Oyke utaA. (100). ¥V Ttecty ce Takohe mpare mapameTpu JIOKOMOTOpPHE
aKTHBHOCTH (YKyHnHHM mpeheHH IyT M yKYIHO BpeMe KpeTama >XHBOTUHe). KpyuujamHu
MHIIMKaTOpU CTamkba aHKCHO3HOCTH Cy YKYIIHO BpEME IPOBEICHO Yy OTBOPEHHM Kpalmuma M
Opoj ymazaka y oOTBOpeHe Kpake. Cmameme BpPEIHOCTH OBUX IIapaMeTrapa yKasyje Ha
nosehame cTerneHa aHKCHO3HOCTH. Kako Om ce mpuctynmio mro 00Jb0j MHTEpHpEeTanuju
HOHAaIIamka )KUBOTUEHA Y OBOM TECTY, YBEICHH Cy HOBM IapaMeTpH KOjU yKa3yjy Ha CTeleH
AQHKCHO3HOCTH, Kao IITO je TUMapemhe, HaTnmbamke MMPEKO OTBOPEHUX KPAKOBA U YCIIPABIbAE
Ha 3aame mare. Ha moBehame crerneHa aHKCHMO3HOCTH yKa3yje M CMambeHmhe eKCIUIOPAaTHBHE
AaKTUBHOCTH (CMamee YCIpaBibajba JKUBOTHIEG M HATHakba MPEKO HMBHUIIE OTBOPEHUX

kpakoBa) (101-103).
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1.2. lenpecuBuu nopemehaju

Jllenpecuja je MeHTanHM TiopeMehaj Koju ce KapakTepullle IMOCTOjambeM
HEPACIIOJIOKEHa, HUCKUM CaMOIIOIITOBamkEeM, ocehajeM KpuBHIlEe, TYOUTKOM WHTEPECOBambA
3a yoOWuajHe aKTUBHOCTH, CMamkbEHEM EHEpTHje, mopemMehajeM KOHIIEHTpaIlije, CHa U arleTUTa
1 00JioM 0Oe3 jacHOT y3poKa, Yy Tpajamy o1 HajMame 1Be Henesbe (104). lenpecBHu nepuoau
MOTY OWTH OJIBOJeHHM Iepuoauma 0e3 cuMIToMa, JTOK Koj ojapeheHor Opoja obosenux
JIETIPECUBHUA CUMIITOMH MOTY TpajaTH Y KOHTHHYHTETY. Jlerpecuja MoKe HETaTUBHO yTUIATH
Ha KHMBOT, paj], 00pa3oBame U ommTe 37paBibe obonenux (5). McrpaxkuBama cy mokasaia jaa
usmely 2 u 8% obonenux on aenpecuje u3Bpiu camoyouctso (105, 106). enpecuja tpaje
Iy’)Ke OJf Tyre, Koja MpelcTaB/ba HOPMAIIHY peaklyjy HakoH y3Hemupyjyhux norahaja umu
ryoutka Osmcke ocobe (5). IlpeBanenna genpecuBHUX mopemehaja TOKOM XKHUBOTHOT BEKa
uzHocu 17% Ha rmobanHoM HEBOY, a Yy 50-60% ciydajeBa je yApyKeHa ca aHKCHO3HOIINY
(107). OBu nopemehaju ce vemhe jaBibajy y pa3BHjEeHUJUM 3eMJbaMa, HajydecTalUju Ccy y
JIBAJICCETHM M TPUICCETHM TOJMHAMa XHBOTA, a KCHE MMajy JiBa IyTa Behu pu3uK aa 00oJe
on mymkapana (5, 108, 109). JlenpecuBHu Jbyau Cy OOMYHO MPEOKYMUPAHU MHUCIUMA U
ocehamuma 0e3BpeIHOCTH, KPUBHUIIE HITH XKajbewa, OecriomohHoCTH, Oe3Halh)a n MpxKibe mpeMa
ceOu. Y TelKuM cllydajeBMMa, 00OJIeIH O] JCTPECHje MOTY UMATH CHMIITOME Tcuxo3e. Y
CHUMIITOME JIeTIpecHje CIajajy U CMambeHa KOHIEHTpauuja u ociabsbeHo namheme (mocebHo
KOJ oco0a ca MeNaHXOJIMYHHM WM TICHXOTHYHUM KapaKTepPUCTHKama), IOBJIAYCHE U3
COLIMjAJTHUX CUTYaIfja ¥ aKTUBHOCTH, CMabeH CEKCYalTHU HAarOH, Pa3IpaKJbUBOCT U MUCIH O
cmpti win camoyouctBy (110, 111). Hecanuna je yoOuuajeHHM CUMIITOM KOJ| JAEMPECUBHUX
naujeHata. O6onenu ox Ienpecuje ce BeoMa paHo Oyje U UMajy MOTelKohe 1a omeT 3acre,
a HacympoT OBOME, MOXKE€ ce jaBUTH xunepcomHuja. Heku antuaenpecuBu Takohe mory
M3a3BaTH HECAHWILy 300T BUXOBOT CTHUMYJaTHUBHOT edekta. OOonenu o aenpecuje MoKe
UMaTl BHIIEe (QU3MUKUX CHMIITOMa Kao IITO Cy yMOp, IJlaBoOOoJba WM TNpoOJIeMHu ca
JTUTECTUBHUM TpakToM. OBU CUMOTOMHU ce 4yemrhe jaBibajy KOA 000JeNux Of JACTpecHje y
3emsbama y pa3Bojy (112). Cmameme anetuTa J0BOAM 10 TYOUTKA TEKHUHE KOJI 00O0JIENHUX,
Maja ce MOBPEMEHO MOJKE jaBUTH U ToBehaH ameTwT u rojazHoct. O0onenu oa Jaenpecuje
4yecTo mocTajy y3Hemupenu unu jerapruunu (113). Crapuje ocobe oboiene of aenpecuje
MOTYy MMaTH KOTHUTHBHE CHMIITOME, Ka0 IITO Cy 3a00paBHOCT M HPUMETHO YCIIOPaBambe

nokpeta. Jlempecuja ce y 0BOj IMOMYJIANM]H YECTO jaBJba 3aj€THO Ca COMATCKUM OoJecTuMa
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Koje cy yoOuuajeHe 3a crapuje ocode, Kao IMTO Cy MaIUTHE 0OJIeCTH, TujadeTec MEeJIUTYC TUIT
2, MOKJIaHU yIap U Apyre KapanoBackynapHe 6osectu (114).

[Ipema meroj peBm3uju DSM knacudukamuje MeHTaIHUX mopemehaja, nenpecuBHH
nopemehaju u31BOjeHN Cy Kao MoceOHa Ipyla y OKBHPY KOje€ €€ Kao HajBAKHHU]JU HCTHYEC
BEIWKW JenpecuBHH mopemehaj (mojenmMHayHa W PEKYpPeHTHA JIEMIPECHBHA €MH3071a),
TUCTHMHja WJIM TEpP3UCTCHTHH JenpecuBHH mopemehaj, MpeMeHCTpyalrHH IuchopudHU
nopemehaj, nmempecuBHm mopemehaju  y3pOKOBaHM  YMmOTpeOOM  JIEKOBA/CYICTaHIH,
nenpecuBHu Topemehaj y3poKOBaH IPYTMM MEIUIIMHCKHM CTakbeM W JIPYTH JCTPECHBHU

nopemehaju (5).

1.2.1. ®axTopu OArOBOPHHM 32 HACTAHAK JleNpecuBHUX nmopemehaja

Cmarpa ce da je 3a HacTaHakK JCNpecHje OATOBOPHA KOMOWHAIMja TEHETCKHX,
NCUXOJNIOIIKUX (akTopa U (akropa cpenuHe. Y Qakrope pu3MKa CHanajy MO3UTHBHA
NOPOJNYHA aHAMHE3a, BEJIMKE KUBOTHE IPOMEHe, oJpel)eHH JIEKOBU, XPOHHYHH 3/IPaBCTBEHU
npobaemu u 3noynorpeda oxpehenux cyncranuu. Oxo 40% pusnka 3a HacTaHak JAenpecuje
MoBe3aHo je ca reHeTrkoM (5). ['eHeTcku yThIaj je U3pakeHHjH KOJ OOOJIEIeHX OJ TEKHUX
o0JMKa JenpecHje u KoJ 00JIMKa Jienpecuje ca panujum mouetkom (115, 116).

Baxny ynory y HacTaHky jenpecuje uma mnopemehaj cTpykrype u (yHKUHje
onpehenux permoHa uepedpanmHor koprekca u aumOuykor cucrema (117). Hacranky
JeTIpECHje MOTY JIONPUHETH W CTpEC, NPOMH(IAMANMjCKH [HUTOKHHH W EHIOKPHUHH
nopemehaju. bpojHe xunorese o HaCTaHKy JeNpecHje UCTUUY 3Haua) nopemehaja pyHkuuje u
KOHIIGHTpallje HEypoTpaHCMHUTepa WM Heypoperyjiatopa Yy MOXJaHUM IEHTpUMa
OJITOBOPHUM 3a peryJjalnjy pacrioiokema.

HoBwuja uctpakuBama ykazana Cy Ha TIOCTOjalbe pa3jiuKe y CTPYKTYPHU M aKTUBHOCTH
onpeheHnx pernoHa mMo3sra koja 000JeNux o] ACMpecHje y OJHOCY Ha 37paBe HCIUTAHUKE.
(118). Ilopemehaju Ha HMBOY HEOKOpPTEKCa W XMIIOKaMmIlyca Cy 3HauajHH 3a HacTaHaK
KOTHUTHBHUX nopemehaja y aenpecuju, kao mro cy ocehaj 0e3BpeHOCTH, ayToaky3aluja u
CyHLIUJATHE MUCIH, JOK rnopemehaju Ha HHBOY CTpHAaTymMa M aMurjajiga y3poKyjy T'yOMTak
3aJI0BOJbCTBA U MOTHBAIIH]€ M HAacTaHaK aHkcuo3HocTH (119, 120).

W3noxeHocT cTpecy MoXe OWTHM jedaH OJf BeoMa BaXXHMX Y3pOKa HaCTaHKa
nenpecuBHux mnopemehaja. Ctpec u3asuBa mnopemehaj (yHKIMje OCOBHHE XMIIOTalaMmyc-
xunoduza-Handyopexna xie3fa (121). McrpaxuBama cy nokasaia aa nmoJuMop@usam resHa

3a KOpTUKOTpomuH-ocnobahajyhu xopmoncku peuentop 1 (eHrn. corticotropin-releasing
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hormone receptor 1, CRHR1) u noBehana cekperuja KopTu3oina Mory OUTH OJTOBOPHH 32
HacTaHak nopemehaja pacronoxema (43, 122, 123).

VY mocnename BpeMe ce UCTHYE 3HAuaj MPOUH(IaMAIMjCKUX HUTOKHHA Y HACTaHKY
nenpecuje (124). IloBumenn HUBOM MNpoWH(pIAMAIMJCKUX IIMTOKWHA YTHYYy Ha paj
EHIOKPUHOT CHUCTeMa, MeTabonM3aM HEeypOTpaHCMHTEpa W (PYHKIMOHUCAHE MOMKIAHUX
CHHAIICH, IITO 3a MOCJIEAUIy MOKE UMATH HacTaHak poMeHa y noHamamy (125). CMameme
GyHKIIMje THTACTe U HAAOYOpEKHE JKJIe37e MOKE yTHIIATH Ha HacTaHak nernpecuje (123).
Harno cmameme HHBOAa XOpPMOHa TMpPOrecTepoHa U €CTpajauoyia Uu3a3uBa IPOMEHE
pacrmookema U CMaTpa ce TIIaBHUM y3pOKOM moctrnopohajue nenpecuje (126).

[Topemeheju Ha HUBOY oapeheHHX HEYpOTpaHCMHUTEpa TaKohe MOry Y3pOKOBaTH
HacTaHak genpecuje. CepoTOHHMH, [JOMAMMH U HOPAJpPEHaIMH Cy MOHOAMHHCKHU
HEYPOTPAHCMHUTEPHU Y LIEHTPAIIHOM HEPBHOM cHcTeMy (€HII. central nervous system, CNS)
cucapa Koju uMajy OWUTHY YJIOTY y perylalHjH paclojokKema, eMOIdja U KOTHUTUBHUX
¢ynkuuja. OHu cy Takole BaXKHHM y KOHTPOJIHM aHKCHO3HOCTH, arnetuta u nubuna (127). Kon
adexkTuBHUX nopemehaja ycTaHOBJbEH je opemehaj KOHIIeHTpalja OBUX HEYPOTPHCMHUTEPA,
Kao u nopemehaj oceTIbUBOCTH HUXOBUX pelenTopa y Mo3ry. McrpakuBama cy mokasana ja
y HaCcTaHKy JeTipecuBHUX mopemehaja BakHY yllory UMajy HOpaJApEHAINH U CEPOTOHHH, JTOK
je 3a HacTaHak MaHWYHUX mopemehaja Ouran nomamun (123). Ilpema KaTexolaMHHCKO]
TEOPHjH, KO 000JIeNINX OJ1 JIeTIpECHje Y YPUHY Ce JIETEKTY]y CHI)KEHE BPEHOCTH METa0oInTa
Hopaapenanuaa, MHPG-a (enrn. 3-metoksi, 4-hidroksi-fenil-etilenglikol). Y nenpecuju ce
MO’K€ JaBUTH M mopeMeha] akTHBHOCTH €H3MMa THUPO3MH-XUJPOKCHIIa3e, KOJU MUMa BaKHY
yIOTYy y CHHTE3M HOPAJpPEHATNHA, Ka0 W CMameHa aKTUBHOCT JONAaMHHA, INTO Y3POKYje
HacTaHak anxenonuje (128). Y nukBopy obonenux on aempecuje Takohe ce Halaze HUKe
KOHIIEHTpalKje METa0OIUTa CEPOTOHMHA, S-XUAPOKCU-UHI0NI-cupheTHe KucenuHe (eHri. 5-
hydroxy-indole-acetic acid, 5-HIAA). Kon mnanujenara ca adexTuBHMM nopeMehajuma
peoyKOBaH j€ HHBO CEPOTOHMHA y MO3Ty HJIM C€ MOXE jaBUTHU Mopemehaj Ha HHUBOY

cepoToHUHCKUX perenTtopa (129).

1.2.1.1. Yiora GABAepru4kor cucreMa y HaCTaHKY JenpecuBHuX nopemehaja

CMameme KOHIEHTpallauje TJIABHOI MHXUOUTOPHOT HEYpOTPaHCMHUTEpAa Yy MO3TY,
GABA-e Takohle Moke YCIOBUTH HAacTaHak JenpecuBHHX mnopemehaja  (108).
HctpaxkuBambuMa CHpOBEIEHUM KOJ TMAalMjeHaTa ca JenpechjoM, IOpel CMamema

koHneHtpanje GABA-e y Mo3ry, ycTaHOBJhEHA j€ M TpOMEHa y (YHKIHjU U CacTaBy
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cy6jenunuiia GABA-A penentopa. GABA nma Beoma OUTHY yJI0T'y Y KOHTPOJIM OJrOBOpa Ha
CTpec, a cTpec mpeAcTaB/ba OWTaH (akTop 3a HacraHak mnopemehaja pacmonoxema.
GABAepruuka curHajimsaigja je BeoMa BakKHa y XHITOKaMITaJTHOj HEYPOT€HE3H U MaTypaluju
HeypoHa. Hemocrarak GABAepruuke curHaimsaije KoJ MHIIEBa ca ACPHUIIN]jCHIIN]OM
GABA-A penentopa y3poKyje HaCTaHaK OMXEBHOPATHUX, KOTHUTHBHHUX, HEYPOAHATOMCKUX

U HeypoeHJOKpuHHX nopemehaja (107).

1.2.1.2. Yaora BDNF-a y Hacranky aenpecuBHuUX nopemehaja

Heyporpoduncka Teopmja wucThde 3Ha4ya] cmamema HuBoa BDNF-a vy
naTo(U3MOJIOTH]H JIeNPecH]je, Kao U YUNHCHULIE Ja C€ IOHOBHO YCIIOCTaBIbamhe (PU3UOIOMIKMX
HuBoa BDNF-a nanasu y ocHoBu edukacHe Tepanuje aHTHAenpecuBuMa. MelhyTum oBa
OutHa ynora cMamema BDNF-a y Hacranky nenpecHje ce OJHOCH YIJIaBHOM Ha PETHOH
XUIOKamIyca, JIOK Cy pe3yiTaTh ucTpaxkuBawa Me3onuouukor BDNF-a  Owin
HEKOH3UCTEHTHU. XPOHUYHHU CTPEC Y3pOKYje CMameHmhe HUBOA HEYpOTpO(HHA, IITO JTOBOAU
0 peAyKlMje HEeyporeHe3e M 3HauajHe aTpoduje XuUMmokamIiyca, perMOHa Mo3ra KOju uma
OWTHY YyJIOTy Y KOHTPOJIU eMolrja. 3a oiroBapajyhy HeyporeHesy je Heomxo 1Ha KOpIuHaIHja
U oxaromapajyha perynamuja henmujcke nposmdepanuje, murpamnuje, audepeHujanuje u
henujcke cMpTH, a CBU OBHU IpOLECH Cy nocpenoBaHu HeypoTpopuHuma. BDNF moacruue
IPeXHBJbABAE HEYPOHA y LIEHTPAJIHOM HEPBHOM cHUcTeMy, Bedyjyhu ce 3a TrkB (eHri.
tyrosine receptor kinase B) Ha IWJbHUM HEYpPOHHMMa, a OCTBapyje U HEYPONPOTEKTUBHO
J€JCTBO. AKTHBallMja MHUTOT€HHMMa IIOCPEIOBAaHOI NPOTEHH-KMHA3HOr TmyTa mosehaBa
€KCIPEeCHjy aHTUAIONTOTCKOr Mojekyna bcl-2 (eHrn. B-cell lymphoma 2) u wHXuObupa
HAaCTaHaK aronTo3e HeypoHa. Post-mortem aHanM3ama je JETEKTOBAHO CMambEHE eKCIIpecuje
BDNF-a u TrkB y xunokammycy JeNpecMBHMX W CYMUIMJAJIHUX MalWjeHara, JOK Cy
MOBHUIIIEHN HUBOW MTpOHal)eH! KO MalMjeHara Koju cy pe CMPTH OWJIM Ha aHTHUJICTIPECAHTHO)]
tepanuju. VcTpakuBama KOJ TalMjeHaTa ca JeNpecHjoM Cy Takohe ykaszajia Ha TO Ja
noaumopduzam Hykieotuaa y reHy 3a BDNF moxke umaru OUTHY ynory y HaTOreHe3u

nenpecuje (130).
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1.2.2. BHXCBHOpaJIHI/I TECTOBU 3a MPOUEHY CTENCHA NACNPECUBHOCTU Ha

AHUMAJIHUM MOAC/JIHMa

AHUMaTHU MOJENIM WMajy BEJIMKM 3Ha4ya] y HCIHTHBAalkY MEXaHW3aMa HACTaHKa
JITIPECUBHOCTH M yBohema oAroBapajyhux Tpermana. 3a MpoleHy CTENeHa JIENPEeCUBHOCTH
MOTYy C€ KOpPUCTUTH oOjpeheHa crama JKUBOTHUIE TIIONYT AaHXEJOHHjE, OYajama,
O6ecrioMOhHOCTH Kao | mojennHe HeypoBereratuBHe npomene (131). Y aHumanuum mMoaenuma
3a yTBphuBame cTeneHa JCMPECHBHOCTH KBAHTHTATUBHO CE MOTY MPOIEHUTH WHAYKOBaHA
CTama KOjuMa je XHBOTHHbA JIOBE/ICHA y OYajame. Y OBHM TECTOBHMA C€ 3a MEpy OdYajama
KOPUCTH UMOOMITHOCT, OJJHOCHO MPECTaHAK ca Ja/bHM TOKYyIIajuMa 3a W30aBJbEHEC U3 OBOT
CTama, Kaja ce KOJ )KMBOTHIHC jaBH PE3UTHAIMja ca Oe3U3JIa3HOM CUTYAI[MjOM, HEYTOJIHUM
MOJIOXKAjeM Yy KOju je JoBeneHa. EKCIIEpUMEHTH KOjH CIyXe 3a H3a3MBamke CTpeca,
HCTOBPEMEHO MOTY IPOY3POKOBAaTH CTame€ CIMYHO AaHKCHO3HOCTH Koje ce MaHuectyje
CMambCHEM CKCIUIOPATHBHE aKTUBHOCTH, XUIIOTEPMHUJOM HMHAYKOBAHOM CTPECOM, HACTAHKOM
(deHOMEeHa 3aMp3aBama, Ma ce CUMITOMH JCNPECH]je W aHKCH3HOCTH Y aHUMAaTHOM MOJEITY
gyecto npoxumajy. OBa JBa cTama je BeoMa TEIIKO Pa3JIBOjUTH, TIOCEOHO aKko ce y 003up y3me
YHIBbCHUIA J]a MPUMEHA aHTHACTIPECHMBA Y3pOKYjy MOOOJbIIakEe CHMIITOMa y o0a cirydaja
(131). Jenan on Hajuenrhe KopuiTheHUX TECTOBA 3a MPOIEHY CTENEHa JEMPECUBHOCTH j& TECT

KaucCha 3a peIl.

1.2.2.1. Tect kauema 3a pen (TKP Tecr)

Tect kauewa 3a pen (eHri. fail suspension test, TST) ce cnpoBoau Tako WTO ce
CYCIIEH3M]OM pera 0 KOHCTPYKIIU]y arnapara >KMBOTHH»A J0Be/e Y Oe3u3na3ny cutyanujy. OBa
CyCIeH31]ja KUBOTHIbA je 0€300JHa, jep je HEMPH]jaTHO CTE3ame JKUBOTUIHE 32 PEIl U30ETHYTO
npuMeHoM onarosapajyhe anaxesuBHe Tpake. Hajupe ce >kuBoTHBa 60pH a ce ocao00au U3
HEMPUPOJHOr TOJI0XKaja, a 3aTUM C€ jaBJbajy MEPUOJM MMOOMIHOCTH. AHAJIM30M MEpuoja
060pbe 1 NMOOUITHOCTH MOXKe ce KBaHTH(UKOBaTH cTeneH AenpecuBHocTH (132). [lapamerpu
KOJH CITyK€ 32 KBaHTHU(UKAIM]y UMOOWIHOCTH Cy BpeMe JI0 TI0jaBe MpBe UMOOMIHOCTH, OpOj
enu30/a MMOOMIIHOCTH, NPOCEYHO Tpajame enu30e HMOOMIHOCTH M YKYIHO Tpajame
UMOOHMITHOCTH, O] KOJUX je TIOCIehH napamerap Haj3HadajHUju. [IpeqHocT Tecta Kauema 3a
per y OJJHOCY Ha JIpyre TECTOBE 33 MCIIUTUBAKE JACTIPECUBHOCTH j€ Ta MITO HEMa MOTpede 3a

npeaxogHuM CHeHI/I(l)I/ILIHI/IM TpE€TMaHHUMa JXUBOTUA.
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1.3. Uudanamanuja

Wudnamanmja npeacraBba 0JroBOp UMYHCKOT CUCTEMa Ha IITETHE CTUMYJIyCe Y KOje
CIa/Iajy MaTroreHu opraHu3mu, omrehene henuje, TokcuHM, win 3padewme. OCHOBHU ITUJb
uH(pIamalmje je ykiamame IITETHUX CTUMYJIyca U MHUIUpame Ipoleca uclesbema (133-
135). TokoMm akyTHe MH(pIAMAIMjCKE peakiije, heaujcKu U MOJIEKYJICKH MPOIIECH U HbUXOBE
WHTepakiuje Hajuemhe epukacHo ymMamyjy Moryhe omrehewe TkuBa uinu nHpekunjy. OBu
npoliecu cy y BehnHu ciydajeBa OJrOBOPHH 32 OOHOBY TKHBA, YCIIOCTABJbAE XOMEOCTa3e U
pe3onynnjy akytHe uHGamanuje. MelyTuMm, HEKOHTPOJIMCAaHAa aKyTHAa WHQIIaMaInja MOXKe
MOCTAaTH XPOHUYHU MPOIEC KOJH Y3POKYj€ Pa3BOj Pa3IMUUTUX XPOHUYHUX MHQIIaMaIU]jCKUX
6onectu (136). Ilponec nndnamanrje ce Ha HUBOY TKMBa KapaKTEPUIIIE LIPBEHUIIOM, OTOKOM,
MOBUIIICHOM TEMIIEpaTypoM, O0JOM W TyOMTKOM (YHKIMjEe, a OBE MPOMEHE HACTajy Kao
pe3yaTar JIOKAIHUX HMMYHCKHX, BacKyJapHHX M peaknuja WHQIamanujckux henmuja Ha
unpexkunjy wiu nospeny (137). Baxuu porahaju koju ce oOaurpaBajy TOKOM
uH(pIaAMalM]jCKUX TMpolleca Ha HHUBOY MHUKPOLMPKYyNIalWje MOApPa3yMeBajy MPOMEHY
BacKyJlapHE NEpMEabUITHOCTH, PETpyTOBalkE M aKyMyJalujy JEeyKoIuTa Hu ociobahame
uHamanyjckux meaujaropa (137, 138).

Paznuuutu daxtopu, kao mrTo cy uH(pEKIHja, MOBpeae TKUBA, WM UCXEMH]a MOTY
OUTH ONrOBOPHU 3a HAaCTaHAK MH(pIamanuje mpoy3pokoBaHe omtehemem TkuBa. ETHosnoruja
uH(pIamanuje Moxxe OuTH MHGEKTUBHA WK HenH(pekTuBHa. Kao oroBop Ha MoBpeay TKUBA,
opranusam Tokpehe Kackajy XeMHJCKHUX CUTHaJla Koja JOBOJM JI0 HCIIeJhera TKHBa. OBH
CUTHQJIM AaKTUBMPAJy XEMOTAaKCy JEYKOIMTa M3 IHpKyJlanuje A0 MecTa ourehema.
AKTUBUpPAaHU JICYKOLIUTH MPOU3BOJE LIUTOKMHE KOJU WMHAYKY]Y HacTaHak HMH(IamalyjcKkor
oarosopa (139).

Wudnamanmjcki  0aroBop TOJpa3yMeBa KOOPJAMHHUCAHY aKTHUBAIM]y CHUTHAITHHX
nyTeBa KOjU PEryJnily HUBO€ MH(IaMallljCKUX MeAnjaTopa y pe3uaeHTHUM henrjama TKuBa
u uHpnamauujckuM henmjama perpyroBanux u3 kpBu (140). Ilopen Tora mro ce
uH}IaMalyja Haja3d y OCHOBH IIaTOTEHE3e MHOTHX XPOHHYHHX OOJIECTH Pa3TUIATHX
cucTeMa opraHa, oIyT aTepockiiepo3e, KpoHoBe OonecTu, yiiepo3HOT KOJIUTHCA, MYJITHILIC
CKJIepo3e, 1ujabereca, apTpUTUCa UT/I, OHA MOKe OMTH OJTOBOPHA U 3a HAacTaHak paka (141).

HNako wuH(pIaManujcku OJroBOp 3aBUCH OJ MPUPOJE HHULHUJAITHOT CTUMYJyca U
HBEroBe JIOKaJIM3alMje y OpraHu3My, Y OCHOBH C€ Haja3d MEXaHH3aM KOJU C€ CacToju W3

cinenehux Kopaka: penenTopu Ha MOBPIIMHU helvje Hajupe Mpeno3Hajy MTETHE CTUMYITYyCe,
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3aTUM C€ aKTHBHPAjy MH(IAMalMjCKU CUTHAIHU IyTEBH, ociobahajy ce HH]IaMaIujcKu

MeNIMjaTOpH U PerpyTyjy ce nHdmamaiujcke hemuje.

1.3.1. AkTMBaNMja pelenTopa 3a npeno3HaBame odpazana y vHdpIaManuju

CtpyKType Koje ce Hajla3e Ha MUKPOOPTaHU3MHUMa, ITO3HATE KA0 MOJIEKYJICKH oOpaciu
MaTOTeHUX MHUKpOOpranu3ama (eHr. pathogen-associated molecular patterns, PAMPs) mory
NOKpEHYTH MH(IAMAIM]CKy peaklyjy aKTHBALMjOM pELenTopa 3a Mperno3HaBame oOpasaia
(eHrn. pattern-recognition receptors, PRRs) (146, 147). Heku PRRs Takohe mpemnosnajy
pa3inuMTe EHJOTeHEe CUTHaje KOju HacTajy TOkoM omrtehema TkuBa WM henmuja Koju cy
MO3HATH Ka0 MOJIEKYJICKM 00paciiy MoBe3aHu ca omtehemeM TKuBa (eHr. damage-associated
molecular patterns, DAMPs). DAMPs cy 6unomonexynu qoMahnHa KOju MOTYy HHHLIMPATH U
oIpkaBaTh HeWMHPEKTUBHE wuH(IaMaljcke oxaroBope (147, 148, 149). Jemnu on
Haj3Hauajuujux PRRs cy Toll-like peuenrtopu (eHrn. toll-like receptors, TLRs) (137). TLRs
MPENICTaBbajy MOPOJUIly BHCOKO KoH3epBuUpaHux PRRs, koju yuecTByjy y axkTHBaIujy
uH(pIamanujckor oaroopa koxa cucapa (150, 151). Curnanuzanuja npeko TLRs aktuBupa
UHTpAlleNyJapHy CHUTHAJIHY KacKaay, Koja y3poOKyje HyKJI€apHy TpaHCIOKAlHujy
TPAHCKPUIIIMOHUX (paKTOpa, akTHUBaTOpa mporeuHa-1 (eHri. activator protein-1, AP-1) u
HykJeapHor Qaktopa KB (enrn. nuclear factor xB, NF-kB) nau perynaropHor ¢axTtopa
untepdepona 3 (eHrn. interferon regulatory factor 3, IRF3). PAMPs u DAMPs umajy
ojapeheHe 3ajeTHUYKe pelenTope, kKao mTo je To ciydaj ca TLR4, mTo ykazyje Ha CIMYHOCTH

n3Mely nHGEeKTUBHUX U HEMH(EKTUBHUX MH(IamMannjckux oarosopa (152-155).

1.3.2. AkTuBanmja uH@IaManujCcKuX MyTeBa

WNudnamanujcku nyTeBH HMMajy OUTHY YJIOTYy Yy MaToreHe3u OpOjHUX XPOHUYHMX
6onectu. MHbpnaManujcku CTUMYIIYCH aKTUBUpAJy WHTpAleNlyjJapHe MMyTeBe CHUTHAIN3aluje
KOJU  3aTMM  TOJACTHYY NpoAYKUM])Yy HuH(pIamanujckux  Meaujaropa. IIpumapau
uH(pIaAMalM]CKU CTUMYIYC (IPOIYKTH MUKpPOOpraHuzama M OpOjHH IIUTOKMHHU, OJ KOJUX CY
noceOHo Bakuu: IL (enrm.interleukin)-1B, IL-6 u TNF-a (eHrn. tumor necrosis factor-a),
nocrenryjy uHduamanujy npeko uarepakiuje ca TLR, pementopom 3a IL-1 (enrm. IL-1
receptor, IL-1R), IL-6R u penentopom 3a TNF (enrnm. TNF receptor, TNFR) (156).

AKTHBaIMja peuentopa nokpehe BaxkHe MHTpalleIyJapHe CUTHAIHE IIyTeBe. Y OBE CUTHAIHE
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MyTeBE CIajajy CUTHAIHA MYTeBH MHUTOTCHOM-aKTHBUPAHE MPOTEHHCKE KHWHAa3e (CHIJL
mitogen-activated protein kinase, MAPK), NF-xB u Janus xuna3a - cirHagHOT IpEeHOCHOLIa U

perynaropa TpaHckpumnuuje (eHri. Janus kinase-signal transducer and activator of

transcription, JAK-STAT) (157-159).

1.3.2.1. Curnaanun nyt NF-kB

NF-kB TpanckpunuuoHu (aktop umMa BaXKHY yJory y HMHGIaMaiujcKoM, UMYHCKOM
OJITOBOPY, MpeXWBJhaBamky W amonrto3u hemmja (160, 161, 162). NF-xB curnamau myt
aKTUBHPAJy CYICTAHIIE KOje TMOTHYYy M3 TMaTOreHa, HWHTEPIEIYIapHU WH(IAMAIN]CKH
UTOKUHYU ¥ MHOTHU eH3umu (163, 164). Hakon nykneapue tpancinokanuje NF-«xB nonasu no
aKkTuBalnuje TpaHckpunuuje reHa (165). OBaj CUTHaNHM NYT peryiuuie MOPOAYKLU)Y
nporH(pIaMaIHjCKUX IIUTOKHHA B PErpyTOBame henuja Koje y4ecTBYjy y HHMIaMAaIHju, IITO

MoJIcTUYE MH(IAMAII]CKH OJITOBOD.

1.3.2.2. Curnaanu nyt MAPK

MAPKs cy ¢amunuja CcepuH/TPEOHMH KHHa3a Koje YdYecTBYjy y hemujckum
OJITOBOpUMA Ha pa3IMYUTE CTUMYJIYCE, OCMOTCKH CTpPEC, MHUTOI€He, TOIUIOTHH MIOK M
uHpnamanujcke nutokune (IL-1, TNF-a, u IL-6). OBe k1Ha3e cy OJArOBOpHE 3a peryiaiujy
nponudepanuje u audepeHnyjanrje hemuja, npexuBibaBame henuja u amnontody (156, 166,
167). MAPKSs cucapa obyxBarajy KHHa3y KoOja je peryjimcaHa eKCTpalelyJIapHUM CUTHAJIOM
(eurn. extracellular-signal-regulated kinase, ERK1/2), p38 MAP kunazy u c-Jun N-
TepMHUHANHY KUHa3y (eHrI. c-Jun N-terminal kinases, JINK) (168, 169). Axtuamuja MAPKs
(ERK1/2 u JNK) y3pokyje dochopunannjy 1 aktupauujy p38 TpaHCKpUIIIMOHOT (akTopa
KOjU Cc€ Haja3W y IHUTOIUIa3MH WM HYKJIEyCy, HAaKOH dera Joja3u 0 WHHUIHUjaIuje

uH(paamanujckor onrosopa (167, 170).

1.3.2.3. Curnaanm nyt JAK-STAT

JAK-STAT curHagHu myT je BUCOKO KOH3EpBHUpaHU CHUTHAJIHHM MYT KOra aKTUBUPA]Y
pa3IMYUTU HUTOKUHY, (pakTopu pacta, UHTEPHEPOHH U CPOIHU MOJIEKYIH (JIEITUH U XOPMOH
pacra). OBaj myT MpeJcTaB/ba MEXaHU3aM CHUTHAJIHU3aIMje MOMONY KOjer eKcTpaielnylapHu

(dakTopu MOry KOHTpoJsucaTu ekcrpecujy reta (171-173). Besusame unanoBa nopoauue 1L-6
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3a penentope hemmjcke memOpane aktuBupa JAK-STAT nportemne. STAT mportewHu ce
TPAHCIONHPAJy Y jeApO W Be3yjy 3a IUJbHE PErHOHE MPOMOTOPCKUX I'€Ha W Ha Ta] HAYUH
pPETYJIMINY TpPAHCKPHUIIM]y TeHa yKJbydeHUXx Yy wuHbnamanujy (174). ducperynamuja
aktuBHOCTH NF-kB, MAPK wm JAK-STAT curnamHux ImyTeBa je TIOBE3aHa ca

uH(IaMaIHjCKUM, ayTOUMYHCKAM M MeTaboIn4YKkuM Oosectuma u pakom (175).

1.3.3. Mapkepu undgJamanmuje

buomapkepu cy cymcraHie Koje ce KOpUCTe Kako OM ce OTKPWIIO MPHUCYCTBO
onpeheHOr TaTOJIOMIKOT Mpoleca y OpraHu3My M IPOLEHHO OJrOBOp Ha TEparujcKe
uHTepBeHnyje. Mudnamanujcku mMapkepu Mory OWTH NMPEAUKTHBHH Mapkepu 3a oapehene
uH(paamanujcke 6onectrn. OHE MOTY KOPEIUpaTH ca y3poIuMa U rmocieauinama napeknmja u
pa3nuuuTUX HHGIAMAIUjCKUX W XpoHHMUHUX Oonectu (176-183). Ilpoundramanujcku
CTUMYJyCH aKkTUBUpa)y uH(pramanujcke henuje, mMakpodare W aIunoONUTe U HUHAYKY]Y
npoaykuujy unpraamanujckux uurokuna (IL-1p, IL-6, TNF-a), nndraamanujckux nporenHa u
en3uMa. OBU MOJIEKYNIH MOTEHIMJaTHO MOTY TMOCITYXUTH Kao OMOMapKepH 3a AHjarHo3y

Oonectu, mporHo3y u oapehuBame oarorapajyhe repanuje (184-188).

1.3.4. IlpoundaamanujcKku HUTOKMHA

[{uTokMHE YrIaBHOM MPOAYKY]y MMYHCKE henuje momyT MOHOLHMTA, Makpodara u
mumdonuta. [IponHdpaamannjcku HUTOKMHU MOCTENTY]Y, 10K aHTUUH(IaMalll]CKH [IUTOKUHU
CrpevaBajy WM cMamyjy uHGuamanujy. [IpoHdraManujcku HIUTOKMHU Cy KJIacU(UKOBaHU
kao CSF (enrn. colony stimulating factors), IFNs (enrn. interferons), TNFs, TGFs (eHr.
transforming growth factor) u XeMOKWHH, a LWJb HUXOBE NPOAYKILIH]E j€ perpyraunuja
jaeykouuTta Ha Mecto MHpeknuje win nospene (189). LluTokuHM ydecTByjy y Moaylauuju
UMYHCKOT OJATOBOpa TOKOM HH(peKUHWje WM HUHGIaMaluje U peryiumy HHQIamanujy
MOjeITMHAYHHUM JI€jCTBOM MJIM MPEKO KOMILIEKCHE MpeXe HHTepakuuja. MehyTum, nperepano
CTBapame NPOMH(]IIAMAM|CKUX I[MTOKMHA MOXeE JIoBecTH Jo0 omrehema TKuUBa,

XEeMOJMHAMCKHX ITPOMEHA, OTKa3uBamke oprana u cMpTHor ucxona (190, 191).
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1.3.4.1. IL-6 - ocHOBHe KapaKTepHCTHKE U yJIore

IL-6 je wHTEepJeyKMH KOjU CBOje [I€JCTBO OCTBapyje MpPeBacCXOJHO Kao
npouH(pIaMalMjCKu LWTOKUH, Y4YeCTBYje y HAaCTaHKy cerce, OJ0paHu oOpraHu3Ma o
NaTOreHUX MHKPOOpraHW3ama, pereHepanuju TKHBa, a 3alenexeHa cy ©W OuTHa
anTunH(pIaManjcka cBojctBa. I1L-6 crBapajy umyHcke hemuje (T um B numdounty,
Makpodard W MUKpOIJMja) U HEUMYyHCKe henuje (MHUOIUTH, aaumnouuTtH, (Gubdpobiactw,
enpotenne henuje u Heyponu) (192). OBaj HUTOKUH je OJTOBOPAH 32 OTHOYUHAHE HUMYHCKOT
OJIrOBOpa KOJI TpayMme, OINEKOTHMHAa W JApyrux omrehema TKHBa Koja MOTY H3a3BaTd
uHamanmjy. McrpaxuBama cy yrBpamia na je IL-6 HeonxomaH y onOpaHu opraHu3Ma OJ
6axrepuje Streptococcus pneumoniae (193). AntumHdnamanujcky ynory IL-6 octBapyje
npeko unxuoutopHor edexra Ha TNFa u IL-1 u akrtuBaumje IL-1R u IL-10. IL-6 moxe
M3a3aBaTH CUHTE3Y IPOCTArIaHIAMHA Yy XHUIOTAIAaMyCy M YTHIATH Ha TPOMEHY TelleCHe
temneparype. IL-6 yruue Ha mudepeHnmjanujy moHoruta u auMpornura (192). IL-6 uma
OWTHY yJjory y maroreHe3u ojapeheHux OonecTd Kao WITO Cy aujabeTec, aTepoCKIepo3a,
Jymyc, pak npocrate u peymarouanu aprpuruc (194-198). Kon nanujenara ca MeracTaTCKuM
Tymopuma npoHahenu cy nmosumenu HuBou IL-6 y xpBu. Makpodaru nponykyjy IL-6 kao
oIroBop Ha mpucyctBo moiekyna PAMPs. PAMPs monekynu ce Be3yjy 3a TLR penentope
npucyTHE Ha henujckoj MOBPUIMHM M MHTpALETyJapHUM KOMIApTMaHWMa M Ha Ta] HA4YMH
nokpehy  HMHTpauedylapHe  CUTHaJIHE IyTeBe KOjU  JIOBOJE  JI0  MNpOJYyKIHje
npouHdamanyjckux nutokuHa. IL-6 ce Besyje 3a oaromapajyhe pernentope Ha henujckoj
noBpiHU. Perienitop 3a 1L-6 je Tun I MUTOKUH perenTOpCcKH KOMITIEKC KOJU C€ CaCTOJH O]
nurana-sesyjyher IL-6Ro nanma CD (enrn. cluster of differentiation)126 m KOMIIOHEHTe
gp130 (CD130) koja uMa yjory y HpeHOCy CUTHaja MpeKo oJpeheHuX TPaHCKPUIILIMOHUX
dakropa, Janus xuHaza (JAKs) u STAT dakropa (199). [Topen peuentopa Koju je Be3aH 3a
henujcky memOpany, IL-6R ce moxe jaButu u y Buny conyounne popme (enri. soluble 1L-

6R, sIL-6R).

1.3.4.2. TNF-0- ocHOBHe KapaKTeCpPHCTHKE H yJore

®axTtop Hekpose Tymopa-anda (TNF-o, kaxekcuH) je HUTOKUH ypol)eHOI MMYHCKOT
OJIrOBOpa KOjU MMa OUTHY YJIOTY Yy CHUCTEMCKO] MH(JIaMalMju U CTUMYJAllUjU peakluje
akyTHe ¢a3e. ['maBHa ynora TNF-a cactoju ce y perynanuju umyHnckux henuja. TNF-a moxe

Jla UHIYKYje arnonTo3y u uHdIamaiujy, 1a MHXHOUpa pa3Boj TymMopa U peIuihKaIijy BUpyca.
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Hucperynanuja npoaykuuje TNF-a ce Moxe IeTeKToBaTH KOJ BEIUKOT Opoja Oonectu,
ykpydyjyhu u mamurde (200). PekomOunantaum TNF-o (tasonermin) ce KOpHUCTH Kao
umyHoctumyaaHT (201). TNF-a ce Hajnmpe Hamazu y ¢opmu tuma II TpancmemOpaHckor
nporenHa koju (opmupa crabuimne xomotpumepe (202, 203). M3 oBe dopme koja je
UHTErpucaHa y henmjckoj meMOpaHu, conyOwnHu XxomoTpuMmepHu HHUTOKMH (STNF-a) ce
CTBapa MPOTEONUTUYKUM ojcenameM. TNF-o cBoje 1ejcTBO OCTBapyje IMPEeKO JBE BPCTE
penentopa, TNF-R1 koju ce Hana3u y Behunn tkuBa u TNF-R2 koju ce mory Hahm camo y
henujama umyHckor cucrema. Hakon kontakTta ca aurangoM, TNF peuentopu dopmupajy
TpUMepe, HacTaje KOH(OpMAIMOHA TPOMEHA peIenTopa U IUCOIUjallja MHXUOUTOPHOT
nporeuna SODD (enrn. silencer of death domains) ca wnTpanenymnapuor aoMmena. Hakon
oBora ce amantepcku nporedH TRADD (enrn. TNFRI1-associated death domain protein)
Be3yje 3a JOMEH CMpPTH, a Ha OBaj HAYWH MOTY OWTH MHUIMpaHA TpU cUrHaiHa myta (204,
205). AxrtuBanmmjom NF-kB curnamnor mnyra, Tpanckpunuuonu ¢aktop NF-kB ce
TPaHCIIONHpa y HYKJIEYC U MOCpeayje y TPAaHCKPUIIIH]H BEIMKOT Opoja MpOTeHHAa KOjU UMajy
yrnory y henujckoM MpexuBibaBamby U mponudepanuju, uHPIAMALKUJCKOM OATOBOPY U
cinpeuaBamy anontosze. AkruBanuja MAPK mnyra je 6utna y henujckoj nudepenuujanuju,

nposmdepanrju 1 uMa MpoarnonToTcKy yiory (206).

1.3.5. IlpoundaaMmanujcKku NPOTEHHU U €H3UMH

[Ipoundnamanujcku NpoTeMHU Yy KpBH, Yy Koje cmnanajy C-peakTHBHM NpPOTEHH,
XaNnToINIOOUH, CepyMCKU aMujion] A, GUOpUHOreH U o 1-Kucenu IIMKONPOTEHH, OMAXYy Y
YCIIOCTaBJbakby XOMEOCTa3e M CMambehy pacTa MUKPOOpPraHW3aMa, HE3aBUCHO OJ1 MPUCYCTBA
aHTHUTeNa, TOKOM Tpayme, crpeca win uHpexuuje (207, 208). AGHOpManHa aKTHBaLHWja
onpeheHnx eH3uMa y Koje CIajiajy MpoTeuHH BUCOKEe MOOUITHOCTH (eHT. high-mobility group
box 1, HMGB1), cynepokcun nu3myrasa, riiyratuoH nepokcunasa, NADPH okcunasa (eHri.
nicotinamide adenine dinucleotide phosphate (NAPDH) oxidase, NOX), unnynuOuiHa a3ot
OKcuJl cuHTaza (eHri. inducible nitric oxide synthase, INOS) M UuKIOOKCUTreHa3a-2 Cy
KJbYYHH Yy pa3Bojy OOJEeCTH MOBe3aHUX ca MH(IaMalujoM U MajdurHuM Oosectuma (209-
2012). Excrpanenynapau epextn HMGBI1, mory O6utu mocpenoBanu aktuBanujom TLR4
curHanHux nyreBa. OBaj mpouec y3pokyje ociobahama MNpouH(IaManjCKuX IMTOKUHA

TNF-a u IL-1B (213, 214).
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1.3.6. Tunosu henuja koje yuecTByjy y MHGpIaMAIMjCKUM OATOBOPUMA

WNudnamanujcku 0AroBop je MOCPETOBaH BHCOKO KOOPAWHHCAHOM HHTEPAKIINjOM
pa3nuuuTUX TUnoBa henvja. AKTUBUpaHU Makpodaru, MOHOIIUTH U Japyre henwje mocpenyjy
y JIOKaJIHUM peakiujama TOKOM omrehema TKMBa M MH(EKIHje. AJTepanuje UMYHCKUX
henuja mocpenoBane wHGIAMAIM]OM CY ITOBE3aHE Ca PaKOM U XPOHHUYHHUM HH(DIAMaIIA]CKUM,
AyTOUMYHCKMM U JICTCHEPAaTHBHUM OOJIECTHMa, IIOMYT acTME, paka, aTepocKiepose,
mujabereca utn. Ha mectuma omrehema TkuBa enuTenHe W eHmoTenHe hemmje ocrmobahajy
¢dakTope KOju aKTUBUPAjy MH(]IAMAIM]CKy KacKaay 3ajeJHO ca XeMOKMHUMa U (pakropuma
pacrta, IITO U3a3uBa perpyraunujy Heyrpoduna u moHouuta. [Ipse henuje koje ce perpyryjy
Ha MecTo omrtehemwa cy HeyTpodunu, a onu cy npahenn mononutuma, NK henujama (eHri.
natural killer), T- u B-numdouutuma u macrormutuma (215-217). MoHouutu ce Mory
mudepeHnupaT y Makpodare u 1eHApUTCKe henrje u perpyroBaTu XeMOTakcoM y omrehena
TKuBa. HeyTpodunu cy KJby4HM NOCPEAHUIM HH(IaMalMjCKOT OATOBOPA, OHH TOACTHYY
aHTUreH-npeseHryjyhe henuje na akrusupajy T-numdornure u oaAroBopHHu cy 3a ociobahame
JoKaHUX (aKTopa 3a XeMOTaKCy MOHOIMTA U neHapuTckux henuja (143). Heyrpodunu koju
Cy OJITOBOPHHU 32 €IMMUHAIIN]Y MUKPOOPTaHU3aMa MOTY OIITETHTH hemnuje u TKuBa nomahuHa
(218). Makpodarun cy BaXHE KOMIIOHEHTE MOHOHYKJICAPHOT (ParouuTHOT CHCTEMa U
OJITOBOPHU Cy 3a HMHMLHUpame, OJip)KaBame M MoBilauewe uHbmamaiuje (219). Toxom
uH}amanuje, Makpodaru Mpe3eHTyjy aHTHreHe, 00aBjbajy (parouuToly M MOIYyJalH]jy
MMYHCKOT OJIFOBOPA, MPOIYKIMjOM LIMTOKKHA U (hakTopa pacta. MacTOLUTH KOJU C€ Hajlasze y
BE3UBHOM TKHUBY M Ha EMNHUTEIHUM henvjama TpencTaBibajy edekropcke hemumje koje
UHUINPA]y HWHQIAMAIUjCKH OJIrOBOp. AKTHUBHPAaHM MAaCTOLUUTH ociobahajy pasnuuure
MenujaTope HH(pIamanuje: LUTOKMHE, XEMOKMHE, XHCTaMHUH, MpoTea3e, MpocTarjaHIuHe,
JIEYKOTPUEHE U cepriauiuH npoteornukane (220). Hakon perpyroBama HH(pIaMaInjcKum
CTUMYyJIyCMMa, HWMYHCKe henuje TojadaBajy H OJApKaBajy OJAroBope akyTHe dase,

ocnob6ahajyhu nokanHe uHGIaMalmjcke MeANjaTope Ha MECTY PETPyTOBambA.
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1.3.7. Heyponndaamanuja

Nudnamanujcku oaroBopu ce jaBibajy koa MHorux Oosectu CNS-a y koje cnagajy
enuiericja, AayTOMMYHCKE | HeypojercHepatuBHe Oosiectu. Heypoundmnamanuja je
NOCpPEeIOBaHa TPOMYKIMjOM IIMTOKMHA, XEMOKHHA, PEAaKTUBHHX BpPCTa KHCEOHHMKA U
cekyHmapHux TmiacHuka. OBe wMeamjatope crBapajy hemmje pesumentHe rtimje CNS-a
(MUKpOTTIMja W acTPOIMTH), CHAOTeNHe henwja W HMMyHCKe henwje Koje ToThuy ca
nepudepuje. Heypoundnamanujcku oxaroBopu cy mnpahenu oapeheHUM HMMYHCKHM,
(U3UOTOIIKIM, OMOXEMUjCKUM u OMXEBUOPATHUM nocjaeaAnIama. Crenen
HeypouH(]IaMalyje 3aBUCH O]l Tpajarba U TOKa MPUMApPHOT CTUMYJyca WK uHcynata (221).
Heypounduamanuja moactuye perpyroBambe UMyHCKUX henuja, eneM u omreheme HEpBHOT
TKHBa M cMpT henmja. MH(DIamanujcku oAroBopM y MO3Ty MOTY YTHUIATH HAa HEYPOHCKY
eKCIUTA0MIIHOCT, OINTETHTH HEypOHE M TMoBehaTH MpOMyCT/FUBOCT XeMaToeHnedatHe
Oapujepe 3a pa3nuuute MoJekyine (222-224). V oBe uH}pIaMalijcKe Mpolece YKJbY4eHU Cy U
ypoheHu U CTeueHUu HUMYHCKU OJATOBOp, IITO j€ CIy4a] U KOJ MMYHCKOT OATOBOpa y TOKY
cuctemcke nnpekmuje. Llutokunu n TLR cy nndnamanujcku menujatopu Koju umajy OUTHy
yIOTYy y TpaH3UIMjH OX YypohEHOT A0 CTEYEHOI HMMYHCKOT oxaroBopa. Muprnamanujcku
onroBop y CNS-y Mory mokpeHyTH ¥ €HAOTCHH JIMraHau Koje npeno3Hajy TLRs. Monekynu
DAMPs, kao mro sy heat-shock TpoTeMHM M €KCTpaLENTyJapHU MOJIEKYJIH JAerpajanuje
MaTpUKca, KOjU yla3e y Mo3ak kpo3 omreheHy xemaroeHuedanny Oapujepy Takohe Mory
nokpenytu uHdnamamujcke oaropope. Mudnamanujcku onroBop CNS-a npencraBiba CHAKHY
peakijy Koja ce jaBjba HAKOH mpojaopa uHpekTuBHUX areHaca y CNS u umcxemujckor,
TPayMaTCKOT, WJIH eKCIIUTOTOKCHYHOT omTehema mo3ra (223, 225, 226).

Mukporiuja je oJl KJbydHe BaKHOCTH y mpolecy HeypouHpuamanuje. OHa craja y
henuje ypoheHe UMYHOCTH, WMa yJIOTY Y HMYHCKOM Ha/J30py U 00aB/ba aKTUBHOCTU CIIMYHE
Makpodaruma, Moyt Npou3BOAKE HUTOKMHA U XeMokuHa. OBe henuje cy pe3unentHe henmje
CNS-a koje ce Hayjaze y 0enoj W CMBOj Macu Mo3ra M KuuMeHe MoxjauHe U uumHe 10%
nonynanuje hemnja CNS-a. Mukporiyja Hactaje 'y paHoj ¢(asu emOpuoreHese u3s
MU]jeIOUIHUX MpeKypcopckux henuja y eMOpHOHAIHO] )KyMaHUaHO] KeCH, O1aKJie MUTPHpa Y
noapy4dje CNS-a (227). Mukporiuja uMa UCTH IPOTEHUTOP Kao U Makpodaru ayroxxuBehmx
TKkHBa (228). OHa uma OUTHY ynory y (yHKIMOHHCalky MO3ra, a MOCeOHO 3Ha4ajHy yJory
UMa y CHHalNTHYKOM pPEMOJIeNIOBaly MOBE3aHOM ca ydewmeM U namhemem. OBy (yHKIHjY
ocTtBapyje ocinobahamem HeyporpobHux dakrtopa kao mto je BDNF (229). Muxkpornuja

Takohe MMa BENMKM 3HA4yaj y Oponarauudju uH(IaMalMjCKUX CUTHajJa KOjU MOTHYYy ca
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nepudepuje (124). NMudnamanujcku CTUMyaycu Op30 MeHajy TPAHCKPUIIIMOHU MPOQUII
MUKpPOTJIHje U y3pOKYjy NMPOIAYKLHjy MPOUH(IAMAIM]CKUX IIMTOKMHA U XEMOKHHA, IITO 3a
MOCJICIMIY HMMa perpyTroBame Jjeykomuta y Mozak (230). Ilopem Tora, oBe H3MEHE
omoryhaBajy MHKpOTJIHMjU Ja MUTpHUpa Ha MecTa NoBpene Wiau uHekuje u moseha cBojy
daromuTHy criocobHocT (231). AKTHBaNMja U EKCIPECHja ITUTOKMHA MUKPOTJIHje MPUMAPHO
umajy ynory y 3amrtutd CNS-a. Mehyrtum, mnperepaHa wiM XpOHHYHA aKTHBAlHja
MHUKpPOIJIMj€ MOXE JOBECTH JI0 HacTaHKa O30MJbHUX IATOJIOIIKMX IIPOMEHAa U
HEYpOOMXEBHOPATTHUX KOMIUIMKAIIK]ja Kao IITO CY ACTpecHja 1 KOTHUTHBHU AePuIuT (232).

HeypouHndmnamanujcku OAroBOpH Cy TIOCPEIOBAHM Ca HEKOJHKO  KJbYYHHX
nponHpramanujckux murokuHa (IL-1B, IL-6 u TNF-a), xemoxkuna CCL2 (enrin. chemokine
ligand 2, CCL2) u CCLS5, cekynnapuux riaacHuka (NO u mpoTarjaHAMHHU) U PEaKTUBHUX
BpCTa KUCEOHMKA. MHOTH 0/1 OBHX MEIUjaTopa ce MPOU3BOJE Yy aKTUBUPAHUM PE3UAECHTHUM
hemujama CNS-a, mukpornuju u actporuruma (233). [lopen Tora, emmorenne hemuje u
NepuBacKylapHU Makpodaru cy Takohe BaKHM y Mponaraiyju OBUX HH(IaMaIN]CKUX
curHana ynytap CNS-a (234). AkTuBaLyja MUKPOIJIMje U IPOU3BO/Hha LIUTOKMHA HE [TOCTOjU
camMo y TOKy HeypouHdamanuje, Beh je 3a0enexeHa M y paHUM eTamama pas3Boja MO3ra.
AxtuBupane hemuje MukKporiuje momMaxy y (yHKIHOHUCAWKY CHHAIICK W HMMYHCKHM
aktuBHOCTHMa yHyTap CNS-a. Ilojawana HeypouH(pnamanujcka curaanusanuja msmehy T-
muMornura u pesnaeHTHUX henuja CNS-a je 3a0enexeHa TOKoM npoleca namhema U yueme
(235-237).

Bucoko aectpykTuBHM 00JIMK HeypouH(Iamaltje MoBe3aH je€ ca akTUBAllM]OM TJije U
3HaYajHOM IPOAYKIIHJOM LIUTOKMHA UM XEMOKHHA, HHPUATpaALM]jOM NMEepUPEPHUX UMYHHUCKHX
henuja, enemom u nosehanom mpomyctipHBolhy xemaroeHuedanne Oapujepe (238, 239).
OOMYHO je IPUCYTHO MPUMAPHO MEXAHUUYKO WM (U3NYKO omTehemhe TKHBa MIPOY3pOKOBAHO
UHQEKIMjoM, TOBpeIoM MM ucxemujoMm. I[lopex Tora, mMory mocrojaTu M BacKyjlapHa
OKJIy3Wja, UICXeMH]a, cMpT henuja u Apyre ceKyHJapHe MH(pIamalujcke KOMIIOHEHTE Koje ce
jaBjbajy HAKOH HacTaHka wuHCylaTa. OBaj o0nuk HeypowH(pIamalyje TIoBe3aH je ca
uHdpeknjom CNS-a, MOXJaHUM yaapoM, WM OpojHUM ApyruMm Ooznectuma (240-243). ¥V
BEJIMKOM Opojy cilydajeBa OBM MHCYATH MOTY Yrpo3uTH >kXuBOT. [lopex Tora mro je oBaj
00K HeypouHQuaMalije npaheH NpuMapHUM U CeKyHAApHUM olTehemeM TKHBa, OH MOXKE
MONPUMHUTH W KOMIIOHEHTE  XpOHMYHE  HeypowH(piamaiuje. Bucox  crenen
HeypouH{QIIamalMje je IMOBe3aH ca MMYHCKHUM OJITOBOpPMMA y ayTOMMYHCKUM OoyiecTHMa
HOIYT MYJITHIUIE CKJIepo3€, IITO je J0Ka3aHO Ha aHWMAJHOM MOJENy eKCIepUMEHTAIHOT

ayTOMMYHCKOT eHIedanomMujenuTica (eHrI. experimental autoimmune encephalomyelitis,
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EAE) (242). V oBoM cny4ajy HeypouH(piamanuje mnoctoju aktuBanuja riamje CNS-a,
OpOAYKIMja UUTOKMHA M XEMOKHMHA, HH(puiTpanuja mnepudepHUX HMYHCKUX henuja u
MPUCYCTBO ayTopeakTuBHUX T-muMdonmra (244, 245). OBae nMocToju 3Ha4ajHa ayTOMMYHCKA
peaknuja Ha Oa3WYHU MPOTEHH MUJEINHA, IITO Y3POKYje ACMH]EIMHU3AIN]Y aKCcOoHA. ToKoM
BpeMeHa OBa HeypouH(IaMalgja mocTaje XpoHHMYHa M JIOBOAM JI0 Tr'yOuTKa akcoHa (246).
3HavyajaH XpOHUYHU THIl HEypoHH(]Iamaluje moBe3aH je ca AmnmxajmepoBoM Oosemthy (243,
247). AnuxajmMepoBa Oosiect je mpaheHa IMOTPEIIHUM CaBHjamheM MPOTEHWHA, aKTHBAIIM]jOM
rvje, uHpuITpanyjoM nepudepHUX UMYHCKHX henuja, omrehemeM M cMphy HEypoHa W
HeypoHCKOM arpodujoM Koja ce mnoBehaBa Tokom BpemeHa (247, 248). OBaj o01uk
HEypouH(IIaMaInje je XpOHHYaH, IPOrPECUBAH U CBE JECTPYKTUBHUJU TOKOM BPEMEHA.
Hacynmpor  oBom  o00nmky  HeypouH(piamaimuje, TOCTOjU M  MpOJIa3Ha
HeypouH(]ramanyja Koja je mpaheHa akTUBALMjOM PE3UACHTHE TIHje U MPOAYKLH]OM
HEKONMMKO HeypouHbpmamanujckux wutoknHa IL-1B, TNF-o u IL-6. Oa wunaykmnuja
HEYpOUH(IIaMAIMjCKUX IUTOKMHA MOXE OWTH Jeo KoopauHucanor oarosopa CNS-a nHa
UH(EKIMje WM UHCYIT KOjU Cy JIOKaJM30BaHU Ha nepudepuju. Y oBoM ciaydajy, akTUBalLMja
IIUje W TpPOM3BOAKA IIMTOKMHA M XEMOKHHA Y3pOKyje HacTaHaK (HU3HOJIOMIKUX U
OMXEBHOPATHUX OJrOBOpa KOjU Cy KOPHCHU 3a opranu3am (249). BaxxHo je HariacuTH 1a oBaj
IPOJIa3HU OJITOBOP HHUjE MOBE3aH ca 3HA4ajHOM MHQHUITpanyjoM henrja ctedeHe IMYHOCTH y
CNS, omrehewem xemaroeHuedanne 6apujepe nian cmphy henmja. J[ejcTBO HMCHXOIOMIKUX
cTpecopa Takole M3a3uBa HaCTaHAK CIMYHOT HEYpOouH(IaMaIujcKor mpoduia ca IiaujaTHoM
aKTUBAIMjOM W TPOAYKIMjOM IHUTOKMHA M XeMOKHHA. [IpomaszHe WMyHCKe aKTHBAaIHje
NpeJICTaBIbajy HAYMH MPOMOBHCAaha UMYHCKOT YCIIOBJbaBama. VIcTpakuBama Cy rmokasaia Jia
IpoJia3Ha aKTHBallMja UMYHCKOI CHUCTEMa, KOja ce OJAMrpasa mpe MoBpele WiIu HHpeKuuje
(enrn. euflammation), Moxe OWTH TIOB€3aHa Ca Mame H3PAKEHUM HH(IAMALN]CKUM
npopwimma u noBehaHom HeypompoTeknujom (250). OBaj Tun HeypouHpIamanuje
npeJCcTaB/ba BUJ MHTEPAKIMje UMYHCKE W MOXKIAHE CHUTHAIHM3AIMje KOjU MOXE YTHIIATH Ha

IIOHAIIamEC.

1.3.7.1. VYaora 1IL-6 y oapxkaBamby XO0MeoCTa3e HEPBHOI TKHBa M

HeypouHdIamanuju

IL-6 je 1MTOKMH KOjU UMa OMTHY YJIOTY Yy OJAp)KaBamky XOMEOCTa3e HEPBHOI TKUBA U
HeypouHduamanuju. Mako BehnHa HeypoHa He pearyje Ha cTuMynanujy ox crpane IL-6,

noka3zaHo je nga conyownHu IL-6R yruue Ha nudepenuujanujy Heypona. OBakaB THIl
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curHanusanyje nomohy comy6minor IL-6R HazuBa se TpaHCUTHaANIM3alKja U OATOBOPHA j€ 3a
npouH(pIaMalrjcKo W HEypoaereHepaTuBHO zAejcTBO IL-6, MoK Kiacu4yHa CHUTHaIU3aIMja
npeko IL-6R nma mpoTeKTUBHO J1ejcTBO M oMoryhaBa pereHepanujy Mokaanor Tkusa. IL-6R
ce Haja3u Ha henrjama MUKpoOTIIMje 0K je ekcrpecuja sIL-6R 3abenexeHa Ha acTpolTHMA U
Heyponuma. [lomro IL6 Moxe na mojcTakHe pa3Boj HEypuTa U OMOryhu orncTraHak HEypoHa,
OH MMa OWTHY YyJIOTY y MPOIleCy peMHUjeTuHU3alNje U pereHepanuju Hepasa. IL-6 mpomoBuiie
nudepeHnnjanrjy ONMMroACHAPOIIMTAa U UMa yiory HeyporpodHor ¢akropa. OmyctBo I1L-6
JIOBOJIM IO PEyKIMje aKTUBaluje henwja riauje HAKOH TpayMarckor omTehema Mo3ra u
y3pokyje nopemehaj cnaBama. Y (U3MOJIOMIKUM YCIIOBUMA MPHUCYTaH je HU3aKk HUBO IL-6 y
mo3ry (251). Hpacrtuuno mnosehame ekcrnpecuje u cekpenuje IL-6 je aeTekToBaHO Yy
onpehenum HeyposomkuMm nopemehajuma y kojuMa OUTHY yIory MMa HeypouHpiamaiuja,
Kao 1mTo cy Anxajmepoa u [lapkuHcoHOBa OoJiecT, MyJITHILIA CKIEpO3a U UCXEMHja MO3ra.
IL-6 je moBe3aH ca oapeheHnM ncuxujaTpujckuM Oosectima. OBaj MUTOKHH j€ MOBHUILEH KO
obosenmux ojn genpecuje. llopumenun wHuBom IL-6 mponalleHn cy y I1epeOpOCHUHAIIHO]
TEYHOCTHU KOJI JbY/IM KOjH MaTe O]l MOCTpayMaTcKor crpecHor nopemehaja. McrpaxkuBama cy

noka3zana na je IL-6 moBe3an ca mu3odpeHujoM u ayTuzmom (251).

1.3.7.2. VYaora TNF-0 y oap:kaBamkby X0MeocTa3e HEPBHOI CHCTeMa M

HeyponH(pJIaManuju

TNF-a je mnpouH}maManujcKu LHUTOKUH KOJU OCTBapyjé XOMEOCTAaTCKy U
natopusuonomky yiory y CNS-y. V ¢dusunonomkum ycimoBuma y CNS-y, TNF-o uma
peryiaaTopHy YJIOry y KJbYYHHM IpOIECHMMa Kao IITO je MJIACTUYHOCT CHUHAICH, yUeHe U
MEMOpH]a, CIIaBamke U peryialyja yHoca XpaHe ¥ BoJie. Y MaToJOIIKUM CTalkbUMa MUKPOTJINja
ctBapa Benuke komuumHe TNF-o, a oBaj HoBoctBopeHu TNF-o je Outan y
HeypouH(}IaMaljCKOM OATOBOPY KOjU Jje TIOBe3aH ca ojJpeheHuM HeypoJIONIKUM
nopemehajuma. TNF-o Moke MOTEHIMpPAaTH LUTOTOKCHMYHOCT IOCPENOBaHy TIJIyTaMaToM
IPEKO JiBa KOMIUIEMEHTapHa MEXaHU3Ma: WHAUPEKTHO, MHXUOUIIMjOM TpaHCIOpTa TyTaMmara
y acTpOIUTUMa U JUPEKTHO EKCIPECH]jOM Ca* nepmeabunHnx-AMPA (eHrn. o-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid) n NMDA (enrn. N-methyl-D-aspartate)
perenTopa, mMTo cMamyje ekcnpecnjy naxuoutopaux GABA-A penentopa Ha HEypOHUMA.
(252). Heypoundnamanuja ¥ eKCHUTOTOKCHMYHOCT mocpenoBaHe ca TNF-o ummajy OuTHy
yJIOTY y HaCTaHKy M HallpelloBamy HeypojerenepaTuBHux npoueca. I[Tosumenn auBon TNF-

0 Cy JETEeKTOBaHM Yy TpayMaTcKoM oiuTehewy Mo3ra, HCXeMUju, AJIXajMepoBOj U
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[TapkuHCOHOBO] 0OO0JEeCTH, MYITHUIUIOj CKIEPO3H U aMUOTPOPUYHO] JATEPAHOj CKIEPO3H.
(252). UctpaxxkuBama cy mokasana Ja cy nosuieHn HuBou TNF-o moBe3aHu ca genpecujomMm u

aHkcuo3HuM nopemehajuma (253).

1.3.7.3. Anumannu Moaenu HeypouHdIamManMje HWHAYKOBAHH NPHMEHOM

JuIomoJjJgucaxapuaa

AHUMaTHU MOJENIM Cy HM3y3eTHO OUTHM 33 HCHHUTHBame HeypouH(pIamanuje Koja
HAcTaje HAaKOH MpUMEHE MNpouH(IAMalMjCKUX CYNCTaHUM Ha nepudepuju. Y
UCTPOXMBAabUMa CE€ YEeCTO KOPHUCTE MHUIICBH KAao AaHWMAaJIHM MOJENH 3a HWHAYKIH]Y
HeypouHQuiamanuje U HeypoJereHepaiuje nepudepHoM arMKalujoM JMIONOoIUCcaXxapuaa
(eurn. lipopolysaccharide, LPS). LPS, eHnoTOKCHMH W3 cliojbHE MeMOpaHe OakTepuja je
MO3HAT Kao cHakaH okuaad uHpnamanuje. [lepudepna ammmkammja LPS-a kox mumieBa
WHYKYje aKTHBAIM]y acTPOIMTAa U MHUKpOTJIHje, NUKIOOKcureHasze-2 u iNOS u ekcrpecHjy
npouH(pIaMaIHjCKUX IUTOKKUHA Y MO3TY (254-257).

HaxoH jenHor uim Bulile TpeTMaHa MuieBa nepugepHom npumeHoM LPS-a jaBiba ce
noBehame Opoja F4/80, CD11, CD45 wmm Iba-1-no3utuBHuX henwja xao u Mopdoomnike
POMEHE KapaKTEepUCTHYHE 332 aKTHBHpPaHy MUKporiujy (254, 255, 258-260). HcrpaxuBama
cy notBpauia na je LPS npumemen Ha nepudepuju u3a3Bao pasinuure LeHTpaiHe edekre
1ocpeIoBaHe MPOMHGIIaMalMjCKUM IUTOKMHUMA, YIJIAaBHOM OCJI000hEeHUX M3 MHUKpPOIJIH]E.
[To3HaTo je nAa NUTOKMHM TPOAYKOBAaHM Ha mepudepuju He TMpena3e Kpo3 OuyBaHy
xemaroeHledanHy Oapujepy, ajldi MOTy NMPEHOCUTH CUTHaJle 10 Mo3ra. bpojHe cryamje Ha
KUBOTHUH-aMa Iokazajie cy na je LPS mpumemeH Ha nepudepuju crnocobaH a CTUMYIHIIE
CHUHTE3Y NpOMH(IAMAlMJCKUX IMTOKMHA Yy Mo3ry (262-268). Cryauje cy NOTBpIuie
uzpaxkeny ekcnpecujy IL-1B, IL-6 u TNF-a mRNA (enrn. messenger ribonucleic acid,
mRNA) nponasHor kapakTepa y pazIM4MTUM PETMOHMMa MO3ra, MPOLEHEHY pPEBEP3HOM
TPaHKPHUIIIMJOM W JIAHYAHOM pEaKIMjoM TOJMMEpU3alije y peaTHOM BpeMeHY (eHTII.
quantitative real time reverse transcription polymerase chain reaction, qRT-PCR) (265, 267,
269-272). Y ucTpaxuBambUMa Cy KOpPHIINEHH pPa3IMYUTH COjeBM MulleBa (oba moma):
CH3/He, B6C3F1, C57BL/6J u CD-1. IlpumemuBana je MHTpaBeHCKA (EHIJ. intravenous,
1.V.) WM UHTpanepuTOHeaHa (€HTII. intraperitoneal, 1.p.) unjexkunja LPS-a. YTBphero je na
cy mumeBu coja C57BL/6J] u FVB/NL HapouuTo MOTOAHM Kao MOJEN 3a H3a3UBAE
HeypouHQIiamalyje Ha oBaj HauuH. McTpaxuBame CHPOBENEHO KOJ MJaJuX MHUIIEBA COja

C57BL/6J, 4 nana HakoH jegHOkpatHe 1.p. mpuMeHne LPS-a y mo3um 1mg/kg mokazano je
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nosehame nmponHpuamanujckor nutokuna IL-1f y mo3ry. ¥V npyroj cTyauju CHpoBeNEHO]
Ko muaaux muiieBa coja C57BL/6J, kojuma je i.p. anmukoBan LPS y jeanoj no3u ox 2mg/kg,
HakKoH 24 4Jaca, nokaszaHo je noBehame u IL-6 u TNF-a mRNA y tkuBy mosra. [Ipumena go3e
LPS-a Behe ox Smg/kg, i.p. y3pokoBana je moBehame TNF-a mRNA y mo3ry, koje je 6miio
neTekTabunHo HakoH 1 carta, 14 u 21 nmana, kao u HakoH 10 Mecenn ox ammukanuje (254).
HcrpaxkuBama Cy YyKa3aja Ha 3Hayaj Jo03¢ M HaumHa amumkanuje LPS-a, kxao u
eKCIIEpUMEHTAJIHUX YCIIOBa, jep y oapeheHuM ciydajeBuma npumena LPS-a moxe ycioButu

akTHBaIMjy M2 (heHoTHIIa MUKPOTJIH]E U IeJIOBAaTH HEYPONPOTEKTUBHO (254. 273).

1.3.7.4. Heyponndaamanuja u nopemehaju nonamama

HctpaxuBamwa cy mokasana jga npumeHa LPS-a moxe u3a3BaTu aHXEIOHU]Y,
aHOPEKCH]y, anaTujy U HeypouH(pIaMalujy ToBe3aHy ca aHKCHO3Homhy u nenpecujom. LPS
MOY€E TPOY3POKOBAaTH CHMIITOME JETPECHj€ KO/ JbYIM U TIOHAIAKE CIMYHO aHKCHO3HOCTH U
JENPECUBHOCTH KOJ| €KCIIEPUMEHTAIHUX KUBOTHa (274). JlokazaHo je ma mpumena LPS-a
y3pokyje nosehame npouHdIamannjckux HuTokuHa. VcTpakuBama cy rmokasana Jia Cy HUBOU
IL-6, TNF-0 1 octaymx mHpIaAMAIMjCKUX Mapkepa rmoBehanu Ko 000JenuX O] JenpecHje,
IITO yKa3yje Ha IOCTOjalbe MMYHCKE IWCperyliandje koja oBor mopemehaja (275, 276).
Jenpecrja Moke MOPEMETUTH OCOBHHY XHIO(H3a-XUIOTalaMyc-HaJO0yOpexxHa xkie3ga |
(GyHKLIMOHNCAkE ayTOHOMHOI HEPBHOI CHCTEMa, IITO MOXKE CTHUMYJUCATH MPOIYKIH]jY
uutokuHa (277, 278). YTBpheHo je na npumeHa npouHQIaMalijCKUX UTOKHHA (3a JIeUeHmhe
kaHrepa u xemarutuca C) WHAYKyje HAcTaHaK JEMPECHBHUX CHUMIITOMA Koja Tpehune
nanMjeHaTa Ha oBoj Tepanuju (279). [lenpecuja ce uecTo jaBjba yAPYKEHO ca aHKCHO3HUM
nopemehajumMa, TO yKa3yje Ha MOCTOjake CIMYHUX €THOJOMIKMX (PaKTopa y HACTaHKY OBHX
nopemehaja (280). HemaBHa wucTpakuBama Cy yKa3zala Ha UYHHBCHHIY Ja je HMYHCKa
JTUCperynaiyja JIeTeKTOBaHa KOJI aHKCHMO3HUX Mopemehaja m nma cy ojapeheHH comMaTCKu
CUMIITOMHU JIeTIpeCHje U aHKCHMO3HOCTH IIOBE3aHU ca HeypouHduamarumjom (281-283).
[ToBuiienn HUBOM HEypoHH(]Iamaluje JETEKTOBAaHU Cy Yy aTUIHMYHO], ajld HE Yy JENpecuju
npahenoj menanxonujom (284). CUMITOMH CIUYHU ACTPECHjH, MIONYT yMOpa, mpobdiieMa ca
CrIaBamkbeM, MOTOpPHE YCIOPEHOCTH M aHOpPEKCHje MOTy HacTaTtu ycien moehama HHBOA
uHpnamanuje (124). Ha HuBo 0azanHe HeypouH(Iamalyje yTuuy HaBUKe, >KUBOTHU CTUIIOBH,
XpOHUYHE 00JIECTH U MEeIUKaMEHTO3Ha Tepamnuja. McTpaxkuBame je Mmokasajo J1a IMOBe3aHOCT
O6azanHe wuH(pramauuje u wuHpIamauuje crumynucane LPS-om ca gempecujoMm U

aHkcuo3Homhy y BehuHU cilydajeBa HecTaje Kaua ce y3my y o03up oBu (pakropu. Takohe je
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notBpheHo na ymoTpeba aHTHAETIpECaHTHE Tepaluje MOXe YTHIATH Ha HUBO OazanHe
uH}IamManuje, 10K ©Ma MambH YTHIA] HA HUBO MH(]IamManuje HHAyKoBaHe nmpumeHom LPS-a
(185, 285, 286). Y1BpheHo je ma KamanmmTeT MPOJIYKIHj€ IUTOKMHA MMa OWTaH 3HA4a] y
HacTaHKy aHkcuozHocTH. C japyre crpaHe, 0asanHa HH(IaManMja uMa BaXHY YIOTY Y

HACTaHKY TaKBUX OOJIMKAa aHKCHO3HOCTH U JIEHPECcHje KO/ KOjUX COMATCKU CUMIITOMH MUMajy

IJ1aBHY yjory (253).
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1.4. Jlektunu

AHUMaNHU JIEKTHHU Cy NPOTEMHU KOjU TIPENO3HA]y €HIOIeHE YIJbeHE XUIpaTe U
yIJbeHE XUApaTe KOju Ce Haja3e Ha MOBPIIMHHM MUKpoopranuzama. Mako ce rpaha nekruna
3HA4YajHO pAa3JIMKyje, CBOJCTBO BE3MBamba YIJbEHUX XHUApaTa CE€ 4YECTO MOXKE IPUIUCATH
onxpeheHoM neny OBUX NMPOTEMHCKUX MojieKyiaa. OBaj akTUBHU CErMEHT Ce€ O3HayaBa Kao
JIOMEH 3a IPEro3HaBambe YIJbeHUX Xuapara (eHril. carbohydrate-recognition domain, CRD).
CRD y oppeheHoj rpynu JeKTHHA HMa HUCTH CacTaB HENPOMEHJBUBUX U BHUCOKO
KOH3EPBUPAHUX aMUHOKHCEIMHCKUX OCTAaTKa ca KAPaKTEPUCTHYHHUM pacropeioM. JISKTUHCKH
JIOMEH ce KOMOMHYje ca pa3IMuuTHM JIOMEHUMA Y MOJIEKyJIMMa JIEKTHHA, IITO UM oMmoryhasa
nocrojame OpojHux Omonomkux ¢yHkiuja. JlekTuHu umajy OutHy ynory y mehyhenujckom
TPAaHCHOPTY IIIMKOKOBYrara, melyhenujckoj uHTepakuju U darouuto3n. JISKTUHU ce MOTy
MOJICJIUTH Ha KJIace Ha OCHOBY NMPHUPOJIE YIJbEHOXUAPATHOT JIMTaH/a, OMOJIONIKKX TpoIeca y
KOjUMa YYecTBYjy, CyOllenyiapHe JIOKalIu3alKje U 3aBUCHOCTU OJ1 JIBOBAJICHTHHUX KaTjoHa
(287). IlocToju BHUIIIE KiTaca JEKTUHCKUX MOJIEKYJIa:

— nektuHU C-THIIa KOjU Cy JOOMIIM CBOj€ MME Ha OCHOBY YHMIbEHUIIE J1a 32 aKTHUBAIU]y
3aXTeBajy KaJIMjyMOBE jOHE; Haja3e ce eKCTpaIeNIyJIapHO M BE3Yjy CE 3a paslIMdyuTe BPCTE
YIJbEHUX XUJpaTa;

— nextuHU I-THna koju uMajy CRD cnnyan uMyHOroOylIuHUMA, 10K CY JIEKTUHH U3
rpyIie IeHTPaKCHHA OPTaHU30BaHU Kao MEHTaMep;

— nektuHU P-tuna xoju nmajy CRD umju je mpumapHu nurana MaHosa 6-gocdar;

— JIEKTUHM S-THMNA, TaleKTUHU (eHra. galectin, Gal) koju mMory OMUTH W UHTpa U
eKCTpaleNlyJJapHO JIOKAJM30BaHM, HMXOBa IMOTIYHA AaKTUBAlMja 3aBUCH O] IpPHUCYCTBa

PeayKIIMOHUX CpejcTaBa (THOJA) U UMajy CIIOCOOHOCT Ja ce Be3yjy 3a PB3-ramakrosune (287,
288).
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1.4.1. TanekTuHu

lanekTuan cy daMuiayja TpoTeMHA Koja Cy TPBU NYT HWIASHTU(DUKOBAHU Yy
eKCTpaKTUMa TKHBA KHYMCHAKa, Kao JICKTUHU KOjU c€ Be3yjy 3a ramaktosuae (289).
[IpucycTBO rajekThHa y XMBHM OpPraHM3MHMa KOJU C€ Hajla3e Ha pa3jIMuUuTOM CTYIbY
€BOJIyIIMj€ YKa3yje Ha YMICHHILY Ja OHM YYECTBY]Y Y OCHOBHUM henujckum ynkiujama. C
Jpyre CTpaHe, IOCTOjakbe BUIIIE PA3IMUUTHX IaJICKTUHA YHYTap jelHe BPCTE CyrepHulle Ha TO
Jla TAJICKTUHH Y OpTaHu3My 00aBJbajy u oapehene crenupuyane pyHKImje.

[lojenuuu TajeKTUHU ce eKCupuMupajy y roroBo ceumM TkuBuMa (Gal-1 u Gal-3), nok
je muctpubyuuja BehuHe unmaHoBa oBe (pamunuje crenudpuyHa 3a onapeleHe BpcTe TKHUBa
(290-292). buonouike QpyHKIMje raleKTHHA MOTY C€ Pa3JIMKOBATU Y 3aBUCHOCTH O/l HUXOBE
nokanu3anuje. EMOpuorenesa u pasnmuuumtu mnpouecu audepenuujanuje henmmja, xao u
onpeheHn TaTOJIOIKK MPOIeCH KOjU ce OJBHjajy y OpraHm3My cy npaheHH mpoMeHama y
eKcIpecuju Mosiekyna ranektuHa (293). Ha ocHOBy McTpakuBama yJlIore OBUX MOJIEKYNa Y
pa3IMuMTUM TpolecHuMa pa3Boja u AudepeHuyrjanyja hemuja yrBpheHo je na Kop riojapa
nojenuHu ranektunu, nomyt Gal-1 u Gal-3 umajy BaxkHy yJIOry TOKOM (opMmupama
HOTOXOpJIe, MO3ra, KHIMEHEe MOKIuHEe U MutmhHor TkuBa (294-297). Takohe je qokazaHo na
Cy TJIEKTUHU OWTHU y (YHKIMOHHCAKY HMYHCKOT OTOBOpPa U OAOPaHU OJ IMaTOoreHa, Kao U
Jla ce Hajla3e YIJIaBHOM Yy cBUM henujama ypohene u creuene umyHocts (298-301). Heku on
YJlaHOBa OBE (haMMJIMje MOT'Y M3a3BaTH aloNTo3y aKTUBUPAHUX T-TUMQOIUTA, BE3UBAKHEM 32
NOBPIIMHCKE oJurocaxapujae henuje, akTUBUpaTH HeyTpoduiae Wi HUMaTH YIOTy Yy
xeMoTakcu eozunopuia (302).

["anexTHHU ce Be3yjy 3a OlMrocaxapujie Koju y CBOM CacTaBy UMajy TajlakTo3y U MOTY
HCTOBPEMEHO OCTBAapUTH WHTEPAKIHUjy ca JBa WJIM BHILIE MOJEKyJa INIMKONPOTEHHa, MpU
4yeMy TPOIIECOM OJIMroMepu3aliije rpaje mpexe riaukokomyrara (303, 304). anexktuHu ce
BUCOKMM a(HUHUTETOM Be3yjy 3a N-aleTHIUIAKTO3aMHUHCKE W MOJIMIIAKTO3aMHHCKE JIAHIIE
((Galp1, 4GlcNAc)n) xoju ce Hana3e y cacTaBy MYyILMHA, JaMUHUHA U ¢udpoHekTuHa (306-
310). BesuBameM 3a MosleKylle TJMKaHa, TAJEKTUHH YYeCTBYjy y henujckoj anxesuj,
MUTpalyju, XeMOTaKcH, Npoiudepanuju, anonTo3n M eJoHranuju Heyputa. MehycoOHUM
BE3MBAKEM TAJCKTHHA TIPEKO MOJIeKyla TIHKaHa, MOry ce (opMupatd IUMepu OBHX
MOJIeKyJia, JOK BE3UBAH-EM 3a IMPOTEHMHE KOjU ce Haja3e Ha henujckoj MeMOpaHU MOry
OTIIOYETH MPOIeCH TpaHCAyKIMje cUrHaja y henujama W Ha Taj HAUWH MOKPEHYTH OpOjHU
henwjcku mpouecu, TMOMYyT CTBapama IMTOKWHA, henwjcke audepeHiujanije ¢
nponudepanuje (311, 312).
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lanexTHM Mory OWTH UWHTpaleNnyJapHO JOKaIu30BaHM M Hahu ce y jenmpy,
[IUTOIUIa3MU U MUTOXOHJpUjama. OHM Takol)e MOTYy OUTH eKCTpaleIyJIapHO JOKAJIM30BaHU U
EeKCIIPUMHPATH ce Ha henujckoj MeMOpaHu win ce Mory Hahu y TKUBHUM TedHocTuma (305).
CuHTe3a MoJIeKysa rajlekThHa ce o0aBjba Ha puO030MHMMa, & CUHTETUCAHU MOJIEKYJIU MOTY
OCTBAapUTH CBOje (YHKIMje U HHTpAIeNyJIapHO Kpo3 JAUPEKTHY MHTEpakuujy ca
[UTOIUIa3MAaTCKUM NpoTenHuMa. Ha oBaj HauWH TaJeKTUHH YYECTBY]Y Y CHTHAIHUM
nyTeBUMa U peryjilauuju onpeheHux uHTpanenyiJapHux Iporeca. MHTpauerynapHo
nokanu3oBaH Gal-3 Moxe crnpeuuTH amonrto3y OJoKHpameM u3iaska nuroxpoma C u3
MHUTOXOH/IPHja XU MOXKE YYECTBOBATH y MOAyiauuju Wnt curHaimm3zaiyje Be3uBameM 3a f3-
KaTeHHH Koju ce Hanaszu y nuroriazmu (300, 313-316). Jla Ou ekcrpauenynapHu TaleKTHHU
OCTBapWJIM CBOje (DYHKIIMj€ HMHTEPAKIHjOM Ca TMIMKOKOWYraTuMa, HEOIXOJHO je ydemrhe
eH3uMa TiaukKo3uiaTpaHcdepase. OBaj eH3uMm omoryhaBa ekcnpecwjy IJIMKOKOBbYrara Ha
memOpanu henuja, mMTO je OCHOBHM MpPEIYCIOB 3a BE3MBAaE MOJIEKyJa TaJeKTHHA 3a
NoBpIIMHY henmje M oTrnounmbame Kackale CUTHAIHUX MyTeBa, IpoIeca aaxe3uje u OCTalIuX
dbyHKIMja Koje 00aBibajy eKCTpalenylapHO JOKaIW30BaHU Mosekynau ranektuHa (300, 313-
318).

lanekTHHU Cy MPOTEHMHCKH MOJIEKYIH Koju mocenyjy N-repmunanau u CRD gomen.
CRD pnomeH ranektuHa ayXuHE je oko 130 aMHMHOKHWCENWHA W BHCOKUM a(pUHHUTETOM Ce
Besyje 3a (-ranakro3uae. Pamuinja ranekTuHa uma 15 noznarux wianosa (319). INanextunu
Cy MO/IeJb€HU y TpU IMOArPYNE Ha OCHOBY CTPYKType, Opoja u opranuzanuje CRD nomena
(311):

— ,,proto*“-Tun rajekThHa Koju nocenyje no jenan CRD peruon (ranektun-1, -2, -5, -7,
-10, -11, -13, -14, -15) u Koju ce jaBJjba y BUly MOHOMEpA WU AUMEPA;

,tandem-repeat”-TUNl TaleKTHHA KOjU caipxku ABa pasnuuuta CRD permona
MOBE3aHa MEeNTHIHUM JIaHIIeM (TaJleKTuH -4, -6, -8, -9, -12);

— ,,chimera“-tun ranexktuHa ce cactoju o jennor CRD peruona xoju je crojeH ca
HEJIEKTUHCKUM aMHHO-TEPMHHAIHHUM JIAaHIIEM JYXHHE 01 OKo 120 aMHUHOKHCEeNWHA KOju je
Oorar mpoJIMHOM, TJIUIMHOM U TUpo3uHOM. Gal-3 je jenuHu mpeactaBHUK oBe rpymne. OH
MOYKE HarpaJuTu NeHTaMepHy (popMy y IpUCYCTBY MYJITHBAJICHTHUX yribeHUX xuapara (311,

312) (cauka 1.1.).
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A) ,, proto“-Tun ranektnHa (ranektuH-1,-2, -5, -7,-10, -11,
-13,-14, -15)

B) ,,chimera®“-Tun ranekTnHa (ranektuH-3)

N-TepmuHanHu (_7:_’:,’) rr_:":‘ )
AOMEH . e
(& & &
~ -~ s 2
L__ <! AT o 4
-~ Y 4 7 / N &
, [loMeH cnuyaH ‘) | % (— \C >
KonareHy —— D D 9 o
t\ “r (N o
CRD (LG o

Cankal.l. Knacupukamnuja rajekTnHa Ha ocHOBY Opoja u opranm3anuje CRD peruona.
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1.4.2. T'aanekTuH-3

1.4.2.1. UnenTudukanuja rajieKTuHa-3

CtpykTypHO ¥ PYHKIMOHATIHO jeauHCcTBeH JiekTuH Gal-3 je npBu myT oTkpuBeH 1982.
roJIMHE Kao crenuduyan Mapkep nmepuToHeaTHuX Makpodara, HazBaH Mac-2 (313). Kacauje
je xox ¢pubpobacTa MUIIEBA ONTMCAH CTPYKTYPHO CIIMYaH MPOTEHH KOjU CE BE3Yje 3a YIJbCHE
xuapare CBP-35 (eurn. carbohydrate-binding protein) monexyncke mace 35-kDa (320).
HaxkoHn Tora, CTpyKTYpHO CIMYHH JIEKTHHH CY J€TEKTOBAHU Y OPOJHUM THUIIOBUMA TYMOPCKHUX
TKHBa, henmujama JeyKemuje, XyMaHUM U MUIIJUM TYMOPCKHM henvjaMa, MHTECTUHAIHOM
TPaKTy HanoBa, JbyAckuM Iutyhuma u seynckum Hela henmwjama (321-327). OTkpuBeH je u
npoTeuH Koju ce Besyje 3a IgE (enri. immunoglobulin E), nektun L-29, L-34, nextun-3
crienuuYaH 3a rajgakToly, MPOTEHH KOju ce Belyje 3a mamuHuH, 35 kDa nekrun, GALBP
(earn. galactoside-binding protein) (322, 328-331). HakoH aHanu3e T€Ha W CEKBCHIIH
aMUHOKHCEIIMHA OBHMX MOJEKyJla YTBpheHO je Ja ce paad O MOJEKylIMMa ca BHCOKHM
CTEMIEHOM XOMOJIOTHje, Ta je mpema HoMmeHkinatypu u3 1994 naszuB Gal-3 ycBojeH kao

JEIMHCTBEH HAa3WB OBHUX MoJjiekyna (317).

1.4.2.2. Gal-3 — nucTpulynuuja y TKHBUMA

Gal-3 je yOMKBUTapHU MOJIEKYJ y aAyJATHOM OpPTaHU3My, JOK CY EKCIEPUMEHTH
M3BEJCHU HAa MUIIIEBHMA TTOKA3aJIM J1a C€ TOKOM €MOPHOTeHEe3€ HEroBa eKCIpecHja pasiiuKyje
y 3aBUCHOCTM O]l BpCTe TKHMBa U (pasze emOpuoHanHor paspoja. Gal-3 Moxe OutH
UHTpAleNyIapHo JIOKAJIM30BaH, a MOXe ce Hahu U y HUTOIUIa3MH, jeJJpy U MUTOXOHApHjaMa.
Hyxneapana nokanmzanmja Gal-3 je u3y3eTHO BakaHa y TMpollecy o0pajae mpuMapHOT
TpaHckpunta pubGonykienHcke kucenune (332). Excrpanenymnapuo nokanuzoBan (Gal-3 ce
00MYHO HaNa3M Be3aH 3a IMIMKOMPOTEHHE Ha MOBpIIMHU henuje u OurtaH je 3a mehyhenujcky
a/IXe3ujy ¥ OCTBapUBam-€ MHTEpaklyje hemuja M eKcTpauelylapHOI MaTpUKca y HHXOBOM
okpyxkemy (333, 334). OBaj MoJieKyn je JCTEKTOBAaH KOJI PAa3IUYUTHX BpPCTa CMUTEITHUX
henuja momyr henuja enurtena OUTECTUBHOT TPaKTa, pOXKHAYE, KOHBYKTHUBA, OJ(PaKTOPHOT
enurena, enurtena OyOpera, miuyha, TuMmyca, nojke W mpocrare. Takohe je OTKpHUBEH Yy
OyKTamHuM henmujaMa TJbyBauyHMX KJIe3/a, aHKpeaca, OyOpera, oka, y MHTpaxemaTUYHUM
KYYHUM KaHaiauma, y ¢(uOpobiactuMa, XOHAPOLMTHMA, OCTEOOJAaCTHMMa, OCTEOKJIaCTUMA,

kepaTuHouuTuMma, llIBanoBuM henmjama, ka0 U y eHIOTeNUjadHUM helujaMa pazIuYUTHX
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TkrBa U oprana (335). Ocum Tora, noctoje 6pojuu nogauu o excrpecuju Gal-3 y henujama
YKJbYYEHUM Yy UMYHCKH OJArOBOp, Kao IITO Cy HeyTpodwid, eo3uHopwid, O6azopuwiu u
MacrorutH, Jlanrepxancose hemuje, aenapurcke henwje, moHorutd M Makpodaru. Kop
HEeKuX Jpyrux tumnosa hemuja, monyt smmumdponura, Gal-3 ce ekcpumupa TEK MOJ JI€jCTBOM
onpehenux crumynyca (336, 337). Gal-3 ce ekcipuMupa y MHOTHM TYMOPHUMa, TIOMYT TyMOpa
naHkpeaca, jerpe, aedemnor npesa, 10jke, mryha, mpocrare, TaBe ¥ Bpara, HEPBHOT CHCTEMa U

mruTacte xJiesne (335, 338, 339).

1.4.2.3. Crpykrypa moJekyaa Gal-3

Gal-3 je jenunu unaH damMunMje ralekTHHA TUna chimera (MoJjekyncke mace 29-35-
kD) (313, 340). Gal-3 ce y pacTBopy Haia3u Kao MOHOMEp ca JiBa (PyHKIIMOHAJIHA JOMEHA.
Gal-3 je jemMHCTBEH y MOPOIUIY TAJIEKTHHA IO TOME IITO UMa U3Y3eTHO AYT U (UIeKCHOUIaH
N-TepmuHanu goMeH koju ce cactoju on 100-150 ammHOKHCenMHCKUX octaTaka (336, 341-
344). Y N-TepMHHAJIHOM JOMEHY Hajla3M Ce IUJ/BHO MECTO 3a KOje Ce Be3yjy EH3UMH
KOJIareHa3a U METAJIONpPOTEHHa3a U Ha Taj HAUMH OCTBApyjy MHAKTUBALM]Y WIHM pa3rpaimy
mosnekyna Gal-3 (345). N-repmunamau jgomeH 3ajenHo ca CRD pmomeHOM ydecTByje y
Be3MBamy TIIMKAaHA M OATOBOPAH je 3a mpoiec onuromepusaiyje moiekyna Gal-3 (346-348).
Naxo je yrBpheno na cBu MoHO-CRD ranexktunu gopmupajy numepe u onuromepe, Gal-3 je
noceOHO 3aHMMJBMB y TOM IIOTJIeNly, jep j€ HeroBa OJIMTOMEpU3alija pe3yiTar
KOOIepaTUBHOI Be3uBame MoJiekyna (Gal-3 3a auraHj U HE3aBHCHA j€ OJ CTPYKTYPHHUX
cBojcraBa nuranza (349). KooneparusHo Be3uBame Moiiekyna Gal-3 Moxe OuTH mHXHOUpaHo
JAKTO30M, IITO YyKa3dyje Ha YHEGHUIY Ja Ce€ OJIMIOMEepU3alMja ocTBapyje mpeko N-
TEpMUHAJIHOT JIoMeHa. PeneBaHTaH mpumep koomepauuje monekyna Gal-3 je moaynanuja
UMyHCKoT oarosopa. Onuromepusanuja Gal-3 Bezanor 3a T henujcku peuentop (enrn, T cell
receptor, TCR) pesyntyje dhopMupameM Mpexe TaJeKTHUH-TIIMKONPOTEHH KOja OrpaHU4YaBa
perpyroBame T-mumponura mnocpenctBom TCR-a Ha MecTo mnpe3eHTOBama AaHTHUTEHA.
Hacymnpot oBome, kana Gal-3 Huje y cTamy J1a HHAYKYje hopMUpame Mpexe, T-TuMpOoLuTH
MOTy TOCTaTH TpeBHILNE peakTHBHU moj jAejctBoMm curHaia TCR-a, moBehaBajyhu Ha Taj
HA4YMH MOTYhHOCT HacTaHKa ayTouMyHckux 6osectu (350, 351).

[Topen Tora mto omoryhyje onuromepusaiujy, N-repmunanau qomeH Gal-3 uma jorr
nBe OutHe ¢yHkuuje. OH ympaBiba cekpeuujom Gal-3, uHTeparyjyhum ca OpojHHM
[IUTOIUIA3MATCKUM MJIM MEMOPAHCKUM MTPOTEMHUMA TOKOM CEKPETOPHOT MyTa. N-TepMHUHAIHU

IOMeH onakimaBa u arperanujy Gal-3 Ha muTOomia3mMaTckoj cTpaHu henmujcke MeMOpaHe
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TOKOM cekpelrje oBor moJekyna (352-354). N-TepMUHATHU JOMEH je Takole OAroBOpaH 3a
JUPEKTHA aHTHU-AONTOTCKa CBOjcTBa Mojekyna Gal-3, koja ce octBapyjy mnomohy
dbochopunanuje Ser6 (355). Autu-anontorcku edekar Gal-3 je Takolhe MoBe3aH ca HETOBUM
HerpoMeH/bUBUM MOTHBOM 180NWGRI183 koju ce nHamasum y ckiony C-TepMHUHAIHOT
nomena. McrpaxkuBamuMa je yrBpheHo na myranuja va mosunuju 182 (G182A) onemoryhasa
AHTHU-AMONTOTCKY akTUBHOCT Mosiekyna Gal-3. [TorBpheHo je 1a je HempoMeHbUBa CEKBEHIIA
NWGR Gal-3 xomonora ca BH1 (enrn. Bcl-2 homology 1) noOMEHOM aHTH-allONTOTCKOT
nporenHa Bcl-2 (355, 356). Ha ocHOBY OBHMX UMIbCHHIIA €BUIACHTHO je Aa N-TEpMUHATHU U
CRD nomen omoryhaBajy moTmyHy aHTH-anonToTcky ¢yakiujy Gal-3, BesuBame OBOT
MOJIeKyJla 3a TJIHMKaHe M mporec onuromepusanuje. C-repmunanau aomen Gal-3 caapxu
CRD koju ce cacroju of ABE aHTH-NapajenHe f-muiode Koje (opMmMupajy yayOsbeme 3a
Be3uBame rnukana (306, 357). CRD nomenu cy ¢iekCHOUITHU U MOTY C€ PeopraHu3OBaTH
KaKo OW Mpero3Halv JIUTan/. Y OACYCTBY JIMTaHJa MOJIEKYIIH BOJAE UCIYHaBajy YAyOJbeme U
nobujajy ook uragga CRD-a (358, 359). Ocum miTo je BakHA 332 BE3WBambE JTUTAH/a, BOJIA
Mo3ke J1a (hopMHpa aaxe3uBHY MPEXY MOCPEICTBOM BOJOHUYHUX Be3a u3Mehy XuapoduaHux
MPOTEUHCKUX TMOBpIIMHA, YMME ce omoryhaBa aconujanuja NPOTEMHA W KOOMNEPATUBHO
BesuBame (360, 361). Ha oBaj HaumH BoJia MOXKEe JONPUHETH YAPYKHUBamy Moiekyna Gal-3
npeko meropux CRD pomena, momTo yayOsbema 3a Be3MBAWE JIMTAHAA YIIIABHOM Ca/piKe
xuapoduine amuHokucenune. Monekynu Gal-3 ce yapyxyjy npeko CRD nomena koju cy
OKpEHYTH jeJlaH Mpema JAPYyrom, JA0K BesuBme auranga 3a CRD crpeudasa yapyxuame CRD
nomeHa. Kamga nohe mo xumama Bese u3Mmel)y aMUHOKHCENMHE ajlaHWHA KOJU C€ Haja3u Ha
no3uuju 62 W aMMHOKHCEIMHE THUPO3MH Ha no3uuuju 63, mosehaBa ce apunuter CRD

JAOMCHA 3a JIMTraHJ¢C, ajli C€ HUCTOBPEMCHO 0HeMoryhaBa mnponec OHI/IFOMepI/I3aHI/Ije Gal-3

(362).

1.4.2.4. Crpykrypa rena 3a Gal-3

I'en LGALS3, koju se Koja JbyIu Hajla3u Ha XpoMo3oMy 14, Koaupa MOJIUIENTHIHU
nanan Monekyna Gal-3. Jbyncku n muniju ren LGALS3 ce cactoju ox miect ersoHa u mnet
UHTpOHA (KOJ JbyAu je To reHcku Jokyc 14k21-22). Er3on I xonupa Behu neo monexyna of
501 cexBenrie mRNA. Er3on Il komupa mpeoctranu aeo 501 cexBeHIle, MECTO WHHUIIM]jAIH]E
TpaHCalyje NpOTeMHAa M TMPBUX IIECT aMUHO KHCEIMHA 33jeJHO Ca WHHUIUjaTHUM
METHOHMHOM. PeneTutuBHEe cekBeHLEe Yy N-TEPMUHAIHO] IOJOBHMHU TEHCKOT IPOJYyKTa

komupa er3oH IIl. Erzonu IV, V u VI xoaupajy C-tepmunanau nomen mporenna Gal-3 kon
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MUIIIEBA, TIOK C€ KOJ JbyIU CekBeHIa koja koaupa CRD momeHn Hamasum y ckiony er3oHa V

(363).

1.4.2.5. Peryaanuja ekcnpecuje Gal-3

Perynamuja excnpecuje Gal-3 je komIuiekcaH mpolec y KoMe y4ecTBYjy OpojHH
TPAHCKPUIILIMOHU (H)aKTOPHU U CUTHAJIHU IYTEBH, & KOJU 3aBUCU O] TUMa henuje, Crosbalimbix
cTUMYJyca U ycioBa okonuHe. Excnpecuja Gal-3 ce Ha HUBOY TpaHCKPHUIILIMjE U TPaHCIIAIU]e
HaJla3d TOJ YTHIAjeM pa3nuuuTux crumyinyca. HuBom mporemna Gal-3 m mRNA cy
nosehanu y npomudepymryhum pubpodnactuma y nopehemy ca henmjama y dhasu mupoBama
(364, 365). Gal-3 ce moxe cMmarpatd MapkepoM AudepeHuujaudje jep ce mnoBehaHa
excripecrja Gal-3 jaBiba Kaga ce MOHOUUTH TudeEpeHlnpajy y Makpodare, I0K C€ HErona
eKCcIIpecHja cCMamyje Kajia ce Makpodaru audepeHuupajy y aeaapurcke hemmje (366). Gal-3
ce Takohe cMaTpa MapKepoM akTHBaIje Makpodara 300T YHHECHUIIC J]a Ce SKCIPECHja OBOT
MoJekyna nosehasa aktusanujoM MoHouutHe THP-1 henujcke nunuje momohy dopbom ectpa
(367). Excipecuja Gal-3 ce Takohe moBehaBa u y makpodaruma U310KeHUM TPaHyIOLUTHO-
MakpodarHoMm QakTopy cruMynanuje KoyioHuje (eHrI. granulocyte-macrophage colony
stimulating factor, GM-CSF) (368).

U nopen Benukor Opoja mojaaraka Koju ce ojaHoce Ha ekcripecrjy Gal-3, mexaHuzmu
perynanuje excripecuje Gal-3 jomr yBek HHCY JOBOJBHO pa3jalitbeHu. Hu jbyacku, HU Muniju
LGALS3 npomorop He canpxe TATA-kyTHjy yCXOIHO O] MeCTa MOYETKa TPaHCKpPHUIILHU]E.
Mehyrum, mnocroje MHoroopojuu MotuBu GC-kyTHje 3a Be3MBambe YOUKBUTapHO
exkcpuMupasor Spl TpaHCKPUILIMOHOT (hakTopa, IITO MHPEACTaB/ba 3ajJ€AHUYKO CBOjCTBO
KOHCTUTYTHUBHO €KCIIPUMHUPAHUX, I TaKO3BaHUX housekeeping rena (363).

Ilopen mer mecra 3a BesuBamwe Spl, mpomoTtopcku perroH xymaHor LGALS3 rena
CaJp KU HEKOJUKO PEryjJaTopHux enemeHarta: ner cAMP-3aBucHHX enemMeHara OAroBopa
(earn. cAMP-dependent response elements, CRE), uetupu AP-1-like u jeqno AP-4-like
mecto, aBe NF-kB-like nokauuje, jeman sis-UHIyUMOMIHU eneMeHT (eHIJ. sis-inducible
element, SIE) u cexBeHIly XeTUKC-TIETIha-XeNHUKC (€HTI. basic helix-loop-helix, bHLH). SIE
je BakaH 3a TPAHCKPUIILMOHY aKTUBAIM]y I'eHa KOju ce Op30 aKTUBHPAJy MOJ J€jCTBOM
¢dakTopa pacta u nocroju MmoryhHoct na ynpaso SIE mMa ynory y akTHBaIuju eKcIipecHje
LGALS3 rena (368).

ITpucyctBo CRE u NF-«kB-like mecta y pernony npomMoTopa ykasyje Ha YHHCHUIY J1a

ce akTuBanuja excrpecuje Gal-3 Moxe peryaucaTi myTeM CUTHAJTHUX MyTeBa KOJU YKIbYUY]y
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CREB (enrn. cAMP-response element-binding protein) unu NF-kB ¢dakrop Tpanckpumnimje.
YTBpheHo je na y perynanuju excrpecuje Gal-3 yuectByje u Jun nporeuH, kommnonenta AP-1

TpaHCKpUIUoHOT (hakTopa (369).

1.4.2.6. Jlokanuzanmuja Gal-3

Hako je Gal-3 nperexHO JTOKaTU30BaH y UTOIUIA3MHU, OH CE€ TaKkohe Halla3u U y jenpy,
Ha TIOBPIIMHM henwje © Yy  eKCTpalelylapHO] CPEeIMHHM, INTO  yKa3yje Ha
MYyATHU(QYHKIIHOHAIHOCT OBOr Moiiekyna. Excrpaunemymapau Gal-3 yuecTByje y BaXHUM
uHTepaknujama u3melhy henrja u excrpanenynapaor Mmatpukca. Hacympot tome, Gal-3 xoju
je MHTalenylapHO JIOKaJU30BaH MMa OUTHY yIOry Yy MpexuBJbaBamy henuja 3axBasbyjyhu
CcrocoOHOCTH Ja Onmokupa yHyTpammu nyT amontode (371, 372). Ilokasano je ma je
muroruiazmMarcku Gal-3 y henmjama paka oOMYHO MOBE3aH ca arpeCMBHUM (DEHOTHUIIOM paka,
JIOK Cy JApyradydmju pesynratu jaooujen kama je Gal-3 Owmo nokanm3oBan y jeapy (373).
Jlokanuszauuja Gal-3 y jeapy je npBu nyT onucana y ¢pudpobdiacTumMa Koju uMajy ciocoOHOCT
nponudepauuje y in vitro ycnosuma (364, 365, 374), anu He u y ¢ubpobiactuma ca
HeajiekBaTHOM perumkamujoM  (375). Gal-3 je y jempy JOKadu30BaH yIJIaBHOM Y
MHTEPXPOMATHHCKUM TIPOCTOPUMA, HAa TPAHHWIM KOHJCH30BAaHOT XPOMAaTHWHA, Ha TYCTO]

¢ubpuapHOj KOMIOHEHTH U Ha nepudepuju pudpunapHux HeHTapa Hykieonyca (376).

1.4.2.7. Cexpenuja Gal-3

Gal-3 ce cuHTrerumie Ha CIOOOAHMM PUOO30MHUMA Y IUTOMIA3MH U HEMa CHUTHAIIHE
CEKBEHIIE 3a TPAHCJIOKAIM]Yy y €HJIOTUIa3MaTCKH peTuKynyM. Mako He mpona3u Kpo3 Mpexy
€HI0TUIa3MaTCKOT PETHKYIyMa u ['oNiinjeBor amapara, MOCTOJU MHOIITBO J0Ka3a na ce Gal-3
Haja3u eKCTpalenyinapHo. YTBpHEHO je ce J1a ce OBaj MPOTEHH H3JIydyje U3 helrja HOBHUM,
JOII YBEK HEJOBOJbHO pa3jallllbeHMM MEXaHW3MOM, II03HaTUM Kao ekrouurto3a. OBaj
TPAHCIIOPT j& HE3aBHCAH O] KIIACHYHOT CEKPETOPHOT MyTa KPO3 €HIOIIa3MaTCKU PETUKYIYM
u lommujeB amapar (336, 377-379). Gal-3 Moke OCTBapUTH HEMOCPETHY HMHTEPAKIHU]y ca
munuauMa henrjcke MmemOpane u mpohu Kpo3 JUMUAHY JBOCIIO] JTUTIO30Ma, a 32 OBaj MPOIIEC
Huje norpedan yrpomak eHepruje (380). Kparku cerment N-tepmunanHe cekBenie Gal-3
Koju canpxku ocratke 89-96 (Tyr-Pro-Ser-Ala-Pro-Gly-Ala-Tir) uma KJbydyHy VIOTY Y
cekpernuju Gal-3. Mehytum, oBa cekBeHIIa cama 1o cebu HUje JOBOJbHA Ja M3a30BE AUPEKTHY

cexkpennjy CAT (enrn. chloramphenicol acetyltransferase) ¢py3noHOT TpOTEUHA, HEOIIXOTHO
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je ha ce oHa Haia3| y ckjomny Benuke N-trepmunaine cekBenue Gal-3. IMyHOXHCTOKEMH]jCKe
CTyIHje Cy MmoKa3ale Jia IpBU Kopak y cekpenuju Gal-3 mpeacraBiba \berosa akymysaiuja Ha

IMTOIUIa3MaTCKO] cTpanu henujcke memOpane (354, 377, 378, 381).

1.4.2.8. Jluranau Gal-3 u paznuuure yiaore Gal-3 ycinoB/beHe JIokaau3anmujom

HcrpakuBama cy mokasaina ja moctoju Behu 0poj nuranaa 3a Gal-3. OBu nuranay ce
npeMa JIOKaJU3aliji MOTY TOJACTUTH Ha eKCTpalelyliapHe, HHTpalelylapHe U HyKIeapHe

JIMTra”HAac.

1.4.2.8.1. Excmpauenynapnu nucanou Gal-3 u ynozce excmpauenynapnoz Gal-3

Gal-3, xao u BehnHa WiaHOBA MOPOAMIIC TAEKTUHA, (DYHKIIMOHUIIIE Ka0 PEIENTOp 3a
JUraHAe KOju cajapke Moiu-N-aleTHUIaKTO3aMUHCKE CEKBEHIIE CACTaBJbEHE O] BEIHKOT
Opoja jenuHuLa qucaxapuaa. Mosekynu ranektuHa ce Besyjy 3a tun [ Gal B1,3 GleNAc uinun
tun Il Gal B1,4 GlcNAc jenunune, ca BehuMm adhuHUTETOM 32 MOIMIAKTO3aMUHCKE JIAHIIE,
OTHOCHO 3a KoMIUIeKcHHuje onmrocaxapunae (303, 333, 336, 382). Excnpecuja oBux
TJIMKAHCKUX CTPYKTypa 3aBHCH OJ aKTHBHOCTH TJIMKO3WITpaHcdepasa koje omoryhaBajy
nojaBame N-alIniIakTo3aMiuHa Ha N-TJIMKaHe, YiMe ce CTBapajy oJronapajyhu nurannum 3a
Gal-3 (335). Cmartpa ce na je BehuHa ekcTpauenylapHux (GyHKIMja U YJIOora y TpaHCAYKLHU)H
curdana Gal-3 nocneauna BesuBawa CRD nomena 3a Mg-5-moaudukoBane N-rivkaHe Koju
ce HaJla3e Ha pa3IM4YUTHUM pelenTopuMa Ha noBpuuHU henuja. OBo je mpaheHO HaCTaHKOM
OJIUroMepa Koje OBaj raJlekTUH (opMupa MocpencTBOM N-TEpMUHAIHOI JOMEHA, Tako Ja
(GyHKIMOHMIIE Kao OHOJOUIKM YHAaKpCHHM JIMHKEp u3Mel)y BHIIE TJIMKONPOTEHHA.
HctpaxxkuBama cy nokasana ja je ckpahenu o6muk Gal-3 xoju Hema N-TepMHHAIHM JIOMEH
JOII YBEK y CTamy Ja Be3yje JIMraHje, ajiu He Moxe 00aBuTH cBoje ¢yHkuuje (383-385).

Gal-3 ce Be3yje 3a rITUKO3WIMPAaHE KOMIIOHEHTE €KCTpaIleIyJIapHOT MaTpUKCa, Y Koje
craja JaMUHUH, GUOPOHEKTHH, TEHACIUH, XOHAPOUTHH cyndat, Mac-2 Be3yjyhu npoTeuH,
BUTPOHEKTHH XEHCHH, €JAacTMH W KoylareH, kao U olfl wmHTerpuHu M o cyOjenuHUIA
uarerpuaa aMB1 (CD11b/18, Mac-1 anturen) koja je nmpucytHa Ha Makpodaruma (386-394).
Gal-3 ce Takohe Besyje 3a Temku jaHal CD98, npomouiyhun meroBy numepusanujy u
NOCJIEeIUYHY aKTUBAIM]y a/iXxe3Hje mocpeioBany UHTerpuHumMa (333).

[TojenuHM BHCOKO TIIMKO3MJIMPAHH aX€3MBHM NMPOTEHMHCKH MOJIEKYJIM HA MOBPIIMHU

henuje, kao MTO Cy HHTErpUHU, Takohe mpeacTaBbajy auranae 3a Gal-3. BesuBamwe Gal-3 3a

39



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

eKCTpaleNyJapHu JIOMEH jeHe WM 00e CyOjeJMHMIIE WHTETPUHA Y3POKYje MO3UTHUBHY WU
HETaTUBHY MOJYJAIM]y AaKTHBaLlMj€ WHTETPUHA W Takohe OCTBapyje YTHIa] Ha HHHXOBO
BE3UBaWBE Ca JIPYTMM eKcTpanenynapHuMm juranauma (395). I'maBam murang 3a Gal-3 Ha
Makpodaruma muina je o-cyojenununa uarerpuia aMp2, nosnara kao CD11b/8 (333, 394).
Gal-3 rtakohe cryna y mHTepaknujy ca uHterpuHoM All mpeko cBojux CRD gomena Ha
nakTo3a-3aBucad HaumH (396). Gal-3 ce Besyje 3a 03P1 uHTErprH Ha MOBPIIMHU €HIAOTEITHUX
hemmja. Ha oBaj HaumH ce ¢opmupa koMmiuiekc usMmely wuHTerpuHa, Gal-3 m NG2
MPOTEOTIMKAaHA KOJU MOXKE€ MOTEHUUpAaTH TPaHCMEMOPAHCKY CHUTHAIM3AlM]y OJTOBOPHY 3a
MOKPETJEUBOCT B Mopdorenesy enmorennux hemuja (397). OBa uHTEpaknmja je BaXKHA Yy
AQHTUOTEHE3H U BaCKyJIapu3alliji TyMOpa.

BesuBame Gal-3 3a Mg-5-monudukoBane N-TaukaHe enujepMaiHor (akropa pacra
(enrmn. epidermal growth factor, EGF) u peuentopa tpanchopmuinyher gakropa pacra (eHri.
transforming growth factor, TGF-f) omnaxe yknamame pelentopa KOHCTUTYTHUBHOM
enaonuTo3oM. Mpexa kojy popmupajy monekynu Gal-3 o6e36elyje moBehame ekcripecuje
MOBPIIMHCKUX perentopa u noBehany oceTsbUBOCT Ha (hakTope pacta. Na nmpumep, MUIIEBH
ca HemocTaTkoM MgatS moka3yjy ryOuTak OCeT/bMBOCTU MpeMa UTOKWHUMA, IIITO Y3POKYje
ryoutak Qochopunanuje u Tpanciokanuje HykineapHor ERK wu pemykumjy Cmad2/3
dochopmranuje (398). Gal-3 perynuiie IUTOKHHCKE PEIENTOpE, YNpaBoO 3axBajbyjyhu
CHOCOOHOCTH Ja ce Bexe 3a Mg-5-moaudukoBane N-rMkaHe Ha TOBPIIMHCKUM
[JIMKONPOTENHUMA.

JlamMmuHWH, TPOTEHH EKCTpalleayJapHOT MaTpUKca, je XeTepoTpumep 3a koju ce Gal-3
Be3yje ca BHCOKMM auHuTeToM. OBa MHTEpakiyja jeé BeoMa BakHa y mpolecy henmjcke
anxesuje (349). Ilomro je nopemehena aaxesuja henuja BakHa KapaKTEpUCTHKA CBUX BpCTa
paka, uarepakuuja u3mehy Gal-3 n mamMuHHHA MOXKe OMTH BaXkaH (akTOp y MPOrPeCcHjH paka
(399). Gal-3 npomMoBHILIE aJ1Xe31jy HEYTpo(duIa Ha JaMUHUH, IITO oMoryhasa HeyTpodminMa
na npehy kpo3 6azamHe MmeMOpaHe kako O monu g0 Mecta nHduamanuje (383). YV Behunu
cinyuajeBa Gal-3 mo3utuBHO perynuiie henujcky anxesujy, mehyrum, mokaszano je ga Gal-3
MoOXke MHXuOUpatu anxesujy hemuja kox oapehenux Bpcta paka. Gal-3 mHxuOupa aaxesujy
henuja paka 3a JaMHHHMH KOJl MEJTaHOMa, paka Jojke, pudpocapkoMa U paka Mmpocrare, YuMme
ce nosehaBa MoryhHocT Meractazupama kapuuHoma (396). OBe pasnuke ce 3aCHUBAjy Ha
MpOTEMHUMA YKJbYYeHHM Yy henujcKy aaxe3ujy W KOHUEHTPALUju MPUCYTHOT pacTBOPJHUBOT

monekyna Gal-3.
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1.4.2.8.2. Humpauenynapnu nuzanou Gal-3 u ynoze unmauenynapnoz Gal-3

Gal-3 koju je sokann30BaH yHyTap heiuje naTeparyje ca HEKOJIMKO HHTPAICTyTapHUX
npoTeuHa, kao mro cy: uurokeparunu, CBP70, Chrp (eurn. cystidine/histidine-rich protein),
I'emun4, Alik/AIP-1(enrn. actin-interacting protein, AIP1), Bcl-2 n B-karenun (317, 400-
403). ITocebHo je OMTHA YMEIHEHHUIIA J1a CKOPO CBH OBU MHTpALICTYJIApHU JHUraHaAud y BehuHu
ciyuajeBa ca Gal-3 ocTBapyjy MHTepakluje THNA MPOTEHMH-NPOTEHH. JEUHU M3Yy3€TaK Ol
OBOT mnpaBwia cy nuTokepatuHu. [lorBpheno je ma mmrokeparmau MCF7, xao u oHH
MOPEKJIOM U3 APYruX JbYACKHX henMja mMMmajy MOCTTpaHCIALMOHE MOAM(HKAIMje, OTHOCHO
TJIMKaH je TepMUHaIoM o Be3oM nose3al ca GalNAc. OBe pesunye y in vitro ycioBUMa MOTY
npeno3Hatu monekynu Gal-3 cucapa (400).

Bcl-2, unan Bcl-2 nopoaulie npoTerHa KOju peryiuiny heiaujcky cMpT (arnontosy) je
0Mo mnpBU OTKpUBEHU uuTomazMarcku Jsura"j Gal-3. HcrtpaxuBama cy nokasana jaa
untepakiuja usMely CRD nomena Gal-3 m Bcl-2 Moxxe OuUTH WHXHMOHMpaHa JIAKTO30M.
BesuBamwe nakro3e 3a Gal-3 u3a3zuBa KOH(pOpPMAILMOHY IIPOMEHY y peruoHy moiekyina Gal-3
KOju uHTeparyje ca Bcl-2. Ha oBaj Hauun Gal-3 octBapyje OuTHy yiory y henujckoM pacty u
anonro3u. Gal-3 Koju je JOKaJM30BaH y jeapy moacTude amonrto3y, Aok Gal-3 koju je
JOKAJM30BaH Yy LWTOIUIA3MH CBOjy AHTHANONTOTCKY YJIOTY OCTBapyje cTaOuiM3amnujom
MeMOpane Mutoxouzapuja (356, 373, 404). HenaBHo cy uaeHTH(PUKOBAHH jOIII HEKU JTUTAHIU
Gal-3 koju cy ykibydeHHu y anontorcky curtanuzanujy: CD95 (APO-1/Fas) - unan nopojuie
peueniropa cmptu, nucling n Alix/AIP1. Alix/AIP1 canpxu cexBeHIty Ooraty TUpo3uHoM y C-
TEPMHHAIIHOM PETHOHY, KOja jeé XOMoJora ca TaHAEMCKH IOoHaBjbajyhuM cekBeHua y N-
TepMuHaJIHOM JAeny mojekyina Gal-3 (317, 405, 406).

Gal-3 nosehaBa HUBO MpoTenH KuHa3e B (eHrn. protein kinase B, PKB) ykibyuene y
peryiucame WHXUOMIMjE anomnTo3e U cTUuMylanuju nponudepanuje hemuja, mro nmorsphyje
yinory moJekyina Gal-3 y mporpecuju paka (407). Ras nporeunu cy Baxkne GTPaze, koje
uMajy yiory y henujckoj nponudepanuju, rupepeHiujanuju, npexnpibasamy U cMpTu. Gal-
3 ce Besyje 3a axktuBHpaHu K-Ras, mTOo mojactuue akTuBauujy (GochaTHAWIMHOZUTON 3-
kuHaze (eHra. phosphatidylinositol 3-kinase, PI3-K) u Raf-1 u mnoBehaBa akTuBanujy
excTpauenyinapae kuHaze perynucane curHaiuma ERK (408). K-Ras je najBaxxuuju Ras
OHKOIIPOTEHH 32 HaCTaHaK TyMOpa KOJ JbyIH, a Kako ce HuBou Gal-1 n Gal-3 paznukyjy Koz
HOPMaJTHUX M TYMOPCKHMX hemnHja, MOKe C€ 3aKJbYYUTH Ja pPaBHOTEX A OBUX TaJeKTHHA

nedunuiie ncxoa onkorene K-Ras tpanchopmariyje.
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Gal-3 je Baxan perynarop Vnt/B-xarenun curHammzammje. Gal-3 je cTpykTypHO
CUYaH [-KaTeHUHY U ca OBUM MOJIEKYJIOM OCTBapyje MHTEPaKIH]jy. J-KaTCHUH je€ HHCXOJIHA
komrnonenta Wnt cur"anuor nyra. @ocdopuianrja B-kareHHHa Ka3euH KuHa30oM [ (eHri.
casein kinase 1, CKI) u GCK-3p (enrn. glycogen synthase kinase-3) kuHa30M je HEOIXOHA
3a nHUnMjanyjy curnana. Gal-3 ce takohe moxe ochopunrcatu OBUM JIyalTHUM CHCTEMOM
kuHaza (409, 410). Curnanuszanyja noMmohy B-kKaTeHUHA PETyIuIe Mpeina3 enuTeHUX henuja
y Me3eHxuMcke henuje, koju je mocpenoBan ca TGF-B. OBaj mporec y3pokyje HacTaHak
MuopudpobiaacTa U aonpuHocH mporpecuju ¢uodpose. Ilojavana curnanmsanuja momohy
Wnt4 y munjum mojenuma OyOpekHe TyOyJOMHTEpCTHIHMjaliHE OOJecTH Kopenupa ca
nojaBoM GuOPO3HUX JIe3Hja, ITO yKa3yje Ha 3Hauaj OBUX IMPOTEHMHA Kao MeaujaTtopa Gpubdpose
OyOpera (411).

Gal-3 xoju je JoKaluM30BaH y jepy MOXKE Ja CTyla y WHTEPAKIHjy ca reMUHOM-4,
KOMITOHEHTOM KOMILJIEKCa MaKpOMOJIEKyJa Koja ce cacToju o MpuoOImkHo 15 momunenrtuaa,
a mMehy mHuMa ce Hamasze: MPOTEUH OJIrOBOpAaH 3a MPEKUBJbABAKHE MOTOPHOT HeypoHa SMN
(enrn. survival of motor neuron), reMuH-2, TeMHH-3, HyKJeapHu npoteuHu cnRNP u npyru
jom HeuneHTU(GUKOBAHU MpoTerHU. OBH KOMIUIEKCH CYy YKJbYYEHH Yy TpoIlece KOju Ccy
JUPEKTHO WM HMHIUPEKTHO TmoBe3aHn ca mnpe-mRNA cruajcunrom. Wnentndukarmja
reMrHa-4 Kao nmapTHepa y untepakuuju ca Gal-3 npyxa uBpcre J0Kase Ja 0Baj TAJIEKTHH UMa
OuTHY yiory y HacTtaHkKy cmiaajceozoma in vivo (317, 403). Ckpunuar cDNA (eHri.
complementary deoxyribonucleic acid) Jurkat henuja ABOXMOPUIHOM METOAOM Koja je
kopuctuia Gal-3 kao mamarl, omoryhuia je uaeHTuuKaIyjy HOBOT IPOTENHA KOJU CE BE3yje
3a Gal-3. Y nutamy je Ouo xymanu xomonor ALG-2 (enrn. alpha-1,3-mannosyltransferase)
Besyjyher nporeuna X (enri. ALG-2-interacting protein X, Alix), oqaocHo AIP-1 (317). OBaj
npotenH uHTeparyje ca ALG-2, kamujym-Be3yjyhuM NpoTeMHOM KOjU je HEOINXOJaH 3a

u3aszuBame hennjcke CMPTH MOACTaKHYTE Pa3IMUUTUM CTUMYycuMa. (412).

1.4.2.9. Yaora Gal-3 y uMmyHCcKOM cucTeMy

OxonmHoctu mox kojuma je Gal-3 oTkpuBeH (kao Mapkep Makpodara, Mac-2 u
MIPOTEHH KOju ce Bedyje 3a IgE) onMax cy ykaszajie Ha YMHCHUITY J1a OBaj MOJIEKYJ UMa OUTHY
yiory y (GpyHKIIMOHHCAkhy HMYHCKOT cHCTeMa. Y TBpHEHO je Ja Be3MBamke JIMTaH/Ia yTHYE Ha
MouduKanujy GyHkiuje ranekruHa. Ilomro ocrany B-rajakro3uaa HUCY MOTJIH Ja ce Haby
y HUTOIUIa3MHU, HAJIIpe C€ MPETIOCTaBIbANIO Ja Cy TaJeKTUHH YCKIAJUIITEHH Y LUTOILIa3MH,

aJy J1a CBOJy YJIOTY OCTBapyjy Ha apyroj jokaruju (388). Hakon m3macka u3 henuje Gal-3 ce
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MOXKE BE3aTH 3a MPOTEHHE EKCTpaleaylapHOI MaTpuKca, HIp. JaMUHHUH, U mojactahu
aaxesmjy u Murpanujy hemvja uMyHCKOT cuctema Ayx OazamHe memOpane (383). Ha ocHoBy
JocaalllibUX HAaydyHUX ca3Hamka O OBOM Mojekyny, Gal-3 ce He Moxe cMaTpatu camo
MapKepoM akKTHBaIldje Makpodara kKao mTo je OMo ciydaj Kajga je IpBOOMTHO OTKPHBEH,
TMIOLITO je YCTaHOBJHEHO JIa C€ OH EKCIPUMUpa y pa3nnyutuM henujama u TkusuMma (413). Gal-
3 je mnponahen y ckopo cBUM henMjamMa HMMYHCKOT CHCTeMa, y HeyTpoduinma,
eo3nHo(uMMa, 6azoduiaumMa ¥ MacTonuTuMa, JlanrepxancoBum henujamMa M JIEHIPUTCKUM
henmnjama (366, 414-418). Nnak, makpodaru npea3uiaaze OWIO KOju Apyru TN hemuje xaga
je y nuramy konuunHa npousBeaeHor Gal-3. Gal-3 je metu o peay eKCIpUMOBAHU MPOTEHH
y Makpodarmuma, Kaja ce y3me y 003up BUX0Ba [ENOKYTHa eKCIpecHja mporenHa. Yak u ako
HUje creuuduyan camo 3a Makpodare, meropa yiora y GyHKIUju Makpodara je n3y3eTHO
6utHa. Gal-3 uMa wu3y3eTHO BaxHY yinory y ¢arouurto3u amontorckux hemuja u IgG-
OTICOHU30BAaHOT MatepHujana oja ctpane makpoda (419). Gal-3 nokanu3oBaH y HUTOIUIA3MU
yuecTByje y popmupamy (arozoma. Gal-3 kox Makpodara GyHKIIMOHHUIIE U K0 PEIEnTop 3a
MPENo3HaBalkbe MOJEKYJICKUX oOpasama. OBa ysora je Hajupe yodeHa IPBEHCTBEHO KO
eKcTpalenynapHo JokanuzoBaHor Gal-3, xoju ce mocpeactsoM cBojux CRD nomena Besyje 3a
TJIMKAHCKE OCTaTKe Ha IMAaTOTeHHMM MHUKpoopraHmsMuma. [Iperno3HaBame W Be3WBame 3a
naToreHe MUKpPOOpPTaHW3ME ITPEICTaBJbajy MOYETHU KOPAK Yy HUXOBO] CIMMHUHALM]U ITyTEM
¢daronuroze (420). CnuuHy yJaory OBH MOJIEKYIM OCTBapyjy M Kag Ccy y MUTawmy
KCEHOIIPOTEeMHNU WM Jpyre CTPYKTYpe MaTOreHa, a MOTY CIY)KUTH Kao CEH30p 3a Heke
MOJIEKYJIe, Ka0 IITO j€ JIMMOMPOTEUH HUCKE TycTuHe (eHri. low dencity lipoprotein, LDL.)
WM Kpajlbu TMPOAYKTH Thukamnuje (eHri. advanced glycation end productcs, AGESs).
Wntepakiuja Gal-3 ca JMmonpoTeMHMMa WM €HIAONPOAYKTHUMA TIJIHMKallUje WIH
JUMOKCUIALMjE€ OJArOBOpHA j€ 3@ HUXOBO YKJIamawke WM HAcTaHAaK CHUTHajla 3a
¢dyHKUMOHANHY TNpoMeHy ¢eHoTuna makpodara (370, 421, 422). Gal-3 xojer cTBapajy
Makpodaru Takohe moxke ga uMma QyHKUMje cnuyHe QyHKIMjaMa uTokuHa. Gal-3 Moxe na
OCTBapH YJIOTY y PeryJiaiuju UMYHCKOT ofroBopa naxudunujoM IL-12 u excripecuje apyrux
Thl (eurn. T helper type 1) mutokuna (423). Gal-3 unnykyje aktuaiujy Muodudpodiaacra u
MPOU3BO/IY KollareHa y ¢pubdbpobnactuma (424). Ha oBaj mauun, Gal-3 Moxe na mocremu
¢bubposy y mryhuma, jetpu, 6yopery, cpiy u apyrum opranuma (425-428). Gal-3 Takohe
MIPOMOBHIIIE HWHTEpaKije u3Mehy MoHomHMTa, MTO Y3poKyje GdopMHpama MOJIHMKAPHOHA
(MynTHjenapHe UMHOBCKE henuje) y XpOHUYHUM HHGIIaMalujckuM OojecTuMa M OojiecTuMa
npahenum pudpozom (429). Gal-3 ytuue Ha cmameme npoaykuuje IL-5 y eozuHodmiImnMa.

OBaj MOJIEKYJI TIPOMOBHIIIE TPEKUBJhaBamke B-mumdorura OmoKMpameM HHUXOBE KOHAYHE
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nudepeHnyjanyje y mia3MoIuTe U Ha Taj HaYMH oMoryhasa noBehame Opoja MEMOPH]jCKHX
B-mumdormra (431).

Gal-3 Moke akTUBHUPATH OKCHJATHBHU Ipacak HEYTpOQuiIa KOl JbY/IH, a 32 OBY YJIOTY
outHu cy u CRD u N-tepmunanuu nomen Gal-3. O6Ga momeHa cy Takohe HeomxonHa 3a

cnenuduyan xeMoTakTiIky KanauteT Gal-3 3a moHoruTe U Mmakpodare (432-435).

1.4.2.10. Yaora Gal-3 y moayJianidju HMyHCKOT OJIT0OBOpa

lanexTnHM MMajy OUTHY ylory y Moayiauuju ¢yHkuuje heiarja UMyHCKOT CHCTEMA.
OBy ynory ocTBapyjy 3axBajbyjyhu crmocoOHOCTH 12 M3a30BY (YHKIMOHAIHE MPOMEHE H
MOJICTUIIAbE WM CIpedyaBame aronro3e ojapeheHux cyOmomynanuja UMYHCKHUX henuja.
CsojctBo Gal-3 nma ¢opmupa MpexacTe CTPYKType MOXE Y3pOKOBaTH aKTHBHPAHE
mactonuta. Gal-3 ce ocum 3a IgE monekyn, moxe Be3atu u 3a IgE pernentop, Tako na je
moryhe nma ce Gal-3 Bexe 3a IgE koju je Beh Be3aH 3a perenTop, caM perenTop win 3a 000je
(436). Y3umajyhu y 003up 1a ce HEKH TaleKTHUHH MOTY KOEKCIpUMHUpATU y ojpeheHom
MUKPOOKDPYKEHhY, H3y3€THO je OWUTHA HHUXOBAa yHaKpCHA IOBE3aHOCT M KOMYHHKAIIHja.
YTBpheno je na Gal-1 majbe KOCTUMYJIATUBHU CUTHAJI HAMBHUM U aHTUTCH-crienuuaaum T-
mumdonmTuMa, 10Kk Gal-8 oBaj edekar ocTBapyje Mpeko rimko3wmpanor myimmaa CD45 Ha
henujckoj moBpmmHu (437-439). Jlokazano je na Gal-3 cmnpeuaBa koctumynauujy T-
mumorura on crpane Gal-1 n Gal-8, mpeko HeratusHe perymnauuje TCR-a (437). Hakon
Be3uBame 32 TCR, monexynu Gal-3 onuromepusyjy u HakoH hopmMupama Mpexe CrpedaBajy
natepanny mMoOuiHocT Moisiekyna TCR-a (351). Muxubunmja Gal-3 cMmamyje MHTEpakuujy
u3Mel)y HauBHMX T-nuMdonnTa U IeHAPUTCKUX henuja, MITO MPEACTaB/ba KIbYYHH MPOLEC Yy
HOKpeTamby UMYHCKOT oaroBopa (440).

Gal-3 ce exkcnpumupa camo Yy akTuBupaHuM T-mumdorutuma. Y oBum T-
mumponutuma Gal-3 unnykyje uznaramwe GochaTuaniicepruta, MTO MPEACTaBIba MHUITH]ATHI
norahaj y anmonrosu (304). Uuaykiyja arnomnro3e ce ogurpaBa HeceleKTUBHO U ko Thl u Th2
mumorura (441). Gal-3 Moxe UHIMPEKTHO MojcTahu pacT KaHIepa HHAYKOBAHEM Aol TO3e
TyMOp-peakTUBHUX T-mumdonuTa, win oHeMmoryhaBaT BWUXOBY (YHKLH]Y CIpedyaBambeM
konokanu3anuje TCR u CD4/CD8 monekyma (442, 443). Jlokamuja Gal-3 je BaxHa y
OCTBapHBamy HETroBUX (yHKIM]ja y oApeheHuM mporiecuma y opranusmy. ExcrpanenynapHo
nokanu3oBaH Gal-3 wuHAaykyje henujcky cMpT M uznarame (ocdaruauicepuHa, 0K
eKTONMWYHA JIOKAJM3alija OBOT MOJEeKyJa y JbyAcKMM T-nuMdonuTuMa cripedaBa anornTo3y

MHAYKOBaHYy CTaypOCHOPHUHOM U aHTH-Fas peuenrtop antutenom (399, 404).
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1.4.2.11. Yaora Gal-3 TokOM HMHTepaknHja NAaTOreHUX MHKPOOPraHu3aMa H

nomahuna

VY ocHOBM maroreHe3e MHOTHX MH(QEKIIMja Hajla3u ce MHTEpaKlrja JeKTHHA JoMahuHa
U TJIMKaHA Ha TMOBPIIMHU TMaToreHa. ['aleKTHHH ce Be3yjy 3a INIMKaHEe KOju Ce Hajlaze Ha
MOBPIIMHU BUpYyca, OakTepuja, MpOTO30a M TJbHMBHUIA, (QYHKIHMOHHIIYhM Kao oOpacuu 3a
npeno3HaBame perentopa (299). Ilokazano je ma Gal-3 mMa crmocoOHOCT J1a ce BEXe 3a
onpehene kommonente Oakrtepuja, HOp. LPS. Gal-3 ce cBojum CRD nmomeHoMm Besyje 3a
makto3un rpyne LPS-a, nok ce N-TepMHHaIHMM JOMEHOM Be3yje 3a JHMHI A, KOjH
npencTaBiba Aeo Mosiekyia LPS-a (444). ¥V uctpaxuBamwy Li-a u3 2008. Gal-3 nedunujentau
MUILEBU Cy HAaKOH npuMmeHe LPS-a pa3Buwim mok koju je OMO MoOBe3aH ca MPEKOMEPHOM
WMHAYKIMjOM HH(IIAMAIMjCKUX IUTOKMHA, jep Mosiekynu Gal-3 Hucy OWinu JOCTymHH 3a
BE3MBAIE U CEKBECTPHUpAmE OBOT €HIOTOKCHHA (445). HoBWja ucTpakmBama Cyrepuilry Ha
YHICHUIY Ja Be3uBambe LPS-a moxe wunHmykoBatw Gal-3 onuromepusanmjy mnpexko N-
TEPMUHAIIHOT JOMEHA, IITO Y3pPOKYje CMamemne KoHIeHTpaiuje LPS-a u mpara HeomxogHor
3a akTuBanujy Heyrpodmia m jmo necer myra (446). M3y3eTHO je BaXHO J1a C€ TOKOM
uH}IIaManyje mWTo Npe aKTHBHPAjy HeyTpoduim, jep ce Ha Taj HauuH nmoBehaBa manca 3a
Op3y ¥ yCHelHy epaaukaiujy naroresa. Ha ocHOBy oBuX uum-eHHIA TIOTBpheHa je AayanHa
ynora Gal-3, jep oBaj MOJIEKyJl y ciy4ajy MHBa3Hje MaTOTeHUX MUKPOOpPraHU3ama 00JI0KEHUX
mehepom mpomoBuie wHbIAMAIM]y, AOK HacynpoT oBome, (Gal-3 moxke ydecTBOBaTH Yy
epaJMKalyju TaToreHa WHIYKOBamkEeM HMYHCKOr oaroBopa naomahuna. Gal-3 Moxe
(YHKIMOHHUCATH W Kao OICOHWH, YHAaKpCHO moBe3yjyhu naBe wnM Buile henuja, HakoH
BE3MBama 332 HHXOBE MOBPIIMHCKE yrjbeHe xujpare. OBa MHTepakiyja jeé BeoMa BakHa 3a
(arouuTo3y 6akTepuja Ha MECTHUMA II€ Cy TUIIMYHU OTNICOHMHH, Ka0 aHTUTENIa U KOMIUIEMEHT
Mame€ 3aCcTyIJb€HHM, HIOp. y ypuHapHoM Tpakty (447). Gal-3 wmoxe Be3aTu
JUTIOONIUTOCaxapuae oapeheHux rpam HeraTuBHUX Oaktepuja (N.gonorrhoeae, H. influenzae)

U TOBE3aTH X ca HEYTpopUINMa, YUMe MOCHelyje BbHUXOBY eMTMMUHALN]Y (448).
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1.4.2.12. Yaora Gal-3 y onpeheHum naro(pu3noJ0IKUM NponecumMa

Gal-3 mokazyje ® Tpo- H aHTH-WHQUIAMAIM]CKE YJIOTe y  pa3InuUTUM
naTo(U3MOIOMKUM TIporiecuMa. theroa ysora y oBuM MpoliecMMa 3aBUCH OJ TUIIA IHJbHE
henmuje u nmokammszanmje. OnpeheHe cryamje Ccy Mokaszalie HEroBy MPOTEKTUBHY YIIOTY Y
uH(bIaManMju W3a3BaHO] Toja3HONINY Koja HacTaje ycien akKyMmylanuje MeTaboIMYKuX
cTpecopa, kao mro ¢y AGEs. Gal-3 ¢dynkuunonuimie kao pernentop urctad 3a AGEs, 3a koje ce
Be3yje ca BUCOKUM aduHuTeToM U cripedaBa AGEs-unaykoBano omreheme TkuBa (449, 450).
Henenmja rena 3a Gal-3 mosehaBa BucIepanHy rojasHOCT, XUIEPIIUKEMH]Y U UHCYJIUHCKY
pesucreniyjy. Gal-3 mma ynory y pa3Bojy Tumna 2 nujadereca u3a3BaHOT UCXPaHOM OoraToM
MactuMma (eHri. high fat diet, HFD) (451, 452).

[Ipounduamanujcka ynora Gal-3 excnepuMeHTaIHO je JOKa3aHa Yy ciydajy
GyIMaHAHTHOT XeNaTHTHCAa W3a3BaHOT KOHKaBamuHOM A (453). YcTaHOBJBEHO je 1a
Henocratak Gal-3 cmamyje omreheme jeTpe mpeko cMmamema O0poja edekropckux henmja u
npomMoBucakbeM M2-monapusanuje makpodara. Crora, Gal-3 MMa 3amITHTHY YJIOTY KOI
HACTaHKa CTeaTo3e, alli JonpHuHOcH omltehemy jeTpe, HacTaHKy uH(IaManuje u Gudpose.

VYnora Gal-3 y npuMapHOM OWJIHjapHOM XOJIAHTUTHCY UCTIUTHBAHA je TIOMOhy MuIjer
MoJIela ayTOUMYHCKOT XoJyiaHTuTHca (454). Pesynrarn oBUX UCTpaxkMBama yKazyjy Ha TO Ja
nenenuja reHa 3a Gal-3 moBoau a0 mporpecuje NpUMapHOr OWIIMjapHOT XOJAHTHTHCA.
Wntpanenynapan Gal-3 oapkaBa HMHTETpUTET MUTOXOHIPUJCKE MeMOpaHe M IITUTH OJ
anonro3e, 0K Henocrarak Gal-3 onakmiaBa amonTo3y €NUTENHMX OwiMjapHUX henuja u
y3poKyje ocinobahame ayToaHTUTeHa KOjU T0jayaBajy HMMYHCKH OJATOBOp, AornpuHocehn
omrtehemy )XydHUX KaHana u GuOpo3u jeTpe.

Gal-3 uma OuTHy yJjory y Hporpecuju cpyaHe uHCypuiujenuuje, Oynyhu na
MOJICTUYE TpolieC peMojenoBama U pudpo3y muokapaa (455). Gal-3 je mokazao MO3UTUBHE
edexTe y mumijem mozaeny actme. Mutpanazanna npumena Gal-3 cDNK je cmamuna ymany
JIMCAJHUX TIyTeBa HAKOH W3JIarama aHTureny (456, 457). Y napyroj crymamju, Gal-3
NeQUIMjEeHTHH MMIIEBH CY UCHOJbMIIM cinaOujy MHQIaMalujy U XHUIEeppeaKkiujy TUCAjHUX
nyTeBa y nopehemy ca MUIIEBHMA JTUBJBET COja, YUME j€ MOHOBO MOTBphEHO na Jokamuja
Gal-3 GuTHO yTHue Ha meroe Ouonouike pynkuuje (458). Gal-3 Takohe Moxxe nompuHETH
MIPOIIECY aTEPOCKIIEpO3€e O/IpKaBajyhu ymany y aTepoCKIepOTHIHOM IaKy (459).

[lomTo je pgokazaH WMyHO-perynaropHu mnoteHudjan Gal-3 y  paznuuuTum
UH(IaMaIHjCKUM MpoLecuMa rocpeioBaHuM T-nuMponuTuma, ayTOMMYHCKUM O0JIecTUMA U

MPOTPECHjU  TyMOpa, TIOCTOJU KOHTHHYHMpaHa IIOTpara 3a TepanvjoM 3acHOBAaHOM Ha
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uHxuouropuma cnenuduuaum 3a Gal-3. V uctpaxuBamuMa Cy c€ 4eCTO KOPUCTHIN OMIBHU
IIPOU3BOANU KOjU Cy 6e30enHu U j1aKko gocTynHU. Ha OCHOBY pe3ynaTara HCTpakUBamba, pasHU
OMOJIONIKY aKTUBHM NEKTUHCKH MPErapaTy U TaIakTOMaHaHU U3 OMJbaka Cy MpeaoKeH! Kao
NOTCHLMjaJlHa Tepamnuja y CcIpedyaBalby HAcTaHKa W HalpeoBamba MeTacTasa paka |

uHIamalmje, mTo ce MocTwxke nHXxuoupamem Mosiekyna Gal-3 ( 435, 460).

1.4.2.13. Excnpecuja u yjore Gal-3 y HepBHOM cHCTeMY

Excrpecuja Gal-3 y mMo3ry y 6a3anHuM ycinoBuMa (y OACYCTBY WH(MIAMAIH]CKUX U
HEYpOJETeHApaTUBHUX MpoIleca) HHje joll yBeK AeTasbHo ucTpakeHa (461). Iloctoju mano
nogaraka o ekcrnpecuja Gal-3 y HeypoHuma CNS-a. VYcranoBmeno je na ce Gal-3
eKCIpUMUpa y CyOnonmyJalnujyu TaHIJIMjCKUX HEYpOHa JOP3aJIHOT KOpeHa KUUMEHE MOXKIAMHE
(enrmn. dorsal root ganglion, DRG) 1 TokoMm pa3Boja u y oapacioj noodu (462). crpaxupama
CIIPOBEJICHA y in Vitro ycjioBHMa Cy moTBpamia ekcrnpecujy Gal-3 y henujama mMukporiuje
(463, 464). OcuMm koI MUKpOTIIHje, A0Ka3aHa je ekcnpecuja Gal-3 u KoJ APYrux MOTIOPHUX
henuja HepBHOr cucrema, henwjama Makporiuje, y Koje CHaJajy acTpPOLUUTH U
omuroneHaporut (464, 465). Gal-3 mopekiom u3 rmjanaux henmmja CNS-a ydecTByje y
TudepeHIjalrji  ONUTOACHIPOIINTa M O4YyBamky HHTerpureTra MujenuHa. [lotBpheno je
3Ha4YajHO CMambeHhe MUjeIMHU3aIMje akcoHa y corpus callosum-y xon Gal-3 nedunujeHTHHX
MHUILIEBA Y OAHOCY Ha JAUBJBbU cOj (464). Gal-3 ce KOHCTUTYTHBHO eKCIpuMHupa y ojpeheHum
BpcTama henuja y cyOBEeHTpUKYJIapHO] 30HU KOJ MUIIEBA U MOMa)ke eNeHAMMCKUM henrjama
y YCIOCTaB/bakhy XEMOTAaKTUYKOI TpajljeHTa W acTpouuTuMa y (opMupamy TIHjaTHUX
KaHasa, OUTHUX (opMalMja y MUTpaIiju HeypoOiacTa TokoM pa3Boja CNS-a. Ha oBaj Haunn
Gal-3 yThue Ha HOKpEeTJHUBOCT henmuja y pocTpaaHOM MHIrpaTopHoM myTy (465). HenaBHa
cTyauja je norBpauia na ce Gal-3 excnipumupa y CAl pernony xunokamiryca Koja MULIEBA U
onpehennm perujama mosra narona. Gal-3 ydecTByje y HEraTUBHO] peryianuju GopmMupama
MEMOpHje Yy XHUIIOKaMIycy, MHXMOWILMJOM CUTHanu3auuje uHterpuHa (466). Gal-3 taxohe
CTUMYJIMIIE aJIXe3Wjy HEypOoHa M pacT HEypUTa M HMa BaXHY YIOTY y MOJyJaluju
eKCTpaleNlyJJapHOT MaTpUKca y HEpBHOM TKUBY (467). Ilperxoane crynuje cy mokasaie ga
n3MemeHa ekcrnpecdja LGALS3 reHa uma yiaory y CHHANTHYKHM IPOMEHaAMa KOje Cy

MoBe3aHe ca ryOUTKOM (YHKITH]€ TOKOM CTapema (468).
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1.4.2.13.1. Gal-3 u cucnanuzauuja y enujannum henujama

Gal-3, 6e3 003upa Aa 1M je MHTpAIETYIapHO WM EKCTpaleIylapHO JOKAIN30BaH,
CTUMYJIMIIE CUTHAJIHE MyTeBE Y MUKPOIIIMjaTHUM helrjama 1 ocTBapyje BUILECTPYKE Yiore y
3aBUCHOCTH oA  Tmma  hemmje.  Mukpornuja  je  caMOOJpKMBAa  TOIMyJalnja
UMYHCKUX/Mujenouanux henmja nomupanux y CNS-y. Ope henuje cy mox HOpMaIHUM
yCIOBHUMA y CTalby MHPOBama, I CE y ClIydajy IMOBpEAe WM Pa3InYuTHX Oo0JecTH
akTuBUpajy (469). Mukporimja uMa KJbydHY yJory y umMyHckoM onaroBopy CNS-a. Ilox
JIEJCTBOM TpOMH(DIAMAINjCKUX CTUMYJyca MHUKporiuja cekperyje Gal-3 koju gemyje kao
eamorenn Jwranx 3a TLR4. Ha oBaj naumn Gal-3 ydecTByje y axkTHBanuju
npouHpramanujckor M1 ¢denotuna  MukpornujanHux ~— henuja U MPOMOBHIIE
HeypouHguiamanujy (470). Gal-3 ctumynuiine npoayKuujy npouH¢IaManujcKux Meanjatopa
y MUKporivjarHuM henujama, momohy ¢ochopunanmje THpo3mHa Janus KuHaze 2 U
CHUTHAIHUX TpaHcIykropa u aktuBatopa tpaHckpunuuje: STAT1, STAT3 u STATS (471).
Gal-3 y MuUKpOriMju akTUBUpa (arouuTo3y peryjJalHjoM U TPOJYyKaBambeM aKTHBHOCTH

KRas-GTP-3aBucHe GochaTuauimHO3UTON 3-KuHa3e (469).

1.4.2.13.2. Gal-3 u neypounpnamayuja

Gal-3 je jenMHCTBEHM MapKep aKTUBHPAHUX MHUKporiMjanHux hemuja m makpodara
KOJU ToOcenyjy cmocoOHocT ¢arouuroze wmujenuHa (469). Y  excnepuMeHTaTHOM
ayTOMMYHCKOM €HIleQaluTUCy KOJA MHuIleBa, y KojeM mnpeoinal)yjy ayTOMUMyHCKH T-
muMmdorutu 1 Makpodaru, Gal-3 je nokanu3oBaH y akTUBHpPaHUM heiMjamMa MUKpOIJIUje U
Makpodarnma y nemujenuHusupajyhum nesmjama kuumene moxaunHe 3axBahene EAE-om
(472). Ha ocHoOBy pe3ynTara ucTpaxkuBama y koMme je Gal-3 neTekToBaH y aKTHBHpPaHUM
henvjamMa Mukporiauje u Makpodaruma Koju cy (GarouuToBajid MHUJEIHH, OBaj] MOJIEKYJ je
mporjameH npouHdpiaamaijckum “onacaum’ Mosiekynom y moneny EAE (473). Hacynpot
ToMe, (haromuTo3a MujeNMHCKOr nebpuja TokoMm omrehema CNS-a je kopucHa 3a
pereHepanujy HeypoHa 300r Tora IITO MHjeJIMH WHXHOMpa audepeHIujanujy
OJINTOJICHMIPOITMTA U pereHepanujy omrehennx akcona (474, 475). U mopen Tora mto je Gal-
3 6uraH 3a KIupeHc MujernrHckor nedpuja y EAE-y, oH uMma ynory y npeBeHLHUjU arnoITo3e,
nosehawy cunreze IL-17 u IFN-y u cmamemy npoaykuuje 1L-10, nonmpunocehu pasBojy

oonectu (473, 476).
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VY 3aBucHoctu on nokanuzanuje Gal-3 y mogeny EAE octBapyje pa3nuuuty ymory.
HcTpaxuBama cy mokazana aa ekcrpanenynapau Gal-3 uaaykyje anonro3y T-nmumdornura y
CNS-y, nox wuHrpanenynapau Gal-3 wHXHOuUpa amonrto3y, mojctude henaujcku pacT u

perynumie curHanmzainuyjy npexko TCR-a, crumynumyhu ekcnansujy T-mumdonmra (351,

477).

1.4.2.13.3. Excnpecuja u ynoza zanrekmuna-3 Koo ucxemujckoz ouimehermwa mosza

Hakon ucxemmuje Mo3ra y HacTaliuM Jie3Wjama JOJIa3d 1O aKTHUBAIMje MUKPOTJIH]E.
(478-480). Nako je moOpo MO3HATO Ja C€ Ha EKCIICPHUMCHTATHUM MOJeIuMa KO TaroBa
henuje MUKpOrIMje aKTUBHPA]y HAKOH UCXEMHU]j€ MO3Ta, U JJajbe Ce UCTPaKyje Ja JiM je yiaora
AaKTUBHPAHUX MUKPOTJHjaTHuX henuja y ucXxemMuju Mo3ra mreTHa win kopucHa (481-483).

Gal-3 ce TOKOM HcCXeMHje MO3ra eKCHpuMHUpa KoJ BehwHe aKTHBHpaHHMX hemnuja
mukporiuje (478-480). JlepekTHa akTHBamMja U CcMameme Opoja hemmja Mukporimje y
UCXEMUJCKUM Je3njaMa je notBphena kox Gal-3 nedunujeHTHUX MHIIEBa, IITO yKa3yje Ha
ynmeHuny 1a Gal-3 uma OUTHY yrory y akTHBalMju U nponudeparnuju heiarja MUKporiuje
KOje CEeKpeTyjy MpouH(IaMalrjcKke MEANjaTope Yy OJroBOPY HENOCPETHO HAKOH omrTehema
Mok aaHor Tkusa (480).

HctpaxuBamwa cy notBpawia yinory Gal-3 y crumynanuju eHAoTenHHX henmja u
HEYPONPOTreHUTOPa Yy HCXEMHjCXO-penepPy3ujcKUM olTehemumMa MOXKIAHOT TKUBA KOJ
riojapa y in vitro ycinoBuma. Takolhe je moTBpheH HEeroB 3Hauaj y peMoJiesoBamky TKUBA U
MOJICTUIIABY pacTa HEypUTa U HeyporeHesu mnocie ucxemuje (467, 484). Gal-3 nopexiom u3
aKTUBUpaHUX henuja rauMje M Makpodara y MCXEMUJCKUM Jie3ujamMa MO3ra OCTBapyje CBOj
epexaT UHAYKIHUJOM CceKpelnuje MNpouH(pIaMaljCKUX Meaujatopa TOKOM paHe ¢aze
uH}uamanuje, a 3aTUM MHIYKyje aHTHOTeHe3y, HeyporeHely M Moaylanujy ¢eHorumna
Makpodara. Ha anummannom wmojeny je yrBpheHa mnoBehana ekcrnpecuja Gal-3 xop
aktuBupaHux hemuja muxporinuje y CAl peruoHy Xumnokamiryca HaKOH IPOJIa3HE MOKIaHe
ucxemuje (479). Excripecuja Gal-3 y CA2 pernony Xurokamiryca HaKOH MpOJia3He HCXeMHUje
MOJKE€ UMaTH OUTHY YJIOTY Y clipeuaBamby HAacTaHKa cMpTU HeypoHa (485). MctpaxkuBama cy
otkpunia koekcnpecujy Gal-3 u ¢akropa pacra ciuyHor MHCYIMHY 1 (eHrn. insulin-like
growth factor-1, IGF-1) y akTuBUpaHUM MHUKpPOIJIMjaTHUM henrjama HaKOH MOX/IaHOT yaapa.
Ha curnamuzanmjy IGF-1 peuentopa (enrn. IGF-1 receptor, IGF-R1) ytuue untepakuuja
Gal-3 ca N-Be3zanuMm riaukaHuMa oBor penenrtopa. Hemocrarak Gal-3 y3pokyje aedexrt y

aktuBauuju Mukporiuje, IGF-R1 curnanusanuje u MutoreHor oarosopa henuja Mukpormuje,
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HITO 32 MOCJIEIUIly UMa MPEKOMEPHY KOMITeH3aTopHY ekcrnpecujy IL-6. CxomHo Tome, MoOxKe
nohu 710 mpekoMepHe akTuBanuje Janus kuHase, akruaropa tpanckpunuuje (JAK/STAT) u
noBehama perynamuje cynpecopa CUTHaIHM3aldje MUTOKUHA 3 (SHIJI. suppressor of cytokine
signaling 3, SOCS3). Iloehana axtuBammja SOCS3 wunxubupa edekre IGF-1 xoju
JONIPUHOCH TIPEeKMBJbaBakby henja y HEPBHOM CHCTEMY UM HETaTHUBHO] peryjianuju

nposdepanuje henuja mukpornuje nocpenosane IGF-1 (480).

1.4.2.13.4. Excnpecuja u ynoza Gal-3 ko0 mpaymamcke nospede CNS-a

Tpaymarcka noBpena CNS-a je npahena omrehemeM akcoHa, pa3zapameM MH]jCINHA,
uHpuITpajom wuMyHCKuX hemuja (makpodara), aktuBauujom henmwja MuKporiyje,
PEaKTUBHOM acTPOIJIMO30M M pereHepaiujom HeypoHa (486-488). Ilocme paHor akyTHOT
uH(paamanujckor oaropopa CNS-a y 30Hama Jie3uja cliean Mporec peMoIeiioBamka TKUBA ca
3ameHoM henuja rimje u HeypoHa. Gal-3 koju ce ocimobalha U3 MUKPOTJIHjEe Kao OATrOBOp Ha
TPayMaTcKy IOBpeJy MOKIAHOI TKUBA Jelyje Kao alapMHH KOJU PperyJjiuilie HUMYHCKU
onrosop mo3ra. Gal-3 nmoacruue undnamanujy npeko TLR4, a takohe y3pokyje nosehame
ryOuTKa HEypOHA U MMOCIEIyje HeypoaereHepanujy. YoueHa je nopehana excrpecuja Gal-3 y
MUKPOTJIMjH M YCTAaHOBJbEHA OWTHA ylora y MonayJanuju (aromuTose y aKTHBHPAHUM
henujama MuKporiuje ¥ Makpodaruma y ciiojy XUIOKaMmIlyca ca MUpamMHJIaIHUM henujama
KOjH je BeOMa OCETJbUB Ha TpayMy Mo3ra (489). ¥ uctpaxuBamy CIIPOBEIEHOM KOJI aAyITHUX
mumieBa Opoj Gal-3-mo3uTuBHUX henuja 3HaAYajHO je MOBUIIEH HAKOH IOBpEJE MO3ra, a
Behuna Gal-3 mo3utuBHUX henuja Mukpornuje y corpus callosum-y je TokasuBaia M
UMYHOPEAKTHBHOCT Ha (pakTop pacta HeypoHa (490). V ekcriepuMeHTaTHUM MOJeliuMa KOju
cy oOyxaranu u noBpeay kuuMeHe MoxxauHe Gal-3 je uMao OMTHY yJory y CeKyHIapHOM
omtehewy HEPBHOT TKHBA, jep je 3abenexeH u3pa3utu mopact ekcrnpecuje Gal-3 HakoH 7
JaHa, Koju je Tpajao a0 28. mana ox nospene (491). Gal-3 nmocpenyje y maroresesu audys3He
aKCOHAJIHE TOBpPEJE U JIeTyje HEYpPOIIPOTEKTUBHO cTuMynuiryhu ocinobahame pakropa pacta
HeypoHa M u3a3uBajyhu ¢eHotuncke mnpomeHe y makpodaruma (490). Kon mpoydaBama
akcotomuje U BanepujaHoBe nereHepaiyje je ycraHoBbeHo na Gal-3 momaxke makpodaruma
y ¢arouuTo3u JEreHepHCcaHOI MHjelIMHA HAaKOH olmTehema mnepudepHOr HEPBHOI CHCTEMa
wii CNS-a (492). Mebhyrum, exkcnepumeHTd cy mnokaszanu ja Gal-3  uHxubOupa
nposndepanyjy lIBanoBux henuja y xyarypama ucxujaaugHor Hepsa (493). IlpoyuaBame

pereHepanuje ucxujaguuHor Hepa kon Gal-3 neduIMjeHTHUX MHUIIEBAa II0Ka3ajio je
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nosehanu Opoj makpodara u IlIBanoBux henmja, yOp3aHy pereHepanujy HepaBa U OpiKu

OTIOpaBaK JIOKOMOTOPHE (DYHKIIM]je y OJTHOCY Ha MUIIIEBE TUBJBET coja (494).

1.4.2.13.5. Excnpecuja u ynoza Gal-3 k00 eupychux enuepanrumuca u npuoHcKux

Oonecmu

[Tnejorpornau epextu Gal-3 ucnospaBajy ce u KoJ eHedatuTrca u3a3BaHOT BUPYCOM.
Gal-3 ce ekcnpumupa y akTHBHUPAaHMM MMKpOIJIMjaqHuUM henujama u Makpodaruma u
NoKa3yje MapakpuHe U ayTOKpHE e(eKTe, CTHMYJUIIEC CEKpelHjy MpOonH(IaMaIijCKIX
MenujaTopa U mpoMeny (eHoruna mMakpodara y anTepHaTUBHO akTuBUpaHe M2 makpodare,
IITO je youeHo Y in vitro ycnosuma (495). UctpaxuBamuma je qoka3ana exkcrpecuja Gal-3 y
henujama MHKpOIJMje MaJoOr MO3ra HAaKOH MHOKYJaluje BHpyca eHLe(haloMHOKapIUTHCA
(496).

Gal-3 uma OuTHy ynory u y apyrum HHQekTHBHUM Oonectuma CNS-a, Kao 1To je TO
Clly4aj ca mpuoHCKuUM Oosnectuma. Gal-3 je 1eTeKToBaH y aKTUBHUPAHO] MUKPOTJIMJU U HETOBa
eKcripecuja je Ouia rmoBe3aHa ca aOHOPMAIHUM HAaKyILUbalkbeM MPHOHA, IITO j€ Y3POKOBAJIO
cMpT HeypoHa (497, 498). Excniepumentu ca Gal-3 neduiujeHTHUIM MHUIIEBUMA TIOKA3aH CY
NPOAYKEHO BpeMe IMPEKUBIbAaBaba KOJ HWHTpalepeOpaTHiuX MPUOHCKUX HWH(EKIH]ja,
notBphyjyhu ynory Gal-3 y pa3Bojy nmpuoHckux Oonectu (498). Y3umajyhu y o0G3up oBe
ynore Gal-3 y CNS-y, moceOHO ce wHcTHYE HeroBa (QyHKLIHja  MPOUH(IAMAIN]CKOT
MeaujaTopa, yiora y heinjckoj akTUBAIM]U U aIXe3UjH Y PaHOM CTaaujymy uMH(pIaManuje u
npojoHrupawy uHGuamanuje CNS-a, a werope crneuu@uyuHe yJIore YMHOTOME 3aBHCE O

TUIa “H(pIaMamyje.

1.4.2.13.6. Ynoza Gal-3 y neypooezenepamusnum 6onecmuma

Gal-3 kora cTBapa  MHUKpOIJMja  MPOMOBHIIE  (PAaromuTo3y  MaTOr€HUX
MHUKpOOpraHu3ama, TKUBHUX OCTaTaka (HIIp. JereHeprucaHor MUjeInHa KOJl OBpe/ia akCOHa U
MYJITUIUIE CKJIepo3e) U oapeheHMX HeypoToKcMuHuX ¢aktopa (P-amuions Koj
AnxajMepoBe OOJIECTH W O-CHHYKJIEMH M HeypomelnaHnwH Koj I[lapkuHCOHOBe Oosectn).
MehytuMm, mnpekoMepHO  akTHUBUpaHa JAUCOYHKIMOHATHA  MHKpPOIJHja  TMPOIYKYje
HeypoTokcuyHe mpouHpnamanujcke Mmonekyne (TNFa u NO). Oppehenu mnponyktu
HeypoaereHepauuje (B-amuinouns, o-CHHYKIEHMH, HEYpOMEJIaHUH M TIIyTaMaT) MOTYy U CaMu

MIPOY3POKOBAaTH MPEKOMEPHY aKTHBAILM]y MUKpOIJIHje. YKIamhame JereHeprucaHor MHjelnHa
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moMohy MUKPOTJIH]j€ je BAXKHO 3a TIOMPABKY Kao U 3a CMamemke omTehema akcoHa 1 MHjelTnHa
y Mynturioj ckieposu (469). Gal-3 mma OuTHY yiory y mo0OoJbliamy HH(IAMAIN]jCKIX
neMujenuHuzanyjckux mopemehaja (464, 493). UcrpaxuBama ko IlapkuHcoHoBe Oosectu
notBpauwiaa cy na Gal-3 mma BaxHy yJOTY y aKTHBAaLUjH MHKpOIJIMjE WHIYKOBaHE O-
CHHYKJIEMHOM U mporpecuju ©Oomectu. Gal-3 je y oBoj OosecTH yKIbYYEH Y
nponH(pIaMalrjCcKy aKTHBALHWjy cnenupuuHuX HH(IaMaIMjCKUX IyTeBa Mnpeko nosehaHor
ctBapama [L-1P u IL-12 (499). C npyre ctpane, Gal-3 uma 3amTuTay, aHTU-UHDIAMAIA]CKU
edekaTr kon amuoTpoduuHe yarepanHe ckiepose. [lotBpheHo je ma nmenernuja rena 3a Gal-3
y3pOKyje er3aprebainnjy akTHBalHje MHUKPOIIIHje W yOp3ame Mporpecuje 0oyiecTH KOJ
SOD1G93A mumieBa y mozeiny amuorpodudne starepanae ckiepose (500).

ITosehame HuMBOoa Gal-3 TOkKOM mporpecuje neMeHLHUje Koja je mpaheHa mojaBoM
JleBujeBNX Tenamamna W aMHOTPO(UYHE JaTepaliHe CKIEpO3e, MOXE IIOCIYXHTH Kao
euKkacaH WHAMKATOP HMYHCKOT ojroBopa mpaheHor HeypozaereHepanujom (501-503).
[Touerak pemujenuHanMje je MOACTAKHYT ekcrpecujom (Gal-3 mopexioM W3 MHUKPOTIHje,
MPEKO TUPEKTHOT yTHlaja Ha AudeEepeHInjaln]jy OMIoeHAPOIMTa WK npeko M2 henujcke
nonapuzanuje (504-505). Ilosumenu HuBom Gal-3 cy youeHM y JIMKBOpY MalMjeHaTa ca
aMUOTPO(PUIHOM JIATEPATTHOM CKIIEPO30M M HOBOpOCHUAIM HAKOH MEepUHATATHE achuKcuje
(489, 507, 508). IloBumenn auBon Gal-3 y HCIMTUBAHUM y30pLMMa CepyMa U JTMKBOPaA KOJ
nanMjeHata ca AunuxajMepoBoMm Oosemhy W aMHOTPO(GHUYHOM JIATEPATHOM  CKJIEPO30M
NOBE3aHW Cy ca akTUBAlMjoM UHQIaMalMje W amonTo30M, ald M PeAyKLHjoM
HeypoJiereHepaTuBHUX npomeHa. Crtynuja Achraf u capagHuka je IOKa3ajla IOBE3aHOCT
u3melyy auBoa Gal-3 y cepymy U JIMKBOPY U KOTHUTHUBHOT CTaTyca KOJ IMallfjeHaTa ca OBUM
6onectuma. MoryhHoct cekpeuuje u nerektoBama Gal-3 y cepymy U JIMKBOpY UMHE OB3j
MOJIEKYJ TOTEHLHUjalHUM OuoMapkepoMm 3a AulxajMepoBy OojecT, aMHOTPOPHUUHY

JaTepajHy CKJIepo3y M Jpyre HeyponaereneparusHe oonectu (509, 510)

1.4.2.14. Gal-3 u nonamame

[lojenuua ucTpakuBama ykasyjy Ha Be3y u3Mel)y aHKCHMO3HOCTH U JieJlelije TeHa 3a
Gal-3. VYtBphena je mnoBezanoct wu3mel)ly Gal-3 u oapehenux HeypoTpaHcMHUTEpa U
HeypoTpodHUX (hakTOpa KOjU MOT'Y YTHUIIATH HA HACTaHAK aHKCHMO3HOCTU. McTpaxuBamuma je
yTBpheHO TocTojame Kopenanujy usmel)y moxmanor HeypotpodHor daktopa (BDNF-a) u
Gal-3. BDNF je HeypoTpopuH KOjU JIONPHUHOCH CHHANTHYKO] IUIACTUYHOCTH U

MpeXHBJbaBathy HEYpOHA U CTUMYJHUINE mnponudepanujy u audepeHuujanujy HeypoHa.
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Hekonuko crynuja je moTBpawio aa ¢y cMamweHu HuBon BDNF-a moBe3aHu ca aHKCHO3HUM
nopemehajuma (46, 511, 512). Ocum Tora, naxubunmja curHanuzamnuje on crpane BDNF-a
y3pOKYje HacTaHak JenpecuBHUX nopeMehaja. CTynuje Koje Cy CIpoBeIeHe KO/ UCITUTAaHNKA
ca JIeTIpecHjoM IoKasaje cy na cmameHu HuBou BDNF-a y Mo3ry Mory yTuiiati Ha HacTaHaKk
atpoduje u ryoutka henmmja y xunokamiycy u mnpedponTamHoMm Koprekcy (513, 514).
Excnepumentu y in vitro ycioBuma cy mokasanud aa npucyctBo BDNF-a mosehaa
excrpecujy Gal-3 y DRG neyponuma (462).

[Ipomene y crpykrypu wmujenuHa kox Gal-3-/- mumeBa wu3asuBajy oxapehene
nopemehaje y monamamy. OBa MpeTnocTaBka je MOTBpheHa pesynratiMa OMXEBHOpPATHE
cryamje crupoBeneHe kopuinhemem Gal-3-/- m mumeBa nuBiber coja (eHra. wild-type, WT)
ctapoctu 9-13 Henespa (464). Y cryauju cy KopuiheHH TECTOBH: KPCTACTH JIABUPUHT, hole-
board, inverted screen TeCT W TECTOBE 3a MPOLEHY JIOKOMOTOpHE akTuBHOCTU. Gal-3-/-
MUILIEBU Cy IMOKa3ald Mamy AaHKCHO3HOCT Yy OAHOCYy Ha oxrosapajyhe WT wmwumese,
notBphyjyhu ynory Gal-3 Ha mnonamame. MehyTum, TECTOBM HHCY TOKa3ald 3Ha4YajHE
pa3iuKe y JIOKOMOTOPHO) aKTUBHOCTH WJIM MOTOPHYKO] KOOpAMHALM]U. Y APYroj CTYAHU]H,
Kojy cy cnpoBenu Hoyos u capanuuuu, Gal-3-/- 1 WT mumeBu crapoctu 8 Heneba cy
TPETHpPAHU KYNMPU30HOM TOKOM JIBE HEAeJbe Ja O ce MHAyKOoBaIa nemujenuHanudja (493).
PesynraTn OMXeBHOpaATHUX TECTOBA Cy MOKA3aJIM J1a MULIEBH TPETHPAHH KYIPU30HOM HMajy
HIDKE HUBOE aHKCHO3HOCTH y nopehemy ca oaroapajyhum HauBHUM mumeBuma. Ocum Tora,
camo Gal-3-/- muIIeBHM cCy TMOKa3alM CMambeHy JOKOMOTOPHY aKTUBHOCT. CMameme
JIOKOMOTOPHE aKTUBHOCTH MHJIMPEKTHO yKa3yje Ha nosehame cTeneHa aHKCHO3HOCTH. 3Hauaj
Gal-3 y HacTaHKy aHKCHO3HOCTU MOXe ce 0o0jacHUTH U ynorama koje Gal-3 uma y pa3Bojy u
(GyHKLIMOHNCAay HEYpOHAa Kao M TOBE3aHOCTH TaJieKTHMHA M (akTopa pacTa, Kao IITO Cy
VEGF (enrn. vascular endothelial growth factor), bFGF (eurn. basic fibroblast growth
factor) n 1GF-1 (480, 515). Takohe je moka3HO cMameme TOKOMOTOpHE akTuBHOCTU (Gal-3
neuIMjeHTHUX MHIIEeBAa y KaBe3uMa, LITO HMHJIWPEKTHO yKa3yje Ha nosehame cTeneHa
aHKCUO3HOCTH (96, 464, 493, 516).

JlocajammbuM HCTpaXHUBakbUMa yKazaHo je Ha moryhy ymory Gal-3 y oxapehenum
CTapOCHUM TIpymnama, oJpeheHuM TecToBHMMa IOHallamba U TOKOM OopaBaka y kaBe3y. C
0o03UpoM Ja je uCTpaXuBamkuMa MOTBp)eH 3Hayaj] OBOI MOJIEKYyJla Yy pas3Bojy U
¢yuknuonucarwy CNS-a, Ouna cy mnorpeOHa uUCTpaxkuBama Koja Ou  KopuilhemeMm
CTaHJApAM30BAHUX TECTOBA IIOHAIlaka M OJpeheHUX XMUIIOKaMMAIHUX IapaMmerpa
AQHKCHMO3HOCTH M JIelpecHje Mpelu3HHje HUCIHMTaNa YJIory KOjy OBaj MOJIEKYl uMma y

MOHAIIAY.
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2.
IHU/bEBU U XUIIOTE3E
NCTPAKUBAIBA
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2.1. [In/beBU MCTPAKUBAIHA

Ha OCHOBY IMPETXOAHO H3HCTHUX IIOJaTaka, pe3yjirara AoCaJallilbuX ©W HaAIOHUX

NpeIMMUHAPHUX HCTPAKUBaba, OCTABJLEHHU CY ciieehn MIbeBU OBOT UCTPAXKHUBAHA!

1. UcnutuBame yrtunaja nenenuje reHa 3a Gal-3 Ha pesynrare OMXEBHOPATHHUX
tectoBa WT u Gal-3-/- mumesa coja C57BL/6, mymkor mona, crapoctu 20 Hemespa, y

0a3aJHUM yCIIOBUMA.

2. V1BphuBame edekra HeypouH(iamanuje u nenenuje resa 3a Gal-3 Ha pesynrare
ouxeBuopanaux tecroBa WT u Gal-3-/- mumesa coja C57BL/6, mymikor noia, crapoctu 20

Hezesba, 24h HakoH arumkanuje LPS-a.

3. OnpehuBame NOBE3HOCTH OMXEBUOPATHUX MPOMEHA Ca PEJICBAHTHUM ITapaMeTpuMa

HeypouH]IIaMaIyje 1 XunokaMnaiHuM (akTopuMa KOju YYeCTBY]y Y peryialuju MoHallama.
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2.2. Xumnore3e HCTPAKMBAHA

OCHOBHE XUIIOTE3€ HalleT UCTPAXKUBAKbA CY:

1. Jleneunja rena 3a Gal-3 y 6a3zagHuM yclioBUMa yTHYe€ HAa HAacTaHAaK MPOMEHA y

[NoHalIamy.

2. Jleneuuja rena 3a Gal-3 aTeHynpa HeypouH(pIamManujy U MOCIEIUYHE POMEHE Y

MNOoHalllaAY.

3. buxeBuopaiiHe MpoMeHe Cy IoBe3aHe ca IpoMeHaMa ekciipecuje reHa 3a GABA-A
peuentopcke cyb6jenunune, BDNF u TLR4, kao u ekcmpecuje M KOHIEHTpaluje

npounHpramanujckux nutokuHa (TNF-a u IL-6) y xunokamirycy.
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3.
MATEPHUJAJI U METOIE
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3.1. YcjoBH nojx KojumMa Cy KHUBOTHH>€ OJArajaHe W 4YyBaHe TOKOM

CKCIICPUMEHTAJHUX IIPOTOKOJIA

HcTpaxxuBame je OCMUILIBEHO Kao eKCIIEpUMEHTAIHA CTyI1ja Ha KUBOTUbAMA N VIVO
U Ha y30pKOBAaHOM Matepujaily in vitro. Y OBOM UCTpakuBamy cy kopuiithenn WT muiiesu
nuBsber coja C57BL/6 u muieBu ca nuibanoM aenernyjom rena 3a Gal-3 (Gal-3-/-, LGALS3-
/-) coja C57BL/6, mymikor moia, crapoctu 20 Heaesba, MpUOIIKHO UcTe TenecHe mace. Gal-
3-/- mumeBu cy nobujeHu 3axBasbyjyhu mpod. np Hsu (Daniel K Hsu, Department of
Dermatology, University of California, Davis, School of Medicine, Sacramento, CA, USA).
WT u Gal-3-/- MumeBu Koju ¢y ce KOPUCTHIIN y €KCIIEPUMEHTY OATajaHH Cy y CTaHIapAHUM
yCcIOBMMa, Yy BHBapujyMy LleHTpa 3a MOJIEKYJICKY MEIUIMHY M HCTPAKMBAKE MATUYHUX
henuja, dakynrera MeAMUMHCKUX Hayka, YHuBep3utera y KparyjeBny. Excnepumentine
KUBOTUHHE Cy UyBaHE y CTAHJAapJHUM TPAHCIIAPEHTHUM KaBe3uMa O/l IJIEKCHUIJIaca, IPH YemMy
je Omno MakcuMaHO 4 XMBOTHIE Yy KaBedy. JKWBOTHIbE Cy MMaie HEOrpaHHYEH MPHUCTYII
xpanu u Boau (ad libitum). Y BUBapujyMy Cy O/p>KaBaHU KOHCTaHTHH yCJIOBH, TEMIIepaTypa
je m3Hocuna 23+1 °C, BiaakHOCT Ba3znyxa je oumna 55+5%, a uukiyc cBerjocT/TaMa je Ouo
nojemed Ha 12 catu (cBerna ¢aza je mouumana y 8:00). CBETIOCHHM HUHTEH3UTET Y
BUBapujymy je 6mo 120 mykca. TperMaH u eKCIIEpUMEHTH Cy CIIPOBOhEHH 3a BpeMe Tpajama
cBetiie (paze, y ycinoBuma 0e3 3ByUYHUX, MEXaHUUYKUX W CBETJIIOCHUX CEH3aluja Koje Ou Morie
HEMOBOJbHO YTHIITH HA PE3yJITaTe TECTOBA MOHAIAKba KUBOTHHHA.

Crynuja je cmpoBeaeHa mnpeMa npuHuunuma JloGpe mnaGopatopujcke Ipakce,
onrosapajyhe nupextuBe EBpomcke VYuuje (2010/63/EU) u ARRIVE cmepnunama, ys3
carinacHocT HajuiexHor Etuuxor onbopa. CrpoBeseHO ucTpaxkuBamwe je ogoopuna Ertnuxa
KOMICH]ja 32 eKCIIEpUMEHTAIHE )KUBOTHIbE, DakynTeTa MEIUIIMHCKUX HayKa, YHUBEP3UTETA

y Kparyjesny, 6poj 01-6573/1 ox 24. 05. 2017. roaune.
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3.2. MetonoJioruja 3a nooujamwe LGALS3-/- MummeBa

Merona  xomozore  pekomOuHamuje — omoryhaBa — mobujame  knock-out
EKCIEPUMEHTATHUX KMBOTHIbA CA JEJHUM WM BUIIE HE()YHKIIMOHAIHUX IeHa. XOMOJOTOM
pPEeKOMOMHAIIM]OM 3aMEemY]y Ce CeKBEHIIe TeHa u3Mel)y Ba CIMYHa WM UCTOBETHA MOJIEKYJa
DNA (517). Ha oBaj HaunH o0aBJjba ce 3aMeHa U MOTIyHA eIMMHUHANN]a (PYHKIIMOHAIOT T'eHa
HekoupajyhuM renom. OBaj MOCTYIIAaK c€ KOPUCTHO 3a T00M]jalke MUIIIEBA ca JIEICIIHjOM T'eHa
3a Gal-3.

3a pobOujame eKCIepUMEHTATHUX JKUBOTHIbA Ca JIeJIelUjoM oJpeheHux reHa
HEOIXOJIHO je Ja ce 00aBu onabup henuja y KojuMa ce oAurpaia Xxomosaora pekoMOuHaIuja.
OparmenT DNA ca MyTHpaHUM WM HCKJbYYEHUM T€HOM CE€ MHKOPIOPHpPA y BEKTOP KOjH
noceyje TeHe KojuMa ce KOHTpOJHIIe pekoMOuHanuja. OBH J0aTHU T€HU Ha BEKTOPY CY
TeHH KOju oMoryhaBajy 1mocTojame pe3ucTeHIrje Ha HeOMUIIUH (Neo TeH) U I'eH 32 TUMUJINH
kuHazy (TK ren) (517, 518). 3a Bpeme xomorore pekoMmOuHaIuje Neo reH ce yBek yrpahyje y
DNA xpomo3zoma, 1ok ce TK ren ryou. Bekrop ce cmemra y henujcky KyaTypy y 4ujeM ce
MearjyMy Hajaze HeoMulnH U TaHiukioBup win FIAU (enrn. 1-(29-deoxy29-fluoro-1-B-D-
arabinofuranosyl-)-5-iodo-uracil) xoju ce IO JeCjTBOM TUMUIWH KHUHa3e TpaHCHOPMHUIIE Y
JIeTaTHU MPOJYKT. Nenuje y 4uju ce TeHOM CIIy4ajHO MHKOPIOpHpa BEKTOp OTIIOPHE Cy Ha
HEOMMIIMH, alli He W Ha mpucyctBo ranmnukioBupa win FIAU. Hacynpot oBome, henuje y
KOojuMa je 00aBJheHa XOMOJIOTa PeKOMOMHAIM]a PE3UCTEHTHE Cy Ha CBE TPH CYIICTAHIIE, jep ce
TK ren Huje yrpaauo y \suxoB reHoM. Ha oBaj HauMH ce cenekTyjy camo mnpexuBese hemnmje
ca xoMoJioruM pekomOuHanujama (517, 518).

Kako Ou ce noOunm mumesu ca jnenenujoM resa 3a Gal-3 y nmaboparopuju npod. np
Hsu-a (Univercity of California) n3Benena je nenernuja rera 3a Gal-3 xox emOpuoHaIHUX
MaTuuHuX henyja (519). Bektop je HampaBsbeH Tako jAa rnocenyje ¢pparMeHT kjoHupase DNA
3a Gal-3. Hajnpe je 0o06aB/beH IpeKHI CEKBEHIIE IeHa Koja KOAMpa JOMEH 3a MpEerno3HaBambe
yribeHuX Xxuaparta. CerMeHT MHTPOH-4-€r30H-5 CYNCTUTYHCaH je TeHOM 3a PEe3UCTEHIM]y Ha
HeomuinH. CerMeHT o] er3oHa-4 10 er3onHa-5 je cmemteH y Poly(A) Bextop (Stratagene, La
Jolla, CA, USA) HemocpeaHo 10 MpoMoTepa 3a TUMHAWH KHHA3y-Neo KaceTe. 3aTUM je €0
OJl €r3oHa-5 10 er3oHa-6 MHKOPIOpHUCAH HHUCXOAHO o]l Neo Kacere, J0K je Neo TeHOM
U3BpILIEH TPEKu] CEerMeHTa Ha CHojy MHTpoHa-4 u ersona-5 (519). Kaga je y maruune
emOpuonanne henuje mumena (B3) unkopnopupan musbHM BekTop, y3 nomoh PCR-a u

Southern blot-a je moTBpheHa xomosiora pekombuHamja y henmjama ca xojuma je o0aBJbeH

59



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

TpaHcdep U Koje cy Owujie OTHOpPHE HAa aMUHOTJIMKO3HMJ M TeHeTHUWH. DaBOpU30BaHU CYy
KJIOHOBH Ca XOMOJIOTOM pekoMOuHarmjoM, a henmuje cy ybauene y Omacromucre C57BL/6
MHUIIIeBa. 3aTUM je 00aBJbeHa UMIUIAHTAIMja OBUX OJIAaCTOLMCTH Yy cyporar xeHke coja CD1.

OBUM IOCTYIKOM Cy HAacTald XHMEpPHYHH MyxKjaru. OBU MyXXjalll Cy YKpIITaHU ca
xeHkama coja C57BL/6. Ha oBaj HauuH cy mooujeru xerepo3urotan LGALS3-/+ motommm.
VYKpiiTambeM OBHX MHUIIEBA Y CPOJICTBY, mocie 9 reHepanuja JOOHjeHH Cy XOMO3UTOTHHU
MHUIIEBH KOJI KOjUX HHUJe IocTojana excripecuja reHa 3a Gal-3 (519).

HcnutnBameM pa3IMuMTUX TKHBA MHIIEBA JOOHJEHHX HAa OBaj HA4YWH, MOTBPhHEHO je
na kox LGALS3-/- mumieBa He mocToju ekcrnpecrja Gal-3 u HUCY youeHe pa3iiuKe y TEIEeCHO]
MacH ¥ rpahyu TKHBa W OopraHa m3Mel)y OBHX MHIIEBa M MHIIEBA IUBJbET coja. Takohe, kox
LGALS3-/- MumieBa Huje JeTeKTOBaHA pasznuka y Opojy henmja y mepudepHO] KpBU U

6uoxemujckoM mpoduiy y ognocy Ha LGALS3+/+ mumese (519).

60



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

3.3. ExkcnepumMeHTAa/iHe Tpyne U TpeTMaH

EKC]’[epI/IMeHTa.TIHe rpyue

VY ucrpaxuBamwy je ydectBoBasio ykynHo 32 muma (16 WT u 16 Gal-3-/-) coja
C57BL/6, mymikor nona, crapoctu 20 Heaesba. Kox 0BUX MuUIIeBa CIIPOBOIUIIN CY CE€ TECTOBH
noHamama y 0a3alHUM yCIIOBUMA M y aKyTHO] MH(pIamanuju 24 4aca HaKOH aIlIUKaIlHje
LPS-a. IToToMm cy ce )KUBOTHILE )KPTBOBAJIC paJH H3/Bajarha TKHBA XUITOKAMITyCa.

XKuBotume Cy ce METOAOM CIIy4ajHOT y30pKa O/Bajajie y KaBe3e IO rpyrnamMa, Tako Ja
cy Oune dopmupane 4 rpyne >KUBOTHMHA (10 8 MmwuIleBa), Mymkor mona (crapoctu 20
HeJesba):

1. WT C57BL/6 — jeqHOKpATHO C€ aruiiKoBao (PU3HOJIONIKU PACTBOP Y OATOBapajyhoj
3arpeMuHUY;

2. Gal-3-/- C57BL/6 — jemHOKpaTHO ce aruIMKOBAaO (U3UOJIOMIKK pPAacTBOP ¥y
onarosapajyhoj 3anpeMunu;

3. WT C57BL/6 — jemnokparHo ce amumkoBao LPS y oxaromapajyhoj 3ampemunu
(akyTHa MH}IaManKja);

4. Gal-3-/- C57BL/6 — jenHokpaTHO ce amukoBao LPS y onrosapajyhoj 3anpemunu

(axyTHa nH(}IaManuja).

Tperman

[Ipema momammma u3 nuTepaType CUCTeMcKa WH(pIamaluja U HeypouHQamalyja
MOTY C€ WHIYKOBaTH HWHTpanmepuToHeamsHoM mipumeHom LPS-a. VYV mperxognum
UCTpaXUBakUMa y OBE CBpXE IPUMEHUBAHE Cy paznuuute fo3e LPS-a jeqHokpatHO unm je
OH alJIMKOBaH BHWIIE MyTa y oJpeleHuM BpeMEHCKHM pa3MaiuMa. Y OBOM HCTPaKUBABY
HeypouH]amaiyja je nHayKoBana npuMmenom LPS-a (E. coli 055:B5; L2880, Sigma-Aldrich)
WHTpanepuToHeanHo, y jennoj mo3u ox 5 mg/kg (0.5 ml), mox ce y ocramum rpymnama
aTUTMKOBAJIa MCTa KOJIMYMHA (PU3HUOJIONIKOT PAacTBOpa MHTPANIEPUTOHEATHO (32 UCTIUTHBAKbA Y
O6azanmaum ycnmosuma) (520). Ha oBaj HaumH u30erHyTe Cy MOTCHIHMjallHE pa3liuKe Yy
pe3ynTaTUMa  eKCIIepUMEHTa KOjeé MOTy HacTaTH Yyclel  CTpecoreHor edekra

MHTpanepuToHeanHe aaMuHucTpamuje LPS-a.
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3.4. buxeBnopajiHa TeCTHUPamba

buxeBuopanHa TecTupama cy ce CrpoBouia 24 caTa HaKOH TpeTMaHa. TecTupama cy
ce obaBspasia y 8 caTu yjyTpy, AOK je XpaHa yKjamaHa yBede, 12 caTu mpe ImoYeTKa TeCTOBa
noHamrama. OBaj MOCTYNaK ce NPUMEHHBAO Y CKIIATy Ca CTaHIApIHHUM TpOIeIypMa Koje ce
CIpOBOJIE Kako OWM Cce€ OJpXKao MOTHBAllMOHM CTAaTyC J>KUBOTHIA 3a CHpoBoheme
OuxeBHOpamHUX TecToBa (521). YV muiby akiuMaTu3alije Ha HOBE YCIOBE, JXKUBOTUELE CY JIBA
caTa mpe MOYeTKa TeCTHpama, MPEMEIITaHe W3 BHBApUjyMa y IMPOCTOPHU]Y Y KOjOj Cy ce

HN3BOAUIIN 6I/IXGBI/IOpaJIHI/I TCCTOBU.

3.4.1. TecT 0TBOpPEHOT NOJba

Tect oTBOpeHOr MoJba je jenan o Hajuenrhe KopuITheHUX TECTOBA 3a MPOIICHY OIIITE
MOTOpPUYKE M EKCIUIOPATUBHE AKTMBHOCTM HAa aHMMAalIHUM Mojenuma. OBaj TecT Takohe
CIIY’)XH 32 KBaHTH(HKAIM]y MOHAIamka CIUYHOT aHKCHO3HOCTH Koj rioaapa (94, 96, 522).
Amaparypa Tecta OTBOPEHOT T0Jba C€ cacTojaiia ox cuBor kBazaparta (40 x 40 x 15 cm).
ApeHa oBoOrI TecTa je Ouiia BUPTYEIHO 0JIeJbeHA Ha JIBE 30HE, LIEHTPAIHY U IepudepHy 30HYy
(cnuka 3.1.). Ha moueTky TecTa cBaka eKCIIEpUMEHTAJIHA )KUBOTHA j€ ITOCTAaBJbEHA Y LIEHTAp
apere. OOpazail KpeTama XKHBOTHIE y apeHu je omoryhaBao noOujame uHpopmaiuje o
CTalkby CIMYHOM aHKCHO3HOCTH. OBaj TecT je CHpOBEAEH Yy YCIOBMMa ojAronapajyher
OCBETJbCHa M THIIMHE. HakoH mocTaBibamba €KCIEPUMEHTAIHE KUBOTUHE y LIEHTap apeHe,
eKCIEepUMEHTATOp je HaIylITao MPOCTOPHjY Y KOjOj CE€ CIPOBOJIMIO TECTUPamE. AKTHUBHOCT
MHUIIIEBa CHUMaHa je y Tpajamy 01 5 MUHYyTa nomohy Buae0 Kamepe Koja ce Hana3uia Ha 150
Cm W3HAJ apeHe, a 3aTUM CYy BHJEO 3allMCH aHAIM3UpaHW KopuinhemeM ojarorapajyher
corBepa. [1o 3aBpiIeTKY CBaKOI CHUMama apeHa je uuitheHa BogoM u ae3uHdukoana 70%
eTHJI-AJIKOXOJIOM Kako OM ce YKJIOHWIM TparoBU MHpHCA TECTUPAHUX EKCIIEPUMEHTATHUX
KUBOTHHHA, KOJU OM MOTJIM J]a yTUYY Ha TIOHAIAKkE )KUBOTHEGA MPH HAPETHOM TECTHUPAMDY.

Haxkon Tectupama cy ekcriepruMeHTalHe KUBOTHIE BpahaHe y CBOje KaBese.

[Ipahenu cy cneaehu nmapameTpu Tecta OTBOPEHOT M0JbA:

— YKYIHU TpeheHH MyT — U3pakeH y cm;

— YKYITHO BpeMe KpeTama — U3PaKEHO Y S;
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— YKYITHO BpeMe MPOBEICHO Y LIEHTPAITHO] 30HU — U3PAKEHO Y S;
— Opoj ymazaka y [eHTpaIHy 30HY;

— Opoj ycnpaBibama KUBOTHHHE HA 33/IHH-€ IIIalle.

Cauka 3.1. Tect oTBOpeHOr moJba. A — MaBUpUHT; b — BUpTyenHa mozena JTaBUpUHTA Ha 30HE; B —
MyTama KOjOM Ce XMBOTHHA KpeTaia 3a BpeMe TecTa J1o0KjeHa o0panoM cHEUMKa nomohy nporpama EthoVision
XT12, Noldus Information Technology, the Netherlands.

[Tocmatpamem moHalIama KUBOTHIHA Y apEHU MOXKEMO OJIPEIUTH HUXOB aHKCHO3HU
craryc. bpoj ynazaka y IeHTpajgHy 30HY U YKYIIHO BpeME IPOBEAEHO y LIEHTPAIHO] 30HU
MPENICTaBIbajy JUPEKTHE WHAMKATOPE aHKCUO3HOCTH (523). Mamu CTeNeH aHKCHO3HOCTH
UMajy KUBOTHIGE KOje ce clI0001HO Kpehy y CBUM 30HaMa apeHe, a MOCeOHO je BaXKHO Ja
XKHUBOTUH-E CI000/IHO yla3e M Jla c€ U3BECHO BpeMe 3aJpXaBajy Yy LIEHTPaJIHO) 30HH, LITO ce
KapakTepuie moBehameM BpeIHOCTH IapaMeTapa YKYMHOI BpeMEHa IPOBEJCHOT Yy
[IEHTPATHO] 30HU U Opoja yiia3aka y IMEeHTpaaHy 30HY. HacynpoT ToMe, YKOJIUKO KHUBOTHELE
BpeMe TPETEeKHO MPOBeAy y nepu(epHOj 30HH, MOXKE CE 3aKJbYYHTH J1a TaKBE JKUBOTHHE
uMajy mnoBehaH cTeneH aHKCHMO3HOCTU. WHIMPEKTHH WHAMKATOPU AHKCHO3HOCTH CY
napamMeTpH JIOKOMOTOPHE aKTUBHOCTH (YKYIHHU IpeheHu MyT U yKYITHO BpeMe KpeTama) (96).
CMameme BpeTHOCTH OBUX Iapamerapa KapaKTepUCTHYHO j€ 3a HUXKHM HUBO JIOKOMOTOPHE
AKTUBHOCTH JKUBOTHIbE, IITO MHANPEKTHO yKa3yje Ha moBehame creneHa ankcno3HocTH. bpoj
yCIpaBJbamkba MPEJCTaB/ha Ba)KaH MapaMeTap eKCIUIOpaTUBHE aKTUBHOCTH, a Oyayhu na je
eKCIUIOpaTUBHA AaKTHUBHOCT y HETaTHBHO] KOpPEJallMju ca CTPaxoM OJ HEMo3HaTor, Tj.
aHKCHO3HOINy, OBaj mapamerap Takolje NpeAcTaB/ba WHAMPEKTHH HHIUKATOP CTeleHa
ankcuo3Hoctn (524, 525). CMameme eKCIUIOpaTHBHE aKTUBHOCTH (Opoja ychpaBibara)

yKa3yje Ha nmoBehame cTerneHa aHKCHO3HOCTH.
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3.4.2. TecT y3QUrHYTOI KPCTACTOT JIABHPHHTA

Tect y3MUrHYTOT KPCTaCcTOT JJABUPUHTA CITYXKH 32 CEJICKTHBHH]E UCITUTUBALE CTEIICHA
AHKCHO3HOCTH U jeJlaH je OJ TEeCTOBa KOjU C€ Hajuemhe KOPUCTH 3a Ty CBpPXY. AmapaTrypa
OBOT TECTa, 32 MUIIIEBE Ka0 EKCIIEPUMEHTAITHE KUBOTHHHE, CacTojasia ce of aBa orBopeHa (33
x 10 cm) u nBa 3aTBOpeHa kpaka (33 x 10 X 15 cm) koju cy ce Mel)ycoOHO Hanma3zmwiIu Moz
IIpaBUM YTJIOM, a JJABUPUHT je 6uo moaurHyT 80 cm ox moxaa (cnuka 3.2.). CBaka >XKMBOTHbA
je Ha TOYETKY TeCTHparma IOCTaB/beHA Yy IEHTAp JaBHPUHTA, Ca TJIABOM IPEMa OTBOPEHHUM
KpanuMa. ExcriepuMeHTaIHUM >KMBOTHI-AMa je OMIIO J03BOJEHO J1a 5 MHHYTa CI00OIHO
UCTpaxyjy naBupuHT. OBaj TecT oMoryhaBa NIpoIeHy MOHAIIama XUBOTHHA 3aXBajbyjyhn
nocrojarby MoryhHoctu OopaBka y CHUTYpHUM JeJioBa JaBUpUHTA (2 3aTBOpeHA Kpaka) U
aBEP3MBHUM JICJIOBUMa JIaBUPHHTA (2 OTBOpeHa Kpaka). HakoH mocraBibamba JKUBOTHUELE Y
[EHTap apeHe, EeKCIEPUMEHTATOp je HaIyITao NPOCTOPUjy Y KOjOj C€ CIIPOBOAHO
eKCIepuMeHT. EKCleprMeHTallHe JKMBOTHIGE CYy TECTUpaHe Yy YCJIOBHMa ojarosapajyhe
OCBETJbCHOCTH W OJICYCTBa 3BYYHHX CTUMYJyca. [loHamame XHBOTHEC je 3a0€Ie:KEHO
JUTUTATHOM BHJIEO KaMEepOM KoOja ce Haja3wia H3HaJ JaBUpUHTA. HakoH 3aBpIueHOr
TECTHpama, CKCIEPUMEHTAIHE JKHBOTHIE Cy CMeEIITaHe Yy cBoje KaBese. Ilocie cBakor
3aBpIICHOT TECTUPAba JIABUPHHT je unitheH ynoTpedom Boae u 70% eTuin-ankoxoia Kako Ou
ce YKJIOHMJIM MHUPHUCH KOjU Cy MOIJIM YTHIIATH Ha IOHAIlamke >KUBOTHHA MPU HAPETHOM

TECTHUpaY.

[Ipahenu cy cnenehu nmapamerpu Tecta y3AUTHYTOT KPCTACTOT JIABUPUHTA!

— YKYITHO BpeMe MPOBEJICHO Y OTBOPEHUM KpallMa — U3PaKEHO Y S;

— Opoj yna3aka y OTBOpEHE Kpake;

— YKYIIHU TpeheHn MyT — U3pakeH y cm;

— YKYITHO BpeMe KpeTamba — U3PAXKEHO Y S;

— Opoj ycnpaBJbama Ha 3aJhe 11are;

— Opoj Harumama — Opoj caBUjarba IJlaBe MCIo/l HUBOA OTBOPEHUX KPaKOBa JIABUPHHTA,;

— Opoj emu3ofa yKyIHE eKCIUIOpaTUBHE aKTUBHOCTH — 30up Opoja ycmpaBibama (KOjU ce
yriaaBHOM O€JIeKH Y 3aTBOPEHHUM KpalliMa) U Opoja Harumama (KOju ce MOKe 3ala3uTH camo

y OTBOPEHUM Kpanuma) (526);
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OTEOpeHn Epaum -

>docieg

OTBOpEeHM Kpauu
— »

Ciuka 3.2. TecT y3QUrHyTOr KPCTACTOr JAaBUPHHTA. A — IaBUPUHT; b — BUpTyenHa mojena JaBUpuHTa; B —
MyTama KpeTama XUBOTUILE 32 BpeMe Tpajama TecTa Jo0ujeHa o0pasoM cHUMKa nomohy nporpama EthoVision
XT12, Noldus Information Technology, the Netherlands.

bpoj ymazaka W yKymHO BpeMe IMPOBEACHO Yy OTBOPEHUM KpalMMma cMaTpajy ce
JUPEKTHUM HMHIUKAaTOpUMa aHKcho3Hoctu (527, 528). JKuBoTmme ca BehuM cTerneHoM
AQHKCHO3HOCTHU Jy)Xe OOpaBe y 3aTBOPEHHM KpallMa, IITO je MpaheHO CMamemeM YKYITHOT
BpEMEHa IPOBEICHOT Y OTBOPEHHUM KpaluMa 1 Opoja ynasaka y orBopeHe kpake. [ToBehame
CTeleHa aHKCHO3HOCTH je Takole mpaheHo cMamemeM eKCIUIOpaTUBHE aKTHMBHOCTH, IITO CE
JIETCKTYyje TPEKO PeAyKIHje BPEIHOCTH ciieqehux mapamerapa: Opoja ycmpaBibama, Opoja
Harvumama W Opoja emnu3ona YKyIHE eKCIUIOPaTHBHE AaKTUBHOCTH, KOjU Cy YjeAHO U
MHIMPEKTHNA TIOKa3aTeJbl CTENeHa aHKCHO3HOCTH. Ha moBehame cTemeHa aHKCHO3HOCTH
WH/IMPEKTHO YKa3yje U CMambekhe JJOKOMOTOPHE aKTUBHOCTH, KOj€ Ce MaHU(ECTYyje CMambEeHheM

BPEIHOCTH IapaMeTapa yKYITHOT Mpel)eHOr myTa 1 yKYITHOT BpeMeHa KpeTama.
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3.4.3. Tect kauema 3a pen

TecT kadewa 3a penm ce KOPUCTU 3a yTBphuBame crerneHa aenpecuBHOCTH (529)
Armapar TecTa Kadema 3a per YMHUO je MeTalHu OKBHp (60x60 cm) u aeo 3a pukcupame
KUBOTHIbC (aIXE3WBHA Tpaka) KOjU ce Hamazuo y meHtpy. [a Ou ce u3beryio memame
JKUBOTHIGE Y3 eI, TIOCTAaBJbEHA j€ IUIACTHYHA KpYyKHA Oapujepa (Auck mpeyHuka 25 cm) Ha 1
cm O] MecTa Kauema perna, Koja je y IEeHTPaIHOM Jelly uMaia pymny npeynuka 1.5 cm kpo3
KOjy ce mpoBiauno pemn (cimuka 3.3.). 3a BpeMe oOaBsbama OBOI TeCTa EKCIIEpUMEHTaIHa
JKUBOTHbA € BHCHJIA OKaueHa O pen MoMohy aaxe3uBHE Tpake. Tect je Tpajao 6 MHHYTa, a
MOHAIIAKE JKUBOTHUIHGE j€ CHUMAHO JTUTUTAIHOM BHIECO KaMepOM. Y OCHOBH TECTa CE€ HaJla3d
YHIbCHUIIA 2 he )KUBOTHIbA KOja je JIoBeAeHa y Oe3usnaszHy cuTyauujy (Guxkcupana a BUCH
OKaveHa 3a PeIl ca rJIaBOM OKPEHYTOM Ha J10Jie), MOKYIIATH J1a ¢ OCI000U U3 HEPUPOIHOT
MOJI0XkKaja, and W Ja he HaKOH M3BECHOT BPEMEHA YIAaCTH y CTamke pe3urHanuje, npaheHo
nojaBoM umooOmiHoCTH. [log nMoOmHOIIMY ce moapa3zyMeBaio cTame y KOjeM je KHUBOTHEbA
HajMamke 5 CeKyHIu 0e3 yOowbHBUX BOJbHUX IMOKpeTa (00uM mokpera <l cm) Tena uiu
onpehenux nemnoBa Tena, T.. IMaBe WM ekcTpemutera. [log wumobunmHomhy ce
MOJPa3yMeBaI0 W HEBOJHHO JbYJbalbe JKMBOTHIbA. 3a BpeMe H3Bohema OBOTI TecTa,
EKCIIEpUMEHTAIHE XHBOTHEE Cy HMMale MEpUoJieé MOTOPHE AaKTHBHOCTH M HMMOOMIHOCTH.
Tectupame je 00aB/bEHO y ycJIOBHMa OJAroBapajyhe OCBETJbEHOCTHM M OJICYCTBA 3BYYHHX
ctumyinyca. [lo 3aBpuieTky cBakor tecra, amapar je uyuinheH nomohy Boae u 70% eruin-
QIKOXO0JIa, KaKo OM ce YKJIOHWJIM MHUPHCH KOjU Cy MOTJHM Jla YTHUYy Ha moHamame. [locie

3aBPIICHOT €KCIIEPUMEHTA KUBOTUIHE CY MPEMEIIITaHe HAaTpar y CBOje KaBese.

IIpahenu cy cneaehu nmapaMmerpu TecTa Kauemwa 3a pen:

— BpeMe JI0 M0jaBe NMpBe UMOOUITHOCTH — U3PAKEHO Y S;

— O0poj enu30/1a UMOOUITHOCTH — YKYIaH Opoj mepuoja OJICYCTBAa aKTUBHOT CYIPOCTaBJhambha
M0JI0%a]y KOJH je HeTIpHjaTaH;

— YKYIIHO BpeMe UMOOMIIHOCTH — YKYITHO BpeMe IMaCUBHUX peaKiifja *KUBOTHUH-€ Ha rmoctojehe
OKOJIHOCTH, U3PAXKEHO Y S;

— IPOCEYHO TPajame enu30/1€ UMOOUITHOCTH )KUBOTHEHE — U3PAXKEHO Y S.

OBu mapameTpu IpeicTaB/bajy MHIUKaTOpe aenpecuBHocTH. Ckpaheme BpemeHa 10

nojaBe MpBe MMOOMITHOCTU M NoBehamwe BpegHocTH Opoja enu3o/la UMOOMIHOCTH, YKYITHOT
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BpEMCHA HMOOMIIHOCTH U poCCHHOr Tpajafba CIIN304€ MMOOUITHOCTH JKUBOTHEE yKasny Ha
noBehan crenen ACTIPECCUBHOCTH.

Cauka 3.3. Tect kauema 3a pen.

3.4.4. CHuMame ¥ aHAJIN3a BUIE0 3aIica

N3Boheme OMXeBHOpPATHUX TECTOBA je 3a0eNIe)KEHO JUTUTATHOM BHICO KamMepoM. 3a

aHANM3y BHUJEO 3amuca KOpUCTHO ce oaroBapajyhu mporpam (EthoVision XTI12, Noldus
Information Technology, the Netherlands). OBaj mporpam je oMoryhuo no6ujame HyMepUIKUX

rapameTapa, HeOIXOIHUX 32 KBaHTH(HKAIH]y OMXeBHOpATHUX MaHH(ecTalyja.
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3.5. ZKpTBOBame ;KUBOTHIbA M MPUKYILUbAK€ Y30PaKa 3a aHAJIN3e

HakoH 00aB/beHUX TECTOBA MOHAIIAMA, KUBOTHESE Cy JKPTBOBaHE Kako O ce y3enu
y30pLHM TKUBAa XHIOKamIlyca 3a MmotpeOHe aHamuse. JKMBOTHEGE Cy KPTBOBaHE y aTMmocdepu
sacuhenoj muerunerpom (BETAHEM, Beorpan, Cp6uja). JKUBOTHEbE CY JeKalTUTOBaHE Kako Ou
ce M3/IBOJUO MO3aK, a 3aTUM HM30JI0Bao Xurokamiyc. HakoH u3aBajama TKUBa XUIIOKaMITyca,
y30pIHM Cy CKIAIUINTCHH Ha oaroBapajyhm HauumH ((HOpMaMH 32 MMYHOXHCTOXEMH]CKE

aHaJIn3c, I[y6OKO 3aMp3aBamkC 3a OCTAJIC BPCTEC aHaJm3a).
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3.6. XucTo101IKa aHAJIN3a TKUBA XHIIOKaMITyca

Hceury TKMBa XUIIOKaMITyca KOjH Cy C€ KOPUCTHIIU 332 XUCTOJIOIIKY aHAJU3y Cy OMIIn
¢dukcupanu (HopMaIMHOM M YKaTyIJbeHH THapapuHoM (eHri. formalin-fixed and paraffin-
embedded, FFPE). Hakxon noOujama mnapaduMHCKHX Kaiyra, I[IOMONYy MHKpPOTOMa CYy
HaNpaB/beHH KOPOHAPHU MPECEI MOXKIAHOT TKHBa AeOsbuHe ~5 um. [lapaduHcku ucednu cy
00jeHM XEMaTOKCUIIMHOM U €03WHOM KakKo OW ce MpOoIeHOM MHQPUITpalnje WH]IaMaImjCcKux

henuja y Xunmokammycy JeTEeKTOBaJIa aKyTHA HeypouHQIaMaIuja.

3.6.1. U3pana npenapara

Hakon paekxanuranmje u Op3e eKCTpakiyje U3 jJodame, MO3aK MUIIECBA j¢ TPETHUPaH
npema cneaehoj mnpomnemypu: ¢ukcanuja 'y 10% dopmangexuny (Heyrpanau pH),
JexujapaTanyja U Kanyibeme. TkuBo je ¢ukcupano y 10% pactBopy dopmanmexuma Ha
co0OHOj TeMIiepaTypHu, MpH YeMy je FHheroBa 3alpeMuHa Owia jecer myra Beha of 3ampeMuHe
TkuBa. HakoH Tora je oOaBJbeHa IexujapaTanuja, HCIHUpamke W WMIpPErHalfja TKUBa
ynoTpeOoM TKUBHOT Ipoliecopa. TKUBO je 3aTUM OWJIO YKaNyIJbeHO y napaduHcKe OJI0KOBE.
[Tomohy MuKpOTOMa Cy MCEUYEeHH pe3oBU NebsprHe 5 pum (mpubmmkHo 1.7 mm o Operme).
JlobujeHn mpecenu Cy CTaBJbaHM Ha IMpEeAMETHA CTakJa, HAKOH 4Yera je yciaeamio 0ojeme

oaroBapajyhom TeXHHKOM.

3.6.2. bojeme XeMaTOKCHJINHOM H €03UHOM

TTapadMHCKH HCEULH Cy HajIpe OHIM 3arpejaHu y TepMoctary Ha +56°C y Tpajamy ox
45 munyra. [lenapadgunusanyja ce odbasspana y kcuioiny. IlocTynak pexuapaTanuje TKMBa je
O6uo cnenehu: Hajupe je NMPUMEHEHO HCIMpame y onajajyhuM KOHIEHTpalujama eTHI
ajyiKkoxoa: 2 myTa 1o 5 MUHYTa y alcoJIyTHOM aJKOXO0Iy, 3aTUM 5 MUHYyTa y 96% ankoxony, 5
MunyTa y 90% ankoxoiy, 5 munyta y 70% ankoxoyy  Ha Kpajy S MUHyTa y JECTHUIOBAHO]
Boau. bojeme mpemnapara je 06aBibeHO Mayer-oBuM xemaTokcunuHoM (Sigma Aldrich, Ct.
Louis, MO, USA) y tpajamy ox 10 MuHyTa, a 3aTHUM j€ CIEAMIIO UCTPAHmE JECTUIOBAHOM U
tekyhom BojoM y Tpajamy on 5 muHyTta. HakoH Tora mpemapaTu cy 0OjeHH aIKOXOJHUM
eo3uHoM (Sigma Aldrich) y Tpajamy on 2 MHHYTa. 3aTUM j€ TKHUBO JEXUIPATHCAHO H

IPOCBETJbEHO Yy Kcmioiny. Jlexuapartanuja je obaBjbeHa momohy pacTyhux KOHLIEHTpaluja
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ankoxoisia ¥ To: 5 MuHyta y 70% ankoxoiy, 3atuMm 5 muHyTta 'y 90% ankoxomny, 5 MUHyTa y
96% ankoxoily M Ha Kpajy 2 myTa MO 5 MUHYTa y arncoJIyTHOM ankoxonry. HakoH oBux
MOCTYIaKa, MpenapaTd Cy MPOCBET/HCHH IMOTallakheM Yy MEUIaBHHY KCHIIONA W arlCOJyTHOT
ankoxoja y ogHocy 1:1, y Tpajawy ox 1 MuHyTa, a 3atuM 2 nyta o 1 MuHyT y Kcmnony. Ha
Kpajy Cy TKUBHU uceunu npekpuBeHu Canada balsam-om (Canada balsam, Centrohem,
Cpbwuja) u mokpoBuM crakinuma. Cyiieme mpemapaTa je Tpajano 24 cata, HAKOH 4era je
00aBJbeHA aHAIM3a JTOOMjEHUX Tperapara U BUXOBO (POTOMUKpOrpaducame Ha CBETIOCHOM

mukpockony (BX51, Olympus, Japan).

B8 Ay | P> T A8 & s .‘.1". ‘-"5._ 3
WT LPS24 Gal3-/- LPS24

Cauka 3.4. [Ipuka3 undaamanujckor nHPUITPATA HA KOPOHAPHOM MpeceKy Mo3ra MMIleBa.
Topmwu naHen - 60jeme XeMaTOKCHIIMHOM U €03UHOM, X 10, J0WmY MaHen - 00jehe XeMaTOKCHIIMHOM U €03WHOM,
x40. Tlatoxucrosomka mMOTBpAa HeypouHduiamanuje 24h on ammukamuje LPS-a. Ha cimumu ce Bunm
nepuBacKygapau nHpIamanyjcku napuitpar koa Gal-3-/- u uzpaxennju napuntpat kon WT mumesa.
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3.7. UMyHOXHCTOXEMHjCKA aHAJIU3A

HNmynoxuctoxeMujcko 060jeme napauHCKUX Mceyaka TKHBAa MO3ra je OMIIO M3BeIEeHO
koputthemem npumapHor 3edjer aHTu-BDNF anturena (ab108319, Abcam, Cambridge, UK)
3a 6ojetbe BDNF-a no oxaroeapajyhem mportokoiy. bojeme je BU3yaan3oBaHO KOpUITNCHEM
Expose mouse and rabbit specific HRP/DAB detection THC Kit-a (ab80436, Abcam,
Cambridge, UK).

3.7.1. U3pana npenapara

[TapadmHCKM ncednn TKMBa Mo3ra JeOJbMHE 5 um Cy Hajupe aenapaduHUCAHUA H
pexunparucanu. [lapadurcku ucednu cy 3arpejanu y repmocraty Ha +56°C y Tpajamy ox 45
MHUHYTa, a 3aTUM CYy JenapapuHUCAHU NOTalambeM y KCHIION 3 IMyTa 1o 5 MUHYyTa. Y TOKY
MOCTYNKa pexXuaparanyje TKHBa OWUIIO0 je MPUMEHEHO HCHHpame Hcedaka y omnanajyhum
KOHIICHTpalljaMa eTUJI aJIkoXoya: 2 MyTa 1Mo 5 MHHYTa Yy arcOJyTHOM aJKOXOJy, 3aTHM S5
MuHyTa y 96% ankoxoiny, 5 Munyta y 90% ankoxomny, 5 munyta y 70% ankoxoiry U Ha Kpajy 5
MHUHYTa y IecTHjIoBaHOj Boau. HakoH OBHMX mocTymaka mnpernapaTu cy KyBaHd 21 munyt y 10
mM Na-tiutpara (pH 6.0) y mukporanacuoj nehu, kako 0u ce omoryhusio oTBapame enuTorna.
[Tocne xnahewa, mpemapaTd Cy TpU IyTa MHTEH3WBHO ucnpanu y PBS-y (enrn. phospate
buffered salline) (pH=7.2). AKTUBHOCT €HJOTE€HE TMEPOKCHIa3e y TKUBHUM HCEUIIUMA ]€
OnokupaHa fofaBameM 2-3 kanu Hydrogen Peroxide Block-a. Ilocne nnkyOanuje y Tpajamy
ox 10 muHyTa Ha cOOHO] TeMmepaTypH, Mpenapatu cy ABa myrta ucnupanu PBS-om. Ilocne
TOra je Ha npenapare aonaro 2-3 xanu Protein Block-a u HakoH uHKyOauuje ox 10 MuHyTa

YCIIEIUIIO je joln jeaHo ucnupame y PBS-y.

3.7.2. bojemwe npenapara - nerekunja BDNF-umyHopeakTHBHHX HeypoHa

HakoH npeTxoiHO OnKMCcaHOT MOCTYIKa, Ha TKUBHE Mceuke Mo3ra je poaato no 100 pl
(1:100) mpumapnor 3edjer antTu-BDNF anturena (abl108319, Abcam, Cambridge, UK).
ITpumapHa anturena cy pactsopeHa y PBS-y ca 1% BSA (enrn. bovine serum albumin).
Wukybanuja ca mpuMapHUM aHTUTEIMMa je 00aBJbeHa TOKOM HOMhHM, y BIaXXHO) KOMOpH, Ha
cobHoj Temneparypu. [locie nakybOamuje npenapaTu ¢y OWIM UCTUPaHHU 3 TyTa MO0 5 MUHYTa

y PBS-y. Hakon tora je momar HRP (eurn. horseradish peroxidase) kowyratr ca
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CeKYHJIApHUM aHTHUTEJIOM M IpenapaTd ¢y MHKyOupaHu 15 MuHyTa Ha cOOHOj TeMIepaTypH.
Hakon nnky6anuje, npenapatu cy onpanu 4 myra o 5 muayra y PBS-y. 3aTtum je Ha TKUBHE
nceyke armkoBaHo 2-3 kanu DAB peareHca koju je mpeTxoaHo ao0ujeH noxaBameM 30 ul
DAB Chromogen-a y 1.5 ml DAB Substrate-a. Pa3Bujame peakuuje DAB xpomarena u
MEPOKCUIA3e je KOHTPOJIUCAHO yrnoTpebom Mukpockoma. OBaj mocTymak je tpajao ox 1 mo 10
muHyTa. EH3UMCKa peakuuja je mpekuHyTa HakoH 4 ucnupama npenapara y PBS-y. Ilocne
3aBPIIHOT UCIHpama y JIECTHJIOBAHO] BOJIU KOje je Tpajajdo | MUHYT, TKHBHU HCEYIHU Cy 2
MUHYTa 00jE€HN XEeMaTOKCUIMHOM 110 Mayer-y, Kako O ce TIOCTUTIIO KOHTpacTupame. HakoH
00jerma ucedl Cy MHTEH3WBHO UCIPAaHH MJIaKOM TeKyhoMm BoaoM y Tpajamy ox 10 munyTa.
Hakon Tora, yciiequo je moctynak aexujapaTaiuje. 3a mpoiec aexujapaTainuje cy KkopurrheHe
pactyhe KOHIIEHTpalMje alIkoXoJia M TO: TPETUpame Mcedyaka 2 myra mo 5 mMuHyra y 96%
QJIKOXOJIYy U 2 TIyTa [0 5 MUHYTa y ancoJyTHOM ajkoxoily. HakoH mocTymka nexuaparaiuje,
noOWjeHr TpermapaTd Cy MPOCBET/BEHU TOTalameM y KCWiol 2 myra mo 5 munyra. Ha
npemnapare je craBibeH Canada balsam, Mmenujym 3a TOKPUBAKE U IOKPOBHO CTAKJIO0. 3aTUM je

CIIEINIIO CYIIeHE Mpenapara 24 cata Ha COOHOj TeMIIepaTypH.
3.7.3. bpojame BDNF-nMmyHopeakTHBHUX HeypOHA

bpojame BDNF-uMyHOpeakTUBHUX HEYpOHa y xurnokammnycy (3.8 mm ox Operme) je
peann3oBaHO YHoTpeObOM CBeTJIOCHOT MuKpockona (BX51, Olympus, Japan) Ha %60
yBenuvamy (cnuka 3.4.). Hanpassbene cy goroMukporpaduje 3a cBa TpH LUJbaHA PETHOHA
xunokamimyca (CA1l, CA2/3 u DGQG). Pesynratu cy mpeacTtaB/beHH Kao Cpeamu Opoj
MO3UTHBHO 060jeHux hemuja mo mm? y cBa Tpu pernona xumokammyca (CA1, CA2/3 u DG),

Kao M y IpecerrmMa TKUBA LIeJI0T XUImokammnyca y3 kopuihemwe nporpama ImageJ (530).
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3.5.

HNmyHoxucToOXeMHjcKka

eKkcnpecuja

BDNF-umyHopeakTHBHUX

Cauxa
Xunokammycy MumenBa. Ha ropmeMm ey cimke Cy IpeICTaBJbeHH DPETHMOHHM XWIIOKaMITyca y KOjuMa je
onpehuBan 6poj BDNF-nosutuBaux HeypoHa (CAl, CA2/3, DG). Ha nomem neny civke Cy MpencTaBJbeHU
nojenuHayHd  BDNF-mo3uTHBHM HEYpOHH W3 pa3NUUMTHX pETHOHa XHWIIOKamiyca (ca oxroBapajyhum

YBEIINYABEM).
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3.8. OapehuBame KOHUEHTpPaNMje IMUTOKHHA Y XOMOIe€HATY TKHBA

xunokammyca ELISA merogom

TkuBo MunIjuX Xxunokamiryca je 6mio xomorean3zoBano y 200 ul PBS-a u koktena 3a
naxubunyjy nporeasza (P8340, Sigma Aldrich, USA), nomohy cTakieHOr XOMOreHH3aTopa Ha
neny. CycrnieH3uja je Ouia MoABprHyTa YITPACOHH(DHKAIMJU ¥ HAKOH TOra XOMOTEHATH CY
neHtpudyrupanu 15 munyra Ha 1500 x g. Y3eru cynepnatantu cy ce yyBanu Ha -80°C.
Konnenrpanuja IL-6 u TNF-a y XoMoreHaty xumokamMiryca ce oapehuBaga KOMepIyjaTHuM
CETOBMMA 32 UMYHOCH3UMCKY peakuujy (eHri. enzyme-linked immunosorbent assay, ELISA)
npousBohaua (R&D Systems, Minneapolis, MN). Peakmuja ce copoBoamiia IpeMa
npernopykama npousBohada. PactBapame crtanmapaa je obaBibeHo momohy PBS-a, tako na je
noueTHa KoHreHtpamuja 3a [L-6 6una 1000 pg/ml, nok je 3a TNF-a u3znocuna 2000 pg/ml.
3atuM Ccy oI cTaHjaapjaa ca HajehuM KOHIIEHTpanujama JoOujeHa CepHUjcKa ABOCTPYKO
pactyha pa30maxema y 8 Tayaka y KOMEPIUjaTHOM pacTBapady (eHri. reagent diluent, PBS
ca 1%-taum BSA). Ha ocHOBy BpemHOCTH cTaHaapia je NoOWjeHa cTaHAapJHa KpuUBa U
jenHaudrHa mpase, moMohy Koje je o6aBbeHo oapehuBame koHueHntpauuje IL-6 u TNF-a.

Panne konuentpaunuje Besyjyher antutena (€HIU. capture antibody) y BOIyMEHY O]l
100 pl momare cy y MEUKpOTUTap TUIody (€HTI. microtiter plate) xoja je umaia 96 Oynapumnha
ca paBHUM JHOM (Sarsted, Germany). Ilo 3aBpuIeTKy OBOI' MOCTYIKa MPEKO MUKPOTHTAP
Io4e je nocraBibeHa anxe3uBHa donuja (eHri. ELISA Plate Sealers), a MukpotuTap mniao4a
je ocraBjbe€Ha TOKOM HOhM Ha coOHOj TemmepaTypu. Hapennu mocTtymak ce cacrojao y
ucnupawy OyHapuumha oxaroBapajyhum mydepom (eHrn. wash buffer). Hakon oora je
cienuiio noaaBame Onokupajyher mydepa (eurn. block buffer, PBS ca 1%-taum BSA)
3anpemude 300 pl, 3aTuMm cy mioue crajajie Ha COOHOj TEMIIEpaTypu TOKOM jETHOT cara,
nocJje 4era cy TpeTupane my(hepom 3a UCIUpPabe.

YnorpeboM [ejoHU30BaHE BOJE y30puu cy pazomnaxenu 10 myra, mocie oOBOT
MIOCTYNKAa Cy Y30pIU M TPHUIPEMIBCHH CTaHIAPAM CMEIITEHH y MHUKPOTHUTAp IUIOUy W
NPEKPUBEHH AJIXE3UBHOM (oimjoM. Tako mpHIIpeMIbeHe MUKPOTUTAp TI0YE Cy WHKyOUpaHe
Ha coOHOj TemrepaTypu Yy Tpajamy oA aBa cata. [locine 006aBibeHOr HCIUpaka MUKPOTUTAP
wioya, y Oynapuuhe je craBsbeno mo 100 pl pagHe KOHIEHTpalMje aHTUTENA Koja CIIyXe 3a
neteknujy (eHri. detection antibody). 3atum je ycieawsia JIBOYACOBHA WHKYyOarmja
MHUKPOTUTAp TUIOYa TPEKPUBEHUX ajaxe3uBHOM (onujom Ha coOHO] TemmepaTtypu. [locne

UHKyOalMje M HCIupamka MHUKPOTHTap Iuloya, y OyHapuuhe je momato 100 pl pagne
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KoHIeHTpauuje Streptavidin-HRP. Muxpoturap miode cy 3aTuMm 3amrTuheHe o]l CyHUeBe
CBETJIOCTH M WHKYyOHWpaHe y Tpajamy on 20 MuHyTa Ha coOHOj Temmeparypu. [locime oBor
MOCTYITKa MUKPOTHUTAP IUIOUE Cy Ucnpane. Y OyHapunhe MUKPOTUTAp IUIOUE j& 3aTHM CHUIIAHO
100 pl pactBopenor cyricrpata (eHIIL. supstrate solution: color reagent A + color reagent B)
y pasmepu 1:1. Ilo ucrexy 20 munyta, nogato je 50 pl crom pactBopa (€HIII. stop solution:
2N H,SO,), HakoH Yera je CIEAUIO OYHMTaBalke ONTHYKEe ryctuHe Ha 450 nm, momohy
Microplate reader-a (Zenyth 3100 Mylti-Mode-Detektor, Anthos, Austria).

Bpennoctn no0ujeHe ouuTaBameM Cy Tpe H3BOheHma aHAM3e KOPHUIOBaHE 3a
BpeIHOCTH abcopOaHIie ciierne mpoode (J1ejoHn30BaHa Boia). 3a 1o0ujamke BPEAHOCTH 32 CBaKU
y30paK IMOHA0COO KOHCTPYHCaHa je CTaHAapIHa KpHBa IpeMa H3MEPEHUM BPEIHOCTHMA

cTaHaapaa.
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3.9. AHajqm3a eKcHpecHje TreHa y TKHBY XHIOKAMIIyca MeTO0M

KBAHTUHTATHUBHC JJTAaHYaAHE peammje moJimMepa3s€e y p€cajiTHoM BPEMCECHY

3.9.1. M3o1aumja RNA U3 TKHBa XHIIOKaAMITyca MUIIIeBa

3a mocTymak u3/Bajamba YKyIHE pPUOOHYKICONPOTEMHCKE KHCEIMHE U3 TKUBA
XUMoKamiyca KopuiheH je Tpu3on peareHc (pactBop ¢eHojia U TyaHUJUH M30THOI[MAHATa)
(Invitrogen TRIzol™ Reagent, Thermo Fisher Scientific, Carlsbad, CA, USA) Ha 100 mg
TKHBA U PYYHU CTAKJICHH XOMOTEHH3aTOpP Ha Jiey. XOMOTeHaT je 3aTUM CMEIITEH y epyBeTe
on 1.5 ml (Eppendorf, Hamburg, Germany) n uentpudyrupan 5 muayra Ha 12000 x g Ha
+4°C. Yucr cynepHaranT je npebadeH y HOBE €NpyBETE M MHKYOUpPaH 5 MUHYyTa Kako Ou ce
o0aBua AuCOIMjallja HYKJICOMPOTEHHCKOT KOMIUIeKca. Y cymnepHartaHT je poxaro 0.2 ml
xyopodopma Ha 1 ml TRIzo/™ Reagent-a 3a nmu3upame U NaXKJBUBO CYy 3aTBOPEHE ENpPYBETE.
VY3opuu cy A100po mpoMeliaHd, HHKYOupaHu 2-3 MHUHYTa Ha COOHO] TEMIIEpAaTypH, a MOTOM
nenTpudyrupanu 15 muayra Ha 12000 x g Ha +4°C. HakoH neHTpudyrupama pa3aBojuia cy
ce TpH cIloja, 10mu pBeHH ((henon-xmopodopm), nuurepdasa u 6e300jHa TOpma BoJeHa (asa.
3atuM je U3 enpyBeTe HarHyTe moj yrioMm of 45° muneTwpaHa ropma BojeHa (asza Koja je
cagpxana RNA u nipeHera y HOBY €NIpYBETY.

Canmpxkaj oBor cioja je mpebadeH y HOBe empyBere y koje je momato 0.5 mL
pacxuyaheHor u3omponaHosna jaa Ou ce obaBuo mpouec npenunurtanvje RNA. Yiopuu cy
JaraHo mpomemaHu, WHKyOupann 10 MuHyTa Ha COOHOj TeMmIeparypd U TOTOM
nenrpudyrupanu 10 muryra Ha 12000 x g Ha +4°C, a 3aTMM ce NUIIETHPAHEM O0AIHO
CyTIepHaTaHT.

Tamnor u3 enpysera je pecycnengoa momohy 1 mL 75% eranona Ha 1 mL TRIzol™,
3aTUM je BOPTEKCOBaH W LeHTpu¢yrupad 5 munyra Ha 7500 x g Ha +4°C. HakoH Tora je
noMohy MuIeTe yKIOWkEH CyIepHaTaHT, a MOTOM j€ MpeocTaau Tajior cymeH 5 a0 10 munyTa
Ha coOHOj Temneparypu. CyBu tanor koju je caapxao RNA je pecycnenmoBan y 20-50 uL
BOJIE KOja He caapxu Hykjeaze (Nuclease free wather, Applied Biosystems). 3aTum cy y30puu
UHKYOMpaHU y BOJEHOM KymaTtwiy Ha temneparypu 55-60°C 10-15 munyra. Ilomamm o
KOHIIeHTpanju W npeunmiheHoctn RNA poGujeHn cy MetogoMm crekTpodoromerpuje,
MepemeM abcopbaniie Ha 260/280 nm mnomohy amapara Eppendorf® Biophotometer

(Eppendorf, Hamburg, Germany).
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3.9.2. Peep3na tpanckpunuuja RNA y kommiementapny DNA

PeBep3na TpaHckpunmmja moapazymeBa TnpeBoheme jegHosaHuyaHe RNA y
komruieMeHTapHy DNA (enrn. complementary DNA, cDNA). PeBep3na TpaHCKpuIyja
usBeneHa je ymorpedbom High Capacity cDNA Reverse Transcription Kit-a (Applied
Biosystems, Foster City, California, USA), npema npotokony npousBohaua. TpaHckpumimja
je u3BeneHa Ha cienehu HauuH: 10 pl y3opka koju caapxku 2 pg ykynae RNA uzonoBane u3
XHUIoKammyca, HHKyoupano je ca 10 pl rmaBue memasune (enri. Master mix). Mactep MUKC
je HampaBJbEH Ha Jieqy U cactojao ce u3: 2 pul mydepa (RT Buffer), 0.8 pl ANTP Mix-a, 2 pl
xexcamepa (Random Hexamer Primer), 1 pl pesepsue Tpamckpuntasze (Multi Scribe™
Reverse Transcriptase) u 4.2 nl Bone 6e3 nykiease (Nuclease-free Hy0). Macrep Mukc je
JoJIaT y emnpyBeTe y Kojuma ce Hamasmwia RNA. Canpikaj enpyBeTe je JJaraHo MpOMEIIaH U
ocTaBJbeH Ja ce uHKybupa 10 munyra Ha 25°C, a onzga 120 munyra Ha 37°C. Peakuuja je
IpEKUHyTa 3arpeBameM 5 MuHyTa Ha 85°C, HakoH yera cy ysopuu oxiahenu Ha +4°C. YV oBy
cBpxy kopuiheH je Mastercycler® ep realplex (Eppendorf, Hamburg, Germany). Ha oBaj
HauuH u3aBojeHa je cDNA koja ce kopucTuia 3a KBaHTU(UKauujy ekcrpecuje reHa. Cau

MIOCTYIIIM TOKOM TIporieca n3iBajamba RNA u peBohema y cDNA o0aBsbeHU Cy Ha Jiefy.

3.9.3. KpanTudukanuja ekcnpecuje resa

Excnpecuja rena o untepeca je nporemena Mmerogom qRT-PCR. Peakinja qRT-PCR
je obaBibeHa y Mastercycler® ep realplex anapary (Eppendorf, Hamburg, Germany), momohy
MUKpPOTHUTAp TI04a Koje cy umaiue 96 mecra (Twin.tec. real time PCR plates 96, Eppendorf).
Peaknnona cmemra je umana Boiaymen on 20 ul mo koMopH, a y ¥BeH cacTaB je ynaszmio: 2 ul
y3opka cDNA, 10 ul Master mix-a (Thermo Scientific Luminaris Color HiGreen qPCR
Master Mix (2x), Applied Biosystems, Foster City, California, USA), 1.2 ul cmemie maposa
npajMepa 3a reH oJ uHrepeca (,,forward*“ n ,,reverse”) n 6.8 pl Bone 6e3 Hykieaze. Hakon
TOTa je Ha TUIoYe 3ajernsbeHa OnTHYKa aaxe3uBHa domuja (Masterclear real-time PCR Film,
Eppendorf), n 06aBpeHo je neHTpudyrupame y tpajamy oa 1 munyra Ha 3000 X g, HakoH
yera cy mioue npebadene y qRT-PCR anapar (Mastercycler® ep realplex). Peaknuje qRT-
PCR je ob6aBibeHa y ckiany ca oapeheHom temmeparypHom memom: 4 munyta Ha 95°C, 50
nuKiyca y Tpajamby oA mo 15 cexkynnu Ha 95°C m mo 1 munyr Ha 62°C. 3a mporeHy

cnenuduynocty PCR mponykra mocraBibeHH cy ojrorapajyhu ycioBu 3a u3Boleme KpuBe
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TomJbewa (eHra. melting curve): 15 cexynnu Ha 95°C, 15 cexynnu Ha 60°C, 20 muHyTa
TemneparypHor pacrta u 3aruM 95°C. 3a mporec amiummpukangje oapeheHuX TeHCKUX
cekBeHI kopunthene cy mRNA cnenuduynux npajmepa 3a IL-6, TNF-a, TLR4, GABA-A
penentopcky cybjenununy o2/Gabra2, GABA-A peuentopcky cyOjenununyy oS/Gabral,
BDNF u B-actin xao housekeeping teu (Invitrogen, Thermo Fisher Scientific, Carlsbad,
CA,USA) (Tabena 1).

Taoesa 1. IIlpajmepu kopumhenu 3a qRT-PCR ananu3y.

Forward primer (cense) (5°—3’) Reverse primer (antiense) (5°—>3’)

BDNF AGCTGAGCGTGTGTGACAGT ACCCATGGGATTACACTTGG
GABA-A02/Gabra2 TTGGGACGGGAAGAGTGTAG CATCCTGTCGATTTTGCTGA
GABA-A05/Gabra$s GCCCTGGAAGCAGCTAAAAT CGGGACATTTTGTCGATCTT

TLR4 CGCTTTCACCTCTGCCTTCACTACAG | ACACTACCACAATAACCTTCCGGCTC

IL-6 TCCATCCAGTTGCCTTCTTG TTCCACGATTTCCCAGAGAAC

TNF-a CCACATCTCCCTCCAGAAAA AGGGTCTGGGCCATAGAACT
B-actin AGCTGCGTTTTACACCCTTT AAGCCATGCCAATGTTGTCT

Kommnaparusna Cr (enrn. Cycle trechold, Crt) metona (AA Cr) kopumihena je 3a. mporeny
penaTHBHE KBaHTHU(UKAIMjEe EKCIIpecHje IMJBHOI I'eHa Yy OJHOCY Ha eKcupecHujy pedepeHre
KoHTpoJsie. HUBO excripecuje aHanu3upaHux reHa HOpMalu30BaH je Y OJJTHOCY Ha HUBO E€KCIIPEcHje
reHa 3a (-akTHH KOJU je NpeACTaB/ba0 peepeHTHU TI'eH AECTEKTOBAH Y HJCHTUYHOM Y30DKY.
VY30pak W3 KOHTpOJIHE Tpyne KOjHu je WMao BpPETHOCT Koja je Owmia mpuOMmKHA CPEImbOoj
BPEIHOCTH CBUX Y30paka M3 KOHTPOIHE Tpyrie, n3abpaH je 3a GpyHKIMjy Kamubparopa. 3aBplIHA
pe3yaTat je OMo u3padyHaT y pellaTUBHUM jeauHunaMa kao N-myrta (eHrd. fold change) y ogHOoCy
Ha KanuOparop momohy oarosapajyhe jennaunne:

N y3opka =2 AACL
AACt = ACr y30pka — ACt kanubpartopa
ACry3opka = Cry3opka - Cy3-akTuna
ACtkambpartopa = Crkanubparopa - Crp-akTrHa
AHanu3a rnojaTtaka u u3pauyHaBame pellaTHBHE FeHCKe eKcIpecrje ce 00aBuiIa npema

Livak-y n Schmittgen-y (531).
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3.10. CtaTucTHUYKA aHAJIN3A

[Monmamm koju cy 1o0ujeHn y ucTpaxkuBamwy oopahuBanu cy Ha cienehu HauuH:

1. Y3umajyhu y 003up npupoay moaaraka 3a lbbUXOBO MPUKA3UBAKBE YIOTPEOIHEHH CY:
dbpexBeHIMja, TPOLEHTH, y30pauka Cpelhba BPEAHOCT, CTaHAapAHA JeBUjalldja, CTaHIapIHa
rpemka u 95% uHTEepBaIu NOBEPEHA.

2. 3a mpolieHy HOPMaJIHOCTH pacnojene Kopuctuo ce Kolmogorov Smirnov u Shapiro-
Wilk-oB TecT u rpadunum: xucrorpam u normal QQ plot.

3. 3a yrBphuBame paznuka u3Mel)y rpyma, 3a HCOUTHBAaHE MapaMeTpe KopumiheHa je
ananuza Bapujance (ANOVA) ca oarosapajyhom post hoc ananuzom.

4. Mojen jenHocTaBaHe JIMHEAapHE perpecuje U Pearson-oB KOePUIMjEHT Kopemaluje
KOPHCTHO C€ 33 aHAJIU3Y MTOBE3aHOCTH M3Mel)y mapamerapa.

6. CBu moanu u3 UCTpakuBama cy oopalenu nomohy craructuukor nakera SPSS

(enrmn. Statistical package for the social sciences) 20.0 3a Windows.
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4.
PE3YJITATH
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4.1. BuxeBHoOpaJIHU TeCTOBU

4.1.1. Tect oTBOpEHOTr MOJBA

4.1.1.1. Yrunaj neneumje rena 3a Gal-3 u akyrHe uHpIamanuje MHIYKOBaHe

LPS-om Ha ykynHu npeljenu myt

Ha ciuim 4.1. cy npukasanu edextu nenenuje rera 3a Gal-3 u akyTHe mHIaManuje
MHJIyKOBaHE MHTpPANepUTOHEAUTHOM npruMeHoM LPS-a Ha ykynum npehenn myt (cm) y Tecty
OTBOPEHOT MOoJba. Y Oa3zalHUM YCIOBMMA HMje OWJIO CTAaTHUCTUYKH 3HAYajHE pas3jIuKe Y
BPEIHOCTH OBOT MapaMeTpa JIokoMoTopHe akTuBHOCTH u3Mehy WT u Gal-3-nedunujeHTHIX
KUBOTUA. OBH pE3yNTATH Cy yKa3alu Ha YHILEHUILY Ja aeiennja rera 3a Gal-3 Huje nmana
OWTHOT yTHIaja HA BPEAHOCTH YKYIHOr npeheHor myra y OasamHum ycnoBuma. HakoH
npumene LPS-a pomuio je 40 CTaTUCTUCTHYKM 3Ha4ajHE pPEIyKLHUje BPETHOCTH OBOT
napameTpa JOKOMOTOPHE aKTUBHOCTH y o0e ekcriepumentanne rpymne (WT u Gal-3-/-) y

OJIHOCY Ha BpeHOCTH y 0azannum ycinoBuma (F=16.135, df=3, p <0.01).
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Cmnka 4.1. Ytnnaj penenuje rena 3a Gal-3 um akyrne wuHpIamanmje HHIyKOBaHe
HHTpanepuTOHeaJHoM npumeHoM LPS-a na ykynnm npehenm myr (cm) y TecTy OTBOPEHOr MOJba.
Excnepumenranue rpyne (WT u Gal-3-/- mumeswn, coja C57BL/6): 6a3amau yenou, WT (n=8) u Gal-3-/- (n=8);
aKkyTHa nH(puamanuja, 24h nakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy mpezicraBibeHe
ka0 X£SEM, * p<0.05, ** p<0.01.
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4.1.1.2. Yruuaj neaenmje rena 3a Gal-3 u akyTHe uMHpIaManuje MHIYKOBaHe

LPS-oM Ha yKynmHO BpeMe KpeTama

Ha ciumm 4.2. cy npukaszanu edextu aenenuje rera 3a Gal-3 u akytHe uHbIamaluje
MH/IYKOBaHE MHTpANlepuTOHEATHOM NpuMeHoM LPS-a Ha ykymHO BpeMe KpeTama (s) y TecTy
oTBOpeHor moJba. Jlenernuja rena 3a Gal-3 u akyTHa wH(IaMauja cy J0Belie 1O 3HAYAJHUX
IIPOMEHA BPEHOCTH OBOT MapameTpa y oapeheHum excriepumenTaanuM rpynama (F=28.284,
df=3). [enenuja rena 3a Gal-3 HuUje 3HaA4YajHO yTHIAJIA HAa BPEJHOCTH OBOT IapamMerpa y
0a3aqHUM YCJIOBMMa, OJHOCHO HHje OWJIO CTaTUCTHYKU 3HAYajHE pa3ivKe y BPEAHOCTU
YKyITHOT BpeMeHa kpetama nusmehy WT u Gal-3-nepunujeHTHux xKuBoTHHA. HakoH npuMeHe
LPS-a 3alenexxeHa je CTAaTUCTHCTUYKU 3HAYajHA pPEAyKIMja BPEAHOCTH OBOT MapameTpa
JIOKOMOTOPHE aKTUBHOCTH y 00€ eKCIIepUMEHTAaIHE Ipyne. YKYITHO BpeMe KpeTama jeé TOKOM
akyTHe mH}amanuje Owio 3Ha4ajuo cmameHo u kogq WT u Gal-3-/- MumieBa y ogHocy Ha
YKYITHO BpeMe KpeTama y 0azannum ycnosuma (p<0.01), ¢ Tum mro je nenenuja rexa 3a Gal-
3 ybnaxuna edekar akyTHe HH(pIamaluje Ha PEIyKIH]y BPEIHOCTH OBOT Iapamerpa.
[Tocrojana je u crarucTuyku 3HavajHa pasiuka (p<0.05) y BpeaHOCTHMa OBOT MapamMeTpa

nokomoTtopHe aktuBHOCTH M3Mel)y WT u Gal-3-/- MmumieBa TOKOM akyTHE WH(IaMaIyje.
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Canka 4.2. Ytunaj peaenuje rena 3a Gal-3 um akyrne wuHpaamanmje HHIyKOBaHe
HHTpanepuToHeaHOM mnpuMenoM LPS-a Ha ykynmHo Bpeme KpeTama (S) y TecTy OTBOPEHOT MOJba.
Excniepumentanne rpymne (WT u Gal-3-/- mumeswn, coja C57BL/6): 6a3amau ycnosu, WT (n=8) u Gal-3-/- (n=8);
akyTHa mHbmamanuja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy mpenacraBibeHe
ka0 X+SEM, * p<0.03, ** p<0.01.
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4.1.1.3. YTuuaj neaenmje rena 3a Gal-3 u akyTHe uMHpIaManuje MHIYKOBaHe

LPS-oM Ha yKynHO BpeMe POBe/IeHO Y LIEHTPATHOj 30HU

Ha cnuim 4.3. cy npukasanu edektu nenernuje reHa 3a Gal-3 u akyrHe mHdIamanuje
WHJYKOBaHE WHTpaneputroHeaasHoM npumeHoM LPS-a Ha ykynmHO BpemMe mNpoBelEeHO Yy
[EHTPATHO]j 30HU (S) Y TECTY OTBOPEHOT MoJka. Jlenenuja reHa 3a Gal-3 u akyrHa uHdaamarmja
Cy JIOBeJIe IO 3HAYajHUX MPOMEHA BPETHOCTH OBOT IapaMeTpa y oxpeheHHM eKCIIepUMEHTATHUM
rpynama (F=11.899, df=3). V 6azanaum ycinoBuma je aenenuja rexa 3a Gal-3 Owia npahena
CMameHhEeM YKYITHOT BpeMEHa IMPOBEJCHOT Yy IEHTPAIHO] 30HHM, & YOUCHA j&é M CTaTHCTHYKH
3HauYajHa pa3imKa y BpeaHoctd oBor napamerpa uamehy WT u Gal-3 neduriujeHTHHX KUBOTHHA
(p<0.05). Hakon mpumene LPS-a nerekroBaHa je peayKIiMja yKYITHOT BPEMEHa MPOBEICHOT Y
IEHTPAIHO] 30HM y o00€ CeKCIepuMeHTaliHe rpyne, ainu je 24h wakon npumene LPS-a

CTaTUCTUCTUYKU 3HAuajHa pasjidka moctojasa camo koa WT xuBoTuma y ofHOCY Ha Oa3aiHe

ycnose (p<0.01).
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Cauxa 4.3. Ytuuaj nejgeuuje reda 3a Gal-3 u  akyrHe wuHduaaManmje WHAYKOBaHe
HHTPaNepHuTOHeaJIHOM npuMeHoM LPS-a Ha ykynHo BpeMe NpoOBeJeHO Yy LEHTPATHOj 30HH (S) y TecTy
orBopeHor nosba. Excriepumentanne rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6a3amuu ycnoBu, WT
(n=8) um Gal-3-/- (n=8); akytHa wmH(pramanmja, 24h HakoH mpumene LPS-a, WT (n=8) u Gal-3-/- (n=8).
BpenHocTu cy nipezcTaBibene kao X+=SEM, * p<0.05, ** p<0.01.
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4.1.1.4. Yruuaj neaenmje rena 3a Gal-3 u akyTHe uMHpIaManuje MHIYKOBaHe

LPS-oM Ha 0poj y;1a3aka y HeHTPaJIHY 30HY

Ha ciumm 4.4. cy npukaszanu edextu aenenuje rera 3a Gal-3 u akytHe uHbIamaluje
MH/IYKOBaHE MHTparnepuToHeasHoM npumeHoMm LPS-a Ha Opoj ynaszaka y LEHTpalHy 30HY y
TECTy OTBOpeHOr moJba. Jlenmemuja reHa 3a Gal-3 m akyrHa uwHGIaManuja cy JOBele 0
3HaYajHUX MMPOMEHA y BpeIHOCTU OBor napamerpa (F=27.569, df = 3). V 6azannum ycnoBuma
je nenenuja rena 3a Gal-3 Ouna npaheHna cmamemeM Opoja yiazaka y IHEHTPaTHY 30HY, a
II0CTOjajla jeé CTATHCTUYKHM 3HAa4yajHa Pa3iiuKa y BPEIHOCTH oBor mapamerpa m3mehy WT u
Gal-3-nepunmjentanx xuBotuma (p<0.05). Hakon npumene LPS-a youena je pemykumja
0poj yna3zaka y HEHTpaJIHy 30HYy Y 00€ eKCIiepUMeHTalHe rpymne. 3a0esiexeHa je CTaTUCTHUKU
3HaYajHa pasiuka u3Mely BpeJHOCTH OBOT mapaMerpa TOKOM akyTHe uHpaamanuje u kog WT

u ko Gal-3-/- )xuBoTuma y ogHOCY Ha 6a3zamHe yciose (p<0.01).
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Cinka 4.4. Ytunaj penenuje rena 3a Gal-3 um akyrne wuHduamanmje HHIyKOBaHe
HHTpanepuTOHealHoM npuMenoM LPS-a Ha Opoj yna3aka y meHTpaaHy 30HY Y TeCTY OTBOPEHOT 10Jba.
Excnepumenranue rpyne (WT u Gal-3-/- mumeswn, coja C57BL/6): 6a3amau yenou, WT (n=8) u Gal-3-/- (n=8);
aKkyTHa nH(pnamanuja, 24h nakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy npezacraBibeHe
kao X£SEM, * p<0.05, ** p<0.01.
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4.1.1.5. Yruuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-oMm Ha 6poj ycnpaB/bama

Ha ciumm 4.5. cy npukaszanu edextu aenenuje rera 3a Gal-3 u akytHe uHbIamaluje
WHIYKOBaHE WHTpanepuToHeamrHoM mnpumMeHoMm LPS-a Ha Opoj ycmpaBibama y TeCTy
oTBOpeHOr moJska. Jlemenuja reHa 3a Gal-3 Huje yTHIana Ha BPETHOCTH OBOT Mapamerpa
eKCIUIOpaTHBHE aKTHBHOCTH. Huje OMI0 cTaTUCTUYKM 3HAaYajHE pa3juKe y BPEAHOCTH Opoja
ycupassbama u3mehy WT u Gal-3 nedunujeHTHUX KUBOTHEA Y Oa3amHuM yciaoBuMa. HakoH
npumene LPS-a nmomio je A0 CTaTHCTUYKM 3Ha4ajHE peayKiuje Opoja ycmpaBibama y 00e

eKCIIepUMEHTAJIHE TpyIe y oaHOCY Ha Oa3anue ycnose (F=15.753, df=3, p<0.01).
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Cauxa 4.5. Yrunaj peiaeumje reHa 3a Gal-3 u  akyrHe wuHduIaManMje HWHAYKOBaHe
HHTpanepuToHeainom npumenom LPS-a Ha 0poj ycnpaB/bama Yy TeCcTy OTBOPEHOr TMOJba.
Excnepumenranue rpyrne (WT u Gal-3-/- mumesn, coja C57BL/6): 6a3anuu ycinou, WT (n=8) u Gal-3-/- (n=8);
akyTHa mHpmamanuja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy mpenacraBibeHe
kao X+SEM, * p<0.05, ** p<0.01.
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4.1.2. TecT y3AMrHYTOI KPCTACTOT JIABUPHHTA

4.1.2.1. Yrunaj neneumje resa 3a Gal-3 u akyrHe umHpIamManuje MHIYKOBaHe

LPS-om Ha ykynHu npehenu nyt

Ha cnuim 4.6. cy npukasanu edektu nenernuje reHa 3a Gal-3 u akytHe mHdIamanuje
WHAYKOBaHE MHTpaneputroHeasiHoMm npumeHoMm LPS-a Ha ykynHu npehenu myt (cm) y Tecty
Y3AUTHYTOT KpcTacTor jJaBupuHTa. Jlenennja rena 3a Gal-3 u akytHa uH(Iamanuja cy J0Beie
710 3Ha4YajHUX MPOMEHA Y BPEAHOCTH OBOT TapaMeTpa y ogpeheHuM eKCIIEpUMEHTAIHUM rpynama
(F=15.716, df=3). V 6a3anuum ycinoBuma Aenenyja rera 3a Gal-3 je nosenma g0 peayknuje
BPEIHOCTH OBOT IMapaMeTpa, ajd HHje OWJIO CTaTHCTUYKHM 3HAYajHE pa3jiHKe Y JOKOMOTOPHO]
aktuBHocTH n3Mehy WT u Gal-3 neduuunjentHux xuotuma. Hakon npumene LPS-a gomuio je
JI0 CMambekha BPEIHOCTH YKYMHOT npelenor myta u kog WT u kox Gal-3-/- muieBa y onHoCy Ha
BPEIHOCTH y Oa3zalHUM yciaoBUMa, MehyTUM IpoMeHa BPEIHOCTH OBOI MapameTpa je Ouia
CTaTHCTUYKU 3HayajHa caMo kol WT xwuBotuma (p<0.01). Jlenenmja rena 3a Gal-3 Ouna je
npaheHa ci1abujoM peayKIiijoM JOKOMOTOpPHE aKTUBHOCTH HakoH npumene LPS-a y nopehemwy ca
peayknujom akTuBHOCTH Kox WT >xuBoTuma. 3a0enexeHa je CTAaTUCTHYKU 3HAYajHA pasjikKa y

ykyrHoM npehenom nyty usmehy WT u Gal-3-/- mumeBa Tokom akytHe uHpnamanuje (p<0.01).
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Cauka 4.6. Ytuuaj peseumje reHa 3a Gal-3 u  akyrHe wuHduaaManMje HWHAYKOBaHe
HHTpanepuToHeaJHOM npuMeHoM LPS-a Ha ykynnu npeljenu myTt (cm) y TecTy y3IMTHYTOI KpCTacTror
aasupunra. Exciepumenrtannae rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6azanau ycmoBu, WT (n=8) u
Gal-3-/- (n=8); axyrHa uH(pnamarmja, 24h vakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npeacTaBibeHe Kao X£ESEM, * p<0.05, ** p<0.01.
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4.1.2.2. Yruuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-oM Ha yKYIIHO BpeMe KpeTamba

Ha cnuim 4.7. cy npukaszanu edektu aenernuje reHa 3a Gal-3 u akyrHe mHdIamanuje
MHJYKOBaHE MHTpAlepUTOHEATHOM IpuMeHoM LPS-a Ha ykynHoO Bpeme KkpeTtamwa (s) y TecTy
Y3AUTHYTOT KpcTacTor JaBupuHTa. Jlenenuja rena 3a Gal-3 u akytHa uH(Iamanumja cy 10Beie
10 3Ha4YajHUX MPOMEHA BPEIHOCTH OBOT Mapamerpa y oxpeheHHM eKCIEepUMEHTaIHUM rpyrnama
(F=15.533, df=3). V 6asanuum ycioBuma je aenenuja reHa 3a Gal-3 moBena 10 peaykiuje
BPEJIHOCTH OBOI TapaMmerpa, MehyTuMm Huje 3abesekeHa CTaTUCTUYKU 3HAYajHa pas3iuka y
YKyITHOM BpeMeHy kperama usMehy WT u Gal-3-medunujeHTHUX KUBOTHIA. YKYITHO BpeMe
KpeTama je TOKOM akyTHe MH(paamanuje 6uno cmameHo U kog WT u Gal-3-/- mumiesa y ogHocy
Ha Oa3ayiHe yclloBe, M je HakoH npuMeHe LPS-a 3abenexxeHa 3HavajHa peayKIMja BPeIHOCTH
OBOI' TIapamMeTpa JIOKOMOTOpHEe akTUBHOCTH camo koj WT mumesa (p<0.01). Tokom akytHe
uH(IaMalmje je Mmocrojana U CTaTUCTUYKHU 3HayajHa pasznuka (p<0.01) y BpeaHocTHMa OBOT
napaMerpa JokoMoTtopHe akTuBHocTU u3mMel)y WT u Gal-3-/- mumesa, npu yemy je kox Gal-3-

/- muIIeBa AeTeKToBaHa Beha BPEIHOCT YKYITHOT BpeMeHa KpeTama y ogHocy Ha WT murese.
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Cnuxa 4.7. Yrunaj peaenmje reHa 3a Gal-3 um  akyrHe wunHduamanmje HWHIYKOBaHe
HHTpaNepuTOHealHoM npuMeHoM LPS-a Ha ykynHo Bpeme KpeTama (S) y TeCTy Y3AUTHYTOT KPCTACTOT
aasupunra. Exciepumenrtansae rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6azanau ycnoBu, WT (n=8) u
Gal-3-/- (n=8); akyrHa uH(pnamarmja, 24h nvakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npeacTaBibeHe Kao XESEM, * p<0.05, ** p<0.01.
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4.1.2.3. YTuuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHAYKOBaHe

LPS-oM Ha yKynHO BpeMe MPOBE/IEHO Y OTBOPEHUM KpanuMa

Ha cnuim 4.8. cy npukasanu edektu nenernuje reHa 3a Gal-3 u akyrHe uHdIamanuje
MH/YKOBaHE HHTpANEPUTOHEATHOM mpuMeHoM LPS-a Ha ykymHO Bpeme NpOBEIEHO Y
OTBOPEHUM KpalluMa y TeCTy y3AUTHYTOT KpCcTacTor JaBupuHTa (s). [enenuja rena 3a Gal-3 u
aKyTHa nH(IaManmja cy JoBele 10 3Ha4ajHUX MPOMEHA BPEAHOCTH OBOT MapaMeTpa y oapeheHnM
excriepuMeHTanHuM rpymnama (F=7.27, df=3). V 6a3annum ycnoBuma je nenenuja reHa 3a Gal-3
owna npaheHa cmamemeM BPEAHOCTH OBOI MapaMeTpa. 3abenieeHa je CTaTUCTHYKH 3HadajHa
pasimka y YKYIHOM BpPEMEHY MpOBEACHOM y OTBOpeHMM kpauumma usmehy WT u Gal-3-
neunmjeHTHUX KUBOTHIbA Yy OasanmauM ycioBuma (p<0.05). Kom WT xuBOTHIA je HAKOH
npumene LPS-a youena 3HauajHa penykimja Bpeanoctu oBor napamerpa (p<0.01) y onnocy Ha
6azanmne ycinose. C apyre crpane, koa Gal-3 nedunujeHTHUX KMBOTHIbA j€ HAKOH TPUMEHE
LPS-a pomnwio mo noBehama BpeqHOCTH OBOT MapameTpa, ajld pasjivKa HUje Ouiia CTaTHCTUYKU

3Ha4yajHa y OJJHOCY Ha BPEJHOCTHU y 0a3aJIHUM YCIOBUMA.
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Cauxa 4.8. Ytuuaj neseuuje reda 3a Gal-3 u akyrHe wuHduaaManmje WHAYKOBaHe
HHTpanepuToHeasHoM npuMenom LPS-a Ha ykynHo BpeMe NPOBe/IEHO Y OTBOPEHUM Kpanuma (S) y TecTy
Y3AMTHYTOr Kpcracror JaBupuHTa. Excnepmmentamne rpynme (WT m Gal-3-/- mumesn, coja C57BL/6):
6azanmau ycinosu, WT (n=8) u Gal-3-/- (n=8); akyrHa unpnamanuja, 24h makon npumere LPS-a, WT (n=8) u
Gal-3-/- (n=8). BpenrocTH cy mpeacTaBibeHe kao X+SEM, * p<0.05, ** p<0.01.
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4.1.2.4. Yruuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-oMm Ha Opoj yi1a3aka y 0TBOpeHe Kpake

Ha ciumm 4.9. cy npukasanu edektn aenenuje rera 3a Gal-3 u akyTHe uHbnamanuje
WHIYKOBaHE WHTparnepuToHeaTHoM mpuMeHoM LPS-a Ha Opoj ynmazaka y OTBOpeHE Kpake y
TECTy Y3OUTHYTOT KpcracTor jJaBupuHTa (s). lenemnuja rena 3a Gal-3 u akytHa uHbIamanmja
Cy JIOBeJIe IO 3HAYajHUX MPOMEHA BPETHOCTH OBOT IapaMeTpa y oxpeheHHM eKCIIepUMEHTATHUM
rpynama (F=10.658, df=3). V 0a3zanuum ycimoBuma je kox Gal-3-/- mwuimieBa IocTojasa
CTAaTHCTUYKU 3HAYAQJHO MU3paKEHHU]ja peayKIlfja BPEIHOCTH OBOT Mmapamerpa y ogHocy Ha WT
muinese (p<0.05). Kox WT xuBotuma je HakoH npuMmene LPS-a jonnio 1o 3HauajHe peayKiuje
BPEIHOCTH OBOT MapaMmeTpa y oJHocy Ha 6a3zanne ycnose (p<0.01). Hacynpot oBome, kox Gal-
3 neduiMjeHTHUX KUBOTHIbA je HAKOH mpumeHe LPS-a 3a0enexena Beha BpemHocTH OBOT
napaMeTrpa y OJHOCY Ha 0a3ajHe yCJIOBe, aJld pa3linka HHUje Ouiia CTaTUCTUYKH 3Ha4yajHa. TOKOM
aKyTHe MHQIIaMalyje IoCTojala je CTAaTUCTHYKY 3HAYajHa pas3linka y Opojy yia3aka y OTBOpEHE

kpake m3mehy Gal-3 u WT mumesa (p<0.05).
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Canka 4.9. Ytunaj peaenuje rena 3a Gal-3 um akyrne wuH(uamanmuje HHIyKOBaHe
HHTpanepuToHeasHoM npumeHom LPS-a na 0Opoj yia3zaka y oTBOpeHe Kpake Yy TeCTy Y3AUTHYTOT
Kpcracror gaBupunta. Excnepumentanne rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6a3anau yciosw,
WT (n=8) u Gal-3-/- (n=8); akytHa uH(piamaryja, 24h Hakon mpumene LPS-a, WT (n=8) u Gal-3-/- (n=8).
BpenHOCTH Cy IIpeacTaBibeHe Kao X+SEM, * p<0.05, ** p<0.01.
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4.1.2.5. Yruuaj neaenmje rena 3a Gal-3 u akyTHe uMHpIamManuje MHIYKOBaHe

LPS-oMm Ha 0poj enu3oaa yKynHe eKCII0paTHBHE AKTHBHOCTH

Ha caunm 4.10. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpIamauje
WH/IYKOBaHE HWHTpanepuToHeaTHoM mnpumenomM LPS-a wHa ©Opoj enm3oma ykymHe
EKCIUIOpAaTUBHE AaKTUBHOCTH Yy TECTy Y3JAMTHYTOI KPCTAacTOT JaBUpHHTA. [lenenuja rena 3a
Gal-3 u akyTHa mH}IaManuja cy A0BeJe J0 3Ha4ajHUX MPOMEHA BPETHOCTH OBOT MapaMeTrpa y
onpehenum  excnepumeHtanHuMm rpynama (F=27.082, df=3). bpoj enmzoma ykymHe
eKCIIOpaTHBHE aKTHBHOCTH IPEICTaBJba 30up Opoja ycrpaBibama, KOjU Ce YIIIaBHOM OCJIekKH Y
3aTBOPEHHMM KpalliMa M Opoja Harumbama KUBOTHILE, KOJH CE MOXKE 3ala3uTH CaMO Y OTBOPECHUM
Kpauuma. Y OaszanmHum ycioBuma je koi Gal-3 muimeBa MmocTojaja CTaTUCTHYKU 3HAYAJHO
W3paKCHHUja PEayKIFja BPEAHOCTH OBOT mapameTpa y ogHocy Ha WT mumese (p<0.01). 3a
pazmuky on WT skuBoruma, Gal-3-/- MHIIEBH HHCY TMOKa3ald 3HAYajHO CMAambeHe
eKCIJIOpaTUBHE aKTUBHOCTH 24 4daca HakoH npumene LPS-a y ogHocy Ha 0OasamHe yciose.
Koxn Gal-3-/- mumeBa cy ce oapxaiie BpeAHOCTH IpUOIKHE 0a3aiHUM BPEIHOCTHMA, KOje
cy 3Ha4ajHo Owmie Behe on BpemHocTH 3a0enexennx kox WT xkuBotuma 24h HakoH mpuMeHe

LPS-a (p<0.05).
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Cinka 4.10. Yrunaj npeiemuje rena 3a Gal-3 m  akyrHe wuHduIaManuje HWHIYKOBaHe
HHTpanepuToOHealHoM npuMenoM LPS-a Ha Opoj enu3oga ykynHe eKCILIOPATHBHE AKTHBHOCTH Y TECTY
y3IMrHyTOr Kperacror jgaBupuara. Excrnepnmentanne rpyne (WT u Gal-3-/- mumesu, coja C57BL/6):
6azaman ycnosu, WT (n=8) u Gal-3-/- (n=8); akyTHa uH}uamanuja, 24h Hakon npumene LPS-a, WT (n=8) u
Gal-3-/- (n=8). Bpeanmoctn cy npeiactaBibeHe kao  X+SEM, *  p<0.05, **  p<0.01.
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4.1.3. Tect kavyemwa 3a pen

4.1.3.1. YTuuaj nesenmje rena 3a Gal-3 u akyTHe uMHpIaManuje MHIYKOBaHe

LPS-oM Ha Bpeme 10 nojaBe NpBe HMOOUIHOCTH

Ha caunm 4.11. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpaamanuje
WHAYKOBaHE MHTpanepuToHearHom npumeHoMm LPS-a Ha BpeMe 10 1ojaBe MpBe UMOOMITHOCTH
(s) y TecTy Kauema 3a pemn. Y 0OazamHuM ycnoBuMa je kox Gal-3 medunujeHTHHX MHUIIEBa
3a0€eJIeKeHO CTATUCTUYKHU 3HAYajHO Jy>KE€ BpeMe 0 IojaBe MpBe UMOOMIHOCTH y onHocy Ha WT
mutiese (F=14.636, df=3, p<0.01). Hakon npumene LPS-a gonuio je 10 cmamema BPEIHOCTH
oBor mapamerpa y o6e excrepumentanne rpyne (WT u Gal-3-/-) y ogHOCy Ha BPEIHOCTH Y

6a3aJHUM ycJIOBHMa, aId OBE IPOMEHE HUCY OMJIe CTAaTUCTUYKH 3HAYajHe.
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Canka 4.11. Yrunaj peiemuje rena 3a Gal-3 m  akyrnHe wuHduIaManuje HWHIYKOBaHe
HHTpanepuToHeajHoM npuvMeHom LPS-a Ha Bpeme 10 mojaBe npBe HMOOMIIHOCTH (S) Y TeCcTy Kauema 3a
pen. Excriepumentanne rpyne (WT n Gal-3-/- mumesn, coja C57BL/6): 6azannu ycnosu, WT (n=8) u Gal-3-/-
(n=8); akytHa uHpmamanwmja, 24h Hakon mpmmene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpemnoctu cy
npeacTaBibeHe Kao X+ESEM, * p<0.05, ** p<0.01.
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4.1.3.2. YTuuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-om Ha 6poj enu3ona uMoOOHIHOCTH

Ha caunm 4.12. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpaamauje
WHIYKOBaHE WHTpANEepUTOHEATHOM IpuMeHoM LPS-a Ha 6poj enn3oaa UMOOMIIHOCTH Y TECTY
Kauewa 3a pen. Jenenuja rena 3a Gal-3 u akyTHa uH(pIamanMja HUCY JIOBEJIE 10 3HAYajHUX
npoMeHa BpenHocTd oBor mapamerpa (F=5.675, df=3). YV 06azamaum ycnosuma cy Gal-3
JnedUIMjeHTHI MUIIICBH UMaId MamkbH OpOj enu30/1a UMOOMIHOCTH y ojHOCy Ha WT muinese,
ajJy HUje MOCTOojaJla CTATHCTHYKK 3HayajHa pasziinka. TokoM akyTHe WHQIaMalyje JOoIo je A0
noBehama O0poja enu3zoaa uMoomHocTd U ko WT u kox Gal-3 nedunujeHTHUX MUIIeBa, AJIA Y

OJTHOCY Ha BPEAHOCTH y 0a3aJIHUM YCIIOBHMA HUje OMJIO CTAaTUCTUYKH 3HAYAjHE PA3IIUKE.
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Cauxka 4.12. Ytunaj paenenuje rena 3a Gal-3 um akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeanHoM mnpumeHoM LPS-a Ha 0Opoj enu3zoga MMOOMIHOCTH y TecTy Kayema 3a pell
Excnepumenranne rpyne (WT u Gal-3-/- mummesn, coja C57BL/6): 6a3zanmuu ycnosu, WT (n=8) u Gal-3-/- (n=8);
akyTHa nH(puamanuja, 24h nakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy npezacraBibeHe
kao X£SEM, * p<0.05, ** p<0.01.
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4.1.3.3. YTuuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-oM Ha yKynHO BpeMe HMOOHIIHOCTH

Ha caunm 4.13. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpaamanuje
WHAYKOBaHE WHTpPANEPUTOHEATHOM puMeHOM LPS-a Ha yKymHO BpemMe MMOOWIHOCTH (S) Y
TECTy Kauemwa 3a pem. [lemenmja rena 3a Gal-3 u akyrHa uH(pIamanuja I0BETU Cy 10
3HAYajHUX MMPOMEHA y BpeIHOCTH oBOT mapamerpa (F=21.384, df=3). V¥ 6a3amnum ycioBuMma je
konx Gal-3 nedunmjeHTHMX MHIIEBa 3a0€JIeKEHO CTAaTHCTHYKM 3HAYajHO Kpahe Tpajame
umobunHocT 'y ogHocy Ha WT mmmese (p<0.01). Hakon npumene LPS-a pomwuio je mo
CTaTHCTUCTUYKH  3HAYAjHOT  TPOAYXKEHha YKYIHOI BpeMeHa HMMOOWIHOCTH y  00e
excniepumenrtaine rpyne (WT u Gal-3-/-) y ogHOoCy Ha BpenHocTH y 0azanauM ycnosuma (p<0.05

u p<0.01).
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Cauxka 4.13. Ytuunaj paenenuje rena 3a Gal-3 u akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeaJHOM npuMeHoM LPS-a Ha ykynmHo BpeMe MMOOHMUIHOCTH (S) y TecTy Kauema 3a peil.
Excnepumenranne rpyne (WT u Gal-3-/- mummesn, coja C57BL/6): 6a3zanuu ycnosu, WT (n=8) u Gal-3-/- (n=8);
akyTHa mHpnamanmja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy mnpencraBibeHe
ka0 X+SEM, * p<0.03, ** p<0.01.
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4.1.3.4. YTuuaj neaenmje rena 3a Gal-3 u akyTHe MHpIaManuje MHIYKOBaHe

LPS-om Ha npoceyHo Tpajame enu3o/1e HMOOHITHOCTH

Ha caunm 4.14. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpaamauje
MH/IYKOBaHE MHTpallepUTOHEATHOM mpuMeHoM LPS-a Ha mpoceuno Tpajame emnuzone
UMOOMITHOCTH (S) y TeCTy Kauema 3a per. Jlenenuja rera 3a Gal-3 u akyTtHa uH(IamManuja HUCy
JIOBEJIe 110 3HAYajHUX TpoMeHa BpemHocTtu oBor mapamerpa (F=0.66, df=3). YV O6azanaum
yCJIOBHMA j€ BPEIHOCT MPOCEYHOT Tpajama enuzone uMoomnHoctu koa Gal-3 aedunujeHTHHX
MulleBa Owia CIM4YHA BPEAHOCTH oOBOr mnapamerpa kox WT mwumeBa. Toxkom akyTHe
unpaamanmje kox WT xuBoTHma je 3a0enekeHa Mama BPEIHOCT OBOT TapaMeTpa, JIOK je
kox Gal-3 neduinjeHTHUX )KMBOTHHA JOILLIO 10 MOoBehama BpeJHOCTH OBOT MapameTpa, aau
OBE IMPOMEHE HHUCY OWJie CTAaTUCTUYKU 3HAYajHE y OJHOCY Ha BPEOHOCTU y Oa3alHUM

yCIIOBUMa.
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Cauxa 4.14. Ytunaj penenuje rena 3a Gal-3 um akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeaJHOM npuMeHoM LPS-a Ha npoceuHo Tpajame enn3oae HMOOGUIIHOCTH (S) Y TECTy Kauemha
3a pen. Exciepumentanne rpyne (WT u Gal-3-/- mutieswn, coja C57BL/6): 6a3anau ycnosu, WT (n=8) u Gal-3-
/- (n=8); akytHa wnHbmamanmja, 24h makoH mpumene LPS-a, WT (n=8) m Gal-3-/- (n=8). Bpemnoctu cy
npeacTasibeHe Kao XESEM, * p<0.05, ** p<0.01.
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4.2. HNmyHoxucToxemMHjcka HCIUTHBakba — aHajau3a Opoja H

auctpudyunje BDNF-umyHopeakTHBHMX HEYPOHA Y XHIIOKAMILYCY

4.2.1. YTunaj neaenuje reia 3a Gal-3 u akyTHe nH(IaMannje HHIYKOBaHe
LPS-om Ha O0poj BDNF-umyHopeakTuBHuXx HeypoHa Yy CAl peruony

XHUnoKammyca

Ha cnukama 4.15. u 4.16. cy mpukasanu edextu aenenuje rena 3a Gal-3 u akytHe
uH(pIaManuje WHIYKOBaHE WHTpalepuTOHeaTHOM mnpuMeHoMm LPS-a ma mpomene y Opojy
BDNF-nmynopeaktuBHux HeypoHa y CAl pernony xunokammyca. Jlenenunja rena 3a Gal-3 je
JIOBeJia JI0 3HAa4ajHUX MPOMEHa BPEJHOCTH OBOT mMapameTpa y Oasannum ycinoBuma (F=3.923,
df=3). Gal-3 npedunmjenTHH MHUImEBH cy UMand Mambu Opoj BDNF-umyHOpeakTHBHHX
Heyporna y CAl permony xumnokammyca y mopehemy ca WT xuBoTumama y 0azamHuUM
ycnoBuMa (p<0.05). Toxkom akyrHe nHpnamaruje kogx WT muiieBa JI01LI0 je 1O CMambemba,
mok je kox Gal-3 npedunujenTHux wmwumeBa jgouuio Ao noBehawma Opoja BDNF-
UMyHOpeakTHBHHX HeypoHa y CAl permony xumokamiryca, MehyTHM OBE NMpPOMEHE HHUCY

OwJIe CTAaTUCTUYKY 3HAYajHE Y OJJHOCY Ha Oa3aHe yCIIOBE.
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Cauxa 4.15. Ytunaj penenuje rena 3a Gal-3 um akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeajHnoM npuMmeHoMm LPS-a na 6poj BDNF-umyHopeakTuBHux HeypoHa y CAl permony
xunokamnyca. Excriepumenranae rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6azanan ycnosu, WT (n=8)
n Gal-3-/- (n=8); akyrna uaduamanuja, 24h makon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpennoctu cy
npezcTabbene kao XE=SEM, * p<0.05, ** p<0.01.
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GazanHu ycnosu

Canka 4.16. HUmynoxucroxemujcka ekcrnpecuja BDNF-umynopeaktuBuux Heypona y CAl
permony xumokammyca muieBa. Ha ciuum cy npencraBbend nojenuHadid BDNF-no3uTuBHU HEypoHU U3
CAl permona xumokamnyca (ca ozarosapajyhum ysennuamem). Excnepumenrtanne rpyne (WT u Gal-3-/-
muieBH, coja C57BL/6): 6a3anuu ycnoBu, WT u Gal-3-/- muiieBu; akytHa unduamanuja, 24h HakoH NpUMeHe
LPS-a, WT u Gal-3-/- muieBu.
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4.2.2. Yrunaj nesenuje resa 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe
LPS-om nHa 0poj BDNF-umyHopeakTuBHux HeypoHa Yy CA2/3 perunony

XMIIoKRamIryca

Ha cnukama 4.17. u 4.18. cy npukazanu edextu nenenuje reHa 3a Gal-3 um akytHe
uH(uIaMalyje UHAYKOBaHE HHTpanepuTOHeanHoM npuMmeHoMm LPS-a Ha mpomene y Opojy
BDNF-umynopeaktuBaux neypona y CA2/3 perunony xunokammnyca. Cmamemne 0poja BDNF-
UMYHOpEaKTHBHUX HeypoHa ko Gal-3 neduiujeHTHUX MuIIeBa y 6a3alHUM yCIOBHMA HHUjE
O0wno 3HayajHo y oxHocy Ha WT mwmmeBe. AkyTHa wHdIaManuja WHAyKoBaHa LPS-om
3Ha4yajHO je cMmamuia 6poj BDNF-umyHopeakTuBHux HeypoHa y CA2/3 xumoxkammnagiHOM

perunony u kox WT u kox Gal-3 nedunujentaux xuBotuma (F=42.325, df=3, p<0.01).
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Canka 4.17. Yrunaj peiemuje rena 3a Gal-3 m  akyrne wuHdIaManuje HHIYKOBaHe
HHTpanepuToneajHoM npumenoMm LPS-a na 6poj BDNF-umynopeaktuBHux Heypona y CA2/3 pernony
xunokammyca. Excriepumentanne rpyne (WT n Gal-3-/- mummesn, coja C57BL/6): 6azannu ycnosu, WT (n=8)
u Gal-3-/- (n=8); akyTrHa nH}pnamanmja, 24h HakoH npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). BpemHoctu cy
npezcTaBbene kao X+=SEM, * p<0.05, ** p<0.01.
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©aszanHu ycrnosu
__ — 7% T

Canxa 4.18. UmyHoxucroxemujcka excrnpecuja BDNF-umyHnopeaktusHux Heypona y CA2/3
pernoHy xumokammyca muineBa. Ha cimum cy npencraBbenu nojenuHaund BDNF-no3nTuBHM HeypoHU U3
CA2/3 pernona xumnokamiyca (ca oarosapajyhum ysennuamem). Excrepmmentanne rpyne (WT u Gal-3-/-
muiesH, coja C57BL/6): 6a3anau ycnosu, WT u Gal-3-/- mummeBy; akyTHa uHduamanuja, 24h HakOH pUMEHe

LPS-a, WT u Gal-3-/- mumesu.
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4.2.3. Yruuaj neseuuje resa 3a Gal-3 u akytHe nndguiamanmje HHIyKOBaHe

LPS-om na 6poj BDNF-umyHnopeaktuBHux HeypoHa y DG peruony xunokammyca

Ha cnukama 4.19. u 4.20. cy npukazanu edextu aenernuje rena 3a Gal-3 u akytHe
uH(pIamMaluje WHIYKOBaHE WHTpalepuToHeaHoM npumeHoM LPS-a nma mpomene y Opojy
BDNF-umyHnopeaktuBHux HeypoHa y DG pernony xumnokamiyca. Y 0a3aJHUM YCIOBHMA j€
ko Gal-3 nmedunujeHTHUX MHIIeBa JeTekToBaH Mamu Opoj BDNF-umyHOpeakTHBHUX
HeypoHa y omHocy Ha WT muieBe, alum oBa pas3linka y UMYHOPEAKTUBHOCTH HHje Owuia
CTaTHCTUYKU 3Ha4yajHa. AKyTHa MHGIaManvja naaykoBana LPS-om je moBena 10 pemykiyje
opoja BDNF-umyHopeaktuBHux Heypona y DG peruony u xox WT u xoxm Gal-3
neduIUjeHTHUX KUBOTHIbA, MEyTHUM CTaTUCTUYKHU 3HAa4yajHAa paziiuKa y OJHOCy Ha OazaimHe

ycioBe je 3abenexxena camo kox WT mumieBa (F=4.595, df=3, p<0.05).
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Cauxka 4.19. Ytunaj penenuje rena 3a Gal-3 u akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeajHnoM npumeHoM LPS-a na 6poj BDNF-umyHopeakTuBHuX Heypona y DG permony
xunoxkammyca. Excriepumentanne rpyne (WT n Gal-3-/- mummesn, coja C57BL/6): 6azannu ycnosu, WT (n=8)
u Gal-3-/- (n=8); akyTHa un(namanuja, 24h nakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpennoctu cy
npezcTaBbene kao XE=SEM, * p<0.05, ** p<0.01.
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GasanHu ycnosu

LPS 24h
& AR

Canka 4.20. UmyHoxucroxemmjcka excnpecuja BDNF-umyHopeakTuBHux Heypona y DG
permony xumokammyca muimeBa. Ha ciuuum cy npencraBbenu nojenuHadid BDNF-no3uTHBHU HEypoHU U3
DG peruona xumokamiyca (ca oaropapajyhum ysenuuatbeMm). Excrepumentanne rpyme (WT u Gal-3-/-
muieBH, coja C57BL/6): 6a3anuu ycnoBu, WT u Gal-3-/- muiieBu; akytHa uHduamanuja, 24h HakoH NpUMeHe
LPS-a, WT u Gal-3-/- mumesu.
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4.2.4. Yruuaj neseuuje resa 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe

LPS-om na ykynan 6poj BDNF-umyHopeakTHUBHUX HEYPOHA Y XHIIOKAMITYCY

Ha ciunm 4.21. cy npukazanu epextu aenenuje reHa 3a Gal-3 u akytHe uH(IaMaIuje
WHIYKOBAaHE HHTpAllepuTOHEAIHOM mnpuMeHoM LPS-a nHa ykyman Opoj BDNF-
MMYHOPEAaKTHBHUX HeypoHa Yy xumokammnycy. Jlememuja rena 3a Gal-3 u akyTHa
uH(pIaManmja cy JoBeNe 0 3Ha4ajHUX MpomeHa ykymHor Opoja BDNF-umyHOpeakTHBHUX
HeypoHa y oxapehenum rpynama (F=38.323, df=3). ¥V Gazannum ycrnoBuma je ykymaH Opoj
BDNF-umyHOpeakTUBHUX HEypoHa Ouo 3HauyajHO Mamu y nopehemy ca WT mumeBuma
(p<0.01). Yxynan 6poj BDNF-umyHOpeakTUBHUX HEypOHA Ha IPECceKy XUIIOKaMIryca je Ouo
3HayajHO cMmameH 24 cata HakoH npumene LPS-a u xom WT xuBotuma u kox Gal-3
nedUIMjeHTHIX MHUIIeBa y ofgHocy Ha 0azanHe ycnoBe (p<0.01 m p<0.05), amu je nmenmenuja

rera 3a Gal-3 yonaxuia peryKiujy.

9 600 -
E = 500 - % X%
3 E
8’ = 400 - X
TS —F—
§~ C
% 5 300 -
L
S 2 7
m = 200 - Z
5 >
[« T+ ]
© 5 100 -
=%
o
E T O T A T T
WT WT+LPS 24h GAL-3-/-  GAL-3-/-+LPS 24h
BasanHw ycnoesu ©aszanHu ycrnosu

Cauxka 4.21. Ytuunaj penenuje rena 3a Gal-3 um akyrHe uH(JamManuje HWHAYKOBaHe
HHTpanepuToHeajHoM mnpuMeHoM LPS-a na ykynan Opoj BDNF-umyHopeakTMBHHUX HeypoHa Yy
xunokamnycy. Excriepumenranne rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6azanan yciosu, WT (n=8)
n Gal-3-/- (n=8); akyrHa uadmamanuja, 24h makon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpennoctu cy
npezcTaBbene kao X+=SEM, * p<0.05, ** p<0.01.
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4.3. Excnpecuja rena 3a BDNF, GABA-AR2S, GABA-ARSS, TLR4 u

HMTOKHMHE Y TKUBY xunokammyca (pesyiaratu qRT-PCR-a)

4.3.1. YTunaj neaeunuje reia 3a Gal-3 u akyTHe nH(JIaMannje HHIAYKOBaHe

LPS-om Ha excnipecujy rena 3a BDNF y xunokammycy

Ha caunm 4.22. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpIamanuje
WHIyKOBaHE HWHTpamnepuToHeasHoM mpumeHoM LPS-a Ha ekcrpecujy rena 3a BDNF y
xunokammycy. Jlenenuja rena 3a Gal-3 m akyrHa wH(QIaManuja cy JOBelie O 3HAYajHUX
npomena excrpecuje reHa 3a BDNF y oapehenum excniepumentamaum rpynama (F=9.702,
df=3). Hedbuumjenuuja Gal-3 je y 6asanHum ycioBuma Owia npaheHa 3HA4ajHO HHUIKOM
excupecujom BDNF-a y omnocy nHa WT xuBotume (p<0.01). AkytHa uHbnamamuja
uHaykoBaHa LPS-om ycrnoBuna je 3Ha4ajHO cMmameme ekcrnpecuje reHe 3a BDNF y
xunokammycy kogq WT mumeBa y omxHocy Ha 6a3anae ycimoBe (p<0.01), mox je xox Gal-3-/-

MuIlIeBa Jouuio Ao nosehama excrpecuje reHa 3a BDNF, anu 6e3 craructuyke 3Ha4ajHOCTH.
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Cauxka 4.22. Ytuunaj neneunuje reHa 3a Gal-3 um  akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeaanom npumenom LPS-a na penaruBny ekcnpecujy rena 3a BDNF y xunmoxammycy
muieBa. Excriepumenranne rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6a3amau ycnosu, WT (n=8) u Gal-
3-/- (n=8); axytHa wHbpnamanmja, 24h HakoH mpumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpennoctu cy
npezcTaBbene kao XE=SEM, * p<0.05, ** p<0.01.
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4.3.2. Yruuaj nesenuje resa 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe

LPS-om Ha ekcnipecujy rena 3a GABA-AR2S y xunokammycy

Ha cnutm 4.23. cy npukaszanu edextu aenenuje reHa 3a Gal-3 u akytHe uH(IaMaiuje
WHyKOBaHE MHTpaIrepuTOHeaTHOM npuMeHoM LPS-a Ha ekcnipecujy rena 3a GABA-AR2S y
xunokammycy. Jleneuuja rena 3a Gal-3 u akyrHa uH(uamanuja cy AOBeJe J0 3HAYaJHUX
MpOMEHa y XHWIIOKaMMNaJHO] ekcmpecuju  reHa 3a GABA-AR2S y  onapehenum
excnepumeHtanHuM rpymama (F=9.397, df=3). V 06azamaum ycnoBuma je kox Gal-3
nedujeHTHIX MuIlieBa ekcrpecrja reHa 3a GABA-AR2S Ouna 3HauajHO CMameHa y
nopehewy ca WT xuBotumama (p<0.01). AxyTHa uH(Iamanuja UHIYKOBaHA MPHUMEHOM
LPS-a je xon WT xuBotuma Owmina mpaheHa 3Ha4ajHUM CMamelHEM EKCIIpecHje reHa 3a
GABA-AR2S y omnocy Ha Oazamne ycioBe (p<0.05), mok kom Gal-3 gedurujeHTHHX
KUBOTHIbA HHjE 3a0eIe)KeHa 3HaUajHa pa3iinKa y ekcrpecuju rea 3a GABA-AR2S y onHocy

Ha 0a3aliHe ycioBe.
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Canka 4.23. Yrunaj peiemuje rena 3a Gal-3 m  akyrHe wuHduIaManuje HWHIYKOBaHe
HHTpanepuToHeaJHoM npuMeHoM LPS-a Ha peraTuBHy excnpecujy rena 3a GABA-AR2S y xunokammycy
mumena. Excnepumenranne rpyne (WT u Gal-3-/- mumieBn, coja C57BL/6): 6azannu ycnosu, WT (n=8) un Gal-
3-/- (n=8); akyrHa mH(pnamanuja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npeacTaBibeHe Kao X£ESEM, * p<0.05, ** p<0.01.
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4.3.3 YTuuaj genaenuje rea 3a Gal-3 u akyrHe unuiamanmje HHIYKOBaHe

LPS-om Ha ekcnipecujy rena 3a GABA-ARSS y xunokammnycy

Ha ciutm 4.24. cy npukazanu edextu aenenuje reHa 3a Gal-3 u akytHe uH(IaMaIuje
WHyKOBaHE MHTpaIrepuTOHeaAIHOM npuMeHoM LPS-a Ha ekcripecujy rena 3a GABA-ARSS y
xunokammycy. Jleneuuja rena 3a Gal-3 u akyrHa uH(IaManuja cy AoBelie 10 3HAa4YajHUX
MpOMEHa y XHWIIOKaMmaiHOj] ekcrpecuju  reHa 3a GABA-ARSS y  oxapeherum
excnepuMeHTaTHUM Tpynama (F=25.462, df=3). V Ga3annum ycioBuma je Jenenuja resa 3a
Gal-3 wu3azaBana 3HauajHo cmamerme GABA-ARSS y omnocy ma WT mumese (p<0.01).
[ToBehamwe excrnpecuje rena 3a GABA-ARSS, unnykoBano npumenom LPS-a, 3a0enexeHo je
u kon Gal-3-gedunujentaux u kogq WT muimesa, anu je y oJHocy Ha 0a3aiHe YCIOBE OBO

noBehame O6mio 3HauajHo camo koxa Gal-3 nedunujentanx mutesa (p<0.01).
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Cauxka 4.24. Ytuunaj penenuje rena 3a Gal-3 um akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeaJHoM npumMeHom LPS-a Ha pesaTuBHy ekcnpecnjy reia 3a GABA-ARSS y xunokamnycy
muieBa. Excriepumenranne rpyne (WT u Gal-3-/- mumesn, coja C57BL/6): 6a3amau ycnosu, WT (n=8) u Gal-
3-/- (n=8); axytHa mH(pmamanuja, 24h HakoH mpumene LPS-a, WT (n=8) m Gal-3-/- (n=8). Bpennoctu cy
npeacTaBibeHe Kao X£ESEM, * p<0.05, ** p<0.01.
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4.3.4. Yruuaj nesenuje resa 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe

LPS-om Ha excnipecujy rena 3a TLR4 y xunokammycy

Ha ciunm 4.25. cy npukaszanu epextu aenenuje reHa 3a Gal-3 u akytHe uH(IaMaiuje
WHIyKOBaHE HHTpanepuToHeatHoM npuMmeHoMm LPS-a Ha ekcnpecujy reHa 3a TLR4 y
xunokammycy. Jleneuuja rena 3a Gal-3 u akyrHa uH(aManuja cy AOBele J0 3HAYaJHUX
IpoMEeHa y XHuIokamnaiHoj ekcrpecuju reHa 3a TLR4 y oapehenum excrnepumeHTaTHUM
rpynama (F=21.626, df=3). Jlenenmja rena 3a Gal-3 HHje yTUIalia HAa XHIIOKAMITATHY
excripecrjy rera 3a TLR4 y 6azanaum ycnoBuma. Hacympot oBome, HakoH npumene LPS-a u
ko WT u xox Gal-3 nedunujentHux muiieBa notepheHo je 3HauajHo noBehame ekcrpecuje
rera 32 TLR4 y onnocy Ha 6a3anue yciose (p<0.01). MehyTtum, noBehame ekcrpecuje rena
3a TLR4 unnykoBano nmpumeHom LPS-a je Omino 3navajuo mame koxa Gal-3 nedunujeHTHIX y

nopehewy ca WT mumesuma.
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Canka 4.25. Yrunaj peiemuje rena 3a Gal-3 m  akyrHe wuHduIaManuje HWHIYKOBaHe
HHTpanepuToHeasHoM npumenom LPS-a na pesarnBHy excrpecujy rena 3a TLR4 y xmmokammycy
mumena. Excnepumenranne rpyne (WT u Gal-3-/- mumieBn, coja C57BL/6): 6azannu ycnosu, WT (n=8) un Gal-
3-/- (n=8); akyrHa mH(pnamanuja, 24h Hakon mpumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npeacTaBibeHe Kao X£ESEM, * p<0.05, ** p<0.01.
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4.3.5. Yruuaj neseuuje rena 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe

LPS-om Ha ekcnipecujy rena 3a IL-6 y xunokammycy

Ha ciunm 4.26. cy npukazanu epextu aenenuje reHa 3a Gal-3 u akytHe uH(Iamaiuje
WHIyKOBaHE WHTpalepuTOHEAIHOM mnpuMmeHoMm LPS-a Ha ekcmnpecujy rena 3a IL-6 vy
xunokammycy. Jleneuuja rena 3a Gal-3 u akyrHa uH(uamanuja cy AOBeJe J0 3HAYaJHUX
IpOMEHa y XMIIOKaMIIadHO] ekcrnpecuju reHa 3a IL-6 y onpeheHum excrnepuMeHTaTHUM
rpynama (F=20.585, df=3). Y 0a3amauMm ycnoBuMa je ekcrnpecuja reHa 3a IL-6 y
XUnokammycy Owia 3HatHO HMka kon Gal-3-medunmjentaux mumea y nopehewmy ca WT
xuBoTumama (p<0.05). Tokom akyTHe uH(Iamanuje je ekcrnpecuja reHa 3a IL-6 Ouma
noBehana u kog WT u kox Gal-3-neduiinjeHTHUX KUBOTHIHA, alld j€ CTATUCTHUYKH 3HAaYajHa
pasnuka y OJHOCY Ha Oa3zamHe ycioBe mocrojama camo kox WT wmmmesa (p<0.01).
3a0enexeHa je 3Ha4ajHO Mama ekcrpecuja reHa 3a IL-6 xon Gal-3-/- y mopehewy ca WT

KUBOTUBaMa, 24h HakoH nmpumene LPS-a (p<0.01).
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Cauka 4.26. Ytunaj paenenuje rena 3a Gal-3 um akyrHe uH(Jamanuje HWHAYKOBaHe
HHTpanepuToHeaJHOM mnpuMeHoM LPS-a Ha penaruBHy ekcnpecujy rena 3a IL-6 y xumoxammycy
muieBa. Excriepumenranne rpyne (WT u Gal-3-/- mumesy, coja C57BL/6): 6a3amau ycnosu, WT (n=8) u Gal-
3-/- (n=8); akyrHa mH(pnamanuja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npezcTabbene kao X+=SEM, * p<0.05, ** p<0.01.
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4.3.6. Yruuaj neseuuje resa 3a Gal-3 u akytHe nndguiamanmje HHIyKOBaHe

LPS-om Ha exkcnipecujy rena 3a TNF-a y xunokammnycy

Ha ciunm 4.27. cy npukasanu edexrtu aenenuje reHa 3a Gal-3 u akytHe wH(IaMaIje
WHIyKOBaHE WHTpamnepuToHeasHoM npumeHoMm LPS-a Ha ekcnpecujy rena 3a TNF-a y
xunokammycy. Jleneuuja rena 3a Gal-3 u akyrHa uHGIaManuja cy JoBejie JO 3HaYajHUX
IpOMEHa y XuIokammnaiHoj ekcrpecuju reHa 3a TNF-a y oapeheHuMm ekcrniepuMeHTaTHUM
rpynama (F=75.973, df=3). V 6a3amaum ycnoBuma je aenenuja rena 3a Gal-3 mosena 1o
penykuuje ekcrpecuje reHa 3a TNF-o, anu oBa mpomeHa y ogHocy Ha BpeaHocTd ko WT
MHUILIEBA HUje OMila CTaTUCTUYKM 3HaudajHa. 3HavyajHo nosehame ekcrpecuje reHa 3a TNF-a y
xunokammycy je npumeheno u kogq WT u kon Gal-3 nedpunmjentux muiieBa 24 cata HaKOH
npumene LPS-a, y omHocy Ha 6azamne ycnoBe (p<0.01). Toxom akyrHe mH(pIamanmje je
3a0elekeHa CTaTUCTHYKY 3HaYajHO Mamba BPeIHOCT OBOT nuToknHa Koa Gal-3-/- y ogHOCY Ha

WT mumese (p<0.05).
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Canka 4.27. Yrunaj peiemuje rena 3a Gal-3 m  akyrne wuHduIaManuje HWHIYKOBaHe
HHTpanepuToHeainoM npumenom LPS-a na penaruBHy exchnpecujy rena 3a TNF-o y xumokxammycy
mumena. Excnepumenranne rpyne (WT u Gal-3-/- mumieBn, coja C57BL/6): 6azannu ycnosu, WT (n=8) un Gal-
3-/- (n=8); akyrHa mH(pramanuja, 24h HakoH mpumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy
npeacTaBibeHe Kao XESEM, * p<0.05, ** p<0.01.
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4.4. UcnuTuBama KOHUEHTPalMje NUTOKMHA Y TKHBY XHIIOKaMITyca

(pesyaratu ELISA Tecra)

4.4.1. Yruuaj neseunuje rena 3a Gal-3 u akytHe nnduiamanuje uHIyKOBaHe

LPS-om Ha koHuentpaumjy IL-6 y xunoxkammycy

Ha caunm 4.28. cy npukasanu edektu aenenrje reHa 3a Gal-3 u akytHe uHpaamaiuje
WHIYKOBAaHE HWHTpanepuToHeasHoM mnpuMeHoMm LPS-a na koHmenrpanujy IL-6 'y
xunokammycy. Jlenenuja rena 3a Gal-3 u akyrHa wH(IaManuja cy JOBelie JO 3HAYajHUX
POMEHa XUIOKAMITAIHUX KOoHIeHTpauuja IL-6 y oxpeheHnM excriepuMeHTaIHUM Tpynama
(F=37.791, df=3). V 6a3annum ycinoBuMa je koHueHTpanuja IL-6 y xunokammycy muineBa
6una 3HauajHO HMka kox Gal-3 neduuujenTHux mumena y nopehewy ca WT xuBotumama
(p<0.01). Mehytum, 24 cara Hakon npumeHe LPS-a xunokamnanuu cagpxkaj IL-6 je y ogHOCY
Ha 0azanHe ycioBe 3HauajHo O6uo mosehan y rpymu WT xuBotuma (p<0.01), nokx kox Gal-3-/-
KUBOTHIbA HHje OWlo 3HavajHe mpomeHe. TokoMm akyTHe MHGIaMalldje je XUIIOKaMIaIHU
caapxkaj IL-6 kox Gal-3-/- ;xuBoTHma 010 3Ha4YajHO Mamu y nopehemy ca WT xuBotumama

(p<0.01).
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Canka 4.28. Yrunaj penemuje rena 3a Gal-3 m akyrnHe wuHduIaManuje HWHIYKOBaHe
HHTpanepuToneajnoM mnpumenom LPS-a na xonumentpammjy IL-6 y xumokammycy MumieBa.
Excnepumenranue rpyne (WT u Gal-3-/- mumeswn, coja C57BL/6): 6a3amau yenou, WT (n=8) u Gal-3-/- (n=8);
akyTHa nH(puamanuja, 24h nakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy npezacraBibeHe
ka0 X+SEM, * p<0.03, ** p<0.0
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4.4.2. Yruuaj neseuuje resa 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe

LPS-om na konuentpaumjy TNF-a y xunokammycy

Ha ciutm 4.29. cy npukaszanu epextu aenenuje reHa 3a Gal-3 u akytHe uH(IaMaIuje
WHIyKOBaHE WHTparnepuToHearHoM mpumeHoM LPS-a nHa koHmentpanujy TNF-o y
xunokamnycy. enenuja reHa 3a Gal-3 u akyrHa mH(IaManuja cy J0Bejie 10 3HAYajHUX
poMeHa XurokamnanHux KoHmnentpanuja TNF-o y onpehernM ekcriepuMeHTaTHUM Tpynama
(F=164.476, df=3). Y 6a3aiiHuM yCIOBHMa HHjE MOCTOjala CTATUCTUYKY 3HAYAjHA Pa3JIUKa y
BpenHocTHMa xunokammanHe koHmentpanuje TNF-o usmelhy Gal-3 nedunujentanx u WT
muineBa. 3HauajHo mnoBehame koHueHtpanuje TNF-o y xumokammycy je 24 cara HakoH
npumene LPS-a, y onHocy Ha O6asanne ycnose, npumeheno u xonx WT wu Gal-3-
nedunmjeaTHIX Mumena (p<0.01), ¢ Tum mTo je oBo moBehame Owmio u3pakenuje kogq WT
mutieBa. TokoMm akyTHe mH(IaMalje 3a0enekeHa je 3Ha4ajHo Mama KoHleHTpanrja TNF-ao

ko Gal-3-/- y oqnocy Ha WT muiuese (p<0.05).
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Cauxka 4.29. Ytuunaj penenuje rena 3a Gal-3 um akyrHe uH(JamManuje HWHAYKOBaHe
HHTpanepuToHeaanom npumeHom LPS-a nHa konuenrpanujy TNF-0 y xumokammycy wmwuiieBa.
Excniepumentanne rpymne (WT u Gal-3-/- mumeswn, coja C57BL/6): 6a3amau ycnosu, WT (n=8) u Gal-3-/- (n=8);
akyTHa mHbpnamanuja, 24h Hakon npumene LPS-a, WT (n=8) u Gal-3-/- (n=8). Bpeanoctu cy mpenacraBibeHe
ka0 X+SEM, * p<0.05, ** p<0.01.
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Hanubop []. Cmajuh

4.5. Ananuza melycoOHe moBe3aHocTH exkcnpecuje reHa 3a GABA-

AR2S, GABA-ARSS, BDNF M nuTOKMHe y XHIIOKAMIIyCy M Iapamerapa

n00UjeHnX y OMXeBHOPAJIHUM TeCTOBHUMA

4.5.1. Anaanza mel)ycoOHe nmoBe3anoctu ekcnpecuje resa 3a IL-6 u BDNF

Y XHIIOKAMILYCY

Ha cmunum 4.30. je mpukazana mel)ycoOHa MOBE3aHOCT XUITOKAMIIAIHE EKCIIPECcHje TeHa

3a IL-6 u BDNF y 6azaiinuM ycinoBuma. AHaJIM30M je MOTBpheHo Ja y 0a3alHUM yCIOBHMA

MOCTOjU jaka, TMO3UTHBHA Kopenanuja wusmel)y ekcrpecuje reHa 3a IL-6 u BDNF vy

xunokammycy (R=0.943, p<0.01).
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Canka 4.30. Anaausa melhycoOHe moBe3aHOCTH pesaTHBHe ekcnpecuje rena 3a IL-6 u BDNF y

xunokammycy kog WT u Gal-3-/- mumeBa (n=16) (6a3a;uu yciaosn).
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Ha cmumu 4.31. je mpukaszana melycoOHa moBe3aHocT ekcmpecuje reHa 3a IL-6 u
BDNF y xunokammycy 24h nakon npumene LPS-a (akytHa mH(namanuja). AHaIu30M je
MOTBphEHO 1a TOKOM aKyTHe HMH{QIIaMalfje TOCTOjU jaka, HeraTUBHA Kopenanuja umehy

ekcrpecuje rera 3a IL-6 u BDNF y xunokamnycy (R=-0.917, p<0.01).

0,001 - AkyTHa uHdnamaumja (LPS-24h)
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., 0,0006 -
£ 0,0005 -
) L 2
0,0004 7\ _ 9 646x + 0,001 ¢
0,0003 - R =0,917
0,0002 - p = 5,640E-07
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0 T I T I I 1
0  0,00001 0,00002 0,00003 0,00004 0,00005 0,00006
IL-6

Caunka 4.31. Ananu3za mel)yco0He moBe3aHOCTH pejaTHBHe eKkcmpecuje reHa 3a IL-6 m BDNF y
xunoxkammycy kog WT u Gal-3-/- mumeBa (n=16) (akyrHa uadaamanuja, 24h nakon anukamuje LPS-a).
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4.5.2. Ananuza melycoOHe moBe3aHocTm ekcnpecuje reia 3a TNF-o u

BDNF y xunokammycy

Ha cnunm 4.32. je mpukazana mel)ycoOHa MOBE3aHOCT XUITOKAMIIAIHE EKCIIPECcHje TeHa
3a TNF-a u BDNF y 6a3zanuum ycinoBuma. AHaAJIM30M je TOTBpheHo aa y 6a3aaiHuM yCcIIoBUMA
MOCTOJM jaka, TMO3UTHBHA Kopenamuja u3Mmelyy ekcopecuje reHa 3a TNF-a u BDNF vy

xunokamiycy (R=0.888, p<0.01).

0,0012 - Ba3anHu ycnoewm
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Cauka 4.32. Ananusa mehycoOHe moBe3aHocTH pejaTuBHe ekcnpecuje rea 3a TNF-o u BDNF y
xunokamnycy koa WT u Gal-3-/- mumeBa (n=16) (6a3ajHu ycja0Bu).
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Ha cmumu 4.33. je mpukaszana mehycoOHa moBe3aHocT ekcripecuje reHa 3a TNF-o u
BDNF y xunokammycy 24h nakoH npumene LPS-a (akytHa mH(namanuja). AHaIu30M je
NMOTBphEHO N1a TOKOM aKyTHe HH{QIIaMalyje MOCTOjU jaka, HEeraTMBHA Kopelanuja usmehy

excrpecuje reHa 3a TNF-o u BDNF y xunokamnycy (R=-0.946, p<0.01).

0,001 - AkyTHa nHdpnamaumja (LPS-24h)
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0 0,000002 0,000004 0,000006 0,000008 0,00001
TNF-a

Cauka 4.33. Ananusa mel)ycodHe moBe3anocTu pejatuBHe ekcnpecuje rera 3a TNF-o u BDNF y
xunokammycy mumesa koaq WT u Gal-3-/- mumesBa (n=16) (akyrHa wunduaamanuja, 24h Haxon
amumkanuje LPS-a).
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4.5.3. Anaimza melycoOHe mosesaHoctu excnpecuje reda 3a BDNF u

GABA-AR2S y xunokammnycy

Ha crunm 4.34. je npuka3ana meljycoOHa OBE3aHOCT XUITOKaMIIaTHE EKCIPECH]je reHa
3a BDNF u GABA-AR2S y 6azanaum ycioBuma. AHalv3a je MoKa3aia Ja y Oa3alHUM

yCJIOBMMa IIOCTOjU jaka, MO3WTHMBHA Kopenamuja u3Mely reHcke ekcrnpecuje BDNF-a u

GABA-AR2S y xunokammnycy (R=0.843, p<0.01).

Hanubop []. Cmajuh
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Canka 4.34. Ananusa mel)ycoOHe moBe3aHocTn pejaruBHe ekcnpecuje rena 3a BDNF u GABA-

AR2S y xunokamnycy mumena kox WT u Gal-3-/- Mmumesa (n=16) (6a3ajanu ycioBu).
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Joxmopcka oucepmayuja Hanubop J1. Cmajuh

Ha cnunm 4.35. je mpukazana mel)ycoOHa MOBE3aHOCT XUITOKAMIIAIHE EKCIIPECcHje TeHa
3a BDNF u GABA-AR2S 24h nakon npumene LPS-a (akytHa uHprnamanuja). AHanusa je
MoKa3ajia J1a TOKOM aKyTHe HH(IIamanuje MOCTOJH jaka, MO3WTHUBHA Kopenaiuja u3Mmely

ekcripecuje reHa 3a BDNF-a u GABA-AR2S y xunokammnycy (R=0.962, p<0.01).
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Canka 4.35. Ananu3a mel)ycodHe moBe3aHocTn pejaruBHe ekcnpecuje rena 3a BDNF u GABA-
AR2S y xunoxamnycy xkox WT un Gal-3-/- mumeBa (n=16) (akyrna nndpaamanuja, 24h HakoH anukanuje
LPS-a).

115



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

4.5.4. Anaimza melycoOHe mosesaHoctu excnpecuje reda 3a BDNF u

GABA-ARSS y xunokammnycy

Ha cnunm 4.36. je mpukazana mel)ycoOHa MOBE3aHOCT XUITOKAMIIAIHE EKCIIPECcHje TeHa
3a BDNF u GABA-ARSS y 6azanaum ycinoBuma. AHalv3a je MoKa3aia Ja y Oa3alHUM
yCJIOBMMa TIOCTOJH jaka, MMO3UTHBHA Kopenanuja usMel)y excripecuje reHa 3a BDNF u GABA-

ARSS y xunokammycy (R=0.975, p<0.01).
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Cauka 4.36. Ananusza mel)ycoOHe moBe3aHocTH pesnaTuBHe ekcnpecuje rena 3a BDNF u GABA-
ARSS y xunokamnycy xkog WT u Gal-3-/- MmumeBa (n=16) (6a3ajHu ycjaoBu).
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Ha crmumu 4.37. je mpukazana meljycoOHa moBe3aHoCT ekcmpecuje reHa 3a BDNF u
GABA-ARS5S y xunokamnycy 24h nakon npumene LPS-a (akyrHa uH(uamanuja). AHanmza
je ToKa3zaja Jla TOKOM aKyTHe WH(Jamalyje MocToju jaka, MO3WTHBHA Kopenamuja usmelhy

excnpecuje rena 33 BDNF u GABA-ARSS y xunokammycy (R=0.856, p<0.01).
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Cauka 4.37. Ananusza mel)ycooHe moBe3aHocTH pesnaTuBHe ekcnpecuje rena 3a BDNF u GABA-
ARSS y xunokamnycy kox WT u Gal-3-/- mumeBa (n=16) (akyrHa undaamauuja, 24h HakoH anmuKanuje
LPS-a).
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4.5.5. Anasm3a melhycoOHe nmoBe3aHocTH ekcnpecuje rena 3a GABA-AR2S
Y XMIIOKAMIIyCy M YKYIHOI BpeMeHa NPOBeJeHOI y LEeHTPAJIHOj 30HH Yy TecTy

OTBOPCEHOTI 10/bAa

Ha cmunm 4.38. je mpuka3zana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
AR2S y xumokammycy ¥ YKYITHOT BpEMEHa IPOBEJCHOT Yy IIEHTPAIHO] 30HU (S) Yy TECTy
OTBOPEHOT TO0Jba (AMPEKTHH HMHAMKATOP 3a MPOLEHY CTEeleHa aHKCHO3HOCTH) y Oa3zaiHuM
ycinoBuMa. AHanu3a je Tokasaja Aa y Oa3aJHHM YCIIOBHMa IIOCTOjU jaka, MO3WTHBHA
Kopenanuja usmely exkcrnpecuje reHa 3a GABA-AR2S y xunokaMIryCy ¥ yKymHOT BpeMeHa

npoBeaeHor nerTpannoj 30au (R=0.938, p<0.01).
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Cauka 4.38. Ananuza meljycoGHe moBe3aHOCTH pejaTHBHe ekcnpecuje rena 3a GABA-AR2S y
XHIIOKAMITYCY H YKYITHOT BPeMeHAa MPOBeIeHOT Y HeHTPAJIHOj 30HH (S) y TecTy 0oTBOpeHOr nosba kog WT u
Gal-3-/- mumeBa (n=16) (6a3aiaHu ycJIOBH).
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Ha cmumm 4.39. je mpukazana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
AR2S y xumokammycy W yKYIHOT BpeMEHa IMpPOBEACHOT Yy LIEHTPAIHO] 30HU (S) y TeCTy
OTBOpEHOT ToJba 24h HakoH npumene LPS-a (akyrHa nHdramanuja). AHanu3oM je yrBpheHo
Ja y TOKY akyTHe WH(IaMalnuje MmocToju jaka, MO3UTHBHA Kopenanuja uMely ekcrpecuje
rera 3a GABA-AR2S y xunokamiycy U yKymHOT BpeMEHa MPOBEJCHOT Y IIEHTPATHO] 30HH
(R=0.868, p<0.01).
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Canka 4.39. Anannsa mel)ycoOHe moBe3aHOCTH pesaTHBHe ekcrpecHje reHa 3a GABA-AR2S y
XMIOKAMIIyCy U YKYNHOI BpeMeHa NMPOBEAeHOr Y LIEHTPAJIHOj 30HHM (S) Yy TecTy OTBOpPeHOr nosba kog WT
u Gal-3-/- Mumesa (n=16) (akyTHa uHpIamanuja, 24h nakon annunkanuje LPS-a).
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4.5.6. Anaam3a melhycoOHe nmoBe3anocTn ekcnpecuje rena 3a GABA-ARSS
y XHIOKAMIIYCY H YKYIIHOT BpeMeHa MPOBeIeHOI Y 0TBOPEHUM KpaluMa y TecTy

Y3AUTHYTOT KPCTACTOT JIAaBUPHUHTA

Ha cmunm 4.40. je mpuka3zana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
ARSS y xumokammnycy U yKyImHOT BpEMEHa MPOBEJICHOT y OTBOPEHUM Kpaluma (S) y TeCTy
V3AUTHYTOI ~ KPCTACTOT JIABUPUHTA (AUPEKTHU WHAMKATOP 3a TMPOICHY CTEleHa
AHKCHO3HOCTH) y 0a3zaqHUM ycIOBHMa. AHanm3a je ToKasana Jna y Oa3alHuUM yCIOBHMa
MOCTOJM jaka, IO3WTHBHA Kopenamuja wusMmely ekcopecuje reHa 3a GABA-ARSS vy

XUIIOKaMITyCy U YKYITHOT BpeMeHa IPOBEAeHOr y oTBOpeHUM kpanuma (R=0.910, p<0.01).
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Cauxa 4.40. Ananuza meljycoOHe MOBe3aHOCTH XHNOKAMIIa/JHe peJIaTMBHe eKclpecHje reHa 3a
GABA-ARSS y xunmokamMmycy M YKYNHOI BpeMeHa INPOBeIEHOr y OTBOPeHUM Kpamuma (S) y TecTy
y3auraytor kpcracror japupunra koa WT u Gal-3-/- mumeBa (n=16) (6a3ajHu yciaoBu).
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Ha cmunm 4.41. je mpukazana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
ARSS y xunokammnycy ¥ yKyIHOI BpEMEHa IIPOBEJIEHOr y OTBOPEHMM Kpauuma (S) y TeCTy
Y3IUTHYTOT Kpcractor JyaBupuHTa 24h Hakon npumeHe LPS-a (akytHa wuHdmamanmja).
AHanu3a je rmokaszaia jJa TOKOM akyTHe MH(Iamaiuje MoCTOju jaka, MO3UTHBHA KOopenaiuja
usmel)y ekcrpecuje rena 3a GABA-ARSS y xunokaMirycy U yKyImHOT BpEeMEHA MPOBEICHOT Y

orBopeHuM kpaunuma (R=0.924, p<0.01).
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Cianka 4.41. Anannsa mel)ycoOHe moBe3aHOCTH pejaTHBHe ekcrpecuje reHa 3a GABA-ARSS y
XMIOKAMIIyCy U YKYNHOI BpeMeHa NMPOBEAEHOr Y OTBOPEHUM Kpanuma (S) y TecTy Y3AUTHYTOI KPCTacTor
gapupunTta kox WT u Gal-3-/- mumeBa (n=16) (axkyrHa undaamanuja, 24h Hakon anjuxanmje LPS-a).
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4.5.7. Anasm3a mel)ycoOHe nmoBe3aHocTH ekcnpecuje rena 3a GABA-ARSS

Y XHIIOKAMITYCY U YKYIIHOT BpeMeHa UMOOMJIHOCTH y TeCTy Kadyema 3a pen

Ha cmumm 4.42. je mpukazana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
ARSS y xumokammycy W yKymHOT BpeMeHa MMOOMIJIHOCTH (S) y TECTy Kauewa 3a pemn
(MHIMKATOp CTETeHa JCTPECUBHOCTH) y 0a3allHUM yCIoBMMAa. AHAIM3a je MoKasaia Ja je y
0a3zaHUM YCJIOBHMA IIOCTOjaJla HETaTHMBHA Kopesamuja udMmely ekcnpecuje reHa 3a GABA-
ARSS y xumokammnycy ¥ yKyImHOT BpeMeHa MMOOHMIIHOCTH, aJld OBa KOopelaluja Huje Ouia

crarucTuyku 3Ha4ajHa (R=-0.375, p=0.152).
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Canka 4.42. Anann3a Mel)ycoOHe moBe3aHOCTH pejaTHBHe ekcrpecHje reHa 3a GABA-ARSS y
XHIIOKAMITYCY H YKYITHOT BpeMeHa HMOOHIHOCTH (S) y TecTy Kadema 3a pen 3akog WT u Gal-3-/- mumeBa
(n=16) (6a3a;HU ycJI0BH).
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Ha cmunm 4.43. je mpukazana mehycoOHa moBe3aHocT ekcrpecuje reHa 3a GABA-
ARSS y xumokamIitycy u yKyImHOT BpeMeHa UMOOMIHOCTH (S) Y TeCcTy Kauema 3a per, 24h
HakoH npumeHe LPS-a (akyrHa umH(mamaruja). AHanu3a je ToKaszaja J1a TOKOM aKyTHE
nH(]IIaMalmje mocToju jaka, HeraTuBHa Kopenanuja usMely excripecuje rena 3a GABA-ARSS

y XHIIOKaMIyCy U yKymHor BpeMeHa umoomiHoctu (R=-0.567, p<0.05).
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Cauka 4.43. Anain3a mel)ycoOHe moBe3aHocTH pejiaTMBHe ekcnpecuje rena 3a GABA-ARSS y
XMIOKAMIIYyCY M YKYNHOI BpeMeHa HMOOMIHOCTH (S) Y TecTy kadema 3a pen kox WT u Gal-3-/- muiena
(n=16) (axyTHa undaamanuja, 24h nakon amuimkanuje LPS-a).
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5.
TUCKYCHUJA
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AHKCHO3HM M JenpecuBHM mopemehaju cy jemHu oOJf HajyemNuX MEHTAIHUX
nopemehaja u mpeacTaBsbajy rpymny 000JbeHa OJ M3Y3€THOT JaBHO3APABCTBEHOT 3Hayaja (3,
57). Kon 50-60% mnanujenara, oBu mopemehaju ce jaBibajy yApPYKEHO, INTO yKazyje Ha
YUILEHUILY JIa C€ Y OCHOBM HH-MXOBOI HAaCTaHKa Haja3e ciauyHU etuonomku (axropu (107,
280). HcrpaxxuBama Cy MOTBpAWJIAa BeIMKM 3Hayaj nopemehaja  oapeheHmx
HEYpPOTpaHCMHTEPA U HEYPOIIENTH/IAa Y HACTAaHKY aHKCHO3HOCTH U Jenpecuje. JlokasaHo je na
y HAacTaHKy OBHUX Tmopemehaja OWTHY yrnory uMa AuChyHKIHja HOPAAPEHEPTHYKOT,
CEPOTOHEPTUYKOT, JOTTAMUHEPTUYKOT, INTyTaMaTepruykor, XoiauHepruukor 1 GABAepruukor
cuctema (39-42, 127). Y mnacranky oBux mnopemechaja moTBpheH je W BenuKH 3Ha4aj
KOpTUKOTpomnuH-ocnobahajyher ¢pakropa, BDNF-a u npoundnamanujckux nutokuna (43, 46,
125). C 003upoM Ha MYJITHKay3aJHOCT U KOMILJIEKCHOCT nopeMmehaja moHallama, HeOnxo/1Ha
Cy KOHCTaHTHA HCTPaXHBamka, KaKo OU ce OTKPHIIM HOBH (DAKTOPH KOJH MOTY JTOTIPHHETH jOIIT
0oJpeM pazjalmaBamby HacTaHKa aHKCHO3HOCTH M jenpecuje. HemaBHa ucTpaxkuBama cy
nokazana fa moniekyn Gal-3 uma 6uTHe ynore y pyHKIHOHUCamY U cazpeBamby CNS-a (465,
467, 468). Y1BpheH je 3nauaj Gal-3 ko MOkIaHe UCXEMUje, TIPUOHCKUX, IeTEHEPAaTUBHUX U
nemujermman3yjyhux 6onectn CNS-a (472, 480, 498, 499, 509). [ToceObHO Cy MHTEpPECAHTHU
noJaly CTyadja, KOju yKa3yjy Ha wmoryhy moBe3eHocT aenenuje rena 3a Gal-3 ca
nopemehajuma y nonamamy (464, 493, 516). JlocanammsuM UCTpaKUBambUMa j€ UCITUTHBAH
edekat nenenuje resa 3a Gal-3 Ha moHamame y oapel)eHMM NaTOpU3UOIOMIKUM CTambUMa
WJIM Ha TIOHAIIHE )KUBOTHIbA Y KaBe3y. MelyTum, joir yBek HHje CipoBeieHa CTyIMja Koja Ou
omoryhuna mnpenusnuje nedunucame moryhe ymore Gal-3 y perynamnuju moHamama TMOJ
¢bu3noIOMKUM yciaoBUMa, moMohy koMOuHanMje oaropapajyhux cranaapin30BaHUX TECTOBA
3a aHaJIM3y MOHAIllakha Ha aHUMAJIHUM MoJenMMa M ojpeheHux mapamerapa 3a MpOLEHY
AQHKCHO3HOCTHU M JIEIPECUBHOCTH y MO3TYy, KOju OM omoryhuiau norBpay edekara 1o0ujeHNX
OouxeBuopamHuM TectoBuMa. Mako je mo3nato ga Gal-3 mocnemryje HeypouwHbpIamaiujy
uHaykoBany LPS-oMm, 10 cama HHMje CHpPOBEACHO HCTPaXXHMBAaWkHE KOJUM OU C€ YTBPIUO
nociaenquuHu edekar Ha mnoHamame Kox Gal-3-/- mumeBa. Y 1uiby jacHuje MpOLEHE
ouxeBnopanHux epekara Gal-3, y 0BOM HCTpaKUBamby je UCIIUTAHO MOHAILIAKE )KUBOTHIHA Y
0azalHUM YCIIOBUMa U TOKOM aKyTHE HeypouH]iaMaluje HWHAYKOBAaHE JETHOKPATHOM
npumenoM LPS-a. [Topen Tora, y Hailoj cTynju je MCOUTUBAHA IOBE3aHOCT JIeJelrje reHa 3a
Gal-3, mapameTapa TecTOBa MOHAIIAaka M IPOMEHA EKCIIPECH]je pelenTopa HEYypOTpaHCMUTEpa
U MOXJAaHOT HEYpOTpodHOr (akTopa pacTa, OATOBOPHUX 3a KOHTPOJY IOHAIllama, Kao U

KOHIEHTpalyje mpouH(pIaMalMjcKuX LUTOKMHA y Xumokammycy. Hamie ucrpaxuBame je

125



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

CIpPOBEICHO HAa aHMMAJHUM MOJEIMMa KOju OMOryhaBajy MOy3/JaHy MpOLEHY CTeleHa
AQHKCHO3HOCTU M JCTIPECUBHOCTU. BHXEBHOpaTHU TECTOBU Cy 00aBJbEHH Yy KOHTPOJIUCAHUM
EKCIIEPUMEHTAJIHUM YCJIOBHMA, IIITO je oMOoryhuiio 1o0ujame napameTapa Ha OCHOBY KOjUX Ce

Npeu3HO MOrao OApPCAUTHU CTCIICH AHKCHO3HOCTU U ACHPECHBHOCTU CKCIICPHUMCHTAITHHUX

KHUBOTHILA.
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5.1. Yrunaj neneumje resa 3a Gal-3 Ha noHamame y 0a3zajJHUM

ycjaoBUMA

Jom yBek He MOCTOjU TIOBOJRHO TojaaTaka o ekcrnpecuju Gal-3 u yjnorama y Mo3ry y
6azamauM ycioBuma. Jlo cama je yrBpheno na ce Gal-3 excrnpumupa y cyOrnomyniamuju
TaHIJIMJCKAX HEYpOHa JOP3aJHOT KOpPEHAa KWYMEHE MOXJIWHE, MHUKPOTJIMjH U JPYTUM
notnopuuM henujama HepBHOr cucteMa (462-465). YrBpheno je ma Gal-3, mopexinom w3
rrjanaux  hemuja CNS-a, ydecTByje y mporecy wmujenuHuzanuje (464). Gal-3 ce
KOHCTUTYTHBHO eKcrnpumupa y oxapeheHuM Bpcrtama henuja y cyOBEHTPHKYJIApHO] 30HH U
uMa OMTHY yJIOTy Yy MUTpaliju Heypobiacta TokoM pazBoja CNS-a (465). [Torpheno je u na
ce Gal-3 exkcipumupa y CAl permoHy XWIOKamIyca M Ja YYecTBYje y HETaTHBHO]
perynauuju Qopmupama Memopuje y xumokammycy (466). Gal-3 Ttakohe crumynuiie
aJxe3ujy HEypoHa M pacT HEypHUTa U MMa BaXKHY YJIOTY y MOAYJALUjU €KCTparenylapHor
MaTpukca W (YHKIMOHHMCAky HEYpPOHCKMX cuHarcu (467, 468). Ysumajyhu y o003up
¢dyHKIIHje KOje 0OBaj MOJIEKYII UMa Y HEpBHOM CHUCTEMY, OCHOBHU IIHJb HAIIET HCTPAXHUBAKA j€

6uo yrBphuBame ynore Gal-3 y OuxeBuopaiHUM MpolecuMa.

5.1.1. ¥Ytunaj nenenuje reda 3a Gal-3 na pesyiarare OMXeBHOPAJTHHX

TECTOBA 3a NMPOILIEHY CTCNICHA AHKCHO3HOCTH Y 0a3zajHuM yciaoBuma

[loy3nann mapamMeTpd KOjU CIy)K€ 3a TIPOIEHY CTeleHa AaHKCHO3HOCTH Y
UCTpaXMBakbUMa Ha aHUMAIIHUM MOJIeJTUMa Ce MOTY JOOWTH IMOMONY TecTa OTBOPEHOT I0Jba
U y3AUTHYTOI KpcracTtor jgaBupuHTa (532, 533). YV Hamem ucTpakuBamy je y OazaiHUM
ycrnoBuMa jenenyja reHa 3a Gal-3 mokasana jacaH aHKCHOTeHH edekaT, Koju je MoTBpheH
TJIABHUM HMHIUKATOPHMa aHKCHO3HOCTH, JOOWjEHHMM Y TECTOBHMMa OTBOPEHOT TIOJba H
Y3JUTHYTOT KPCTacTOT JaBHPUHTA. Y TECTy OTBOPEHOT MOJba y Oa3zalHUM YyCJIOBHMa Ce
noBehan crenen ankcuosHoctu Gal-3-/- MumeBa MaHU(ECTOBAO 3HAYAJHUM CMambeHEeM 00a
JMpPEKTHA MapaMeTpa aHKCHO3HOCTU (YKYIHOT BpeMeHa NPOBEACHOT Y LIEHTPATHO] 30HU U
Opoja ymazaka y neHtpanHy 30HY) (ciauke 4.3. u 4.4.) y nopehewy ca WT xuBoTHHaMa.
[Tapamerpu n0OHMjeHM y TECTy Y3OUTHYTOT KpPCTAacTOT JIABUPHHTA Cy TIOKa3alld jOII
OuurjenHuje pasnuke y noHamamwy usMmely Gal-3 nepuumjentanx m WT wmwumeBa y
6azanaum ycnosuma. Kon Gal-3-/- muiesa je, y 6a3anHum ycinoBuMa, npumeheHo 3HauajHO

CMameme 00a INIaBHA IapaMeTpa 3a MPOLEHY aHKCHO3HOCTH y TECTY Y3AMTHYTOI KpPCTacTor
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JaBUpUHTA (YKYITHOT BpeMEHa IMPOBEIEHOI Y OTBOPEHHM Kpaluma U Opoja yiazaka y
oTBOpeHe Kpake), y onHocy Ha WT xuBotume (ciuke 4.8. u 4.9.). OBo 3Ha4ajHO CMambEHE
[VIABHUX 1apaMeTapa aHKCHO3HOCTH TeCTa Y3JUIHYTOI KPCTAacTOI JIABUPUHTA MOTBPAMIIO je
HOBMIIEH CTeNeH aHKcuo3HocTu kop Gal-3-/- mumeBa y Oa3zanHMM YCIOBUMa, KOjU je
JETEKTOBAH Yy TECTY OTBOPEHOT I10Jba.

I'maBHu ankcuoreHu ytuuaj nepunujenuuje Gal-3 koju je kBaHTH(PHKOBaH momohy
[VIABHUX MHAMKATOpa aHKCUO3HOCTH Y TECTY OTBOPEHOT 10Jba M TECTY Y3AUTHYTOI' KPCTACTOT
JaBUPUHTA j€ J0JAaTHO MOTBphEeH IpoMeHaMa eKcIUlopaTuBHE akTuBHOcTH. Ilomro je y
NPETXOJAHUM HCTPAXHBakUMa, HA OCHOBY OJjpe)eHuX mapamerapa J00UjeHUX Y pa3InduTHM
TECTOBMMA TIOHAIamka, YTBPHEHO 1a aHKCHMO3HOCT 3HAYajHO YTHYE HA EKCIUIOPATUBHY
aKTUBHOCT, OHAa C€ MOXKE€ CMaTpaTH 3HAYajHUM HHJIUPEKTHUM HMHIUKATOPOM aHKCHO3HOCTH
(534). YV nHamem HMCTpakuMBamy je€ MOBUILNEH CTENEeH aHKCMo3HocTU Koxa Gal-3-/- muena y
0a3anHUM yciaoBMMa IOTBpheH M Ha OCHOBY BPEIHOCTH IapaMerapa €KCIUIOpaTUBHAE
AaKTUBHOCTH Te€CTa Y3AMTHYTOr Kpcrtactor jaBupuHrta (ciauka 4.10.). IloBehamwe cremnena
aHkcuo3HocTH ce kon Gal-3 nedunMjeHTHUX KUBOTHEHA MaHH(ECTOBAIO 3HAYajHUM
CMamemeM Opoja emnu3ofa YKyIHE eKCIUIOpaTMBHE aKTMBHOCTHY y mnopehewmy ca WT
MUILIEBUMA.

Y 06a3asHUM yCIOBHMa je Y TECTy OTBOPEHOT T0Jba W Y3AMTHYTOI KPCTAacTOT
JaBUPUHTA yO4YeHa pelyKIfja JJIOKOMOTOpHE akTUBHOCTH Koj Gal-3-/- mumena. C 063upom
Ha TO Ja cy Prut u Belzung moka3aiu Ja IPOMEHE Yy JIOKOMOTOPHO] aKTMBHOCTH MOTY
CIY’)KMTH 3a IpOLEHYy aHKCHO3HOCTH (96), cMmameme JoKoMOoTopHEe akTuBHOocTH Gal-3
neUIMjeHTHUX JKUBOTHH-@ Takohe ce MOIVIoO cMaTpaTd MHAUPEKTHOM MOTBPJIOM
aHKCHOTreHuX edekara nenenuje reHa 3a Gal-3. CMameme JJOKOMOTOPHE aKTUBHOCTH KOJ
Gal-3-nepuimjeHTHIX )KUBOTHHA KOj€ j€ YCTAHOBJBEHO y TECTY OTBOPEHOI IMoJba U TECTY
Y3AUTHYTOI KPCTAacTOI JIABUPUHTA y Oa3alHUM YCJIOBHMMA Yy CarjllaCHOCTU j€ ca HEeIaBHUM
pe3yaTaTuMa, Ha OCHOBY KOJHUX je Takohe yTBpheHa cMameHa JIOKOMOTOPHA aKTUBHOCT KOJI
MuieBa ca aenenujom rena 3a Gal-3 (516). YV crymuju kojy cy cupoBenu Chaudoin n
Bonasera xopumhenn cy Gal-3-/- u WT mummesu coja C57BL/6J, nBe crapocHe rpyte, 2-3 u
6-7 mecenn (516). OBH HCcTpakuBauu Cy YHOTpeOWJIM amapaTypy 3a npaheme MoHamama
KUBOTHIbA U UCIUTHBAIIM Cy Y3UMame€ XpaHEe M BOJE, KA0 U KpeTame KUBOTHHa Ha OCHOBY
yera Cy MpOICHEHU CBAKOJHEBHU oOpaciy ToHamama. Y o0e crapocHe rpyme Gal-3-/-
MUILEBU Cy MOKa3ald Mamy JIOKOMOTOPHY aKTUBHOCT y mopehemy ca KOHTpoiaMa JUBJHET
coja. Ilpumehen je u mopemehaj OuxeBumopanHUX LUpKaaujapHux purMmoBa kox Gal-3-/-

MmuieBa y obe crapocHe rpyme. Gal-3-/- mumesu cy ucnospaBanu Behy BapujaOUIHOCT y
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CBaKOJIHEBHOM Xpamely, y3UMamy BOJEe U KpeTamwy y mopehemy ca auBibuM cojeM. OBu
pe3ynTaTu cy ykazanu Ha OutHy ynory Gal-3 y pa3Bojy CTpyKTypa LIEHTPAIHOT HEPBHOT
cucTeMa M KOHTPOJIM JIOKOMOTOpHE akTUBHOCTU. C 003UpOM J1a ce 10 OBUX pe3yirara HHje
Jouuto nomohy KomMOMHaIMje BUILE CTaHIApJM30BAHUX TECTOBA IMOHAallama, Beh camo Ha
OCHOBY ITOCMaTparma MOHAIIaka KUBOTHHA Y KaBe3y, Ouiia cy morpeOHa Aajba UCTPAXKHUBAHA
Kako Ou ce yrBpauia ynora Gal-3 Ha JIOKOMOTOPHY aKTHBHOCT.

Pasquini n capagaunu cy uctpaxupayiu yrumaj Gal-3-/- Ha mpoliec MujeTuHU3aIje,
a y uctpaxuBamwy cy kopuctwm Gal-3-/- m WT mmmeBe crapoctu 9-13 Henespa (464).
BuxeBnopamHu TeCT 3a MpoLeHy aHKCHO3HOCTH IoKa3ao je Aa ¢y Gal-3-/- MUIIeBH HCTIOJBHITN
MamH CTETNEeH aHKCHMO3HOCTH Yy OaHOCy Ha oxaroBapajyhe WT wmmmeBe. Y BHBUXOBOM
UCTpaXUBamky Cy Yy TecTy KpcracTtor jaBupuHra Gal-3-/- MuIIeBH HMaad CTaTUCTHUYKU
3Ha4yajHO Behu NIpoleHeT yia3aka y OTBOPEHE Kpake M IpPOLEHAaT BpeMeHa IPOBEJEHOr Y
OTBOPEHHUM Kparuma y omgHocy Ha WT mumeBe, nok nenenuja reHa 3a Gal-3 Huje OuTHO
yTUIAJIa Ha BPEAHOCTH Opoja yna3zaka y OTBOpEHE Kpake. Y HUCTpaxuBamwy Pasquini-a u
capaJlHMKa HHUCY YOU€HE MPOMEHE JOKOMOTOpPHE M EKCIUIOpPATUBHE aKTHUBHOCTH, JIOK je y
HallleM TeCcTy Y3IUTHYTOI KpPCTacTor JIaBUPUHTA IOCTOjal0 3HAYaJHO CMambeme
eKCIUTOPAaTHBHO] akTUBHOCTH Koxa Gal-3-/- MuImeBa, ynMme je 10JaTHO MOTBph)eH aHKCHOTCHU
edekar genenuje reHa 3a Gal-3. Y HameMm UCTpaxuBamy je, 3a Pa3jiiuKy OJ UCTPaXKUBAba
Pasquini-a n capaJHUKa, BHIIE MapaMeTapa M3 JBa CTaHAApPAM30BaHa TECTa 3a MPOLEHY
CTeleHa aHKCHO3HOCTH YyKa3WBaJl0 Ha aHKcHOreHW edekar nenenuje rena 3a Gal-3, mTo
HaIIUM pe3yJTaTuMa Jiaje Behy Ipeln3HOoCT y MPOLIEHU cTeleHa aHKCHo3HOoCTH. Ha pasnuke y
pe3yiTtaTuMa OBOT M HAIllelr HCTPaKMBama j€ HAjBEpOBATHHjE€ YTUIA] MMajla U CTapoCT
KHUBOTHUHA, j€p CY Y HallleM UCTpaKUBamby KOPUIITNEHU JBOCTPYKO CTapHjU MUIIEBH, KOJU IO
CTapOCTH OArOBapajy 3peiioj >KUBOTHO] N00M KoJ Jbyau. Pasnuke y monamamy Gal-3-/-
MHUILIEBA Pa3IMYUTE CTAPOCTH MOT'Yy OMTH MOBe3aHe U ca Bapujanujama excrnpecuja LGALS3
reHa, IITO 3a MOCJIEIUI]y MMa HAacTaHaK IpOMEHaMa y CHUHamacamMa U TryOuTaKk HHXOBE
(GyHKIIMje TOKOM cTapema (468).

VY uctpaxuBawy Hoyos u capagHuKa eKClIepUMEHTH cy cripoBeneHu ca Gal-3-/- u WT
MUILIEBUMA CTApOCTH & Henesba, KojUMa je JeMHUjelIMHalija HHIYKOBaHA KYNPH30HOM,
nomohy TpeTmaHa Koju je Tpajao nBe Henesbe (493). Hakon Tora, CipoBeJIeHU Cy TECTOBH
MOHalama. Pe3ynraT cy rnokasanu jja MUILIEBU TPETHUPAHU KYIIPU3OHOM MMajy HHXKU CTETEH
AHKCHO3HOCTH Yy nopehemwy ca onrosapajyhum HausHum muineBuma. Kox Gal-3-/- muresa
KOjH cy OMiIM KOHTpoJa (MUIlIEBU Oe3 TpeTMaHa) yOUeH je 3HauajHo BehH MpoleHar yiaa3aka y

OTBOpPEHE Kpake y ofgHocy Ha WT KOHTpoOJIHYy Ipyny M HAaKOH 2 M HAaKOH 5 Helesba O]
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TpeTtMaHa. OBM pe3yaTaTH Cy yKa3ajid Ha CMameme CTeleHa aHKcHMo3HocTu kon Gal-3-/-
MUIIIEBA Y yclioBUMa Oe3 TperMaHa. [lomTo cy oBU pe3ynratu qoOWjeH! KO MHIIEBA KOJU CY
nocta Miahu y ogHOCYy Ha MHILIEBE KOJU CMO KOPHUCTWJIM Yy HAIleM HCTpPaXUBamy U HUJE
KopuirheHa MCTa MOCTaBKa OMXEBHOPATHUX TECTOBA, OBU PE3YJITATH HUCY y MOTIYHOCTH
KOMIapaOWITHH ca pe3ysiTaTiMa Haller ucTpaxkuBama. OcuM Tora, y ucrpaxuBamwy Hoyos u
capagauka Gal-3-/- MUIIEBH Cy TIOKa3ald CMamelke JOKOMOTOPHE AaKTUBHOCT Yy o00a
UCIUTHBAaHA NEPUOo/a, IITO je OUII0 Y CarjlaCHOCTU ca pe3ysiTaTiMa Haller UCTPaKUBamba, jep
CMamemhe JIOKOMOTOPHE aKTHBHOCTHM HWHAMPEKTHO YyKazyje Ha mnoBehame crerneHa
aHKcMo3HOCTH. Pesynratm wuctpaxuBama Hoyos-a M capaHWKa Cy TOTBPIWIA OUTHY
ynmbeHUIy na ce Gal-3 excrpumupa y MHUKpOTIIMjaTHUM henvjaMa, a MOIyJIupa HUXOB
denotun u omoryhaBa moderak peMujeIuHaIMje M AUQEpeHIUjalije OIUTOJCHAPOIIUTA.
butna ynora Gal-3 y HacTaHKy aHKCHO3HOCTH TOTBpl)EHA j€ YHILEHHUIIOM Ja j€ 0Baj MOJIEKYI
BEOMa BaKaH 3a pa3Bo] W (DYHKIMOHHWCAKE HEYpOHA, Ka0 M Ha OCHOBY ITOBE3aHOCTH Ca
onpehenum akTopum pacta, Koju UMajy OUTHY yJory y HepBHOM cucrteMy, monyT VEGF-a,

bFGF-a u IGF-1 (480, 515).

5.1.2. ¥Ytunaj nenenuje rena 3a Gal-3 nHa pesyiarare OMXeBHOPAJTHHX

TECTOBA 3a IIPOLICHY CTCIICHA NCIIPECUBHOCTHU Y 0a3zaJaHuM yYciaoBuMa

CreneH nenpecHBHOCTH j€ TPOICHEH Ha OCHOBY pe3yiTara TecTa Kauewma 3a per. Y
0a3zaTHUM yCJIOBHMa je y OBOM TecTy Koj Gal-3-/- youeHo 3HauajHO MPOAYXKEHe BpeMeHa 10
nojase mpBe uMoOuIHOCTH Y ogHocy Ha WT mumese (cnuka 4.11.). Kon Gal-3-/- sxuBoTuma
je Takohe mocTojano 3Ha4yajHO ckpaheme YKYIMHOI BpeMeHa MMOOMIHOCTH y ofHocy Ha WT
mutiese (ciauka 4.13.). Ananuzupajyhu 6poj enuzona UMOOMIHOCTH y 0a3aaHUM yCIOBHUMa
YOUGHO je cMmameme oBor mapamerpa koa Gal-3-/- y ognocy WT mumieBe, mehytum 0oBO
CMambele HUje OUJI0 CTaTUCTUYKM 3HayajHo (ciuka 4.12.). Ha ocHOBY mpoMeHa HaBelIeHUX
napameTrapa TecTa Kauema 3a pell, oBakaB edekar aeneuuje reHa 3a Gal-3 Ou ce Morao
cMaTpaTd aHTHAENpecaHTHUM. MelyTum, ako y 003up y3MeMO 3aKJbyUKe PETXOJHE CTYAH]je
(521), koju yka3yjy Ha TO Ja c€ y CIydajy MpeKianama €THONATOTeHe3e U BpPEeMeEHa
JIETeKTOBamba OMXEBUOPATHUX MaHU(ecTalrja ABa MaToPpU3HOIOIIKa EHTUTETA, AaHKCU3HOCTH
U JICTIPECUBHOCTH, 32 aHAIU3y Yy O03Up HE MOTry Y3eTH CaMO BPEIHOCTH TOjeAMHAYHOT
napametpa (131) unu BpegHocTH nmapameTapa 100MjeHUX U3 JeHOT TecTa MoHallamka. Y TOM

CIIy4ajy ce aHaju3a MOpa CIPOBECTH MocMarpameM Beher Opoja mapamerapa u3 pa3IHuIuTHX
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TECTOBa, a KOHAYHO TyMauewe edekara faenenuje rena 3a Gal-3 Ha mapameTpe TecTa Kadema
3a per y OBOj CTyAHjH ce Tpeda mocMaTpaTy y MmpeM KOHTeKCTy. Ha ocHOBYy oBora Ou ce
XHUIIEPPEAKTUBHOCT XKUBOTHHbA 3a0€lIe)KeHA Y TECTy Kauela 3a Pell BUIIEe MOIJjia cMaTpaTH
MOTOpHUYKOM MaHHU(ecTanujoM moBehaHe aHKCHO3HOCTH, KOja je TMOTBpheHa y mpeTxoaHuM
TECTOBHMA CIPOBEJACHUM Y HaIleM WCTPaXUBamkhy, HETO AaHTHJCIPECAHTHUM e(eKTOM
nenenuje rena 3a Gal-3.

[Iperparom nureparype npoHaheHO je camo jeTHO HCTpaXKHBamE KOje yKaszyje Ha
noBe3aHoct Gal-3 u genpecuje. Ilpema pesynratuma uctpaxkuBamwa Melin M capajaHUKa
BHUCOKE KoOHIleHTanje unupkymuimryher Gal-3 cy Owie moBe3aHe ca JEmpecujoM KoJ
nanyjeHara ca aujadberecom memurycoM tum 1 (535). [omrTo u3 nmreparype HE MOCTOje
JIpYTH PEJIEBAHTHU MOJAIM O MPO- WIK aHTUAenpecaHTHUM yrnorama Gal-3, oBu edextu Gal-3
OM ce Mpelu3HHje MOTIIM TPOICHUTH Y YCIOBHMA KOjH IOJpa3yMeBajy 3HA4YajHE MPOMEHE
HuBoa (Gal-3, Kao mWTO Cy eKCIEPUMEHTAIHH MOJICNIN Ha KUBOTHE-AMa 33 HEKE Crienu(puiHe
o6onectu (476, 500).

CymupameM pe3yiTara TeCTOBa MOHAIIaka y 0a3aTHUM YCIIOBUMA HEJJBOCMHUCIICHO j&
YOUYCeH 3HavajaH aHKcuoreHu edekat nenenuje rerna 3a Gal-3. Hapennu 1uwsb Hamier
UCTpaXUBama OO je JoJaTHa MOoTBpAa oBOT edekra nenenuje reHa 3a Gal-3 Ha moHamame

aHAJIM30M MTPOMEHA OJIroBapajyhux mapamerapa y XUIIOKaMITyCYy.

5.1.3. IloBe3anoct aenenuje reda 3a Gal-3, npomena y moHamamy U
xunoxkamnajauux nurokunna, TLR4, BDNF-a, GABA-AR2S u GABA-AR2S y

0a3aJIHUM yCJI0BHMA

UctpaxkuBamuma je yTBpheHO /1a TpOMEHE HUBOA OJpeheHMX IUTOKWHA MOTY OUTH
nose3aHe ca nopemehajuma monamama. Pesynratu cryauja cy morBpauiau 3Havaj IL-6 u
TNFo y onpxaBamy XOMeocTa3e HEpPBHOI TKHBAa, KaO0 M y HACTaHKy aHKCHO3HHMX U
nenpecuBHUX nopemehaja (251, 253). Iloctoje moka3u ma aenenuja rera 3a Gal-3 cmamyje
NPOAYKIHM]Y TPOUH(IAMANM]CKUX ITUTOKHHA Y Pa3IHYUTHM HMYHCKHM W PE3UICHTHHM
henujama kxoje cy ykipyueHe y npouec unpiaamanuje (454, 453, 476, 536, 537). OBaj edpekat
Gal-3 je motBphen u y CNS-y, npu yemy je yCTaHOBJbEHO J1a Aenenuja rea 3a Gal-3 cmamyje
npoaykuujy npouHduamanujckux nutokuHa TNF-a u IL-6 (538). V namem ucrpaxkupamy je
aHkcuoreHn edekar ngenenuje reHa 3a Gal-3 Ouo mpaheH cMamemeM eKCIpecHje |

koHuentpanyje IL-6 u TNFa y 6azamaumM ycinoBuma. 3a0eneXeHo jeé CTaTHCTHYKH 3HAa4ajHO
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cMameme KoHIeHTpanyje u ekcrpecuje IL-6 kox Gal-3 -/- mumeBa y onnocy Ha WT muriese
(cuxe 4.26. u 4.28.). Mehyrum, kox Gal-3-/-muieBa HUje OCTOjal0 CTATUCTUYKH 3HAYAjHO
CMambemhe eKCIpecHje reHa 1 xunokamnanzor cagpxkaja TNF-a y 6a3anHum ycinoBuMa (Ciuke
4.27. n 4.29.). lleneunja rena 3a Gal-3 y 6a3agHuM yciaoBUMa HUje MMajla 3HaA4ajHOT yTHIlaja
Ha ekcrpecujy TLR4 y xumokammycy (cnmka 4.25.). OBo je y Ckiaay ca pesyiraTuma
MPETXOIHOT MCTPaKUBamka KOje je MOTBPAWIIO Ja moBehame HUBOA oJpeheHnX IUTOKUHA Y
mo3ry (TNF-o) Huje uckipyuuBo mocpenoBano ca TLR4 (470). Femenia u capaaHuld Cy
nokazasmm aa TLR4 knockout mumieBu wucmosbaBajy moBehaHy aHKCHMO3HOCT y Oa3aaHuUM
ycnoBuma (539). IlosutmBHa Kopenanuja u3Mel)y HMCOUTHBaHHMX NPOUH(DIAMAIIN]CKUX
mutoknHa 1 BDNF-a (cmuke 4.30. m 4.32.)., Koja je y OBOM HCTpaXuBamy npuMeheHa y
0azanHUM ycloBUMa, MOTBpheHa je u 'y npyrum cryaujama (540, 541).

HNedunmjenuuja Gal-3 y 6a3anHumM yclioBUMa je, MOpell aHKCUOTeHOT eeKTa Koju je
npruMeheH y TeCTOBUMa IMOHAIamka, MPOY3POKOBAIa 3HAYaJHO CMAEHE SKCIPEecHje IeHa 3a
BDNF y xunokamnycy (ciuka 4.22.). bpoj BDNF-umyHopeaktuBHIX HeypoHa je ko Gal-3-
/- MueBa OMO MamM y CBUM PETMOHMMa XMIIOKamiyca y ogHocy Ha WT muiieBe (ciauke
4.15.-4.19.). Cratuctuuku 3HadajHo Mawmu Opoj BDNF-uMmyHOpeakTHBHHX HeypoHa
nerektoBan je kox (Gal-3-/- mumieBa Ha TpecKy IEJOr XUIIOKaMITyca, a OBa peayKIHja
UMYHOPEAKTHBHOCTH je moceOHo O6mna uzpakeHa y CAl pernony xumokammyca (ciuke 4.15.
u 4.21.). 3a HacTaHaK aHKCHMO3HOCTU j€ HapouuTo BakHa ynora CAl pernona xumokamiyca
(27), a HaIIUM HCTpaKUBambeM je MOTBpheHo na je y 6a3aaHuM yCIOBMMA, Y TOM PETHOHY,
neneurja reHa 3a Gal-3 Ouna mnpahena HajuzpakeHujom peaykuujom Opoja BDNF-
MMYHOPEAKTUBHUX HEypoHa. Pe3ynraTu mpeTxoJHOr HCTpakuBama yKaszyjy Ha IMOBE3aHOCT
excnpecuje Gal-3 u oapehennx moxnanux ¢akropa pacra y koje cnaga BDNF (462), unme
ce Moxe o0jacHUTH Be3a u3Mmely nenenuje reHa 3a Gal-3 u cMameme eKcIpecuje reHa 3a
BDNF y naoj crynuju. McrpaxuBama cy rmokasana aa cy Hucku Husou BDNF-a oarosopuu
3a HactaHak mnopemehaja pacnonoxema (75, 76), ka0 U Ja 3ajeHO Ca CMAambEHEM OBOT
MOXXJIaHOT (akTtopa pacta, peaykinrja GABA-e uMa ylnory y HacTaHKy aHKCHO3HOCTH U
nenpecuje (542). Cmameme koHueHtepanuje BDNF-a ankcuorenu edexar octBapyje
u3azuBajyhu peaykuujy aktuBHOocTH GABA-A penentopa u Opoja XUIIOKaMIAIHUX HEYpOHA
(79, 80). OBa moOBe3aHOCT pelenTopa IJIABHOI WHXUOUTOPHOT HEYpOTpaHCMHUTEpa H
MOKJAHOT (paKTOpa pacTa je y CcarjacHOCTH ca HAIllUM pe3ylTaTuMa, KOju Cy yKa3ald Ha
MOCTOjabe CHa)KHE MO3UTHBHE Kopenanuje usMely excnpecuje rena 3a BDNF u GABA-A
peuenTopckux cyojenununa 2 u 5 (ciuke 4.34. u 4.36.). YV HaleM HCTpaXKUBamy je

ankcuoreHu edekar genenuje rena 3a Gal-3 (ocum penykiujoM ekcrnpecuje rena 3a BDNF)
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O6uo mnpaheH M 3HAYajHUM CMamemeM ekcrpecuje reHa 3a GABA-A  penenrtopcke
cyOjenuuune 2 u 5 y TkuBy xumnokammyca (ciauke 4.23. u 4.24.). HcrpaxuBamuMa je
yTBpheHo na cMameme ekcnpecrje GABA-A 2 u 5 penenTopckux cy0jeMHuIIa UMa YIIOTY Y
HAaCTaHKy aHKCHO3HOCTH (54-57) W J1a je 3a HacTaHaK aHKCHO3HOCTH W Pa3IHMYUTHX
nopemehaja pacnonoxkema nmocedHo 3Hauajua GABAepruuna quchyHKIUja y XUMTOKAMITYCY
(58-60). OBu pe3ynraTu Cy Takole y carjlaCHOCTH ca pe3y/iTaTiMa Haller UCTPAKUBambA, Y
KoMe je 3alenekeHa 3HauajHA MOBE3aHOCT TIJIABHUX IapamMeTpa aHKCHO3HOCTH M OBHUX
pelenTopcKuX cyOjeanHuIa. AHAIU30M pe3yiTara y 0a3ajHUM yCJIOBHUMa YCTAaHOBHJIMA CMO
jaky mo3utuBHY Kopenaiujy usmehy GABA-A 2 u 5 penentopckux cyOjeJMHUIA U TIIaBHUX
MH/IMKAaTOpa aHKCHO3HOCTH (YKYHMHOT BpEeMEHa IPOBEICHOr y IEHTPAIHO] 30HH TeCTa
OTBOPEHOT M0Jba U YKYITHOT BpEMEHE MPOBEACHOT Y OTBOPEHUM KpalliMa y TECTy Y3AUTHYTOT
Kkpctactor naBupunrta) (cmuke 4.38. um 4.40.). Melhyrtum, HHCMO NpOHAIUIM 3HAYajHY
MIOBE3aHOCT OBUX PEIENTOPCKUX CyOjeAMHMIIA W MHAWKATOpa 3a MPOICHY JACMPECUBHOCTH
(YKymHOT BpeMeHa MMOOMITHOCTH y TECTY Kauera 3a pern) y 0a3alHuM yCIIOBHMA, TIPU YeMY je

Ouia 3a0enexxeHa HeraTHUBHA Kopenanuja u3mely oBux mapamerapa (4.42.).
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5.2. ¥Yrunaj neneumje rena 3a Gal-3 u akyrHe uHdaamanuje

uHAyKoBaHe npuMeHoMm LPS-a Ha nonamame

AHUMaNTHM MOJEIM Cy C€ Ha OCHOBY IMPETXOAHHMX HCTpakKMBama IO0Ka3ajld BeoMa
MOTOJIHUM 3a MpOoyYaBame HeypoHHQIaMalrje HHAYKOBaHEe MTPUMEHOM MpPOUH(IaMaln]jCKUX
cymncTaHuu Ha nepudepuju. Bogehu ce npeTxonHum crynujama, y HallleM UCTPaXUBABY CMO
HeypouH(UIaMalMjy KOJ MHIIEBAa HMHIYKOBAJIM jeIHOKPATHOM HWHTpANepUTOHEATHOM
npumenom LPS-a. IlperxoaHo je yrBpheHo na oBaj HauuH arumkanuje LPS-a kon mumieBa
WHJyKYyj€ aKTUBAIM]y acCTPOLIUTAa U MUKPOTJIHje U rmoBehaBa eKcrpecHjy mporH(IraMaImjcKkux
[MUTOKMHA y MO3ry (254-257). Y Hamem UCTpaXuBamy je IETCKTOBAHO M TIPUCYCTBO
uHamanujckux hemuja y TKHBY MoO3ra MHIIEBa, 4YMME je TOTBpheH HacTaHak

HeypouHndamaryje (cnuka 3.4.).

5.2.1. Yruuaj neaeuuje rena 3a Gal-3 u akytHe nnduiamanmje HHIyKOBaHe
npumeHom LPS-a Ha pe3yirare OMXeBHOPAJHHX TeCTOBA 3a NMPOLEHY cTeleHa

AHKCHO3HOCTH

Pesyntatu mnpeTxogHMX HCTpakMBama Cy MOKazaau naa npumeHa LPS-a moxe
M3a3BaTH MOHAIIAKE CIMYHO AaHKCHO3HOCTH U JICTIPECH)H KOJI EKCIIEPUMEHTAIHUX KUBOTUHHA.
YrBpheno je na LPS nmpumemen Ha nepudepuju n3azupa HacTaHak HeypouHpaamaruje (262-
268, 274). Ilpema pe3ynratuma OHXEBHOPAJIHUX TECTOBA CHPOBEICHUX Yy HalleM
UCTpaXuBawy aenenuja reHa 3a Gal-3 je wu3a3Bana arTeHyalujy aHKCHOT€HOr edekTta
uHayKoBaHOT npuMeHoM LPS-a. EdekaTt unduamanuje Ha noHamame je JeTeKToBaH nomohy
JMPEKTHUX TTOKa3aTesha aHKCHO3HOCTH M3 TECTa OTBOPEHOT MO0JbAa M Y3IUTHYTOT KPCTACTOT
JaBUPHUHTA. AHKCHOTeHM e¢ekaT akyTHe HH@IaMaluje ce MaHU(ECTOBA0 CMAaHBEHEM
BPEIHOCTH JUPEKTHUX HHJUKATOpa aHKCHO3HOCTH Y TECTY OTBOPEHOI MOoJba (YKYIHOT
BpeMeHa MPOBEJCHOT Yy IIEHTPaJIHOj 30HK U Opoja yllazaka y LEHTpalHy 30HY) U kog WT u
ko Gal-3-/- )xuBoTuma y ogHOCY Ha OazainHe ycioBe (ciuke 4.3. u 4.4.), TOK jeé CTATUCTHYKH
3HauajHa pasnuka kox (Gal-3-/- mumeBa y ogHocy Ha 0Oa3aiHE ycCioBe 3a0eliekeHa caMo Y
Opojy yna3aka y IeHTpanHy 3oHy. [Ipumena LPS-a je wu3a3zaBasia 3HauajHO CMambeme
JUPEKTHUX MHAMKATOpa aHKCHO3HOCTH Y TECTY Y3JUTHYTOT KPCTacTOI JaBUPUHTA (YKYIHOT
BpeMEeHa MPOBEACHOr Y OTBOPEHUM Kpaluma M Opoja yna3aka y oTBopeHe Kpake) kox WT

MUIlIeBa y OJHOCY Ha OazanHe ycioBe. Gal-3-/- XKMBOTHMI€ HUCY HCIIOJbHIIE 3HAuYajHE
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MpOMEHEe y OBHM IapaMeTpuMa y OJHOCY Ha 0Oa3amHe ycioBe, Beh je momuio mo mopacrta
BPEIHOCTH AMPEKTHUX HHAMKATOpa aHkcuo3HocTu (cinuke 4.8. u 4.9.). ToxkoM akyTHe
nHpamanuje Opoj yinazaka y OTBOpeHe Kpake je 6uo 3HadyajHo Behu kox Gal-3-/- y ogHOCy Ha
WT wmumeBe. ¥ o0a Tecta cy HakoH npumene LPS-a pgerexkroBane Behe BpemHOCTH
JUPEKTHUX HMHIMKATOpa aHKCHO3HOCTH y oaHocy Ha WT wmmmese. OBU pe3yntaTu cy
yYKa3uBaJld HAa aHKCHOMUTHYKH eekar nenenuje rena 3a Gal-3 Tokom akyTHe nH(Iamanumje.

AxyTHa uwHbIamaiyja u3azBaHa npuMeHoM LPS-a manudecroBanma ce cmamemeM
JIOKOMOTOPHE aKTUBHOCTU y CBHUM E€KCIEPUMEHTAJIHUM Ipylama y TeCTy OTBOPEHOT MoJjba Y
onHOCy Ha OazanHe ycnose (cnuke 4.1. u 4.2.). Mehyrum, nakon npumene LPS-a, ko Gal-3-
/- MUIIIeBa yo4eHe Cy CTaTUCTHYKM 3Ha4ajHO Behe BPEIHOCTH YKYITHOT BpEMEHA KpeTama y
nopehewy ca WT xuBotuma. 3a0enexxeHa je Mama peayKilfja BPeIHOCTH OBOT IapaMeTrpa
kox Gal-3-/- mumieBa 3a paznuky o WT KuBOTHbA, IITO j€ UILIO Y TPUIIOT aHKCHOJIUTHYKOT
edexra genenmje reHa 3a Gal-3. Cmameme JIOKOMOTOPHE aKTHBHOCTH Y TECTY Y3IUTHYTOT
KpPCTAacTOT JIABUPHHTA je Takohe Omio 3HaTHO m3paxenuje kox WT mumieBa y nopehemy ca
Gal-3 pedunujentaum xuBoTumbaMa. Oba mapamerpa JOKOMOTOPHE aKTUBHOCTHU Cy HAKOH
npumene LPS-a umanu 3navajuo Behe Bpeanoctu kon Gal-3-/- y onnocy Ha WT KUBOTHEbE
(cuke 4.6. u 4.7.). [TapameTpu JOKOMOTOpPHE aKTUBHOCTH 00a TeCTa Cy yKa3UBaJIU Ha MambU
CTETeH aHKCHO3HOCTH K011 Gal-3-/- mutieBa TokoM akyTHe nH(pIamarmje, y nopehemy ca WT
MUIIIEBUMA.

Ankcuorenn edexkaT wuH(IaManyje MOTBpheH je mnapamMeTpuma eKCIIJIOpaTUBHE
aKTUBHOCTH 00a OWXEeBHUOpAJIHA TECTa 3a MPOIEHY aHKCUO3HOCTU. Y TECTy OTBOPEHOT I0Jba,
BPEIHOCTH MHJIUKATOpa €KCIUIOpAaTUBHE aKTUBHOCTH (Opoja ycmpaBibama) Cy 3Ha4ajHO Ousie
Mame HakoH nmpuMmeHe LPS-a u xon Gal-3-/- u xon WT mumieBa, npu yemy je 3a0enexeHa
Mama peaykuuja koa Gal-3-/- KUBOTHHa y 0OIHOCY Ha Oa3anHe yciose (ciuka 4.5.). Y Tecty
Y3AUTHYTOT KPCTACTOT JIaBHUPWHTA, 3a pa3nuky on WT xuBotuma, Gal-3-/- muiieBu HUCY
MOKa3aJy 3HAYajHO CMAamEHhEe EKCIUIOpPAaTUBHE aKTUBHOCTU 24 yaca HakoH mpumeHe LPS-a.
Kon mwux cy ce TOkOM akyTHe HH{QIamalije OoJAprKaBaje BpEAHOCTH IapaMerapa
eKCIJIOpaTHBHE aKTUBHOCTU MPUOIIKHE BPEIHOCTUMA y 0a3ajdHUM YCJIOBHMA, KOje cy Ouie
3HauajHo Behe on BpenHocTu 3abenexxenux konx WT xuBotuma (4.10.). Pesyntatu npouene
eKCIUTOpAaTHBHE aKTUBHOCTH M3 00a TecTa Cy JOJaTHO MOTBPAMIN aHKCHOJIUTHUYKA ederar
neneryje rera 3a Gal-3 TokoM akyTHe nH(pIIaManmje.

CymupameM edekara akyTHe HH(pIamMalje Ha BPETHOCTH MapaMerapa 3a MPOIEeHY
CTETeHa AaHKCHO3HOCTH MOTBPHEHO je HEHO HU3paKEHHje AaHKCHOreHO JejcTBo Kox WT

MUIIIEBA, IOK je nenernuja reHa 3a Gal-3 umana ankcuonutudku edekar. OBU pe3yaTaTu Cy y
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CarfIacHOCTH ca HEIaBHUM HCTpPaKHMBameM Yang-a u capaaHuka (543), xKoju cy y CBOjOj
CTYAMjU TpOLEHUBAIM OuxeBHopanHe edexre akyTHe uHGIaMaiuje uHIykoBaHe LPS-om
koq mumieBa coja C57BL/6 ymoTrpeboM TecTa OTBOPEHOT TOJba M Y3IUTHYTOT KpPCTAaCcTOT
JaBUPUHTA. Y HCTpaXKUBamy Yang-a M capalHuKa MUILIEBU TpeTupaHu LPS-om cy mposenn
3Ha4YajHO Mame BpPEMEHa y OTBOPEHUM Kpauuma U pele Cy yna3wim y OTBOPEHE Kpake y
nopehery ca KOHTPOJIHOM TPYIIOM MHIIEBA y TECTY Y3AUTHYTOI KPCTAacTOI JIABUPUHTA.
Mumesu tperupanu LPS-oM cy npoBenn 3HauajHO Mamke BPEMEHA y IIEHTPAIHO)j 30HU TECTa
OTBOPEHOT T0Jba Y Topehermy ca KOHTPOIHUM MHIIEBUMA. 3a Pa3JIKy OJI pe3yJTara Halle
cTynuje, Yang v capaJHULIA HUCY 3a0€NICKUIHN 3HaYajHE PA3JIUKE y TapaMeTpy JOKOMOTOPHE
AaKTUBHOCTH, YKYIHOM TIpe)eHOM TyTy y TeCTy OTBOPEHOI I10Jba, HU3Mel)y MwulieBa
tperupanux LPS-om u koHTponmHMX muineBa. McrpaxuBamwe Yang-a v capagHUKa YTBPIAHIO
je ankcuoreHu edexar mpumene LPS xon WT wmwmmieBa, mTo je moTBpheHo W Hamum
pesynratuMa. AHKCUOJIUTHUYKO JIEjCTBO nenenuje reHa 3a Gal-3 Moxe ce 00jacCHUTH yJI0roM
KOjy OBaj MOJEKYJd MMa Yy HAcCTaHKy W NOJACTHIamy uH(pIamanuje. VcrpaxuBamuma je
yTBpl)EHO J1a y IIEHTPAJTHOM HEPBHOM cHCTeMy y npucyctBy LPS-a mukporimja cexperyje
Gal-3 koju ¢dyHkuMoHUIIEe Kao eHjorenu jurann 3a TLR4 pemenrtope, mro mocnemryje

uHpaammmjy (470).

5.2.2. Yrunaj nesenuje rena 3a Gal-3 u akytHe nnduiamanuje uHIyKOBaHe
npumeHom LPS-a Ha pe3yarare OMXeBHOPAJHUX TECTOBAa 3a MPOLEHY CTeneHa

AenpecuBHOCTH

Hakon npumene LPS-a gomuno je 10 cMamema BpeMeHa MPOTEKIIOT 0 T0jaBe MpBe
umooOmtHoctd u ko WT u xox Gal-3 nedunnjeHTHHX >KUBOTHE-Q Y OJAHOCY Ha OazanHe
ycJIoBe, IITO je yKa3uBaJo Ha MPOAEIPECAaHTHO JejCTBO akyTHe MH(panamaryje. [loBuieH
CTENEH JIENPECUBHOCTH YCTAHOBJEH j€ M Ha OCHOBY MoBehama BpEAHOCTH Jpyra [JBa
WHAMKATOpa JIETIPECUBHOCTH, Opoja emnu3oja HMMOOMJIHOCTH M YKYOHOI BpeMeHa
umooOmtHocTH 1 Ko WT u xox Gal-3 nedunmjeHTHHX >KMBOTHE-Q Y OJHOCY Ha Oa3anHe
ycnoBe (ciuke 4.11.-4.13. ). OBu pe3ynTaTu Cy y CarjiacHOCTH ca pe3ysiTaTUMa MPeTXOIHUX
UCTpaXMBama KOjU yKa3yjy Ha ynory npumene LPS-a u edekra nndnamaiuje Ha HacTaHaK
nernpecuje (274). Y HameMm HCTpaKvMBamkby HHje yodeH yTwiaj Aenenuje reHa 3a Gal-3 Ha

aTeHyalujy MpoJIepecaHnTHOT eeKTa akyTHe nH(pIamalyje nHaykoBane npumeHom LPS-a.
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5.2.3. IloBe3anoct pgeaeumje reHa 3a Gal-3 m axkyrHe uHdaamaunmje
uHaykaBie LPS-om ca mnpomenama y mnoHamamy W XHINOKAMIAJIHUM
npounnpaamanujckum nurokunuma, TLR4, BDNF-om, GABA-AR2S u GABA-
ARSS

Hlenenmja rena 3a Gal-3 je TokoM akytHe HeypouH(puamanuje cmamuiaa LPS-om
WHIYKOBaHO MOBehame eKclpecHje reHa W Xumokammnanau caapxkaj 1L-6 y mopehemy ca
BpeaHOCTHMA y Oa3aiHuM yclioBuMa (ciuke 4.26. u 4.28.), a uctu edekar je 1eTeKToBaH U
KOJI eKcIpecHje reHa W xurmokamnaiaHor caapkaja TNF-o (couke 4.27. u 4.29.). IloBehame
TeHCKE eKCIpecHje M XUIoKaMmmaiaHor canpxaja IL-6 xoq WT xuBoTuma je TOKOM aKyTHe
uH(pIamManmje 3Ha4ajHO Owio m3paxeHuje y mnopehemy ca Gal-3 nmedunujeHTHUM
KUBOTUHaMa HakoH npumeHe LPS-a. 3HauajHo mnoBehame TreHCke eKkclpecuje MU
koHueHTpauuje TNF-o y xunokamnycy je npumeheno u xonx WT u Gal-3 nedunujeHtHux
mutieBa 24 cara HakoH npuMmeHe LPS-a, mpu yemy je wuspaxenuje noehame 3abenekeHo
koa WT xuBotuma. OBUM pe3ynTaTuMa Cy HOTBpheHH 3aKIbyqlH MPETXOAHUX HCTPAKUBAHA
y KojuMma je JMoka3Ho mnoBehame mponH(IaMalMjCKUX HUTOKHMHA Y MO3TY TOKOM aKyTHeE
uHGamanuje UHayKoBaHe npumeHoM LPS-a Ha nepudepuju. McrpaxkuBama cy yrBpauia aa
UTOKMHU KOjU C€ CTBapajy Ha mepudepuju He MOTY JIOCIETH 10 MO3ra Kaja je OdyBaHa
xeMaroeHnedanna Oapujepa, ajld MOTY TMPEHOCUTH CHUTHAJE 0 IEHTPAIHOT HEPBHOT
cucuTeMa W HHAYKOBaTH HeypouHpramauujy (262-268). bpojHe cryauje cy moOTBpauiie
U3pakeHy TeHCKY eKcIpecujy npouHdpnamanujckux nurokuHa [L-6 u TNF-a y mo3ry murieBa
coja C57BL/6J nakon untpaneputoneanne npumene LPS-a (254, 265, 267, 269-272). Edexat
HeypouH{(IIamMaIrje Ha HaCTaHaK OMXEBHOPATHUX MIPOMEHA YOUCH y HAIlleM HCTPAKUBABY je
y CarjlaCHOCTH ca pe3yJTaTiMa CTyauja y KojuMma je YTBpHEHO Ja TOBUIIEHU HUBOU
nporH(IaMalrjCKUX IUTOKMHA MOTY M3a3BaTH HACTaHAK IMPOMEHa y noHamamy (124, 125).

Haxon npumene LPS-a, ucroBpemeno ca noehamweM nporH(IaMalnjCKUX IUTOKHHA,
u WT u Gal-3-neduivjeHTHe XKMBOTHEE Cy TIOKa3ajge TmoBehaHy eKclpecHjy TeHa
xunokamnanHor TLR4, mehytum ekcnpecuja rena 3a TLR4 je 6uno 3nauajno Beha xom WT
muinesa (ciuka 4.25.). Ilperxonne cryauje cy Takohe yTBpauie aHTUMHpIaMaIMjcK edekar
nepunujeniuje Gal-3 y moneny nngiamanuje nuaaykosane LPS-om, y kome je OUTHY ynory
umao TLR4 (470). OBo ucTpakuBame je MOKa3allo Jla MoJ /I€JCTBOM MPOHH(IaMaIl]jCKUX

ctumyinyca (LPS) muxpornuja cexkperyje Gal-3 xoju uma ynory engoreHor auranaa 3a TLR4,
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IITO W3a3MBa AaKTHBALHK]y NpOoHH(IAMANMjCKOT (EHOTHIIAa MHKpPOIJIHMje M IPOMOBHIIIE
HEypouH(pIaMaIyjy.

AkyTtHa wuH(pmamanuja wuHIYKOBaHa LPS-oM ycinoBuiaa je 3HA4YajHO CMambeHe
exkcripecuje reHa 3a BDNF y xunokamnycy WT mumeBa y ogHocy Ha 0Oa3ajaHe YCIIOBE.
Jenenuja rena 3a Gal-3 je 24 yaca HakoH mpuMmeHe LPS-a cnpeumna cMameme eKcipecuje
rena 3a BDNF (cnmuka 4.22.). AxyrHa uH(}ramanuja je y3pokoBaja IOjaBy 3HAa4YajHHUX
peruoHanHux pasnuka y auctpudyiuju BDNF-umyHopeakTUBHUX HEypOHA y XUIIOKAMITyCy.
Henenmja rena 3a Gal-3 je y CAl peruwony cnpeuwna, a y DG pervoHy Xumokamiryca
yonaxwmia penykiujy 6poja BDNF-umyHOopeakTHBHHX HEypOHA TOKOM aKyTHE WH(IaMalyje
(cmuke 4.15. u 4.19.). 3HauajHo cMameme Opoja BDNF-uMyHOpeakTHBHUX HEYpOHA, KOje je
OpaTWwiIo akyTHy HH(piamanujy, nerekroBaHo je y CA2/3 peruoHy xumokammyca Uy
npecenumMa Lesne noppuimHe xunokammnyca u kog Gal-3-/- u kon WT mumeBa (cinuke 4.17. u
4.21.). Cmameme 6poja BDNF-uMyHOpeakTHBHUX HEYpOHA Yy XHUIIOKaMIycy 24 cara HaKOH
npumene LPS-a Ouno je m3paxkenuje xom WT y mopehemy ca Gal-3 nedunujeHTHUM
xuBoTumama (34% mnpema 12.5%) (cnuka 4.21.). Ocum tora, aenenuja rexa 3a Gal-3
copeumna je cMmameme ekcrnpecuje GABA-A penentopcke cyOjenunuiie 2, koje je Omio
n3a3BaHo npuMmeHoMm LPS-a (cimka 4.23.). Jlenenuja rena 3a Gal-3 je nakon npumene LPS-a
takohe Omna nmpahena m3pakenujum nosehamem rencke excnpecuje GABA-A penentopcke
cyOjenunuie 5 (cmuka 4.24.).

Pesyntatn n00MjeHH y OBOj CTYIAMjH Cy HOTBPIWIM YHMIEHHILYy Jla C€ eKCIpecHja
npouHpramanujckux mutokuHa (IL-6 m TNF-0) y xunokammycy Hama3su y 3HauajHO]
Kopenanuju ca ekcrnpecujom xunokamnainor BDNF-a. [ToceOHo cy MHTepeceHTHH pe3ynTaTi
HallleI MCTpaKMBamkba HAa OCHOBY KOjUX je y 0a3aJlHUM ycioBuUMa 3a0eneXeHa MO3UTHUBHA
kopenauuja usmehy IL-6 u TNF-o u excnpecuje BDNF-a, nok je LPS-om uHIyKOBaHO
nosehame eKclpecuje OBHX MNPOUH(IAMAM]JCKUX IMTOKMHA PEe3yATOBaJIO HEraTUBHOM
kopemanjom  (couke 4.31. wm  4.33.). OBakBa mnpoMeHa TOBE3aHOCTH u3Melhy
npouH¢paamanujckux nuToknHa U HuUBoa BDNF-a Huje 3a0enexeHa y MNpeTXOIHUM
UCTpaXUBambUMa. Y JUTEpaTypH MOCTOj€ MOJAIM caMO O O3UTUBHO] MJIM CAMO O HETaTHUBHO)]
kopenauuje IL-6 m TNF-a ca nHuBouma BDNF-a y LeHTpalHOM HEpPBHOM CHCTEMY.
[To3uTnBHA KOpenanuja u3Mely UCOUTHBAHUX NpouH@IaManyjckux muToknHa U BDNF-a,
KOja je y OBOM HCTpakuBamy npumeheHa y 6a3agHuUM yCIOBHMa, IPETXOAHO je 3a0enexeHa y
XHUIOKaMIyCy MHILEBA U Y MOXJIAHO] KOPH, Ka0 U Y HEypOHUMA TPUTEMHUHATHUX T'aHTJIMOHA
(540, 541). HeratuBHa Kopenamuja Koja ce€ y OBOM HCTpaKMBHY MaHHu(ecoBana 24 cara

HakoH npuMeHe LPS-a y carnmacHoctu je ca nperxogHo onucanuM cHuxkemeM BDNF-a nmon
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nejctBom IL-6 u TNF-a y B-amunmoumnom moneny AmnixajmepoBe Oonectu (544). Beoma
CJIMYHA HeraTuBHA Kopenanuja u3mely ausoa IL-6 u BDNF-a yodena je y jbyackoM cepymy
24 carta HaKOH MHTEH3MBHE (pu3nMuke akTUBHOCTU (545). JegHo onx moryhux ofjammema 3a
oBe "KOHTpamukTOpHe" yTHIaje ucnuTHBaHMX nUTOokMHAa Ha BDNF wmoxe ce Hahm y
YUILEHUIM J]a jé HEeraTHBHA KOpesaldja YCTaHOBJbEHA y OKOJHOCTHMA KOje ce HE MOry
OKapakTepucaTu Kao (U3UOJOMIKK yciaoBU (Mojen Oonectu mpaheH HeypouH(pIamanujom
W/WIM W3Y3€THO TEIIKUM BekOama). [lo3uTrBHA KOpenalja Koja je mocrojayia y 6a3aaHuM
yCIIOBUMA y HAIlleM HCTPaKUBamy je JCTeKTOBaHA y (U3MOJONIKMM yCJIOBMMAa W Ouia je
npaheHa HIKUM HUBOMMA POMH(IAMAIIN]jCKUX [IUTOKHHA.

Ha ocHOBY pe3ynrara NpeTXOJHUX HCTpaxuBama mo3HaTo je na BDNF moxe
noBehaTu HEYpPOHCKY IUIACTUYHOCT M Jla j€ HEONMXOJaH 3a MpaBWIaH Pa3BOj M OICTaHaK
GABA-epruukux HeypoHa (546, 547). CxogHo ToMe, MOKEMO MPETHOCTABUTH Ja (PaKkTopu
Koju yruuy Ha HuBoe BDNF-a y xumokammycy, xao mto cy nedpunujenuuja Gal-3 u
uHamanmja (MEXaHH3MOM KOjH IOJpa3yMeBa IPOMEHE HHBOA MPOMH(IAMAIIN]CKUX
nutoknHa (IL-6 u TNF-a))), mMory u3a3Batu aHkcuoreHu edekart aenpuBanujom GABA-
epruyKor cucTeMa XuIokamiyca, myreM HeraTuBHoOr yTuiaja Ha BDNF. OBaj 3akipyuak je
3aCHOBAH Ha CHA)XHO] MO3UTHBHO] Kopenanuju u3mely excrnpecuje BDNF-a y xunokamiycy u
excripecrje GABA-A penenropckux cyOjenunumna 2 u 5 (cmuke 4.35. u 4.37.), kao u Ha
CHa)XHO] TIO3UTMBHO] Kopenanmuju usMely ekcmpecuje oBux GABA-penentopckux
cyOjenMHUIIA U MHIUKATOpPa aHKCHO3HOCTH, J0OMjEHUX Yy TECTOBMMa IOHamIama 24 cata
HakoH npumeHe LPS-a (cimuke 4.39. u 4.41.). OBu pesynratu Cy y carjacHOCTH ca
IPETXO/HUM HCTpaKMBamkuMa Koja cy yrBpawia na je GABAepruuku cucreM y Mo3ry
perynucadn BDNF/ TrkB mytem (548).

C 0063upoM J1a pe3ynTaTH Haller UCTpakuBama ykaszyjy Ha ynory Gal-3 y perymanuju
NojeIMHUX oOpasalla TNoHamama Yy Oa3aJHMM YCIOBMMAa, Kao M TOKOM aKyTHE
HeypouHQIamalje, oTBapa c€ MOTyhHOCT TMOTEHIMJaTHOT TpPeTHpama OUXEBHOPATHUX
nopemehaja mpumeHoM (papMakoIOMIKUX ¥ OMOJIOMIKKUX Moaynatopa HuBoa Gal-3, 3a mra Ou

Omia moTpebHa Jajba HCTPAKUBAKA.
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6.
3AKJbYUIIUA
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Ha ocHOBY pe3ynraTta Haller UCTpaKuBamba MOXKEMO 3ak/byunutu a Gal-3 uma BaxHy
VIIOTY y peryjucamy cTereHa aHKCHO3HOCTH.
OCHOBHM 3aKJbyUllM HAllleT UCTPAXKUBAMA CY:

e y Oa3aJIHUM YCIIOBHMMA, Jienenrja reHa 3a Gal-3 uma 3a pe3yirar jacaH aHKCHOTCHHU
edekar;

e y akyTHOj HeypouH(paamanuju nHAYKOoBaHO] LPS-om nenenwnja rena 3a Gal-3 ymamyje
OuxeBuopanHe MaHHdecTanyje HeypouH(pIaManmje, INTO C€ HCIoJbaBa Kao
AQHKCHOJHMTUYKH eeKar;

e OuxeBuopannu edekaru nenenuje reHa 3a Gal-3 u akyTHe nH(IaMaIyje cy MoBe3aHH
ca mpoMeHama BpeAHOCTH npouHpuamanujckux nurokuHa, TLR4, BDNF-a, GABA-
AR2S u GABA-ARSS y xunokammnycy;

® IIPETHOCTaBJbCHH MexaHu3aM yrtunaja Gal-3 Ha moHamame y 0a3allHUM yCIOBUMA:
Gal-3 mnosehaBa canpxkaj BDNF-a y xunokammycy, nosehawe BDNF-a nosehasa
excripecnjy  GABAepruukmx pemenropa, mnobchame Opoja GABAepruukux
peLenTopa y XHIoKamITyCy CMamyje CTEIIeH aHKCHO3HOCTH.

3aKkJbydIld Cy U3BEJCHU Ha OCHOBY cliieiehux pesynTara:

1. Ankcuorenn edekat nenenuje reHa 3a Gal-3 y 6azanaumM ynoBuMma je yTBpheH Ha
OCHOBY 3HAa4ajHO:

e HWXHX BPEIHOCTH IJIABHUX HMHJUKATOpa aHKCHO3HOCTU Y TECTY OTBOPEHOT
10Jba U Y3JUTHYTOT KPCTACTOT JIABUPUHTA, KA0 U MHAMKATOpA €KCIUIOpAaTUBHE
aKTUBHOCTH y TECTY Y3IUTHYTOI KpcTacTor jJaBupuHTa kox Gal-3-/-, y ogHOCy
Ha WT mumiese;

e XWUIEPPEAKTUBHOCTU YTBpl)EHE y TECTy Kauema 3a perl, Ha OCHOBY 3HauajHOT
nosehama BpeMeHa 10 M0jaBe MMOOMIHOCTH U CMamemha YKYIHOI BpeMeHa
MMOOMIIHOCTH (OBO HaW3IJIe/l aHTHJICIIPECAHTHO JIejCTBO Jienenuje reHa 3a Gal-
3 ce, Ha OCHOBY CBUX OMXEBHOPAJIIHUX TECTOBA, IIPE€ MOXKE CMATPaTH MOTBPIOM
AHKCHOTEHOT e(heKTa);

e HUXXEr HUBOA eKcrpecuje reHa u konnenrpanuje IL-6 kox Gal-3-/-, y ogHOCYy
Ha WT muiese;

o wMamer 6poja BDNF-umynopeaktuBHux HeypoHa y CAl peruony u ueiaom
XUIMOKaMITYCy M HIXKET HUBoa ekciipecuje reHa 3a BDNF y xunokammnycy koj

Gal-3-/- y onnocy Ha WT muiese;
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e HIKer HHUBOAa ekcrpecuje reHa 3a GABA-AR2S u GABA-ARSS vy

xunokammycy ko Gal-3-/-, y onnocy Ha WT muniese.

2. Aakcuonutndku edekar nenemnuje reHa 3a Gal-3 Tokom akytHe nHpiamanuje 24h

HakoH npumeHe LPS-a je yrBphen Ha ocHOBY:

* Mame M3paXKEeHe pelyKIlHje BPEJAHOCTU INIaBHUX IapaMeTapa aHKCHO3HOCTH Y
TECTY OTBOPEHOI IoJba W mnoBehama BpEAHOCTH OBUX Iapamerapa y TECTy
Kpcractor JaBupuHTta koj Gal-3-/-, 3a pasnuky onx WT Mumiesa;

* Mame WU3PAKEHE peAyKUuje BpEeAHOCTH MHAMKATOpa JOKOMOTOpHE H
eKCIJIOpaTUBHE AKTMBHOCTH Y TECTOBMMAa OTBOPEHOT I0JbAa MU Y3AUTHYTOT
Kpcracrtor JaBupuHTta koj Gal-3-/-, 3a pasnuky onx WT Mmumiesa;

* wMame uszpaxeHor mnosehama ekcrpecuje u kouueHtpauuje IL-6, TNF-a u
excripecuje TLR4 y xunokammycy koa Gal-3-/-, 3a paznuky on WT murieBa;

* mnosehama excnpecuje rena 3a BDNF kon Gal-3-/-, 3a paznuky on WT muieBa
r7ie je 3a0es1eKEHO CMambEeHhe OBOI MapaMeTpa;

* Mame u3paxeHe peaykuuje Opoja BDNF-umyHOpeakTHUBHMX HEypoHa Y
xunokamiycy kox Gal-3-/-, 3a paznuky ogq WT muiiesa;

* noBehama ekcrpecuje reHa 3a GABA-AR2S kon Gal-3-/-, 3a paznuky og WT
MHUIIIEBA KOJT KOJUX j€ JOILIO IO CMamhEemha EKCIIPECcH]e;

*  wmpaxenujer noehama GABA-ARSS y xunokammnycy kox Gal-3-/-, 3a

pasnuky on WT mumesa;

3. [loTBpaa o moBe3aHocTu OuxeBUOpaHUX edekara nenenuje rena 3a Gal-3, akyTHe
uH}uamMalyje MW NPOMEHa BPEJHOCTH NpouH(iaManujckux nutoknHa, BDNF-a, GABA-

AR2S 1 GABA-ARSS y xunokamnycy je u3BejieHa Ha OCHOBY:

* mosutuBHe Kopenanuje usmehy BDNF-a, IL-6 u TNF-o y 6azanmnum ycmoBuMa
Y HETaTHBHE KOPEJIallijoM TOKOM aKyTHe nH(pIaMaiuje naaykoBane LPS-om;

* no3utuBHe Kopenanuje BDNF-a, GABA-AR2S u GABA-ARSS y 6azannum
yClIOBUMA M TOKOM aKyTHe nHpnamanuje naaykoane LPS-om;

* no3utuBHe Kopenanuje usMehly GABA-AR2S u GABA-ARSS u rnaBHux

HHAUWKATOpa AaHKCHO3HOCTU Yy TECTOBHUMA OTBOPCHOI' IIOJba H Y3JUTHYTOT
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KpPCTACTOT JIaBUPUHTA y Oa3alHUM yCJIOBHMAa M TOKOM aKyTHe MHamalyje
nHaykosane LPS-om;

* 3HauajHe HeratuBHe Kopemanuje wusmehy GABA-ARSS w wunawkatopa
JETIPECUBHOCTH (YKYITHOT BpeMeHa HMMOOWIIHOCTH) Yy TECTYy Kauema 3a perl

TOKOM aKyTHe uH(pIamanuje uaaykoane LPS-om.

143



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

7.
PEOEPEHIE

144



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

1. Bouras N, Holt G. Psychiatric and Behavioral Disorders in Intellectual and
Developmental Disabilities. 2nd ed. Cambridge, United Kingdom: Cambridge University
Press; 2007.

2. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a
systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012; 380: 2163—
96.

3. Craske MG, Stein MB. Anxiety. Lancet 2016; 388: 3048-59.

4. Kessler RC, Angermeyer M, Anthony JC, DE Graaf R, Demyttenaere K, Gasquet I,
et al. Lifetime prevalence and age-of-onset distributions of mental disorders in the World
Health Organization's World Mental Health Survey Initiative. World Psychiatry 2007; 6: 168—
76.

5. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. Fifth ed. Arlington, VA: American Psychiatric Publishing. 2013; 160—68, 189.

6. Barker P. Psychiatric and Mental Health Nursing: The Craft of Caring. 2nd ed.
London, United Kingdom: Edward Arnold; 2003.

7. World Health Organization. Geneva. Pharmacological Treatment of Mental
Disorders in Primary Health Care. 2009. (cited 2019. 07. 04.). Available from:
https://www.ncbi.nlm.nih.gov/books/NBK143202/

8. Testa A, Giannuzzi R, Daini S, Bernardini L, Petrongolo L, Gentiloni Silveri N.
Psychiatric emergencies (part III): psychiatric symptoms resulting from organic diseases. Eur
Rev Med Pharmacol Sci 2013; 17: 86-99.

9. Testa A, Giannuzzi R, Sollazzo F, Petrongolo L, Bernardini L, Dain S. Psychiatric
emergencies (part II): psychiatric disorders coexisting with organic diseases. Eur Rev Med
Pharmacol Sci 2013; 17: 65-85.

10. Testa A, Giannuzzi R, Sollazzo F, Petrongolo L, Bernardini L, Daini S.
"Psychiatric emergencies (part I): psychiatric disorders causing organic symptoms. Eur Rev
Med Pharmacol Sci 2013; 17: 55-64.

11. Vuli¢-Prtori¢ A. Anksiozna osjetljivost: Fenomenologija i teorije. Suvremena
psihologija 2006; 9: 171-93.

12. Craske MG, Stein MB, Eley TC, Milad R, Holmes A, Rapee RM, et al. Anxiety
disorders. Nat Rev Dis Primers 2017; 3: 17024.

145


https://www.ncbi.nlm.nih.gov/books/NBK143202/

Joxmopcka oucepmayuja Hanubop J1. Cmajuh

13. Smoller JW, Andreassen OA, Edenberg HJ, Faraone SV, Glatt SJ, Kendler KS.
Correction to: Psychiatric genetics and the structure of psychopathology. Mol Psychiatry
2018; 24: 471.

14. Kendler KS. Major Depression and Generalised Anxiety Disorder. FOCUS 004; 2:
416-25.

15. Martin EI, Ressler KJ, Binder E, Nemeroff CB. The Neurobiology of Anxiety
Disorders: Brain Imaging, Genetics, and Psychoneuroendocrinology. Psychiatr Clin North
Am 2009; 32: 549-75.

16. Fanselow MS, Dong HW. Are the dorsal and ventral hippocampus functionally
distinct structures? Neuron 2010; 65: 7-19.

17. Strange BA, Witter MP, Lein ES, Moser El. Functional organization of the
hippocampal longitudinal axis. Nat Rev Neurosci 2014; 15: 655-69.

18. Bannerman DM, Deacon RM, Offen S, Friswell J, Grubb M, Rawlins JN. Double
dissociation of function within the hippocampus: spatial memory and hyponeophagia. Behav
Neurosci 2002; 116: 884-901.

19. Kjelstrup KG, Tuvnes FA, Steffenach HA, Murison R, Moser EI, Moser MB.
Reduced fear expression after lesions of the ventral hippocampus. Proc Natl Acad Sci U S A
2002; 99: 10825-30.

20. Felix-Ortiz AC, Beyeler A, Seo C, Leppla CA, Wildes CP, Tye KM. BLA to
vHPC inputs modulate anxiety-related behaviors. Neuron 2013;79: 658—64.

21. Kheirbek MA, Drew LJ, Burghardt NS, Costantini DO, Tannenholz L., Ahmari SE,
et al. Differential control of learning and anxiety along the dorsoventral axis of the dentate
gyrus. Neuron 2013; 77: 955-68.

22. Kjaerby C, Athilingam J, Robinson SE, lafrati J, Sohal VS. Serotonin 1B
Receptors Regulate Prefrontal Function by Gating Callosal and Hippocampal Inputs. Cell Rep
2016; 17: 2882-90.

23. Padilla-Coreano N, Bolkan SS, Pierce GM, Blackman DR, Hardin WD, Garcia-
Garcia AL, et al. Direct Ventral Hippocampal-Prefrontal Input Is Required for Anxiety-
Related Neural Activity and Behavior. Neuron 2016; 89: 857—66.

24. Parfitt GM, Nguyen R, Bang JY, Agrabawi A, Tran MM, Seo DK, et al.
Bidirectional Control of Anxiety-Related Behaviours in Mice: Role of Inputs Arising from the
Ventral Hippocampus to the Lateral Septum and Medial Prefrontal Cortex.
Neuropsychopharmacology 2017; 42: 1715-28.

146



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

25. Samuels BA, Anacker C, Hu A, Levinstein MR, Pickenhagen A, Tsetsenis T, et al.
5-HT1A receptors on mature dentate gyrus granule cells are critical for the antidepressant
response. Nat Neurosci 2015; 18: 1606—16.

26. Wu MV, Hen R. Functional dissociation of adult-born neurons along the
dorsoventral axis of the dentate gyrus. Hippocampus 2014; 24: 751-61.

27. Jimenez JC, Su K, Goldberg AR, Luna VM, Biane JS, Ordek G, et al. Anxiety
Cells in a Hippocampal-Hypothalamic Circuit. Neuron 2018; 97: 670-83.¢6.

28. Andersen P, Morris R, Amaral D, Bliss T, O'Keefe J. The Hippocampus, Ch 3.
Hippocampal Neuroanatomy. London: Oxford University Press, University College London;
2006. 37-114.

29. Canteras NS. The medial hypothalamic defensive system: hodological
organization and functional implications. Pharmacol Biochem Behav 2002; 71: 481-91.

30. Cenquizca LA, Swanson LW. Analysis of direct hippocampal cortical field CAl
axonal projections to diencephalon in the rat. ] Comp Neurol 2006; 497: 101-14.

31. Kishi T, Tsumori T, Yokota S, Yasui Y. Topographical projection from the
hippocampal formation to the amygdala: a combined anterograde and retrograde tracing study
in the rat. J] Comp Neurol 2006; 496: 349-68.

32. Tannenholz L, Jimenez JC, Kheirbek MA. Local and regional heterogeneity
underlying hippocampal modulation of cognition and mood. Front Behav Neurosci 2014; 8:
147.

33. Jennings JH, Rizzi G, Stamatakis AM, Ung RL, Stuber GD. The inhibitory circuit
architecture of the lateral hypothalamus orchestrates feeding. Science 2013; 341: 1517-21.

34. Tye KM, Prakash R, Kim SY, Fenno LE, Grosenick L, Zarabi H, et al. Amygdala
circuitry mediating reversible and bidirectional control of anxiety. Nature 2011; 471: 358-62.

35. Hettema JM, Kettenmann B, Ahluwalia V, McCarthy C, Kates WR, Schmitt JE, et
al. Pilot multimodal twin imaging study of generalized anxiety disorder. Depress Anxiety
2012; 29: 202-9.

36. Irle E, Ruhlede M, Lange C, Seidler-Brandler U, Salzer S, Dechent P, et al.
Reduced amygdalar and hippocampal size in adults with generalized social phobia. J
Psychiatry Neurosci 2010; 35: 126-31.

37. Kuhn S, Gallinat J. Gray matter correlates of posttraumatic stress disorder: a

quantitative meta-analysis. Biol Psychiatry 2013; 73: 70-74.

147



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

38. Woon FL, Sood S, Hedges DW. Hippocampal volume deficits associated with
exposure to psychological trauma and posttraumatic stress disorder in adults: a meta-analysis.
Prog Neuropsychopharmacol Biol Psychiatry 2010; 34: 1181-8.

39. Ruhe HG, Mason NS, Schene AH. Mood is indirectly related to serotonin,
norepinephrine and dopamine levels in humans: a meta-analysis of monoamine depletion
studies. Mol Psychiatry 2007; 12: 331-59.

40. Mineur YS, Obayemi A, Wigestrand MB, Fote GM, Calarco CA, et al.
Cholinergic signaling in the hippocampus regulates social stress resilience and anxiety- and
depression-like behavior. Proceedings of the National Academy of Sciences of the United
States of America. 2013;110:3573-8.

41. Nuss P. Anxiety disorders and GABA neurotransmission: a disturbance of
modulation. Neuropsychiatr Dis Treat 2015; 11: 165-75.

42. Amiel JM, Mathew SJ. Glutamate and anxiety disorders. Curr Psychiatry Rep
2007; 9: 278-83.

43. Binder EB, Nemeroff CB. The CRF system, stress, depression and anxiety -
insights from human genetic studies. Mol Psychiatry 2010; 15(6): 574-88.

44. Temolo A, Seiglie M, Blasio A, Cottone P, Sabino V. Pituitary adenylate cyclase-
activating polypeptide (PACAP) in the central nucleus of the amygdala induces anxiety via
melanocortin receptors. Psychopharmacology 2016; 233: 3269-77.

45. Kaur S, Singh R. Role of different neurotransmitters in anxiety: a systemic review,
IJPSR, 2017; 8: 411-421.

46. Suliman S, Hemmings SMJ, Seedat S. Brain-Derived Neurotrophic Factor
(BDNF) protein levels in anxiety disorders: systematic review and meta-regression analysis.
Front Integr Neurosci 2013; 7:55.

47. Zachmann M, Tocci P, Nyhan WL. The occurrence of gammaaminobutyric acid in
human tissues other than brain. J Biol Chem 1966; 241: 1355-1358.

48. Guidotti A, Corda MG, Wise BC, Vaccarino F, Costa E. GABAergic synapses.
Supramolecular organization and biochemical regulation. Neuropharmacology 1983; 22:
1471-1479.

49. Zaletel I, Filipovi¢ D, Puska$§ N. Chronic stress, hippocampus and parvalbumin-
positive interneurons: what do we know so far? Rev Neurosci 2016; 274: 397-4009.

50. Selakovic D, Joksimovic J, Zaletel I, Puskas N, Matovic M, Rosic G. The opposite
effects of nandrolone decanoate and exercise on anxiety levels in rats may involve alterations

in hippocampal parvalbumin-positive interneurons. PLoS One 2017; 12: e0189595.
148



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

51. Eder M, Rammes G, Zieglgansberger W, Dodt HU. GABAA and GABAB
receptors on neocortical neurons are differentialy distributed. Eur J Neurosci 2001; 13: 1065—
69.

52. Alakuijala A, Alakuijala J, Pasternack M. Evidence for a functional role of GABA
receptors in the rat mature hippocampus. Eur J Neurosci 2006; 23: 514-20.

53. Lydiard RB. The role of GABA in anxiety disorders. J Clin Psychiatry 2003; 64:
21-7.

54. Hanns S, Mohler H The GABA Receptor. New York: Humana Press; 2007. 23-31,
69-87, 87-111.

55. Enoch MA. The role of GABA(A) receptors in the development of alcoholism".
New Insights Into the Function of GABAA Receptor Subtypes. Pharmacol Biochem Behav
2008; 90: 95-104.

56. Botta P, Demmou L, Kasugai Y, Markovic M, Xu C, Fadok JP et al. Regulating
anxiety with extrasynaptic inhibition. Nat Neurosci 2015; 18: 1493-1500.

57. Tasan RO, Bukovac A, Peterschmitt YN, Sartori SB, Landgraf R, Singewald N,
ety al. Altered GABA transmission in a mouse model of increased trait anxiety. Neurosci
2011; 183: 71-80.

58. Brambilla P, Perez J, Barale F, Schettini G, Soares JC. GABAergic dysfunction in
mood disorders. Mol. Psychiatry2003; 8: 721-737, 715.

59. Brambilla P, Barale F, Caverzasi E, Soares, JC. Anatomical MRI findings in mood
and anxiety disorders. Epidemiol Psychiatr Soc 2002; 11: 88-99.

60. Naseri MH, Hesami-Tackallou S, Torabi-Nami M, Zarrindast MR, Nasehi M.
Involvement of the Cal GABAA receptors in Mk-801-induced anxiolytic like effects: an
Isobologram analysis. Behav Pharmacol2014; 25: 197-205.

61. Janke KL, Cominski TP, Kuzhikandathil EV, Servatius RJ, Pang KC.
Investigating the Role of Hippocampal BDNF in Anxiety Vulnerability Using Classical
Eyeblink Conditioning. Front psychiatry 2015; 6: 106.

62. Yamada K, Nabeshima T. Brain-derived neurotrophic factor/TrkB signaling in
memory processes. J Pharmacol Sci 2003; 91: 267-70.

63. Frielingsdorf H, Bath KG, Soliman F, Difede J, Casey BJ, Lee FS. Variant brain-
derived neurotrophic factor Val66Met endophenotypes: implications for posttraumatic stress

disorder. Ann N Y Acad Sci 2010; 1208: 150-7.

149



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

64. Jiang X, Xu K, Hoberman J, Tian F, Marko AJ, Waheed JF, et al. BDNF variation
and mood disorders: a novel functional promoter polymorphism and Val66Met are associated
with anxiety but have opposing effects. Neuropsychopharmacology 2005; 30: 1353-61.

65. Bueller JA, Aftab M, Sen S, Gomez-Hassan D, Burmeister M, Zubieta JK. BDNF
Val66Met allele is associated with reduced hippocampal volume in healthy subjects. Biol
Psychiatry 2006; 59: 812-5.

66. Molendijk ML, van Tol MJ, Penninx BW, van der Wee NJ, Aleman A, Veltman
DJ, et al. BDNF val66met affects hippocampal volume and emotion-related hippocampal
memory activity. Transl Psychiatry 2012; 2 :e74.

67. Pezawas L, Verchinski BA, Mattay VS, Callicott JH, Kolachana BS, Straub RE, et
al. The brain-derived neurotrophic factor val66met polymorphism and variation in human
cortical morphology. J Neurosci 2004; 24: 10099-102.

68. Szeszko PR, Lipsky R, Mentschel C, Robinson D, Gunduz-Bruce H, Sevy S, et al.
Brain-derived neurotrophic factor val66met polymorphism and volume of the hippocampal
formation. Mol Psychiatry 2005; 10: 631-6.

69. Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, Bertolino A, et
al. The BDNF val66met polymorphism affects activity-dependent secretion of BDNF and
human memory and hippocampal function. Cell 2003; 112: 257-69.

70. Hariri AR, Goldberg TE, Mattay VS, Kolachana BS, Callicott JH, Egan MF, et al.
Brain-derived neurotrophic factor val66met polymorphism affects human memory-related
hippocampal activity and predicts memory performance. J Neurosci 2003; 23: 6690—4.

71. Lau JY, Goldman D, Buzas B, Hodgkinson C, Leibenluft E, Nelson E, et al.
BDNF gene polymorphism (Val66Met) predicts amygdala and anterior hippocampus
responses to emotional faces in anxious and depressed adolescents. Neuroimage 2010; 53:
952-61.

72. Soliman F, Glatt CE, Bath KG, Levita L, Jones RM, Pattwell SS, et al. A genetic
variant BDNF polymorphism alters extinction learning in both mouse and human. Science
2010; 327: 863—6.

73. Gilbertson MW, Shenton ME, Ciszewski A, Kasai K, Lasko NB, Orr SP, et al.
Smaller hippocampal volume predicts pathologic vulnerability to psychological trauma. Nat
Neurosci 2002; 5: 1242-7.

74. Gilbertson MW, Williston SK, Paulus LA, Lasko NB, Gurvits TV, Shenton ME, et

al. Configural cue performance in identical twins discordant for posttraumatic stress disorder:

150



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

theoretical implications for the role of hippocampal function. Biol Psychiatry 2007; 62: 513—
20.

75. Rizos EN, Papathanasiou M, Michalopoulou PG, Mazioti A, Douzenis A, Kastania
A, et al. Association of serum BDNF levels with hippocampal volumes in first psychotic
episode drug-naive schizophrenic patients. Schizophr Res 2011; 129: 201-4.

76. Hashimoto K. Brain-derived neurotrophic factor as a biomarker for mood
disorders: an historical overview and future directions. Psychiatry Clin Neurosci 2010; 64:
341-57.

77. Sen S, Duman R, Sanacora G. Serum brain-derived neurotrophic factor,
depression, and antidepressant medications: meta-analyses and implications. Biol Psychiatry
2008; 64: 527-32.

78. Duman RS, Monteggia LM. A neurotrophic model for stress-related mood
disorders. Biol Psychiatry 2006; 59: 1116-27.

79. Nemeroff CB. The role of GABA in the pathophysiology and treatment of anxiety
disorders. Psychopharmacol Bull 2003; 37: 133-46.

80. Zen'ko MY, Rybnikova YA, Glushchenko TS. Expression of BDNF neurotrophin
in the hippocampus and neocortex of rats during the development of post-stress anxiety and
its correction by hypoxic postconditioning. Morfologiia 2014; 146: 14—18.

81. Waszczuk MA, Zavos HMS, Gregory AM, Eley TC. The Phenotypic and Genetic
Structure of Depression and Anxiety Disorder Symptoms in Childhood, Adolescence, and
Young Adulthood. JAMA Psychiatry 2014; 71: 905-16.

82. Eley TC, McAdams TA, Rijsdijk FV, Lichtenstein P, Narusyte J, Reiss D, et al.
The Intergenerational Transmission of Anxiety: A Children-of-Twins Study. Am J Psychiatry
2015; 172: 630-7.

83. Fuchs E, Fliugge G. Experimental animal models for the simulation of depression
and anxiety. Dialogues Clin Neurosci 2006; 8: 323-33.

84. Belzung C, Griebel G. Measuring normal and pathological anxiety-like behaviour
in mice: a review. Behav Brain Res. 2001; 125: 141-9

85. Padurariu M, Antioch Y, Balmus Y, Ciobica A, El-Lethey HS, Kamel MM.
Describing some behavioural animal models of anxiety and their mechanistics with special
reference to oxidative stress and oxytocin relevance. Int J Vet Sci Med 2017; 5: 98-104.

86. Lefter R, Cojocaru D, Ciobica A, Paulet IM, Serban IL, Anton E. Aspects of
animal models for the major neuropsychiatric disorders. Arch Biol Sci Belgr 2014; 66: 1105—
15.

151



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

87. Nestler EJ, Hyman SE. Animal models of neuropsychiatric disorders. Nat
Neurosci 2010; 13: 1161-9.

88. Fernando AB, Robbins TW. Animal models of neuropsychiatric disorders. Annu
Rev Clin Psychol 2011; 7: 39-61.

89. Ciobica A, Hritcu L, Padurariu M, Dobrin R, Bild V. Effects of serotonin
depletion on behavior and neuronal oxidative stress status in rat: relevance for anxiety and
affective disorders. Adv Med Sci 2010; 55: 289-96.

90. Jesuthasan S. Fear, anxiety, and control in the zebrafish. Dev Neurobiol 2012; 72:
395-403.

91. Vicens-Costa E, Martinez-Membrives E, Lépez-Aumatell R, Guitart-Masip M,
Cafiete T, Blazquez G, et al. Two-way avoidance acquisition is negatively related to
conditioned freezing and positively associated with startle reactions: a dissection of anxiety
and fear in genetically heterogeneous rats. Physiol Behav 2011; 103: 148-56.

92. Diaz-Moran S, Palencia M, Mont-Cardona C, Cafiete T, Bldzquez G,
MartinezMembrives E, et al. Coping style and stress hormone responses in genetically
heterogeneous rats: comparison with the Roman rat strains. Behav Brain Res 2012; 228: 203—
10.

93. Walsh RN, Cummins RA, The open field test: a critical review. Psychol. Bull
1976; 83: 481-504.

94. Hall CS. Emotional behavior in the rat. I. Defecation and urination as measures of
individual differences in emotionality. J Comp Psychol 1934; 18: 385—403.

95. Belzung C. Measuring exploratory behavior. In: Crusio WE, Gerlai RT.
Handbook of Molecular Genetic Techniques for Brain and Behavior Research (Techniques in
the Behavioral and Neural Sciences). 1st edition. Amsterdam: Elsevier; 1999. 739-749.

96. Prut L, Belzung C. The open field as a paradigm to measure the effects of drugs
on anxiety-like behaviors: A review. Eur J Pharmaco 2003; 463: 3-33.

97. Misslin R, Cigrang M. Does neophobia necessarily imply fear or anxiety? Behav
Proc 1986; 12: 45-50.

98. Lister RG. The use of a plus-maze to measure anxiety in the mouse.
Psychopharmacology 1987; 92: 180-185.

99. Rodgers RJ, Cao BJ, Dalvi A, Holmes A. Animal models of anxiety: an
ethological perspective. Braz J] Med Biol Res 1997; 30: 289-304.

100. Hogg S. A review of the validity and variability of the elevated plus-maze as an

animal model of anxiety. Pharmacol Biochem Behav 1996; 54: 21-30.

152



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

101. Rodgers RJ, Johnson NJT. Factor analysis of spatiotemporal and ethological
measures in the murine elevated plus-maze test of anxiety. Pharmacol Biochem Behav 1995;
52:297-303.

102. Kelley AE. Locomotor activity and exploration. In: Sahgal A, ed. Behavioural
Neuroscience. A Practical Approach. Vol II. Oxford, UK: IRL Press; 1993. 1-21.

103. Bild W, Ciobica A. Angiotensin-(1-7) central administration induces anxiolytic-
like effects in elevated plus maze and decreased oxidative stress in the amygdala. J Affect
Disord 2013; 145: 165-71.

104. World Health Organization. Geneva. The World Health Report 2001. Mental
Health: New Understanding, New Hope. World Health Organization. 2001. (cited 2019. 07.
04.). Available from: https://www.who.int/whr/2001/en/.

105. Richards CS, O'Hara MW. The Oxford Handbook of Depression and
Comorbidity. New York: Oxford University Press; 2014. 254.

106. Strakowski S, Nelson E Major Depressive Disorder. New York: Oxford
University Press; 2015. PT27.

107. Luscher B, Shen Q, Sahir N. The GABAergic deficit hypothesis of major
depressive disorder. Mol Psychiatry 2011; 16: 383—406.

108. Kessler RC, Bromet EJ. The epidemiology of depression across cultures. Annu
Rev Public Health 2013; 34: 119-38.

109. Van de Velde S, Bracke P, Levecque K. Gender differences in depression in 23
European countries. Cross-national variation in the gender gap in depression. Soc Sci Med.
2010; 71: 305-313.

110. Fava M, Hwang I, Rush AJ, Sampson N, Walters EE, Kessler RC. The
importance of irritability as a symptom of major depressive disorder: results from the
National Comorbidity Survey Replication. Mol Psychiatry 2010; 15: 856-67.

111. Judd LL, Schettler PJ, Coryell W, Akiskal HS, Fiedorowicz JG (November
2013). Overt irritability/anger in unipolar major depressive episodes: past and current
characteristics and implications for long-term course. JAMA Psychiatry 2013; 70: 1171-80.

112. Fisher JC, Powers WE, Tuerk DB, Edgerton MT. Development of a plastic
surgical teaching service in a women's correctional institution. Am J Surg 1975; 129: 269-72.

113. American Psychiatric Association Diagnostic and statistical manual of mental
disorders. Fourth Edition, Text Revision: DSM-IV-TR ed. Washington, DC: American
Psychiatric Publishing, Inc; 2000.

153


https://www.who.int/whr/2001/en/
https://books.google.com/books?id=9jpsAwAAQBAJ&pg=PA254
https://books.google.com/books?id=9jpsAwAAQBAJ&pg=PA254

Joxmopcka oucepmayuja Hanubop J1. Cmajuh

114. Voinov B1, Richie WD, Bailey RK. Depression and chronic diseases: it is time
for a synergistic mental health and primary care approach. Prim Care Companion CNS Disord
2013; 15: pii: PCC.12r01468.

115. Lieb R, Isensee B, Hofler M, Pfister H, Wittchen HU. Parental major depression
and the risk of depression and other mental disorders in offspring. A prospective-longitudinal
community study. Arch Gen Psychiatry 2002; 59(4): 365-74.

116. Mondimore FM, Zandi PP, MacKinnon DF, Mclnnis MG, Miller EB, Schweizer
B, et al. A comparison of the familiality of chronic depression in recurrent early-onset
depression pedigrees using different definitions of chronicity. J Affect Disord 2007; 100:
171-7.

117. Anand A, Charney DS. Norepinephrine dysfunction in depression. J Clin
Psychiatry 2000; 61: 16-24.

118. Radley JJ, Sisti HM, Hao J, Rocher AB, McCall T, Hof PR, et al. Chronic
behavioral stress induces apical dendritic reorganization in pyramidal neurons of the medial
prefrontal cortex. Neuroscience 2004; 125: 1-6.

119. Pezawas L, Meyer-Lindenberg A, Drabant EM, Verchinski BA, Munoz KE,
Kolachana BS, et al. HTTLPR polymorphism impacts human cingulate-amygdala
interactions: a genetic susceptibility mechanism for depression. Nat Neurosci 2005; 8: 828—
34.

120. Drevets WC. Neuroimaging and neuropathological studies of depression:
implications for the cognitive-emotional features of mood disorders. Curr Opin Neurobiol
2001; 11:240-9.

121. Holsboer F. Stress, hypercortisolism and corticosteroid receptors in depression:
implications for therapy. J Affect Disord 2001; 62:77-91.

122. Nemeroff CB, Widerlov E, Bissette G, Walleus H, Karlsson I, Eklund K, et al.
Elevated concentrations of CSF corticotropin-releasing factor-like immunoreactivity in
depressed patients. Science 1984; 226: 1342—1344.

123. Hughes' GD. Outline of Modern Psychiatry. 5th ed. Chicester: John Wiley &
Sons. 2007.

124. Dantzer R, O’Connor JC, Freund GG, Johnson RW, Kelley KW. From
inflammation to sickness and depression: when the immune system subjugates the brain. Nat
Rev Neurosci 2008; 9: 46-56.

125. Raison CL, Capuron L, Miller AH. Cytokines sing the blues: inflammation and
the pathogenesis of depression. Trends Immunol 2006; 27: 24-31.

154



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

126. Edler Schiller CE. The hormone withdrawal hypothesis of postpartum
depression: a translational approach [dissertation]. lowa City (IA): University of Iowa; 2011
[cited 201 July 14]. Available from: http://ir.uiowa.edu/etd/1261

127. Delgado PL. Depression: the case for a monoamine deficiency. J Clin Psychiatry
2000; 61: 7-11.

128. Dunlop BW, Nemeroff CB. The role of dopamine in the pathophysiology of
depression. Arch Gen Psychiatry 2007; 64: 327-37.

129. Albert PR, Benkelfat C, Descarries L. The neurobiology of depression-revisiting
the serotonin hypothesis. Cellular and molecular mechanisms. Philos Trans R Soc Lond B
Biol Sci 2012; 367: 2378-81.

130. Groves JO. Is it time to reassess the BDNF hypothesis of depression? Molecular
Psychiatry 2007; 12: 1079-88.

131. Krishnan V, Nestler EJ. Animal Models of Depression: Molecular Perspectives.
Curr Top Behav Neurosci 2011; 7: 121-147.

132. Steru L, Chermat R, Thierry B, Simon P. The tail suspension test: a new method
for screening antidepressants in mice. Psychopharmacology 1985; 85: 367-70.

133. Medzhitov R. Inflammation 2010: new adventures of an old flame. Cell 2010;
140: 771-776.

134. Ferrero-Miliani L, Nielsen O, Andersen P, Girardin S. Chronic inflammation:
importance of NOD2 and NALP3 in interleukin-1f generation. Clin Exp Immunol 2007; 147:
227-35.

135. Nathan C, Ding A. Nonresolving inflammation. Cell 2010; 140: 871-82.

136. Zhou Y, Hong Y, Huang H. Triptolide Attenuates Inflammatory Response in
Membranous Glomerulo-Nephritis Rat via Downregulation of NF-kB Signaling Pathway.
Kidney and Blood Pressure Res 2016; 41: 901-10.

137. Takeuchi O, Akira S. Pattern Recognition Receptors and Inflammation. Cell
2010; 140: 805-20.

138. Chertov O, Yang D, Howard O, Oppenheim JJ. Leukocyte granule proteins
mobilize innate host defenses and adaptive immune responses. Immunol Rev 2000; 177: 68—
78.

139. Jabbour HN, Sales KJ, Catalano RD, Norman JE. Inflammatory pathways in
female reproductive health and disease. Reprod 2009; 138: 903—19.

140. Lawrence T. The Nuclear Factor NF-«xB Pathway in Inflammation. Cold Spring
Harb Perspect Biol 2009; 1: a001651.

155



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

141. Libby P. Inflammatory mechanisms: the molecular basis of inflammation and
disease. Nutr Rev 2007; 65: 140-6.

142. Frostegard J, Ulfgren AK, Nyberg P, Hedin U, Swedenborg J, Andersson U, et al.
Cytokine expression in advanced human atherosclerotic plaques: dominance of pro-
inflammatory (Th1) and macrophage-stimulating cytokines. Atherosclerosis. 1999; 145: 33—
43.

143. Pasceri V, Yeh ET. A tale of two diseases: atherosclerosis and rheumatoid
arthritis. Circulation 1999; 100: 2124-6.

144. Akiho H, Yokoyama A, Abe S, Nakazono Y, Murakami M, Otsuka Y, et al.
Promising biological therapies for ulcerative colitis: A review of the literature. World J
Gastrointest Pathophysiol 2015; 6: 219-27

145. Briick W, Stadelmann C. Inflammation and degeneration in multiple sclerosis.
Neurol Sci 2003; 24: 265-7.

146. Brusselle G, Bracke K. Targeting immune pathways for therapy in asthma and
chronic obstructive pulmonary disease. Ann Am Thorac Soc 2014; 1: 322-8.

147. Gudkov AV, Komarova EA. p53 and the Carcinogenicity of Chronic
Inflammation. CSH Perspect Med. Cold Spring Harb Perspect Med 2016; 6: a026161.

148. Seong SY, Matzinger P. Hydrophobicity: an ancient damage-associated
molecular pattern that initiates innate immune responses. Nat Rev Immunol 2004; 4: 469-78.

149. Ozinsky A, Underhill DM, Fontenot JD, Hajjar AM, Smith KD, Wilson CB, et al.
The repertoire for pattern recognition of pathogens by the innate immune system is defined by
cooperation between toll-like receptors. P Natl Acad Sci 2000; 97: 13766-71.

150. Janeway CA Jr, Medzhitov R. Innate immune recognition. Annu rev of immunol
2002; 20: 197-216.

151. Yamamoto M, Takeda K. Current Views of Toll-Like Receptor Signaling
Pathways. Gastroenterol Res Pract. Gastroenterol Res Pract 2010; 2010: 240365.

152. Czerkies M, Kwiatkowska K. Toll-Like Receptors and their Contribution to
Innate Immunity: Focus on TLR4 Activation by Lipopolysaccharide. Adv Cell Biol 2014; 4:
1-23.

153. Akira S, Takeda K, Kaisho T. Toll-like receptors: critical proteins linking innate
and acquired immunity. Nat Immunol 2001; 2: 675-80.

154. Adib-Conquy M, Cavaillon JM. Stress molecules in sepsis and systemic
inflammatory response syndrome. FEBS let 2007; 581: 3723-33.

156



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

155. Rubartelli A, Lotze MT. Inside, outside, upside down: damage-associated
molecular-pattern molecules (DAMPs) and redox. Trends immunol 2007; 28: 429-36.

156. Kaminska B. MAPK signalling pathways as molecular targets for anti-
inflammatory therapy-from molecular mechanisms to therapeutic benefits. BBA 2005; 1754:
253-262.

157. Hendrayani SF, Al-Harbi B, Al-Ansari MM, Silva G, Aboussekhra A. The
inflammatory/cancer-related IL-6/ STAT3/NF-«xB positive feedback loop includes AUF1 and
maintains the active state of breast myofibroblasts. Oncotarget 2016; 7: 41974-85.

158. Kyriakis JM, Avruch J. Mammalian mitogen-activated protein kinase signal
transduction pathways activated by stress and inflammation. Physiol Rev 2001; 81: 807—-69.

159. Henriquez-Olguin C, Altamirano F, Valladares D, Lopez JR, Allen PD,
Jaimovich E. Altered ROS production, NF- kB activation and interleukin-6 gene expression
induced by electrical stimulation in dystrophic mdx skeletal muscle cells. BBA-Mol Basis
Disc 2015; 1852: 1410-9.

160. Girard S, Kadhim H, Roy M, Lavoie K, Brochu ME, Larouche A, et al. Role of
perinatal inflammation in cerebral palsy. Pediatr neurol 2009; 40: 168-74.

161. Moynagh PN. The NF-kB pathway. J Cell Sci 2005; 118: 4585-92.

162. Hoffmann A, Natoli G, Ghosh G. Transcriptional regulation via the NF-[kappa]B
signaling module. Oncogene 2006; 25: 6706-16.

163. Pasparakis M, Luedde T, Schmidt-Supprian M. Dissection of the NF-kB
signalling cascade in transgenic and knockout mice. Cell Death Differ 2006; 13: 861-72.

164. Basak S, Kim H, Kearns JD, Tergaonkar V, O’Dea E, Werner SL, et al. A fourth
IxB protein within the NF-kB signaling module. Cell 2007; 128: 369-81.

165. Hayden MS, Ghosh S. NF-«B, the first quarter-century: remarkable progress and
outstanding questions. Gene Dev 2012; 26: 203-34.

166. Zhang W, Liu HT. MAPK signal pathways in the regulation of cell proliferation
in mammalian cells. Cell Research 2002; 12: 9-18.

167. Pearson G, Robinson F, Beers GT, Xu BE, Karandikar M, Berman K, et al.
Mitogen-activated protein (MAP) kinase pathways: regulation and physiological functions.
Endocr Rev 2001; 22:153—-183.

168. Kim EK, Choi EJ. Pathological roles of MAPK signaling pathways in human
diseases. BBA-Mol Basis 2010; 1802: 396-405.

169. Sabio G, Davis RJ. TNF, MAP kinase signalling pathways. Semin in Immunol.
2014; 26: 237-45.

157



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

170. Raingeaud J, Whitmarsh AJ, Barrett T, Dérijard B, Davis RJ. MKK3- and
MKK6-regulated gene expression is mediated by the p38 mitogen-activated protein kinase
signal transduction pathway. Mol Cell Biolog 1996; 16: 1247- 55.

171. O’Shea JJ, Schwartz DM, Villarino AV, Gadina M, Mcinnes 1B, Laurence A.
The JAK-STAT pathway: impact on human disease and therapeutic intervention. Annu Rev
Med 2015; 66: 311-28.

172. Walker JG, Smith MD. The Jak-STAT pathway in rheumatoid arthritis. J
Rheumatol 2005; 32: 1650-53.

173. Ivashkiv LB, Hu X. The JAK/STAT pathway in rheumatoid arthritis: pathogenic
or protective? Arthritis Rheumatol 2003; 48: 2092-6.

174. Boengler K, Hilfiker-Kleiner D, Drexler H, Heusch G, Schulz R. The myocardial
JAK/STAT pathway: from protection to failure. Pharmacol Therapeut 2008; 120: 172-85.

175. Oeckinghaus A, Hayden MS, Ghosh S. Crosstalk in NF-kB signaling pathways.
Nat Immunol 2011; 12: 695-708.

176. Cesari M, Penninx BW, Newman AB, Kritchevsky SB, Nicklas BJ, Sutton-
Tyrrell K, et al. Inflammatory markers and onset of cardiovascular events. Circulation 2003;
108: 2317-22.

177. Bhowmik A, Seemungal TA, Sapsford RJ, Wedzicha JA. Relation of sputum
inflammatory markers to symptoms and lung function changes in COPD exacerbations.
Thorax 2000; 55: 114-20.

178. Pecoits-Filho R, Heimbiirger O, Béarany P, Suliman M, Fehrman-Ekholm I,
Lindholm B, et al. Associations between circulating inflammatory markers and residual renal
function in CRF patients. Am J Kidney Dis 2003; 41: 1212-8.

179. Ross AC. Relationship between Inflammatory Markers, Endothelial Activation
Markers, and Carotid Intima-Media Thickness in HIV-Infected Patients Receiving
Antiretroviral Therapy. Cli Infect Dis 2009; 49: 1119-27.

180. Pai JK, Pischon T, Ma J, Manson JE, Hankinson SE, Joshipura K, et al.
Inflammatory markers and the risk of coronary heart disease in men and women. New Engl J
Med 2004; 351: 2599-610.

181. Bautista LE, Vera LM, Arenas IA, Gamarra G. Independent association between
inflammatory markers (C-reactive protein, interleukin-6, and TNF-alpha) and essential
hypertension. J Hum Hypertens 2005; 19: 149-54.

182. Carrero JJ, Yilmaz MI, Lindholm B, Stenvinkel P. Cytokine Dysregulation in
Chronic Kidney Disease: How Can We Treat It? Blood Purificat 2008; 26: 291-9.

158



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

183. Machowska A, Carrero JJ, Lindholm B, Stenvinkel P. Therapeutics targeting
persistent inflammation in chronic kidney disease. Translat Res J La Clin Med 2016; 167:
204-13.

184. Goldstein BI, Kemp DE, Soczynska JK, Mcintyre RS. Inflammation and the
phenomenology, pathophysiology, comorbidity, and treatment of bipolar disorder: a
systematic review of the literature. J Clin Psych 2009; 70: 1078-90.

185. Miller AH, Maletic V, Raison CL. Inflammation and Its Discontents: The Role of
Cytokines in the Pathophysiology of Major Depression. Biol Psych 2009; 65: 732—41.

186. Lindahl B, Toss H, Siegbahn A, Venge P Wallentin L. Markers of myocardial
damage and inflammation in relation to long-term mortality in unstable coronary artery
disease. FRISC Study Group. Fragmin during Instability in Coronary Artery Disease. New
Engl J Med 2000; 343:1139-47.

187. Shlipak MG, Fried LF, Crump C, Bleyer AJ, Manolio TA, Tracy RP, et al.
Elevations of inflammatory and procoagulant biomarkers in elderly persons with renal
insufficiency. Circulation 2003; 107: 87-92.

188. Gupta J, Mitra N, Kanetsky PA, Devaney J, Wing MR, Reilly M, et al.
Association between albuminuria, kidney function, and inflammatory biomarker profile in
CKD in CRIC. Clin J Am Soc Nephrolog Cjasn 2012; 7: 1938-46

189. Turner MD, Nedjai B, Hurst T, Pennington DJ. Cytokines and chemokines: At
the crossroads of cell signalling and inflammatory disease. BBA-Mol Cell Res 2014; 1843:
2563-82.

190. Czaja AJ. Hepatic inflammation and progressive liver fibrosis in chronic liver
disease. World J Gastroenter 2014; 20: 2515-32.

191. Liu Z, Wang Y, Wang Y, Ning Q, Zhang Y, Gong C, et al. Dexmedetomidine
attenuate inflammatory reaction in the lung tissues of septic mice by activating cholinergic
anti-inflammatory pathway. Int Immunopharmacol 2016; 35: 210-16.

192. Rothaug M, Becker-Pauly C, Rose-Jahn S. The role of interleukin-6 signaling in
nervous tissue. Biochim Biophys Acta 2016;1863:1218-27

193. van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF.
"Interleukin-6 gene-deficient mice show impaired defense against pneumococcal pneumonia".
J Infect Dis 1997; 176: 439-44.

194. Kristiansen OP, Mandrup-Poulsen T. Interleukin-6 and diabetes: the good, the
bad, or the indifferent?. Diabetes 2005; 54: 114-24.

159



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

195. Dubinski A, Zdrojewicz Z. The role of interleukin-6 in development and
progression of atherosclerosis. Pol Merkur Lekarski 2007; 22: 291-4.

196. Tackey E, Lipsky PE, Illei GG. Rationale for interleukin-6 blockade in systemic
lupus erythematosus. Lupus 2004; 13: 339-43.

197. Smith PC, Hobisch A, Lin DL, Culig Z, Keller ET. Interleukin-6 and prostate
cancer progression. Cytokine Growth Factor Rev 2001; 12: 33—40.

198. Nishimoto N. Interleukin6 in rheumatoid arthritis. Curr Opin Rheumatol 2006);
18: 277-81.

199. Heinrich PC, Behrmann, I, Miiller-Newen G, Schaper F, Graeve L. "Interleukin 6
type cytokine signalling through the gp130(Jak/STAT pathway". Biochem J 1998; 334: 297—
314.

200. Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor superfamilies:
integrating mammalian biology. Cell 2001; 104: 487—501.

201. Mire-Sluis AR, Thorpe R. Cytokines (Handbook of Immunopharmacology).
Boston: Academic Press; 1998.

202. Kriegler M, Perez C, DeFay K, Albert I, Lu SD. A novel form of TNF/cachectin
is a cell surface cytotoxic transmembrane protein: ramifications for the complex physiology
of TNF”. Cell 1988; 53: 45-53.

203. Tang P, Hung MC, Klostergaard J ,,Human pro-tumor necrosis factor is a
homotrimer”. Biochemistry 1996; 35: 8216-25.

204. Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis factor signaling. Cell
Death Differ 2003; 10: 45-65.

205. Chen G, Goeddel DV. TNF-R1 signaling: a beautiful pathway. Science 2002;
296: 1634-5.

206. Gaur U, Aggarwal BB. Regulation of proliferation, survival and apoptosis by
members of the TNF superfamily. Biochem Pharmacol 2003; 66: 1403-8.

207. Eckersall PD, Bell R. Acute phase proteins: Biomarkers of infection and
inflammation in veterinary medicine. Vet J 2010; 185: 23-7.

208. Murata H, Shimada N, Yoshioka M. Current research on acute phase proteins in
veterinary diagnosis: an overview. Vet J 2004; 168: 28—40.

209. Murakami A, Ohigashi H. Targeting NOX, INOS, COX- 2 in inflammatory cells:
chemoprevention using food phytochemicals. Int J Cancer 2007; 121: 2357-63.

160



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

210. Lopresti AL, Maker GL, Hood SD, Drummond PD. A review of peripheral
biomarkers in major depression: the potential of inflammatory and oxidative stress
biomarkers. Prog neuro-psychoph 2014; 48: 102-11.

211. Huang W, Tang Y, Li L. HMGBI, a potent proinflammatory cytokine in sepsis.
Cytokine 2010; 51: 119-26.

212. Schierbeck H, Lundbidck P, Palmblad K, Klevenvall L, Erlandssonharris H,
Andersson U, et al. Monoclonal anti-HMGBI1 (high mobility group box chromosomal protein
1) antibody protection in two experimental arthritis models. Mol Med 2011; 17: 1039—-44.

213. Cheng Y, Wang D, Wang B, Li H, Xiong J, Xu S, et al. HMGBI translocation
and release mediate cigarette smoke—induced pulmonary inflammation in mice through a
TLR4/MyD88-dependent signaling pathway. Mol Biol Cell 2017; 28: 201-9.

214. Asavarut P, Zhao H, Gu J, Ma D. The role of HMGBI1 in inflammation-mediated
organ injury. Acta Anaesthesiol Taiwanica 2013; 51: 28-33.

215. Stramer BM, Mori R, Martin P. The inflammation-fibrosis link? A Jekyll and
Hyde role for blood cells during wound repair. J Invest Dermatol 2007; 127: 1009-17.

216. Van LS, Miteva K, Tschope C. Crosstalk between fibroblasts and inflammatory
cells. Cardiovasc Res 2014; 102: 258-69.

217. Robb CT, Regan KH, Dorward DA, Rossi AG. Key mechanisms governing
resolution of lung inflammation. Semin Immunopathol 2016; 38: 425-48.

218. Nathan C. Neutrophils and immunity: challenges and opportunities. Nat Rev
Immunol 2006; 6: 173-82.

219. Fujiwara N, Kobayashi K. Macrophages in inflammation. Current Drug Targets
Inflam Allergy 2005; 4: 281-6.

220. Huang C, Sali A, Stevens RL. Regulation and Function of Mast Cell Proteases in
Inflammation. J Clin Immunol 1998; 18: 169-83.

221. DiSabato D, Quan N, Godbout JP. Neuroinflammation: The Devil is in the
Details. J Neurochem 2016; 139: 136-53.

222. Nelson PT, Soma LA, Lavi E. Microglia in diseases of the central nervous
system. Annals Med 2002; 34: 491-500.

223. Vezzani A, Granata T. Brain Inflammation in Epilepsy: Experimental and
Clinical Evidence. Epilepsia 2005; 46: 1724-43.

224. Block ML, Zecca L, Hong JS. Microglia-mediated neurotoxicity: uncovering the
molecular mechanisms. Nat Rev Neuro 2007; 8: 57-69.

161



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

225. Koltsakis GC, Stamatelos AM. Cytokines and acute neurodegeneration. Nat Rev
Neuro 2001; 2: 734-44.

226. Jankowsky JL, Patterson PH. The role of cytokines and growth factors in seizures
and their sequelae. Prog Neurobio 2001; 63: 125-49.

227. Ginhoux F, Greter M, Leboeuf M, et al. Fate mapping analysis reveals that adult
microglia derive from primitive macrophages. Science 2010; 330:841-5.

228. Alliot F, Godin I, Pessac B. Microglia derive from progenitors, originating from
the yolk sac, and which proliferate in the brain. Brain Res Dev Brain Res 1999; 117: 145-52.

229. Tremblay ME, Stevens B, Sierra A, Wake H, Bessis A, Nimmerjahn A. The role
of microglia in the healthy brain. J Neurosci 2011; 31: 16064-9.

230. Zhou H, Lapointe BM, Clark SR, Zbytnuik L, Kubes P. A requirement for
microglial TLR4 in leukocyte recruitment into brain in response to lipopolysaccharide. J
Immunol 2006; 177: 8103-10.

231. Russo MV, McGavern DB. Immune Surveillance of the CNS following Infection
and Injury. Trends Immunol 2015; 36: 637-50.

232. Norden DM, Godbout JP. Review: microglia of the aged brain: primed to be
activated and resistant to regulation. Neuropathol Appl Neurobiol 2013; 39: 19-34.

233. Norden DM, Trojanowski PJ, Villanueva E, Navarro E, Godbout JP. Sequential
activation of microglia and astrocyte cytokine expression precedes increased iba-1 or GFAP
immunoreactivity following systemic immune challenge. Glia 2016; 64: 300-16.

234. Dunn AJ, Swiergiel AH, Zhang H, Quan N. Reduced ingestion of sweetened milk
induced by interleukin-1 and lipopolysaccharide is associated with induction of
cyclooxygenase-2 in brain endothelia. Neuroimmunomodulation 2006; 13: 96—104.

235. Salter MW, Beggs S. Sublime Microglia: Expanding Roles for the Guardians of
the CNS. Cell 2014; 158: 15-24.

235. Schafer DP, Stevens B. Phagocytic glial cells: sculpting synaptic circuits in the
developing nervous system. Curr Opin Neurobiol 2013; 23: 1034—40.

236. Derecki NC, Cardani AN, Yang CH, Quinnies KM, Crihfield A, Lynch KR, et al.
Regulation of learning and memory by meningeal immunity: a key role for IL-4. J Exp Med
2010; 207: 1067-80.

237. Hawkins BT, Davis TP. The blood-brain barrier/neurovascular unit in health and

disease. Pharmacol Rev 2005; 57: 173-85.

162



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

238. Michael BD, Griffiths MJ, Granerod J, Brown D, Keir G, Wn¢k M, et al. The
interleukin-1 balance is associated with clinical severity, blood-brain barrier permeability,
neuroimaging changes and outcome in encephalitis. J Infect Dis 2015; 213:1651-60.

239. Monahan AJ, Warren M, Carvey PM. Neuroinflammation and peripheral immune
infiltration in Parkinson's disease: an autoimmune hypothesis. Cell Transplant 2008; 17: 363—
72.

240. Goldman D, Song X, Kitai R, Casadevall A, Zhao ML, Lee SC. Cryptococcus
neoformans induces macrophage inflammatory protein lalpha (MIP-1lalpha) and MIP-1beta
in human microglia: role of specific antibody and soluble capsular polysaccharide. Infect
Immun 2001; 69: 1808—-15.

241. Liesz A, Zhou W, Mracsko E, Karcher S, Bauer H, Schwarting S, et al. Inhibition
of lymphocyte trafficking shields the brain against deleterious neuroinflammation after stroke.
Brain 2011; 134: 704-20.

242. Linker RA, Maurer M, Gaupp S, Martini R, Holtmann B, Giess R, et al. CNTF is
a major protective factor in demyelinating CNS disease: a neurotrophic cytokine as modulator
in neuroinflammation. Nat Med 2002; 8: 620-4.

243. Walter S, Letiembre M, Liu Y, Heine H, Penke B, Hao W, et al. Role of the toll-
like receptor 4 in neuroinflammation in Alzheimer's disease. Cell Physiol Biochem 2007; 20:
947-56.

244. Reboldi A, Coisne C, Baumjohann D, Benvenuto F, Bottinelli D, Lira S, et al. C-
C chemokine receptor 6-regulated entry of TH-17 cells into the CNS through the choroid
plexus is required for the initiation of EAE. Nat Immunol 2009; 10: 514-23.

245. Samoilova EB, Horton JL, Hilliard B, Liu TS, Chen Y. IL-6-deficient mice are
resistant to experimental autoimmune encephalomyelitis: roles of IL-6 in the activation and
differentiation of autoreactive T cells. J Immunol 1998; 161: 6480-6.

246. Lovas G, Szilagyi N, Majtenyi K, Palkovits M, Komoly S. Axonal changes in
chronic demyelinated cervical spinal cord plaques. Brain 2000; 123: 308-17.

247. Sokolova A, Hill MD, Rahimi F, Warden LA, Halliday GM, Shepherd CE.
Monocyte chemoattractant protein-1 plays a dominant role in the chronic inflammation
observed in Alzheimer's disease. Brain Pathol 2009; 19 :392-8.

248. Bucciantini M, Giannoni E, Chiti F, Baroni F, Formigli L, Zurdo J, et al. Inherent
toxicity of aggregates implies a common mechanism for protein misfolding diseases. Nature

2002; 416: 507-11.

163



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

249. Imeri L, Opp MR. How (and why) the immune system makes us sleep. Nat Rev
Neurosci 2009; 10: 199-210.

250. Tarr AJ, Liu X, Reed NS, Quan N. Kinetic characteristics of euflammation: the
induction of controlled inflammation without overt sickness behavior. Brain Behav Immun
2014; 42: 96-108.

251. Erta M, Quintana A, Hidalgo J. Interleukin-6, A major Cytokine in the Central
Nervous system. Int J Biol Sci 2012; 8: 1254—66.

252. Olmos G and Lladé J. Tumor Necrosis Factor Alpha: A Link between
Neuroinflammation and Excitotoxicity. Mediators Inflamm 2014; 2014:861231.

253. Vogelzangs N, de Jonge P, Smit JH, Bahn S and Penninx BW. Cytokine
production capacity in depression and anxiety. Transl Psychiatry 2016; 6: €825.

254. Catorce MN and Gevorkian G. LPS-induced Murine Neuroinflammation Model:
Main Features and Suitability for Pre-clinical Assessment of Nutraceuticals. Curr
Neuropharmacol 2016; 14: 155-64.

255. Qin L, Wu X, Block ML, Liu Y, Breese GR, Hong JS, et al. Systemic LPS causes
chronic neuroinflammation and progressive neurodegeneration. Glia 2007; 55: 453—-62.

256. Erickson MA, Banks WA. Cytokine and chemokine responses in serum and brain
after single and repeated injections of lipopolysaccharide: multiplex quantification with path
analysis. Brain Behav Immun 2011; 25: 1637-48.

257. Biesmans S, Meert TF, Bouwknecht JA, Acton PD, Davoodi N, De Haes P, et al.
Systemic immune activation leads to neuroinflammation and sickness behavior in mice.
Mediators Inflamm 2013; 2013: 271359.

258. Sy M, Kitazawa M, Medeiros R, Whitman L, Cheng D, Lane TE, et al.
Inflammation induced by infection potentiates pathological features in transgenic mice. Am J
Pathol 2011; 178: 2811-22.

259. Ifuku M, Katafuchi T, Mawatari S, Noda M, Miake K, Sugiyama M, et al. Anti-
inflammatory/anti-amyloidogenic effects of plasmalogens in lipopolysaccharide-induced
neuroinflammation in adult mice. J Neuroinflamm 2012; 9: 197.

260. Okuyama S, Makihata N, Yoshimura M, Amakura Y, Yoshida T, Nakajima M, et
al. Oenothein B suppresses lipopolysaccharide (LPS)-induced inflammation in mouse brain.
Int J Mol Sci 2013; 14: 9767-78.

261. Jin M, Jang E, Suk K. Lipocalin-2 acts as a neuroinflammatogen in

lipopolysaccharide-injected mice. Exp Neurobiol 2014; 23: 155-62.

164



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

262. Elmquist JK, Scammell TE, Saper CB. Mechanisms of CNS response to systemic
immune challenge: the febrile response. Trends Neurosci 1997; 20: 565-70.

263. Vallieres L, Rivest S. Regulation of the genes encoding interleukin-6, its
receptor, and gp130 in the rat brain in response to the immune activator lipopolysaccharide
and proinflammatory cytokine interleukin -1beta. J Neurochem 1997; 69: 1668—83.

264. Lacroix S, Rivest S. Effect of acute systemic inflammatory response and
cytokines on the transcription of the genes encoding cyclooxygenase enzymes (COX-1 and
COX-2) in the rat brain. J] Neurochem 1998; 70: 452-66.

265. Laye S, Parnet P, Goujon E, Dantzer R. Peripheral administration of
lipopolysaccharide induces the expression of cytokine transcripts in the brain and pituitary of
mice. Brain Res. Mol. Brain Res 1994; 27: 157-62.

266. Brugg B, Dubreuil YL, Huber G, Wollman EE, Delhaye-Bouchaud N, Mariani J.
Inflammatory processes induce betaamyloid precursor protein changes in mouse brain. Proc
Natl Acad Sci 1995; 92: 3032-35.

267. Gabellec MM, Griffais R, Fillion G, Haour F. Expression of interleukin 1 alpha,
interleukin 1 beta and interleukin 1 receptor antagonist mRNA in mouse brain: regulation by
bacterial lipopolysaccharide (LPS) treatment. Brain Res Mol Brain Res 1995; 31: 122-30.

268. Pitossi F, del Rey A, Kabiersch A, Besedovsky H. Induction of cytokine
transcripts in the central nervous system and pituitary following peripheral administration of
endotoxin to mice. J Neurosci Res 1997; 48: 287-98.

269. Ban E, Haour F, Lenstra R. Brain interleukin 1 gene expression induced by
peripheral lipopolysaccharide administration. Cytokine 1992; 4: 48-54.

270. Takao T, Culp SG, De Souza EB. Reciprocal modulation of interleukin-1 beta
(IL-1beta) and IL-1 receptors by lipopolysaccharide (endotoxin) treatment in the mouse
brainendocrine- immune axis. Endocrinology 1993; 132: 1497-504.

271. Kishikawa H, Lawrence DA. Differential production of interleukin-6 in the brain
and spleen of mice treated with lipopolysaccharide in the presence and absence of lead. J
Toxicol Environ.Health 1998; 53: 357-73.

272. Brochu S, Olivier M, Rivest S. Neuronal activity and transcription of
proinflammatory cytokines, IkappaBalpha, and iNOS in the mouse brain during acute
endotoxemia and chronic infection with Trypanosoma brucei brucei. J Neurosci Res 1999; 57:

801-16.

165



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

273. Chen Z, Jalabi W, Shpargel KB, Farabaugh KT, Dutta R, Yin X, et al
Lipopolysaccharide-induced microglial activation and neuroprotection against experimental
brain injury is independent on hematogenous TLR4. J Neurosci 2012; 32: 11706—15.

274. Yang TY, Jang EY, Ryu Y, Lee GW, Lee EB, Chang S, et al. Effect of
acupuncture on Lipopolysaccharide-induced anxiety-like behavioral changes: involvement of
serotonin system in dorsal Raphe nucleus. BMC Complement Altern Med 2017; 17: 528.

275. Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK et al. A
metaanalysis of cytokines in major depression. Biol Psychiatry 2010; 67: 446-57.

276. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive
protein, IL-1, and IL-6: a meta-analysis. Psychosom Med 2009; 71: 171-86.

277. Knorr U, Vinberg M, Kessing LV, Wetterslev J. Salivary cortisol in depressed
patients  versus control persons: a systematic review and meta-analysis.
Psychoneuroendocrinology 2010; 35: 1275-86.

278. Miller GE, Cohen S, Ritchey AK. Chronic psychological stress and the regulation
of pro-inflammatory cytokines: a glucocorticoid-resistance model. Health Psychol 2002; 21:
531-41.

279. Capuron L, Miller AH. Cytokines and psychopathology: lessons from interferon-
alpha. Biol Psychiatry 2004; 56: 819-24.

280. Lamers F, van Oppen P, Comijs HC, Smit JH, Spinhoven P, van Balkom AJ et al.
Comorbidity patterns of anxiety and depressive disorders in a large cohort study: the
Netherlands Study of Depression and Anxiety (NESDA). J Clin Psychiatry 2011; 72: 341-8.

281. Liukkonen T, Rasanen P, Jokelainen J, Leinonen M, Jarvelin MR, Meyer-
Rochow VB et al. The association between anxiety and C-reactive protein (CRP) levels:
results from the Northern Finland 1966 birth cohort study. Eur Psychiatry 2011; 26: 363-9.

282. Vogelzangs N, Beekman AT, de Jonge P, Penninx BW. Anxiety disorders and
inflammation in a large adult cohort. Transl Psychiatry 2013; 3: €249.

283. Duivis HE, Vogelzangs N, Kupper N, de Jonge P, Penninx BW. Differential
association of somatic and cognitive symptoms of depression and anxiety with inflammation:
findings from the Netherlands Study of Depression and Anxiety (NESDA).
Psychoneuroendocrinology 2013; 38: 1573 —85.

284. Lamers F, Vogelzangs N, Merikangas KR, de Jonge P, Beekman AT, Penninx
BW. Evidence for a differential role of HPA-axis function, inflammation and metabolic

syndrome in melancholic versus atypical depression. Mol Psychiatry 2013; 18: 692-9.

166



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

285. Hamer M, Batty GD, Marmot MG, Singh-Manoux A, Kivimaki M. Anti-
depressant medication use and C-reactive protein: results from two population-based studies.
Brain Behav Immun 2011; 25: 168-73.

286. Vogelzangs N, Duivis HE, Beekman AT, Kluft C, Neuteboom J, Hoogendijk W
et al. Association of depressive disorders, depression characteristics and antidepressant
medication with inflammation. Transl Psychiatry 2012; 2: €79.

287. Drickamer K, Taylor ME. Biology of animal lectinc. Annu Rev Cell Biol 1993;
9: 237-64.

288. Gabills HJ. Animal lectins. Eur J Biochem 1997; 243: 543-76.

289. Barondes SH, Cooper DNW, Gitt MA, Leffler H. Galectins: structure and
function of a large family of animal lectins. J Biol Chem 1994; 269: 20807-10.)

290. Oka T, Murakami S, Arata Y, Hirabayashi J, Kasai K, Wada Y, Futai M.
Identification and cloning of rat galectin-2: expression is predominantly in epithelial cells of
the stomach. Arch Biochem Biophys 1999; 361: 195-201.

291 Clerch LB, Whitney P, Hass M, Brew K, Miller T, Werner R, et al. Sequence of a
full-length ¢cDNA for rat lung beta-galactoside-binding protein: primary and secondary
structure of the lectin 1988; Biochemistry 27: 692-9.

292. Frigeri LG, Liu FT. Surface expression of functional IgE binding protein, an
endogenous lectin, on mast cells and macrophages. J Immunol 1992; 148: 861-7.

293. Chiariotti L, Salvatore P, Frunzio R, Bruni CB. Galectin genes: regulation of
expression. Glycoconj J 2004; 19: 441-9.

294. Cooper DN, Massa SM, Barondes SH. Endogenous muscle lectin inhibits
myoblast adhesion to laminin. J Cell Biol 1991; 115: 1437-48.

295. Watt DJ, Jones GE, Goldring K. The involvement of galectin-1 in skeletal muscle
determination, differentiation and regeneration. Glycoconj J 2004; 19: 615-9.

296. Georgiadis V, Stewart HJ, Pollard HJ, Tavsanoglu Y, Prasad R, Horwood J, et al.
Lack of galectin-1 results in defects in myoblast fusion and muscle regeneration. Dev Dyn
2007; 236: 1014-24.

297. Fowlis D, Colnot C, Ripoche MA, Poirier F. Galectin-3 is expressed in the
notochord, developing bones, and skin of the postimplantation mouse embryo. Dev Dyn
1995; 203: 241-51.

298. Rabinovich GA, Rubinstein N, Toscano MA. Role of galectins in inflammatory
and immunomodulatory processes. Biochim Biophys Acta 2002; 1572: 274-84.

299. GR, Vasta. Roles of galectins in infection. Nat Rev Microbiol. 2009; 7: 424-38.

167



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

300. Rabinovich GA, Rubinstein N, Fainboim L. Unlocking the secrets of galectins: a
challenge at the frontier of glyco-immunology. J Leukoc Biol 2002; 71:741-52

301. van Die I, Cummings RD. Glycan gimmickry by parasitic helminths: a strategy
for modulating the host immune response? Glycobiology 2010; 20: 2—12

302. Cooper DN, Barondes SH. God must love galectins; he made so many of them.
Glycobiology 1999; 9: 979-84.

303. Hirabayashi J, Hashidate T, Arata Y, Nishi N, Nakamura T, Hirashima M, et al.
Oligosaccharide specificity of galectins: a search by frontal affinity chromatography. Biochim
Biophys Acta 2002; 1572: 232-54.

304. Stowell SR, Arthur CM, Mehta P, Slanina KA, Blixt O, Leffler H, et al. Galectin-
1, -2, and -3 exhibit differential recognition of sialylated glycans and blood group antigens. J
Biol Chem 2008; 283: 10109-23.

305. Liu FT, Rabinovich GA. Galectins as modulators of tumour progression.Nat Rev
Cancer 2005; 5: 29-41.

306. Seetharaman J, Kanigsberg A, Slaaby R, Leffler H, Barondes SH, Rini JM. X-ray
crystal structure of the human galectin-3 carbohydrate recognition domain at 2.1-A resolution.
J Biol Chem1998; 273: 13047-52.

307. Sato S, Hughes RC. Regulation of secretion and surface expression of Mac-2, a
galactoside-binding protein of macrophages. J Biol Chem 1994; 269: 4424-30.

308. Zhou Q, Cummings RD. The S-type lectin from calf heart tissue binds selectively
to the carbohydrate chains of laminin. Arch Biochem Biophys 1990; 281: 27-35.

309. Fang R, Mantle M, Ceri H. Characterization of quail intestinal mucin as a ligand
for endogenous quail lectin. Biochem J 1993; 293: 867-72.

310. Shoji H, Nishi N, Hirashima M, Nakamura T. Characterization of the Xenopus
galectin family. Three structurally different types as in mammals and regulated expression
during embryogenesis. J Biol Chem 2003; 278: 12285-93.

311. Leffler H, Carlsson S, Hedlund M, Qian Y, Poirier F. Introduction to galectins.
Glycoconj J 2004; 19: 433—40.

312. Yang RY, Rabinovich GA, Liu FT. Galectins: structure, function and therapeutic
potential. Expert Rev Mol Med 2008; 10: el7.

313. Ho MK, Springer TA. Mac-2, a novel 32,000 Mr mouse macrophage
subpopulation-specific antigen defined by monoclonal antibodies. J Immunol 1982; 128:

1221-8.

168



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

314. Rabinovich GA, Toscano MA. Turning ‘sweet’ on immunity: galectin-glycan
interactions in immune tolerance and inflammation. Nat Rev Immunol 2009; 9: 338-52.

315. Yu F, Finley RL Jr, Raz A, Kim HR. Galectin-3 translocates to the perinuclear
membranes and inhibits cytochrome c release from the mitochondria. A role for synexin in
galectin-3 translocation. J Biol Chem 2002; 277: 15819-27.

316. Shi Y, He B, Kuchenbecker KM, You L, Xu Z, Mikami I, et al. Inhibition of
Wnt-2 and galectin-3 synergistically destabilizes beta-catenin and induces apoptosis in human
colorectal cancer cells. Int J Cancer 2007; 121:1175-81.

317. Liu FT, Patterson RJ, Wang JL. Intracellular functions of galectins. Biochim
Biophys Acta 2002; 1572: 263-73.

318. Rabinovich GA, Baum LG, Tinari N, Paganelli R, Natoli C, Liu FT, et al.
Galectins and their ligands: amplifiers, silencers or tuners of the inflammatory response?
Trends Immunol 2002; 23: 313-20.

319. Cooper DNW. Galectinomics: finding themes in complexity. Biochim Biophys
Acta 2002; 1572: 209-31.

320. Roff CF, Wang JL. Endogenous lectins from cultured cells: Isolation and
characterization of carbohydrate-binding proteins from 3T3 fibroblasts. J Biol Chem 1983;
258: 10657-63.

321. Da Y, Leffler H, Sakakura Y, Kasai K, Barondes SH. Human breast carcinoma
cDNA encoding a galactoside-binding lectin homologous to mouse Mac-2 antigen. Gene
1991; 99: 279-83.

322. Cherayil BJ, Weiner SJ, Pillai S. The Mac-2 antigen is a galactose-specific lectin
that binds IgE. J. Exp. Med 1989; 170: 1959-72.

323. Raz A, Pazerini G, Carmi P. Identification of the metastasis-associated,
galactoside-binding lectin a a chimeric gene product with homology to an IgE-binding
protein. Cancer Res 1989; 49: 3489-93.

324. Raz A, Carmi P, Raz T, Hogan V, Mohamed A, Wolman SR. Molecular cloning
and chromosomal mapping of a human galactoside-binding protein. Cancer Res 1991; 51:
2173-8.

325. Sparrow CP, Leffler H, Barondes SH. Multiple soluble beta-galactoside-binding
lectins from human lung. J Biol Chem 1987; 262: 7383-90.

326. Leffler H, Masiarz FR, Barondes SH. Soluble lactose-binding vertebrate lectins:
A growing family. Biochemistry 1989; 28: 9222-9.

169



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

327. Robertson MW, Albrandt K, Keller D, Liu FT. Human IgE-binding protein: A
soluble lectin exhibiting a highly conserved interspecies sequence and differential recognition
of IgE glycoforms. Biochemistry 1990; 29: 8093—100.

328. Albrandt K, Orida NK, Liu FT. An IgE-binding protein with a distinctive
repetitive sequence and homology with an IgG receptor. Proc Natl Acad Sci USA 1987; 84:
6859-63.

329. Cerra RF, Gitt MA, Barondes SH. Three soluble rat beta-galactoside-binding
lectins. J Biol Chem 1985; 260: 10474-77.

330. Lotan R, Carralero D, Lotan D, Raz A. Biochemical and immunological
characterization of K-1735P melanoma galactoside-binding lectins and their modulation by
differentiation inducers. Cancer Res 1989; 49: 1261-S8.

331. Woo HJ, Shaw LM, Messier JM, Mercurio AM. The major nonintegrin laminin
binding protein of macrophages is identical to carbohydrate binding protein 35 (Mac-2). J.
Biol Chem 1990; 265: 7097-9.

332. Wang JL, Gray RM, Haudek KC, Patterson RJ. Nucleocytoplasmic lectins.
Biochim Biophys Acta 2004; 1673: 75-93.

333. Hughes RC. Galectins as modulators of cell adhesion. Biochimie 2001; 83: 667—
76.

334. Elola MT, Wolfenstein-Todel C, Troncoso MF, Vasta GR, Rabinovich GA.
Galectins: matricellular glycan-binding proteins linking cell adhesion, migration, and
survival. Cell Mol Life Sci 2007; 64: 1679—-700.

335. Dumic J, Dabelic S, Flogel M. Galectin-3: An open-ended story. Biochim
Biophys Acta 2006; 1760: 616-35.

336. Hughes RC. Secretion of the galectin family of mammalian carbohydrate-binding
proteins. Biochim Biophys Acta 1999; 1473: 172-85.

337. Hughes RC. The galectin family of mammalian carbohydrate-binding molecules.
Biochem Soc Trans 1997; 25: 1194-8.

338. Van den Brile F, Califice S, Castronovo V. Expression of galectins in cancer: A
critical review. Glycoconj J 2004; 19: 537-42.

339. Song L, Tang JW, Owusu L, Sun MZ, Wu J, Zhang J. Galectin-3 in cancer. Clin
Chim Acta 2014; 431: 185-91.

340. Roff CF, Rosevear PR, Wang JL, Barker R. Identification of carbohydrate-
binding proteins from mouse and human fibroblasts. Biochem J 1983; 211: 625-9.

170



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

341. Jia S, Wang JL. Carbohydrate binding protein 35. Complementary DNA
sequence reveals homology with proteins of the heterogeneous nuclear RNP. J Biol Chem
1988; 263: 6009-11.

342. Wang JL, Laing JG, Anderson RL. Lectins in the cell nucleus. Glycobiology
1991; 3: 243-52.

343. Hughes RC. Mac-2: A versatile galactose-binding protein of mammalian tissues.
Glycobiology 1994; 4: 5-12.

344. Birdsall B, Feeney J, Burdett IDJ, Bawumia S, Barboni EAM, Hughes RC. NMR
solution studies of hamster Gal-3 and electron microscopic visualization of surface-adsorbed
complexes: Evidence for interactions between the N- and C-terminal domains. Biochemistry
2001; 40: 4859-66.

345. Almkvist J, Karlsson A. Galectins asinflammatory mediators. Glycoconj J 2004;
19: 575-81.

346. Barboni EA, Bawumia S, Henrick K, Hughes RC. Molecular modeling and
mutagenesis studies of the N terminal domains of galectin-3: evidence for participation with
the C-terminal carbohydrate recognition domain in oligosaccharide binding. Glycobiology
2000; 10: 1201-8.

347. van den Brule FA, Liu FT, Castronovo V. Transglutaminase-mediated
oligomerization of galectin-3 midulates human melanoma cell interactions with laminin. Cell
Adhesion Commun 1998; 5: 425-35.

348. Ahmad N, Gabius HJ, André S, Kaltner H, Sabesan S, Roy R et al. Galectin-3
precipitates as a pentamer with synthetic multivalent carbohydrates and forms heterogeneous
cross-linked complexes. J Biol Chem 2004; 279: 10841-7.

349. Massa SM1, Cooper DN, Leffler H, Barondes SH. L-29, an endogenous lectin,
binds to glycoconjugate ligands with positive cooperativity. Biochemistry 1993; 32: 260-7.

350. Demetriou M, Granovsky M, Quaggin S, Dennis JW. Negative regulation of T-
cell activation and autoimmunity by Mgat5 N-glycosylation. Nature 2001; 409: 733-9.

351. Chen HY, Fermin A, Vardhana S, Weng IC, Lo KF, Chang EY et al. Galectin-3
negatively regulates TCR-mediated CD4+ T-cell activation at the immunological synapse.
Proc Natl Acad Sci U S A 2009; 106: 14496-501.

352. Gong HC, Honjo Y, Nangia-Makker P, Hogan V, Mazurak N, Bresalier RS, et al.
The NH2 terminus of galectin-3 governs cellular compartmentalization and functions in

cancer cells. Cancer Res 1999; 59: 6239-45.

171



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

353. Mehul B, Hughes RC. Plasma membrane targetting, vesicular budding and
release of galectin 3 from the cytoplasm of mammalian cells during secretion. J Cell Sci 1997;
110: 1169-78.

354. Menon RP, Hughes RC. Determinants in the N-terminal domains of galectin-3
for secretion by a novel pathway circumventing the endoplasmic reticulum-Golgi complex.
Eur J Biochem 1999; 264: 569-76.

355. Yoshii T, Fukumory T, Honjo Y, Inohara H, Kim HR, Raz A. Galectin-3
phosporilation is required for its anti-apoptotic function and cell cycle arrest. J Biol Chem
2002; 277: 6852-7.

356. Akahani S, Nangia-Makker P, Inohara H, Kim HR, Raz A. Galectin-3: a novel
antiapoptotic molecule with a functional BHI (NWGR) domain of Bcl-2 family. Cancer Res
1997, 57: 5272-6.

357. Salomonsson E, Carlsson MC, Osla V, Hendus-Altenburger R, Kahl-Knutson B,
Oberg CT, et al. Mutational tuning of galectin-3 specificity and biological function. J Biol
Chem 2010; 285: 35079-91.

358. Saraboji K, Hakansson M, Genheden S, Diehl C, Qvist J, Weininger U, et al. The
carbohydrate-binding site in galectin-3 is preorganized to recognize a sugarlike framework of
oxygens: ultra-high-resolution structures and water dynamics. Biochemistry 2012; 51: 296—
306.

359. Gauto DF, Di Lella S, Guardia CM, Estrin DA, Marti MA. Carbohydrate-binding
proteins: Dissecting ligand structures through solvent environment occupancy. J Phys Chem
B 2009; 113: 8717-24.

360. Ahmad M, Gu W, Geyer T, Helms V. Adhesive water networks facilitate binding
of protein interfaces. Nat Commun 2011; 2: 261.

361. Zhou Y, H Zhou Karplus M. Cooperativity in Scapharca dimeric hemoglobin:
simulation of binding intermediates and elucidation of the role of interfacial water. J Mol Biol
2003; 326: 593—-606.

362. Ochieng J, Green B, Evans S, James O, Warfield P. Modulation of the biological
functions of galectin-3 by matrix metalloproteinases. Biochim Biophys Acta 1998; 1379: 97—
106.

363. Kadrofske MM, Openo KP, Wang JL.. The human LGALS3 (galectin-3) gene:
determination of the gene structure and functional characterization of the promoter. Arch

Biochem Biophys 1998; 349: 7-20.

172



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

364. Moutsatsos IK, Wade M, Schindler M, Wang JL. Endogenous lectins from
cultured cells: nuclear localization of carbohydrate-binding protein 35 in proliferating 3T3
fibroblasts. Proc Natl Acad Sci U S A 1987; 84: 6452-6.

365. Agrwal N, Wang JL, Voss PG. Carbohydrate-binding protein 35. Levels of
transcription and mRNA accumulation in quiescent and proliferating cells. J Biol Chem 1989;
264: 17236-42.

366. Dietz AB, Bulur PA, Knutson GJ, Matasic R, Vuk-Pavlovic S. Maturation of
human monocyte-derived dendritic cells studied by microarray hybridization. Biochem
Biophys Res Commun 2000; 275: 731-8.

367. Dabelic S, Supraha S, Dumic J. Galectin-3 in macrophage-like cells exposed to
immunomodulatory drugs. Biochim Biophys Acta 2006; 1760: 701-9.

368. Saada A, Reichert F, Rotshenker S. Granulocyte macrophage colony stimulating
factor produced in lesioned peripheral nerves induces the up-regulation of cell surface
expression of MAC-2 by macrophages and Schwann cells. J Cell Biol 1996; 133: 159-67.

369. Dumic J, Lauc G, Flogel M. Expression of galectin-3 in cells exposed to stress-
roles of jun and NF-kappaB. Cell Physiol Biochem 2000; 10: 149-58.

370. Kim K, Mayer EP, Nachtigal M. Galectin-3 expression in macrophages is
signaled by Ras/MAP kinase pathway and up-regulated by modified lipoproteins. Biochim
Biophys Acta 2003; 1641: 13-23.

371. Davidson PJ, Davis MJ, Patterson RJ, Ripoche MA, Poirier F, Wang JL.
Shuttling of Gal-3 between the nucleus and cytoplasm. Glycobiology 2002; 12: 329-37.

372. Hsu DK, Liu FT. Regulation of cellular homeostasis by galectins. Glycoconj J
2004; 19: 507-15.

373. Califice S, Castronovo V, Van Den Brile F. Galectin-3 and cancer (Review). Int
J Oncol 2004; 25: 983-92.

374. Moutsatsos IK, Davis JM, Wang JL. Endogenous lectins from cultured cells:
Subcellular localization of carbohydrate binding protein 35 in 3T3 fibroblasts. J Cell Biol
1986; 102: 477-83.

375. Cowles EA, Moutsatsos IK, Wang JL, Anderson RL. Expression of carbohydrate
binding protein 35 in human fibroblasts: Comparisons between cells with different
proliferative capacities. Exp. Gerontol 1989: 24: 577-85.

376. Hubert M, Wang SY, Wang JL, Seve AP, Hubert J. Intranuclear distribution of
galectin-3 in mouse 3T3. Exp Cell Res1995; 220: 397—406.

173



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

377. Sato S, Burdett I, Hughes RC. Secretion of the baby hamster kidney 30-kDa
galactose-binding lectin from polarized and nonpolarized cells: A pathway independent of the
endoplasmic reticulum-Golgi complex. Exp Cell Res 1993; 207: 8-18.

378. Nickel W. The mystery of nonclassical protein secretion. A current view on cargo
proteins and potential export routes. Eur J Biochem 2003; 270: 2109-19.

379. Muesch A, Hartmann E, Rohde K, Rubartelli A, Sitia R, Rapoport TA. A novel
pathway for secretory proteins? Trends Biochem Sci 1990; 15: 86-8.

380. Lukyanov P, Furtak V. Ochieng J. Galectin-3 interacts with membrane lipids and
penetrates the lipid bilayer. Biochem Biophys Res Commun 2005; 338:1031-6.

381. Koegl M, Zlatkine P, Ley SC, Courtneidge S, Magee Al. Palmitoylation of
multiple src-family kinases at a homologous N-terminal motif. Biochem J 1994; 303: 749-53

382. Ochieng J, Furtak V, Lukyanov P. Extracellular functions of galectin-3.
Glycoconj J 2004; 19: 527-35.

383. Kuwabara I, Liu FT. Galectin-3 promotes adhesion of human neutrophils to
laminin. J Immunol 1996; 156: 3939-44.

384. Nieminen J, St Pierre C, Sato S. Galectin-3 interacts with naive and primed
neutrophils, inducing innate immune responses. J Leukoc Biol 2005; 78: 1127-35.

385. Sato S, Ouellet N, Pelletier I, Simard M, Rancourt A, Bergeron MG. Role of
galectin-3 as an adhesion molecule for neutrophil extravasation during streptococcal
pneumonia. J Immunol 2002; 168: 1813-22.

386. Sato S, Hughes RC. Binding specificity of a baby hamster kidney lectin for H
type I and II chains, polylactosamine glycans, and appropriately glycosylated forms of
laminin and fibronectin. J Biol Chem 1992; 267: 6983-90.

387. Talaga ML, Fan N, Fueri AL, Brown RK, Bandyopadhyay P, Dam TK.
Multitasking Human Lectin Galectin-3 Interacts with Sulfated Glycosaminoglycans and
Chondroitin Sulfate Proteoglycans. Biochemistry 2016; 55: 4541-51.

388. Rosenberg I, Cherayil BJ, Isselbacher KJ. Pillai S. Mac-2-binding glycoproteins.
Putative ligands for a cytosolic-galactoside lectin. J Biol Chem 1991; 266: 18731-6.

389. Koths K, Taylor E, Halenbeck R, Casipit C, Wang A. Cloning and
characterization of a human Mac-2-binding protein, a new member of the superfamily defined
by the macrophage scavenger receptor cysteine-rich domain. J Biol Chem 1993; 268: 14245—
9.

390. Probstmeier R, Montag D, Schachner M. Gal-3, a beta-galactoside-binding

animal lectin, binds to neural recognition molecules. J] Neurochem 1995; 64: 2465-72.

174



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

391. Hikita C, Vijayakumar S, Takito J, Erdjument-Bromage H, Tempst P, Al Awqati
Q. Induction of terminal differentiation in epithelial cells requires polymerization of hensin by
galectin 3. J Cell Biol 2000; 151: 1235-46.

392. Ochieng J, Warfield P, Green-Jarvis B, Fentie I. Galectin-3 regulates the
adhesive interaction between breast carcinoma cells and elastin. J Cell Biochem 1999; 75:
505-14.

393. Andre S, Kojima S, Yamazaki N, Fink C, Kaltner H, Kayser K, Gabius HJ.
Galectins-1 and -3 and their ligands in tumor biology. Non-uniform properties in cell-surface
presentation and modulation of adhesion to matrix glycoproteins for various tumor cell lines,
in biodistribution of free and liposome-bound galectins and in their expression by breast and
colorectal carcinomas with/without metastatic propensity. J Cancer Res Clin Oncol 1999;
125: 461-74.

394. Dong S, Hughes RC. Macrophage surface glycoproteins binding to galectin-3
(Mac-2-antigen). Glycoconj J 1997; 14: 267-74.

395. Ochieng J, Warfield P. Gal-3 binding potentials of mouse tumor RHS and human
placental laminins. Biochem Biophys Res Commun 1995; 217: 402-6.

396. Ochieng J, Leite-Browning ML, Warfield P. Regulation of cellular adhesion to
extracellular matrix proteins by Gal-3. Biochem. Biophys. Res. Commun 1998; 246: 788-91.

397. Fukushi J, Makagiansar IT, Stallcup WB. NG2 proteoglycan promotes
endothelial cell motility and angiogenesis via engagement of galectin-3 and alpha3betal
integrin. Mol Biol Cell 2004; 15: 3580-90.

398. Partridge EA, Le Roy C, Di Guglielmo GM, Pawling J, Cheung P, Granovsky M,
et al. Regulation of cytokine receptors by Golgi N-glycan processing and endocytosis.
Science 2004; 306: 120-4.

399, Matarrese P, Fusco O, Tinari N, Natoli C, Liu FT, Semeraro ML, et al. Galectin-
3 overexpression protects from apoptosis by improving cell adhesion properties. Int J Cancer
2000; 85: 545-54.

400. Goletz S, Hanisch FG, Karsten U. Novel alpha GalNAc containing glycans on
cytokeratins are recognized in vitro by galectins with type Il carbohydrate recognition
domains. J Cell Sci 1997; 110: 1585-96.

401. Seve AP, Felin M, Doyennette-Moyne MA, Sahraoui T, Aubery M, Hubert J.
Evidence for a lactose-mediated association between two nuclear carbohydrate-binding

proteins. Glycobiology 1993; 3: 23-30.

175



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

402. Menon RP, Strom M, Hughes RC. Interaction of a novel cysteine and histidine-
rich cytoplasmic protein with Gal-3 in a carbohydrate independent manner. FEBS Lett 2000;
470: 227-31.

403. Park JW, Voss PG, Grabski S, Wang JL, Patterson RJ. Association of galectin-1
and Gal-3 with Gemin4 in complexes containing the SMN protein. Nucleic Acids Res 2001;
27: 3595-602.

404. Yang RY, , Hsu DK, Liu FT. Expression of galectin-3 modulates T-cell growth
and apoptosis. Proc Natl Acad Sci U S A 1996; 93: 6737-42.

405. Fukumori T, Takenaka Y, Oka N, Yoshii T, Hogan V, Inohara H, et al.
Endogenous galectin-3 determines the routing of CD95 apoptotic signaling pathways. Cancer
Res 2004; 64: 3376-9.

406. Liu L, Sakai T, Sano N, Fukui K. Nucling mediates apoptosis by inhibiting
expression of galectin-3 through interference with nuclear factor kappaB signalling. Biochem
J2004; 380: 31-41.

407. Oka N, Nakahara S, Takenaka Y, Fukumori T, Hogan V, Kanayama HO, et al.
Galectin-3 inhibits tumor necrosis factor-related apoptosis-inducing ligand-induced apoptosis
by activating Akt in human bladder carcinoma cells. Cancer Res 2005; 65: 7546-53.

408. Elad-Sfadia G, Haklai R, Balan E, Kloog Y. Galectin-3 augments K-Ras
activation and triggers a Ras signal that attenuates ERK but not phosphoinositide 3-kinase
activity. J Biol Chem 2004; 279: 34922-30.

409. Shimura T, Takenaka Y, Tsutsumi S, Hogan V, Kikuchi A, Raz A. Galectin-3, a
novel binding partner of beta-catenin. Cancer Res 2004; 64: 6363—7.

410. Shimura T, Takenaka Y, Fukumori T, Tsutsumi S, Okada K, Hogan V, et al
Implication of galectin-3 in Wnt signaling. Cancer Res 2005; 65: 3535-7.

411. Surendran K, McCaul SP, Simon TC. A role for Wnt-4 in renal fibrosis. Am. J.
Physiol Renal Physiol 2002; 282: 431-41.

412. Missotten M, Nichols A, Rieger K, Sadoul R. Alix, a novel mouse protein
undergoing calcium-dependent interaction with the apoptosis-linked-gene 2 (ALG-2) protein.
Cell Death Differ 1999; 6: 124-9.

413. Van den Briile FA, Fernandez PL, Buicu C, Liu FT, Jackers P, Lambotte R, et al.
Differential expression of galectin-1 and galectin-3 during first trimester human

embryogenesis. Dev Dyn 1997; 209: 399—405.

176



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

414. Truong MJ, Gruart V, Kusnierz JP, Papin JP, Loiseau S, Capron A, et al. Human
neutrophils express immunoglobulin E (IgE)-binding proteins (Mac-2/epsilon BP) of the S-
type lectin family: role in IgE-dependent activation. J Exp Med 1993; 177: 243-8.

415. Truong MJ, Gruart V, Liu FT, Prin L, Capron A, Capron M. IgE-binding
molecules (Mac-2/epsilon BP) expressed by human eosinophils. Implication in IgE-dependent
eosinophil cytotoxicity. Eur J Immunol 1993; 23: 3230-5.

416. Craig SS, Krishnaswamy P, Irani AM, Kepley CL, Liu FT, Schwartz LB.
Immunoelectron microscopic localization of galectin-3, an IgE binding protein, in human
mast cells and basophils. Anat Rec 1995; 242: 211-9.

417. Wollenberg A, de la Salle H, Hanau D, Liu FT, Bieber T. Human keratinocytes
release the endogenous betagalactoside-binding soluble lectin immunoglobulin E (IgE-
binding protein) which binds to Langerhans cells where it modulates their binding capacity
for IgE glycoforms. J Exp Med 1993; 178: 777-85.

418. Smetana K, Holikova Z, Klubal R, Bovin NV, Dvorankova B, Bartunkova J, et
al. Coexpression of binding sites for A(B) histo-blood group trisaccharides with galectin-3
and Lag antigen in human Langerhans cells. J Leukoc Biol 1999; 66: 644-9.

419. Sano H, Hsu DK, Apgar JR, Yu L, Sharma BB, Kuwabara I, et al. Critical role of
galectin-3 in phagocytosis by macrophages. J Clin Invest 2003; 112: 389-97.

420. Kohatsu L, Hsu DK, Jegalian AG, Liu FT, Baum LG. Galectin-3 induces death of
Candida species expressing specific beta-1,2-linked mannans. J Immunol 2006; 177: 4718-
26.

421. Zhu W, Sano H, Nagai R, Fukuhara K, Miyazaki A, Horiuchi S. The role of
galectin-3 in endocytosis of advanced glycation end products and modified low density
lipoproteins. Biochem Biophys Res Commun 2001; 280: 1183-8.

422. lacobini C, Menini S, Ricci C, Scipioni A, Sansoni V, Cordone S, et al.
Accelerated lipid-induced atherogenesis in galectin-3-deficient mice: role of lipoxidation via
receptor-mediated mechanisms. Thromb Vasc Biol 2009; 29: 831-6.

423. Bernardes ES, Silva NM, Ruas LP, Mineo JR, Loyola AM, Hsu DK, et al.,
Toxoplasma gondii infection reveals a novel regulatory role for galectin-3 in the interface of
innate and adaptive immunity. Am J Pathol 2006; 168: 1910-20.

424. Nishi Y1, Sano H, Kawashima T, Okada T, Kuroda T, Kikkawa K, et al. Role of
galectin-3 in human pulmonary fibrosis. Allergol Int 2007; 56: 57-65.

425. Konigshoff M, Rojas M. Galectin-3: the bridge over troubled waters. Am J
Respir Crit Care Med 2012; 185: 473-5.

177



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

426 Jiang JX, Chen X, Hsu DK, Baghy K, Serizawa N, Scott Fet al. Galectin-3
modulates phagocytosis-induced stellate cell activation and liver fibrosis in vivo. Am J
Physiol Gastrointest Liver Physiol 2012; 302: 439—46.

427. Henderson NC, Mackinnon AC, Farnworth SL, Kipari T, Haslett C, Iredale JP, et
al. Galectin-3 expression and secretion links macrophages to the promotion of renal fibrosis.
Am J Pathol 2008; 172: 288-98.

428. Lok DJ, Van Der Meer P, de la Porte PW, Lipsic E, Van Wijngaarden J, Hillege
HL, et al. Prognostic value of galectin-3, a novel marker of fibrosis, in patients with chronic
heart failure: data from the DEAL-HF study. Clin Res Cardiol 2010; 99: 323-8.

429. Okamoto H, Mizuno K, HorioT. Monocyte-derived multinucleated giant cells
and sarcoidosis. J Dermatol Sci 2003; 31: 119-28.

430. Cortegano I, del Pozo V, Cardaba B, de Andrés B, Gallardo S, del Amo A, et al.
Galectin-3 down-regulates IL-5 gene expression on different cell types. J Immunol 1998; 161:
385-389.

431. Acosta-Rodriguez EV, Montes CL, Motran CC, Zuniga E., Liu FT, Rabinovich
GA, et al. Galectin-3 mediates IL-4-induced survival and differentiation of B cells: functional
cross-talk and implications during Trypanosoma cruzi infection. J Immunol 2004; 172: 493—
502.

432. Almkvist J, Dahlgren C, Leffler H, Karlsson A. Activation of the neutrophil
nicotinamide adenine dinucleotide phosphate oxidase by galectin-1. J Immunol 2002; 168:
4034-41.

433. Yamaoka A, Kuwabara I, Frigeri LG, Liu FT. A human lectin, galectin-3 (epsilon
bp/Mac-2), stimulates superoxide production by neutrophils. J Immunol 1995; 154: 3479-87.

434. Yamaoka A, Kuwabara I, Frigeri LG, Liu FT. Modulation of functional
properties of galectin-3 by monoclonal antibodies binding to the non-lectin domains.
Biochemistry 1996; 35: 6073-9.

435. Sano H, Hsu DK, Yu L, Apgar JR, Kuwabara I, Yamanaka T, et al. Human
galectin-3 is a novel chemoattractant for monocytes and macrophages. J Immunol 2000; 165:
2156-64.

436. Frigeri LG, Zuberi RI, Liu FT. Epsilon BP, a beta-galactoside-binding animal
lectin, recognizes IgE receptor (Fc epsilon RI) and activates mast cells. Biochemistry 1993;
32: 7644-9.

437. Tribulatti MV, Figini MG, Carabelli J, Cattaneo V, Campetella O. Redundant and

antagonistic functions of —9.

178



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

438. Tribulatti MV, Cattaneo V, Hellman U, Mucci J, Campetella O. Galectin-8
provides costimulatory and proliferative signals to T lymphocytes. J Leukoc Biol 2009; 86:
371-80.

439. Chen 1J, Chen HL, Demetriou M. Lateral compartmentalization of T cell receptor
versus CD45 by galectin-N-glycan binding and microfilaments coordinate basal and
activation signaling. J Biol Chem 2007; 282: 35361-72.

440. Swarte VV, Mebius RE, Joziasse DH, Van den Eijnden DH, Kraal G.
Lymphocyte triggering via L-selectin leads to enhanced galectin-3-mediated binding to
dendritic cells. Eur J Immunol 1998. 28: 2864-71.

441. Toscano MA, Bianco GA, Ilarregui JM, Croci DO, Correale J, Hernandez JD, et
al. Differential glycosylation of THI, TH2 and TH-17 effector cells selectively regulates
susceptibility to cell death. Nat Immunol 2007; 8: 825-34.

442. Peng W, Wang HY, Miyahara Y, Peng G, Wang RF. Tumor-associated galectin-
3 modulates the function of tumorreactive T cells. Cancer Res 2008; 68: 7228-36.

443, Demotte N, Wieérs G, Van Der Smissen P, Moser M, Schmidt C, Thielemans K,
et al. A galectin-3 ligand corrects the impaired function of human CD4 and CD8 tumor-
infiltrating lymphocytes and favors tumor rejection in mice. Cancer Res 2010; 70: 7476-88.

444. Mey A, Leffler H, Hmama Z, Normier G, Revillard JP. The animal lectin
galectin-3 interacts with bacterial lipopolysaccharides via two independent sites. J Immunol
1996; 156: 1572-7.

445. Li Y1, Komai-Koma M, Gilchrist DS, Hsu DK, Liu FT, Springall T, et al.
Galectin-3 is a negative regulator of lipopolysaccharide-mediated inflammation. J Immunol
2008; 181: 2781-9.

446. Fermino ML, Polli CD, Toledo KA, Liu FT, Hsu DK, Roque-Barreira MC, et al.
LPS-induced galectin-3 oligomerization results in enhancement of neutrophil activation.
PLoS One 2011; 6: €26004.

447. Ofek I, Goldhar J, Keisari Y, Sharon N. Nonopsonic phagocytosis of
microorganisms. Annu Rev Microbiol 1995; 49: 239-76.

448. Mandrell RE, Apicella MA, Lindstedt R, Leffler H. Possible interaction between
animal lectins and bacterial carbohydrates. Methods Enzymol 1994; 236: 231-54.

449. Jacobini C, Menini S, Oddi G, Ricci C, Amadio L, Pricci F, et al. Galectin-
3/AGE-receptor 3 knockout mice show accelerated AGE-induced glomerular injury: evidence

for a protective role of galectin-3 as an AGE receptor. FASEB Journal 2004; 18: 1773-5.

179



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

450. Pejnovic NN, Pantic JM, Jovanovic IP, Radosavljevic GD, Djukic ALj,
Arsenijevic NN, et al. Galectin-3 is a regulator of metaflammation in adipose tissue and
pancreatic islets. Adipocyte 2013; 2: 266—71.

451. Radosavljevic GD, Pantic J, Jovanovic I, Lukic ML, Arsenijevic N. The two
faces of galectin-3: roles in various pathological conditions. SJECR 2016; 17: 187-98.

452. Pejnovic NN, Pantic JM, Jovanovic IP, Radosavljevic GD, Milovanovic MZ,
Nikolic IG, et al. Galectin-3 deficiency accelerates high-fat diet-induced obesity and amplifies
inflammation in adipose tissue and pancreatic islets. Diabetes 2013; 62: 1932-44.

453. Volarevic V, Milovanovic M, Ljujic B, Pejnovic N, Arsenijevic N, Nilsson U, et
al. Galectin-3 deficiency prevents concanavalin A-induced hepatitis in mice. Hepatology
2012; 55: 1954-64.

454. Arsenijevic A, Milovanovic M, Milovanovic J, Stojanovic B, Zdravkovic N,
Leung PSC, et al. Deletion of Galectin-3 Enhances Xenobiotic Induced Murine Primary
Biliary Cholangitis by Facilitating Apoptosis of BECs and Release of Autoantigens. Sci Rep
2016; 6: 23348.

455. Zhong X, Qian X, Chen G, Song X. The role of galectin-3 in heart failure and
cardiovascular disease. Clin Exp Pharmacol Physiol 2019; 46: 197-203.

456. del Pozo V, Rojo M, Rubio ML, Cortegano I, Cardaba B, Gallardo S, et al. Gene
therapy with galectin-3 inhibits bronchial obstruction and inflammation in antigen-challenged
rats through interleukin-5 gene downregulation. Am J Respir Crit Care Med 2002; 166: 732—
7.

457. Lopez E, del Pozo V, Miguel T, Sastre B, Seoane C, Civantos E, et al. Inhibition
of chronic airway inflammation and remodeling by galectin-3 gene therapy in a murine
model. J Immunol 2006; 176: 1943-50.

458. Zuberi R1, Hsu DK, Kalayci O, Chen HY, Sheldon HK, Yu L, et al. Critical role
for galectin-3 in airway inflammation and bronchial hyperresponsiveness in a murine model
of asthma. Am J Pathol 2004; 165: 2045-53.

459. Nachtigal M, Ghaffar A, Mayer EP. Galectin-3 gene inactivation reduces
atherosclerotic lesions and adventitial inflammation in ApoE-deficient mice. Am J Pathol
2008; 172: 247-55.

460. Glinsky VV, Raz A. Modified citrus pectin anti-metastatic properties: one bullet,
multiple targets. Carbohydr Res 2009; 344: 1788-91.

180



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

461. Kim H, Lee J, Hyun JW, Park JW, Joo HG, Shin T. Expression and
immunohistochemical localization of galectin-3 in various mouse tissues. Cell Biol Int 2007;
31: 655-62.

462. Pesheva P, Kuklinski S, Biersack HJ, Probstmeier R. Nerve growth factor-
mediated expression of galectin-3 in mouse dorsal root ganglion neurons. Neurosci Lett 2000;
293: 37-40.

463. Pesheva P, Urschel S, Frei K, Probstmeier R. Murine microglial cells express
functionally active galectin-3 in vitro. J Neurosci Res 1998; 51: 49-57.

464. Pasquini LA, Millet V, Hoyos HC, Giannoni JP, Croci DO, Marder M, et al.
Galectin-3 drives oligodendrocyte differentiation to control myelin integrity and function.
Cell Death Differ 2011; 18: 1746-56.

465. Comte I, Kim Y, Young CC, van der Harg JM, Hockberger P, Bolam PJ, et al.
Galectin-3 maintains cell motility from the subventricular zone to the olfactory bulb. J Cell
Sci 2011; 124: 2438-47.

466. Chen YC, Ma YL, Lin CH, Cheng SJ, Hsu WL, Lee EH. Galectin-3 Negatively
Regulates Hippocampus-Dependent Memory Formation through Inhibition of Integrin
Signaling and Galectin-3 Phosphorylation. Front Mol Neurosci 2017; 10: 217.

467. Pesheva P, Kuklinski S, Schmitz B, Probstmeier R. Galectin-3 promotes neural
cell adhesion and neurite growth. J Neurosci Res 1998; 54: 639-54.

468. Bonasera SJ, Arikkath J, Boska MD, Chaudoin TR, DeKorver NW, Goulding
EH, et al. Agerelated changes in cerebellar and hypothalamic function accompany non-
microglial immune gene expression, altered synapse organization, and excitatory amino acid
neurotransmission defcits. Aging (Albany NY) 2016; 8: 2153.

469. Rotshenker S. The Role of Galectin-3/MAC-2 in the Activation of the Innate-
Immune Function of Phagocytosis in Microglia in Injury and Disease. J Mol Neurosci 2009;
39: 99-103.

470. Burguillos MA, Svensson M, Schulte T, Boza-Serrano A, Garcia-Quintanilla A,
Kavanagh E, et al. Microglia-secreted galectin-3 acts as a Toll-like receptor 4 ligand and
contributes to microglial activation. Cell Rep 2015; 10: 1626-38.

471. Jeon SB, Yoon HJ, Chang CY, Koh HS, Jeon SH, Park EJ. Galectin-3 exerts
cytokine-like regulatory actions through the JAK-STAT pathway. J Immunol 2010; 185:
7037-46.

472. Reichert F, Rotshenker S. Galectin-3/MAC-2 in experimental allergic
encephalomyelitis. Exp Neurol 1999; 160: 508—14.

181



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

473. Radosavljevic G, Volarevic V, Jovanovic I, Milovanovic M, Pejnovic N,
Arsenijevic N, et al. The roles of galectin-3 in autoimmunity and tumor progression. Immunol
Res 2012; 52: 100-10.

474. Kotter MR, Li WW, Zhao C, Franklin RJ. Myelin impairs CNS remyelination by
inhibiting oligodendrocyte precursor cell differentiation. J Neurosci 2006; 26: 328-32.

475. Yiu G, He Z. Glial inhibition of CNS axon regeneration. Nat Rev Neurosci 2006;
7: 617-217.

476. Jiang HR, Al Rasebi Z, Mensah-Brown E, Shahin A, Xu D, Goodyear CS, et al.
Galectin-3 deficiency reduces the severity of experimental autoimmune encephalomyelitis. J
Immunol 2009; 182: 1167-73.

477. Hsu DK, Chen HY, Liu FT. Galectin-3 regulates T-cell functions. Immunol Rev
2009; 230: 114-27.

478. Doverhag C, Hedtjarn M, Poirier F, Mallard C, Hagberg H, Karlsson A, et al.
Galectin-3 contributes to neonatal hypoxic-ischemic brain injury. Neurobiol Dis 2010; 38:
36-46.

479. Satoh K, Niwa M, Goda W, Binh NH, Nakashima M, Takamatsu M, et al.
Galectin-3 expression in delayed neuronal death of hippocampal CA1l following transient
forebrain ischemia, and its inhibition by hypothermia. Brain Res 2011; 1382: 266-74.

480. Lalancette-Hébert M, Swarup V, Beaulieu JM, Bohacek 1, Abdelhamid E, Weng
YC, et al. Galectin-3 is required for resident microglia activation and proliferation in response
to ischemic injury. J Neurosci 2012; 32: 10383-95.

481. Kang WS, Choi JS, Shin YJ, Kim HY, Cha JH, Lee JY, et al. Differential
regulation of osteopontin receptors, CD44 and the alpha(v) and beta(3) integrin subunits, in
the rat hippocampus following transient forebrain ischemia. Brain Res 2008; 1228: 208-16.

482. Choi JS, Shin YJ, Lee JY, Choi JY, Cha JH, Chun MH, et al. Enhanced
expression of SOCS-2 in the rat hippocampus after transient forebrain ischemia. J
Neurotrauma 2009; 26: 2097-106.

483. Park JM, Shin YJ, Kim HL, Cho JM, Lee MY. Sustained expression of
osteopontin is closely associated with calcium deposits in the rat hippocampus after transient
forebrain ischemia. J Histochem Cytochem 2012; 60: 550-9.

484. Yan YP, Lang BT, Vemuganti R, Dempsey RJ. Galectin-3 mediates post-
ischemic tissue remodeling. Brain Res 2009; 1288: 116-24.

182



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

485. Hisamatsu K, Niwa M, Kobayashi K, Miyazaki T, Hirata A, Hatano Y, et al.
Galectin-3 expression in hippocampal CA?2 following transient forebrain ischemia and its
inhibition by hypothermia or antiapoptotic agents. NeuroReport 2016; 27: 311-17.

486. McIntosh TK, Saatman KE, Raghupathi R, Graham DI, Smith DH, Lee VM, et
al. The Dorothy Russell Memorial Lecture. The molecular and cellular sequelae of
experimental traumatic brain injury: pathogenetic mechanisms. Neuropathol Appl Neurobiol
1998; 24: 251-67

487. Moon C, Ahn M, Kim S, Jin JK, Sim KB, Kim HM, et al. Temporal patterns of
the embryonic intermediate filaments nestin and vimentin expression in the cerebral cortex of
adult rats after cryoinjury. Brain Res 2004; 1028: 238—42.

488. Whitney NP, Eidem TM, Peng H, Huang Y, Zheng JC. Inflammation mediates
varying effects in neurogenesis: relevance to the pathogenesis of brain injury and
neurodegenerative disorders. J Neurochem 2009; 108: 1343-59.

489. Yip PK, Carrillo-Jimenez A, King P, Vilalta A, Nomura K, Chau CC, et al.
Galectin-3 released in response to traumatic brain injury acts as an alarmin orchestrating brain
immune response and promoting neurodegeneration. Sci Rep 2017; 7: 41689.

490. Venkatesan C, Chrzaszcz M, Choi N, Wainwright MS. Chronic upregulation of
activated microglia immunoreactive for galectin-3/Mac-2 and nerve growth factor following
diffuse axonal injury. J Neuroinflamm 2010; 7:32.

491. Pajoohesh-Ganji A, Knoblach SM, Faden AI, Byrnes KR. Characterization of
inflammatory gene expression and galectin-3 function after spinal cord injury in mice. Brain
Res 2012; 1475: 96-105.

492. Chen HL, Liao F, Lin TN, Liu FT. Galectins and neuroinflammation. Adv
Neurobiol 2014; 9: 517-42.

493. Hoyos HC, Rinaldi M, Mendez-Huergoc SP, Mardera M, Rabinovich GA.
Galectin-3 controls the response of microglial cells to limit cuprizone-induced demyelination
Neurobiology of Disease. 2014; 62: 441-55.

494. Mietto BS, Jurgensen S, Alves L, Pecli C, Narciso MS, Assuncdo-Miranda I, et
al. Lack of galectin-3 speeds Wallerian degeneration by altering TLR and pro-inflammatory
cytokine expressions in injured sciatic nerve. J Neurosci 2013; 37: 1682-90.

495. Lepur A, Carlsson MC, Novak R, Dumic J, Nilsson UJ, Leffler H. Galectin-3
endocytosis by carbohydrate independent and dependent pathways in different macrophage

like cell types. Biochim Biophys Acta 2012; 1820: 804—18.

183



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

496. Kobayashi K, Niwa M, Hoshi M, Saito K, Hisamatsu K, Hatano Y, et al. Early
microlesion of viral encephalitis confirmed by galectin-3 expression after a virus inoculation.
Neurosci Lett 2015; 592: 107-12

497. Jin JK, Na YJ, Song JH, Joo HG, Kim S, Kim JI, et al. Galectin-3 expression is
correlated with abnormal prion protein accumulation in murine scrapie. Neurosci Lett 2007;
420: 138-43.

498. Mok SW, Riemer C, Madela K, Hsu DK, Liu FT, Giiltner S, et al. Role of
galectin-3 in prion infections of the CNS. Biochemical and Biophysical Research
Communications 2007; 359: 672-8.

499. Boza-Serrano A, Reyes JF, Rey NL, Leffler H, Bousset L, Nilsson U, et al. The
role of Galectin-3 in a-synuclein-induced microglial activation. Acta Neuropathol Commun.
2014; 2: 156.

500. Lerman BJ, Hoffman EP, Sutherland ML, Bouri K, Hsu DK, Liu FT, et al.
Deletion of galectin-3 exacerbates microglial activation and accelerates disease progression
and demise in a SODIGY93A mouse model of amyotrophic lateral sclerosis. Brain and
Behavior 2012; 2: 563-75.

501. Zhou JY, Afjehi-Sadat L, Asress S, Duong DM, Cudkowicz M, Glass JD, et al.
Galectin-3 is a candidate biomarker for ALS: discovery by a proteomics approach. J.
Proteome Res 2010; 9: 5133-41.

502. Surendranathan A, Rowe JB, O’Brien JT. Neuroinflammation in Lewy body
dementia. Parkinsonism Relat Disord 2015; 21: 1398-406.

503. Garden GA, Campbell BM. Glial biomarkers in human central nervous system
disease. Glia 2016; 64: 1755-71.

504. Cherry JD, Olschowka JA, O’Banion MK. Neuroinflammation and M?2
microglia: the good, the bad, and the inflamed. J Neuroinflamm 2014; 11: 98.

505. Franco PG, Pasquini LA, Pérez MJ, Rosato-Siri MV, Silvestroff L, Pasquini JM.
Paving the way for adequate myelination: the contribution of galectin-3, transferrin and iron.
FEBS Lett 2015; 589: 3388-95.

506. Rinaldi M, Thomas L, Pasquini LA. Galectin-1 in myelin repair. Oncotarget
2016; 7: 81979-80.

507. Wuolikainen A, Moritz T, Marklund SL, Antti H, Andersen PM. Disease-related
changes in the cerebrospinal fluid metabolome in amyotrophic lateral sclerosis detected by

GC/TOFMS. PLoS One 2011; 6:e17947.

184



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

508. Sdavman K, Heyes MP, Svedin P, Karlsson A. Microglia/macrophage-derived
inflammatory mediators galectin-3 and quinolinic acid are elevated in cerebrospinal fluid
from newborn infants after birth asphyxia. Transl Stroke Res 2013; 4: 228-35.

509. Wang X, Zhang S, Lin F, Chu W, Yue S. Elevated galectin-3 levels in the serum
of patients with Alzheimer’s Disease. Am J Alzheimers Dis Other Demen 2015; 30: 729-32.

510. Ashraf GM, Baeesa SS. Investigation of Gal-3 Expression Pattern in Serum and
Cerebrospinal Fluid of Patients Suffering From Neurodegenerative Disorders. Front Neurosci
2018; 12: 430.

511. Hartmann M, Heumann R and Lessmann V. Synaptic secretion of BDNF after
high-frequency stimulation of glutamatergic synapses. EMBOJ 2001; 20: 5887-97.

512. Autry AE, Monteggia LM. Brain-Derived Neurotrophic Factor and
Neuropsychiatric Disorders. Pharmacol Rev 2012; 64: 238-58.

513. MacQueen GM, Ramakrishnan K, Croll SD, Siuciak JA, Yu G, Young LT et al.
Performance of heterozygous brain-derived neurotrophic factor knockout mice on behavioral
analogues of anxiety, nociception, and depression. Behav Neurosci 2001; 115: 1145-53.

514. Martinowich K, Manji H, Lu B. New insights into BDNF function in depression
and anxiety. Nat Neurosci 2007; 10: 1089-93.

515. Markowska AI, Liu FT, Panjwani N. Galectin-3 is an important mediator of
VEGF- and bFGF-mediated angiogenic response. J Exp Med 2010; 207: 1981-93.

516. Chaudoin TR, Bonasera SJ. Mice lacking galectin-3 (Lgals3) function have
decreased home cage movement. BMC Neurosci 2018; 19: 27.

517. Smith CM. Technical Knockout: Gene-targeting strategies provide an avenue for
studying gene function. The Scientist 2000; 14: 32.

518. Rutherford A. The life history of the mouse in genetics. Nature 2002; 420: 510.

519. Hsu DK, Yang RY, Pan Z, Yu L, Salomon DR, Fung-Leung WP, et al. Targeted
disruption of the galectin-3 gene resultsin attenuated peritoneal inflammatory responses. Am J
Pathol 2000; 156: 1073-83.

520. Neupane S, Srivastav S, Bhurtel S, Katila N, Shadfar S, Park PH, et al. Enhanced
neuroinflammatory responses after systemic LPS injection in IL-32f transgenic mice. J Chem
Neuroanat 2018; 94: 173-82.

521. Rosic G, Joksimovic J, Selakovic D, Milovanovic D, Jakovljevic V. Anxiogenic
effects of chronic exposure to nandrolone decanoate (ND) at supraphysiological dose in rats:

a brief report. Neuro Endocrinol Lett 2014; 35: 703-10.

185



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

522. Bento-Silva MT, Martins MCC, Torres-Leal FL, Barros TL, Carvalho ILNF,
Filho HAC, et al. Effects of administering testosterone undecanoate in rats subjected to
physical exercise: effects on the estrous cycle, motor behavior and morphology of the liver
and kidney. Braz J Pharm Sci 2010; 46: 79-89.

523. Heiderstadt KM, McLaughlin RM, Wright DC, Walker SE, Gomez Sanchez CE.
The effect of chronic food and water restriction on open-field behavior and serum
corticosterone levels in rats. Lab Anim 2000; 34: 20-8.

524. Archer J. Tests for emotionality in rats and mice: a review. Anim Behav 1973;
21: 205-35.

525. Lalonde R, Kim HD, Fukuchi K. Exploratory activity, anxiety, and motor
coordination in bigenic APPswe + PS1/DeltaE9 mice. Neurosci Lett 2004; 369: 156-61.

526. Selakovic D, Joksimovic J, Obradovic D, Milovanovic D, Djuric M, Rosic G.
The adverse effects of exercise and supraphysiological dose of testosterone-enanthate (TE) on
exploratory activity in elevated plus maze (EPM) test - indications for using total exploratory
activity (TEA) as a new parameter for ex. Neuro Endocrinol Lett 2016; 37: 383-8.

527. Pellow S, Chopin P, File SE, Briley M. Validation of open: closed arm entries in
an elevated plus-maze as a measure of anxiety in the rat. J Neurosci Methods 1985; 14: 149—
67.

528. Pellow S, File SE. Anxiolytic and anxiogenic drug effects on exploratory activity
in an elevated plus-maze: a novel test of anxiety in the rat. Pharmacol Biochem Behav1986;
24: 525-9.

529. Chermat R, Thierry B, Mico JA, Steru L, Simon P. Adaptation of the tail
suspension test to the rat. ] Pharmacol 1986; 17: 348-50.

530. Rasband, W.S., ImagelJ, U. S. National Institutes of Health, Bethesda, Maryland,
USA, https://imagej.nih.gov/ij/, 1997-2016.

531. Livak KJ, Schmittgen TD. Analysis of Relative Gene Expression Data Using
Real-Time Quantitative PCR and the 2-AACT Method. Methods 2001; 25: 402-8.

532. Seibenhener ML, Wooten MC. Use of the Open Field Maze to measure
locomotor and anxiety-like behavior in mice. J Vis Exp 2015; 96: €52434.

533. Walf AA, Frye CA. The use of the elevated plus maze as an assay of anxiety-
related behavior in rodents. Nat Protoc 2007; 2: 322-8.

534. Ennaceur A. Tests of unconditioned anxiety - pitfalls and disappointments.

Physiol Behav 2014; 135: 55-71.

186



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

535. Melin EO, Dereke J, Txunander M, Xillman M. Depression in type 1 diabetes
was associated witx xigx levels of circulating galectin-3. Endocr Connect 2018; 7: 819-828.

536. Simovic Markovic B, Nikolic A, Gazdic M, Bojic S, Vucicevic L, Kosic M. Et
al. Galectin-3 Plays an Important Pro-inflammatory Role in the Induction Phase of Acute
Colitis by Promoting Activation of NLRP3 Inflammasome and Production of IL-1B in
Macrophages J Crohns Colitis 2016; 10: 593—606.

537. Volarevic V, Markovic BS, Bojic S, Stojanovic M, Nilsson U, Leffler H, et al.
Gal-3 regulates the capacity of dendritic cells to promote NKT-cell-induced liver injury. Eur J
Immunol 2015; 45: 531-43.

538. Shin T. The pleiotropic effects of galectin-3 in neuroinflammation: A review.
Acta Histochem 2013; 115: 407-11.

539. Femenia T, Qian Y, Arentsen T, Forssberg H, Diaz Heijtz R. Toll-like receptor-4
regulates anxiety-like behavior and DARPP-32 phosphorylation. Brain Behav. Immun 2018;
69: 273-282.

540. Chowdhury AA, Gawali NB, Shinde P, Munshi R, Juvekar AR. Imperatorin
ameliorates lipopolysaccharide induced memory deficit by mitigating proinflammatory
cytokines, oxidative stress and modulating brain-derived neurotropic factor. Cytokine 2018;
110: 78-86.

541. Batkowiec-Iskra E, Vermehren-Schmaedick A, Balkowiec A. Tumor necrosis
factor-a increases brain-derived neurotrophic factor expression in trigeminal ganglion neurons
in an activity-dependent manner. Neuroscience 2011; 180: 322-33.

542. Ren Z, Sahir N, Murakami S, Luellen BA, Earnheart JC, Lal R, et al. Defects in
dendrite and spine maturation and synaptogenesis associated with an anxious-depressive-like
phenotype of GABAA receptor-deficient mice. Neuropharmacology 2015; 88: 171-9.

543. Yang L, Wang M, Guo YY, Sun T, Li YJ, Yang Q, Zhang et al. Systemic
inflammation induces anxiety disorder through CXCL12/CXCR4 pathway. Brain Behav
Immun 2016; 56: 352-62.

544. Prakash A, Kumar A. Role of nuclear receptor on regulation of BDNF and
neuroinflammation in hippocampus of B-amyloid animal model of Alzheimer's disease.
Neurotox Res 2014; 25: 335-47.

545. Verbickas V, Kamandulis S, Snieckus A, Venckunas T, Baranauskiene N,
Brazaitis M, et al. Serum brain-derived neurotrophic factor and interleukin-6 response to

high-volume mechanically demanding exercise. Muscle Nerve 2018; 57: E46-ES51.

187



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

546. Mattson MP, Maudsley S, Martin B. BDNF and 5-HT: a dynamic duo in age-
related neuronal plasticity and neurodegenerative disorders. Trends Neurosci 2004; 27: 589—
94.

547. Pillai A. Brain-derived neurotropic factor/TrkB signaling in the pathogenesis and
novel pharmacotherapy of schizophrenia. Neurosignals 2008; 16: 183-93.

548. Xenos D, Kamceva M, Tomasi S, Cardin JA, Schwartz ML, Vaccarino FM. Loss
of TrkB Signaling in Parvalbumin-Expressing Basket Cells Results in Network Activity
Disruption and Abnormal Behavior. Cereb Cortex 2017; 18: 1-15.

188



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

CKPAREHUIIE

DSM-5 — JIujarHOCTMYKOM M CTAaTUCTHYKOM IMPUPYYHUKY 3a MEHTaJHE ropemehaje, meTo
usname (eHrin. Diagnostic and statistical manual of mental disorders, fifth edition)

DG — nenraruu rupyc (nat. gyrus dentatus)

CA — aMOHOB por (J1aT. cornu ammonis),

GABA - rabaamuHoOyTepHa KucenuHa (€HrI1. gamma-amino butyric acid)

CRF — xoprukotponuH-ocinodahajyhu gakrop (eHrn. corticotropin releasing factor)

PACAP - xunodws3HM aneHWnaT IMKIa3a-aKTUBUpajyhu monunentun (SHI. pituitary
adenylate cyclase-activating polypeptide)

BDNF — neyporpoduu axktop pacra mopekiaoM u3 mosra (eHril. brain derived neurotrophic
factor)

GABRA2, GABA-AR2S — GABA-A«-2 peunenrtopcka cyojenununa (enri. GABA receptor
subunit alpha-2)

Val — BanuH (eHri. valine)

Met — MeTHOHUH (€HTJI. methionine)

NTRK2 — neypoTpodHH peuentop THPO3HH KuHa3e 2 (eHIII. neurotrophic receptor tyrosine
kinase 2)

OF Ttect — tect orBopeHor nosba (OI1) (eHr. open field test)

TecT y3AUTHYTOT KPCTACTOT JIABUPUHTA

EPM — tect y3nurnytu kpcractu aBupudT (YKIJI) (enrn. elevated plus maze)

CRHR1 - xoprukorponuH-ociobahajyhu xopmoncku peuentop 1 (eHra. corticotropin-
releasing hormone receptor 1)

MHPG-a — 3-Merokcu, 4-XuIApOKCHI-€TUICHIIMKON (€HI. 3-metoksi, 4-hidroksi-fenil-
etilenglikol)

CNS — neHTpamHu HEPBHU CUCTEM (€HTII. central nervous system)

5-HIAA — 5-xunpoxcu-unaon-cupherne kucenune (eHri. S-hydroxy-indole-acetic acid)

TrkB — peuentop TUpO3UH KMHAa3e B (eHII. tyrosine receptor kinase B)

bcl-2 — Jlumdowm B henuja 2 (enrn. B-cell lymphoma 2)

TST — Ttect kauewa 3a pent (TKP) (enrmn. tail suspension test)

PAMPs — monekysncku oOpaciii MaTOreHUX MHUKpoopraHuzama (eHr. pathogen-associated

molecular patterns)

189



Joxmopcka oucepmayuja Hanubop J1. Cmajuh

PRRs — peuenTopu 3a npeno3HaBame o0pasana (€HI. pattern-recognition receptors)
DAMPs — monekyncku oOpacuu moBe3aHu ca omrehemeM TkuBa (€HT. damage-associated
molecular patterns)

TLRs — Toll-like peuentopu (eHri. toll-like receptors)

AP-1 — aktuBarop npoteuna-1 (euri. activator protein-1)

NF-kB — nykneapuu dakrop kB (enrn. nuclear factor kB)

IRF3 — perynaropuu ¢akrop uatepdepona 3 (eHri. interferon regulatory factor 3)

IL — unTepneykus (eHri.interleukin)

TNF-a — dakrop HEKpo3e TymMopa o (€HTIL. fumor necrosis factor-a.)

IL-1R — penenrop 3a IL-1 (enrn. IL-1 receptor,)

TNFR — pentenitop 3a TNF (enrn. TNF receptor)

MAPK — muTOreHOM-aKTHMBUpPaHAa TNPOTEUHCKA KWHa3za (€HIJ. mitogen-activated protein
kinase)

JAK-STAT - Janus xuHa3a CUTHAJIHOT MPEHOCHOIA W PEryliaTopa TPaHCKPHIIHje (CHII.
Janus kinase-signal transducer and activator of transcription)

ERK1/2 — kuHa3a Koja je peryiucaHa eKcTpalelnylapHUM CHUTHAIOM (€HTI. extracellular-
signal-regulated kinase)

JNK —c-Jun N- Tepmunansa kuHasa (eHri1. c-Jun N-terminal kinase)

CSF — ¢akrop ctumynanuje koioHuja (eHri. colony stimulating factors)

IFN — unrtepdepoHn (eHri. interferon)

CD — knacrep nudepennujanuje (eHri. cluster of differentiation)

SIL-6R — comy6umnam IL-6R (enri. soluble 1L-6R)

SODD — npurymmBau foMeHa cMpTH (eHrd1. silencer of death domains)

TRADD — mporenn nomeHa cMmpTtu moBe3anu ca TNFR1 (enrn. TNFRI1-associated death
domain protein)

HMGBI1 — nporeun Bucoke moounuoctu 1 (enri. high-mobility group box 1),

NADPH - wukoTHUHaMua aJeHUH JUHYKIeoTHa ¢ocdar (eHrn. nicotinamide adenine
dinucleotide phosphate)

NOX — NADPH oxcupnasa (eari. NAPDH oxidase)

INOS — unaynubunHa a30T OKCuJ cuHTa3a (eHT. inducible nitric oxide synthase)

CCL2 — nurann 3a XxeMOKHH 2 (eHTJ1. chemokine ligand 2)

EAE — ekcrnepuMeHTaJHH ayTOMMYHCKH eHuedasoMujenutiuc (eHri. experimental

autoimmune encephalomyelitis)
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AMPA — o0-aMHMHO-3-XUAPOKCH-5-METUII-4-N30KCA30/IaJIENIPONMOHCKA KHCEIUHA (EHIVI. -
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid)

NMDA — N-metun-D-acnaprar (eurin. N-methyl-D-aspartate)

LPS — munononucaxapun (eHri. lipopolysaccharide)

mRNA — uadopmarmona pubOHyKICHHCKA KUCENUHA (€HTI. messenger ribonucleic acid)
qRT-PCR — peBep3Ha TpaHKpHUINIMja M JIaHYaHA peakiyja MOJMMEpH3alHje Y peaTHOM
BpeMeHy (eHIJI. quantitative real time reverse transcription polymerase chain reaction)

1.V. — MUHTPaBEHCKH (CHIJL. intravenous)

1.p. — HHTpanepuToHean Ha (eHrdl. intraperitoneal)

CRD — nomeH 3a nperno3HaBame yribeHUX xuapara (eHri. carbohydrate-recognition domain)
Gal — ranextuH (eHri. galectin)

CBP-35 — mpoteuH koju ce Be3yje 3a yribeHe xuapate-35 (eHri. carbohydrate-binding
protein)

Ig — umynornoOynun (eurn. immunoglobulin)

GALBP — npoteuH koju ce Be3yje 3a ranakrosune (eHri. galactoside-binding protein)

TCR — T henujcku peuentop (eurin, T cell receptor)

BHI1 — enrun. Bcel-2 homology 1

GM-CSF — rpanynonutHO-Makpodarau GpakTop CTUMYyJaIuje KooHuje (eHr1. granulocyte-
macrophage colony stimulating factor)

CRE — cAMP-3aBucHu enemenar oaroopa (eHrii. cAMP-dependent response element)

SIE — sis-uHAYIUOUITHYU eNleMeHT (€HTJ. sis-inducible element)

bHLH —xenukc-netspa- xenuke (eHri. basic helix-loop-helix,).

CREB - enement-Be3yjyhu mporeun cAMP oxarosopa (enrn. cAMP-responce element-
binding protein)

Tyr — TupO3uH (eHTJL. tyrosine)

Pro — niponuH (eHr:n. proline)

Ser — cepuH (€HTIIL. serine)

Ala — ananuH (eHrI1. alanine)

Gly — rmunuH (eHra. glycine)

CAT — xnopamdenuxon aneruntpancdepasa (eHria. chloramphenicol acetyltransferase)

EGF — enunepmanuu dakrop pacta (eHrn. epidermal growth factor)

TGF- — tpancopmuinyhu daxrop pacra-f (enra. trancforming growth factor,)

Chrp — ipoTenH OoraT HIUCTUANHOM U XUCTUAUHOM (EHII. cystidine/histidine-rich protein)

AIP-1 — aktun-unteparyjyhu nporeun-1(enri. actin-interacting protein-1),
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PKB — nporeun kunasze B (enri. protein kinase B)

PI3-K — dochatuaununosuton 3-kunasa (eHri. phosphatidylinositol 3-kinase)

CKI — xa3eun xunaza I (enrn. casein kinase 1,)

GCK-3B — kuHa3a riaukoreH cuarasza 3 (eHri. glycogen synthase kinase-3[3)

SMN — npoTenH oAroBopaH 3a MpeXUB/baBAlkE MOTOPHOT HEYpOHa (eHII. survival of motor
neuron)

cDNA - KoMmIUIEeMEHTapHa JI€30KCHPHOOHYKIICHMHCAKa KHCEIUHAa (eHIJ. complementary
deoxyribonucleic acid)

ALG-2 — angpa-1,3-manozunrtpanchepasa (eurin. alpha-1,3-mannosyltransferase)

Alix — ALG-2-Be3yjyhu nporeun X (enrn. ALG-2-interacting protein X)

LDL — nunonpoTenH HUCKe rycTuHe (eHri. low dencity lipoprotein)

AGESs — kpajmu npoayKTH riaukanyje (eHri. advanced glycation end productcs)

Th1- T xennep tun 1 (eurn. T helper type 1)

HFD — ucxpana 6orara mactuma (eHIIL. high fat diet)

DRG — nop3anau KopeH KuaMeHe Mo auHe (eHr. dorsal root ganglion)

IGF-1 — daktop pacta cnuuan uncynuny-1 (euri. insulin-like growth factor-1)

IGF-R1 — IGF-1 peuentop (eura. IGF-1 receptor)

SOCS3 — cynpecop curHanu3saiyje MUTOKUHA 3 (€HTI. suppressor of cytokine signaling 3)
WT — nuBsbu coja (eHri1. wild-type)

VEGF — Backynapuu ennotennu (akrop pacra (eHri. vascular endothelial growth factor)
bFGF — 6a3uunu ¢pubpobnactHu daktop pacrta (eHri. basic fibroblast growth factor)

Neo — HeoMUIIUH (€HIJI. neomycin)

TK- TuMHIUH KWHA32

FIAU — 1-(29-neokcu29-duyopo-1-p-D-apadbunodypanazon-)-5-jono-yparun (enra. 1-(29-
deoxy29-fluoro-1-B-D-arabinofuranosyl-)-5-iodo-uracil)

FFPE — ¢uxcupanu u ypowenu y napadus (exri. formalin-fixed and paraffin-embedded,).
PBS — pactBop dochaTtHor mydepa (eHrn. phospate buffered salline)

BSA — anOymun roseher cepyma (eHri. bovine serum albumin)

HRP — enrn. horseradish peroxidase

ELISA — uMyHOEH3UMCKH TeCT (€HTII. enzyme-linked immunosorbent assay)

CT —enrn. cycle trechold

SPSS — craTucThuku mMporpamMcKu MakeT 3a collhjamHe Hayke (eHr. Statistical package for

the social sciences)
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Hamubop Crajuh je pohern 19.08.1985. romune y Bpamy. OCHOBHY W cCpelmy
MenuuuHCKy MIKOJY je 3aBpIino y Bpamy ca oanuuHUM ycrmexom, Kao Hocuial Bykose
nurmome. Meaumuacku dakynater y Kparyjesiy ynucao je mkoiacke 2004/2005. ronune, a
3Bame JIoKTopa Meauimue crekao je 09.07.2010. rogune ca mpoceuynom oreHoM 9.29. Hakon
3aBpIICHUX CTyAMja 00aBHO je 00aBe3aH MPUIPABHUYKH CTaX M MOJOXKHO CTPYYHH HCIIHT
2011. ronuse.

On 1. jyma 2013. mo 30. jyna 2014. rogune Ouo je anraxxkoBaH y JloMmy 3mpaBiba
KparyjeBan, nHa mpojekty MunucrapctBa 3apaBiba ,Ilpyxkame yHampeheHux ycmyra Ha
nokajiHoM HuBOy — DILS”’.

Jloktopcke akanmemcke cryamje Ha DakynreTy MEeTUIMHCKHX Hayka y Kparyjesiry
yrnucao je mkoncke 2014/2015. rogune — uzbopHo moapydje MmyHomnoruja, uHdekuuja u
uHpraamanuja. CBe ucnure npeaBul)eHe IIAHOM M MPOrPaMoOM CTyIWja MOJOXKHO je ca
MPOCEYHOM OIleHOM 9.83. YCcMeHU JOKTOPaHTCKU UCIUT MOJIOKKO je y anprry 2017. roguHe
ca oueHoMm 10.

CreuujanucTuuke CTyauje W3 XurujeHe ymucao je Ha Dakynrery MeIUIIMHCKUX
Hayka y KparyjeBiy nenemOpa mkoncke 2015/2016. ronune, 3Bame crienujaaucre XurujeHe
ctekao 25. 02. 2019. ronune.

3a capaJHUKa y HACTaBH 3a YKy HayuHy o0OjiacT XUrvjeHa u eKkosioruja Ha GakynreTy
MEIMIMHCKUX Hayka YHuBep3urera y KparyjeBny unzabpan je 18. 12. 2014. roause.
HeuembOpa 2016. u3aOpaH je y 3Bame acHCTEHTa 3a YKy HaydyHy o0OiacT XurujeHa Hu
€KOoJIoTH]ja.

VYdecTBOBaO je y m3Bohemy NMpakTHUHE HACTaBe Ha MpeaMmeruma Vcxpana y 3apaBiby
u 6onectu u Mcropuja ctomarosnoruje. AKTUBHO YYE€CTBYje Y U3BOhEHY NMPAKTHYHE HACTaBE
Ha npeameruma Hyrputushu cymementH, Crnopreka gapmanuja, bpomaronoruja, Xurujena
u exojoruja, [IpumapHa 31paBcTBeHa 3alUTUTa, XUTHjeHa U enuaeMuoioruja, I'epujarpuja ca
HeroMm, u HapomHo 31paBibe y OKBHPY CTYIMjCKUX Tporpama: VHTerpucaHe akameMcKe
crynuje Meaunnuae, MaTerpucane akameMcke cryauje gapmanuje, UHTErprcane akaaeMcKe
cTyauje cromatonoruje 1 OCHOBHE CTPYKOBHE CTY/H]E.

PykoBoaunan je MHTEpHOTr-jyHUOpP TpojekTa DakynTera MEAMIIMHCKUX HayKa €BHJIE.
Op. JI1 07/17 nox Ha3uBOM ,,YTHIA] TaIeKTHHA-3 HA HAacTaHaK OMXEBHOpAIHUX MPOMEHa y

0a3uYHUM yCIIOBUMA M TOKOM HeypouHpaamaruje*.
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8.1. KIbYUYHA JOKYMEHTAIINJCKA HH®OPMATHUKA

YHUMBEP3UTET Y KPAI'YJEBLLY
OAKYJIATET MEIJNIIUHCKNUX HAYKA VY KPATI'YJEBI1Y

Pennm 0poj - Phb:

HNnentupuxanuonn o6poj - UbP:

Tun nokymentanuje - T[: Monorpadcka myonukammja

Tun 3anuca - T3: TekcTyanHu mTaMnaHu MaTepuja

Bpcra paaa - BP: Jlokropcka nucepranuja

AyTtop - AY: Jlamu6op Crajuh

MenTop/komenTop - MH: np ciu. men. Muoapar JI. JIykuh, penoBau npodecop-emepuryc,
np cuu. men. I'Bo3aen Pocuh, penosuu npodecop

HacJuioB paga - HP: Ytunaj ranektuna-3 y Moaynaiuju noHalama

Je3uk mydsmkanuje - JII: cpricku/hupunuma

Je3uk u3Boaa- JU: cpricku/eHrieckn

3emsba myoaukoBama - 311: Peny6inka Cpouja

VYixke reorpagceko noapyuje - YI'II: Lentpanana CpOuja

I'oguua - I'O: 2019. roguna

Hzpasau - U3: Ayropcku penpuHT

Mecto u aapeca - MC: 34 000 Kparyjesau, CBeto3apa Mapkosuha 69, Penybnnka Cp6uja
®usuum onuc paga - PO: Jlokropcka aucepranuja caapxku 192 crpane, 49 ciouka u 548
6ubnuorpadckux nojaraka.

Hayuna o0aacr - Y/IK: Menununa

Hayuna nucunnuiuna - JIM: Xurujena, Umynonoruja, ®usuonoruja

IIpenmerna oapennuna/ kbyuyHe peun - [IO: ramektus-3  geduimjeHnuja,
HeypouHduamanmja, TLR4, BDNF, GABA-A peuentop, aHKCHO3HOCT, JeIpecHja,
XUTOKaMITyC

Yyga ce - HY: V oubnanorenn daxkynrera MeIUIIMHCKUX Hayka YHuBep3uTeTa y Kparyjesiry,
Cgero3apa Mapkosuha 69, 34000 Kparyjesar, Cpouja

Baxkna nanmomena- MH:



WUsBon - UJ1:
YBoa: Tamextun-3 (Gal-3) wma 3HayajHy yjory y OpojHMM OHOJNOIIKMM U

NaTOJIOIIKUM TIPOIECHMa, a MOceOHO je OuTaH y caspeBamy M (PYHKIMOHHCAHba HEPBHOT
CUCTEeMa U HACTaHKy HeypouH¢uamauuje. [7aBHM IW/b OBOI HCTpaKuMBama OHO je
UCTIUTUBAE YTHIIAja aenenyje reHa 3a Gal-3 Ha nonamame ko muiesa coja C57/BL6.

Martepujan u Meroge: Pasiuke y moHamamy cy eBalyHpaHe OWXEBHOPATHHM
TecToBUMa Koju cy cmpoBeaenu ko WT (wild-type) u Gal-3-/- (enrn. xnockout, KO)
C57BL/6 mumeBa, myxjaka, crapoctu 20 Henmesba, y 0a3aaHUM ycClIOBUMa, Kao U 24 cara
HAaKOH MHTpArepUTOHEATHE allIMKaIKje Juronoiavcaxapuaa (eHri. lipopolysaccharide, LPS)
(y jemnoj no3u, 5 mg/kg). Onmax HaKOH TOTa, KUBOTHEE CY XPTBOBaHE M OJpehuBaHU CY
HUBOM CKCIIPECHje TeHa 3a MO 1aHu HeypoTrpoduu dakrtop (eHr. brain-derived neurotrophic
factor, BDNF), GABA-A peuentopcke cydjenunuie u npouHpaamanujcke nqutokune, 1L-6
(enrmn. interleukin-6) u TNF-o (eHrn. tumor necrosis factor-o) y MO3ry (XUIIOKaMIycy).

Pesyaratu: [enenuja rena 3a Gal-3 je y 0a3ajqHMM ycloBHMa WMaia HW3pakeH
ankcuorenn edekar. OBaj edekar je OMO YAPYKEH Ca CMamCHEM CKCIpecHje TeHa U
caapxkaja IL-6 u TNF-o y xunokammycy. Jedunujenumja Gal-3 je Ouna npahena u
cMamemeM TreHcke ekcrnpecuje M BDNF-umyHopeaktuBHOocTH, mnocebHo y CAl
XUTMOKaMITAJTHOM peruony. Takohe, nenenuja rera 3a Gal-3 je n3za3Bana cMamembe CKCIpecH)e
reHa 3a cyojenunuie 2 u 5 GABA-A penenrtopa y xunokamnycy. [enemnuja rena 3a Gal-3
HUje [oKa3aja MpoJienpecaHTH edekar y Oa3aJHUM ycIoBMMa. AHKCHOTeHH edekar
HeypouHQuamanuje uaaykoane LPS-om je kogx WT mumesa 6uo ynpyxeH ca noehanom
excripecrjoM rea 3a IL-6, TNF-a u TLR4 y xunokammycy, Kao U peayKIHjoM I'€HCKE U
UMYHOXHCTOXEeMHU]jcKe ekcripecHje xunokammnaaHor BDNF-a, y3 3nauajuy penykuujy GABA-
AR2S y oaHOoCy Ha BpeAHOCTH KOje Cy JETeKTOBaHe y Oa3alHuM ycioBuma. Mehyruwm,
nebunmjenija Gal-3 je copeumna mosehame IL-6 U cMameme TeHCKE eKCIpecuje u
umyHopeakTuBHOcTH BDNF-a, kao u penykuujy xunokamnanaux GABA-AR2S u nHa Taj
Ha4YWH yOiakujia aHKCUOTeHU e(pekaT akyTHe HeypouHpiamanuje.

3aksbyuak: Pe3ynTtatu oBor MCTpaxHBama yKa3yjy Ha TO Jia Cy Hau3IJe] CYyHpOTHU
edpextn nenenyje rea 3a Gal-3 Ha HMBO aHKCHO3HOCTU (aHKCHOTeHH edekaT y OazaaHuM
yCcIIOBUMA U AaHKCUOJUTHYKU edekaT TOKOM aKkyTHe HeypouH@iamalyje) MOBe3aHu ca
npoMeHama ekcnpecuje u caapxaja IL-6, TNF-a, TLR4, GABA-ARS u BDNF-a y
XUIOKaMIyCYy.

Kibyune peum: ranexktus-3 nedunujenuuja, Heypoungpiamanuja, TLR4, BDNF,

GABA-A peuentop, aHKCHO3HOCT, JETpecHja, XUIIOKaMITyc



Jatym npuxBatama Teme o crpane HHB - [III: 26. 06. 2019. rogune
Hatym onopane - 10:

UYnanoBu komucuje - KO:

1. [Ipod. nap Tuxommp Hauh, pemoBHu mnpodecop MemunuHckor ¢dakynaTeTa
Bojnomenununcke akagemuje YHuBep3utera og0pane y beorpany 3a yxKy HayuyHy o0nact
Heypouoruja, npence IHuK;

2. Axkamemuk mpod. gp Aymmua Jleumh-TomeBcku, penoBHu mpodecop
Memuuunckor ¢akynteta YHuBep3utera y beorpagy 3a yxy HaydHy oOrnact
[Icuxujarpuja, unas;

3. [Ipod. np Hesa BouoBuh, penosuau npodecop dakynrera MEIUIIUHCKAX HayKa
Yuusep3uteta y Kparyjesity 3a y)xy HaydHy o0iacT XurujeHa v eKoJIorHja, 4iaH,

4. Jou. np dparmna CenakoBuh, pgouent ®akynarera MEIMIMHCKUX Hayka
Yuusep3utera y Kparyjesiy 3a yxxy HayuHy o6nact OU3n0JI0THja, YiaH;

5. Jou. np Hemama JoBuumnh, nouent dakynrera MEAUIUMHCKUX HAayKa Y HUBEP3UTETA

y Kparyjesiy 3a yxy Hay4Hy 001acT XUCTOJIOTH]ja M eMOPHOJIOTH]a, YIaH.
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Abstrakt - AB:
Intraduction: Galectin-3 (Gal-3) plays a significant role in various biological and

pathological processes, and is particulary important in maturation and function of nervous
system and in promotion of neuroinflammation. The principle aim of this study was to
examine the effects of Gal-3 gene deletion on behavior in C57/BL6 mice strain.

Material and Methods: Behavioral differences were evaluated by behavioral tests carried
out on WT (wild-type) and Gal-3-/- (knockout, KO) C57BL/6 mice, males, aged 20 weeks, in
basal conditions, and 24 hours after an intraperitoneal application of lipopolysaccharide (LPS)
(in a single dose, 5 mg/kg). After that, animals were sacrificed and levels of gene expressions
of brain-derived neurotrophic factor (BDNF), GABA-A receptor subunits and
proinflammatory cytokines, IL-6 (interleukin-6) and TNF-a (tumor necrosis factor-a) in the
brain (hippocampus) were evaluated.

Results: Deletion of the Gal-3 gene had an anxiogenic effect in basal conditions. This
effect was accompanied by decrease in the gene expression and content of IL-6 and TNF-a in
hippocampus. Gal-3 deficiency was also accompanied by decreases in gene expression and
BDNF-immunoreactivity, predominantly in the CAl region of hippocampus. Besides, the
deletion of the Gal-3 gene resulted in decrease of hippocampal gene expression of GABA-A
receptor subunits 2 and 5. Deletion of the Gal-3 gene did not show a pro-depressant effect
under basal conditions. In WT mice, the anxiogenic effect of neuroinflammation induced by
LPS, was followed by increased hippocampal IL-6, TNF-a and TLR4 gene expression, as
well as by decreased gene and immunohistochemical expression of BDNF in hippocampus,
with a significant reduction in GABA-AR2S in comparison with the values obtained in basal
condition. However, Gal-3 gene deletion prevented the increase in IL-6 and the reduction in
BDNF gene expression and immunoreactivity, as well as the reduction of hippocampal
GABA-AR?2S, and therefore attenuated the anxiogenic effect of acute neuroinflammation.

Conclusion: The results of this study show that the apparently opposite effects of Gal-3
deficiency on the level of anxiety (anxiogenic effect in basal conditions and anxiolytic effect
during acute neuroinflammation) are associated with changes in the gene expression and
content of IL-6, TNF-a, TLR4, GABA-ARS and BDNF in hippocampus.

Keywords: galectin-3 deficiency, neuroinflammation, TLR4, BDNF, GABA-A receptor,
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ABSTRACT

Galectin-3 (Gal-3), a member of lectin family that binds to oligosaccharides, is involved in several biological
processes, including maturation and function of nervous system. It had been reported that Gal-3 regulates oli-
godendrocytes differentiation and that Gal-3/Toll-like receptor-4 (TLR4) axis is involved in neuroinflammation.
As both, central nervous system (CNS) maturation and neuroinflammation may affect behavior, the principle aim
of this study was to examine the effects of Gal-3 gene deletion on behavior. Here we provide the evidence that
Gal-3 deficiency shows clear anxiogenic effect in mature untreated animals (basal conditions). This was ac-
companied with lower interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-a) relative gene expression and
hippocampal content, with no effect on TLR4 expression. Gal-3 deficiency was also accompanied with lower
brain-derived neurotrophic factor (BDNF) relative gene expression and immunoreactivity in hippocampus
(predominantly in CA1l region). Besides, the Gal-3 gene deletion resulted in attenuation of the hippocampal
relative gene expression of GABA-A receptor subunits 2 and 5 (GABA-AR2S and GABA-ARSS), On the other hand,
Gal-3 deficiency attenuates LPS-induced neuroinflammation. The anxiogenic effect of acute neuroinflammation
was accompanied with increased hippocampal IL-6, TNF-a and TLR4 gene expression, as well as decreased gene
and immunohistochemical BDNF expression in hippocampus, with significant decline in GABA-AR2S in wild
type (WT) mice in comparison to basal conditions. Gal-3 gene deletion prevented the increase in IL-6, the decline
in BDNF gene expression and immunoreactivity, and reduction in hippocampal GABA-AR2S, and therefore at-
tenuated the anxiogenic effect of neuroinflammation. In summary, our data demonstrate that apparently op-
posite effects of Gal-3 deficiency on anxiety levels (anxiogenic effect under basal conditions and anxiolytic action
during neuroinflammation) seem to be related to the shift in IL-6, TNF-a and hippocampal BDNF.

1. Introduction

events that can influence a variety of cell functions (Boscher et al.,
2011). Gal-3 affects susceptibility to T-cells-mediated autoimmune and

Galectin-3 is a member of lectin family that binds to oligosacchar-
ides, with a particularly strong affinity for (3-galactosides (Wan and Liu,
2016). It has different, sometimes opposing, functions depending on its
localization and the specific pathological conditions. Extracellularly,
Gal-3 forms cross-links with cell surface glycoconjugates or the extra-
cellular matrix, leading to modulation of transmembrane signaling

inflammatory diseases (Jiang et al., 2009, Volarevic et al., 2012,
Volarevic et al., 2015, Radosavljevic et al., 2016, Simovic Markovic
et al., 2016).

The role of Gal-3 in the nervous system is not completely under-
stood. It is established that Gal-3 is expressed in nervous tissues, in-
cluding brain, spinal cord, and dorsal root ganglia. Gal-3 stimulates

Abbreviations: Gal-3, Galectin-3; TLR4, Toll-like receptor-4; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; BDNF, brain-derived neurotrophic factor; GABA-
ARS, GABA-A receptor subunit; WT, wild type; LPS, lipopolysaccharide; PTSD, post traumatic stress disorder; OF, open field; TDM, total distance moved; M, time
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neural cell adhesion and neurite growth by modulating the properties of
the surrounding matrix (Pesheva et al., 1998). Furthermore, Gal-3 also
affects the motility of cells in the rostral migratory stream. Experiments
with uninjured mice have shown that in normal brain, Gal-3 is ex-
pressed by ependymal cells and astrocytes of subventricular zone and
that it has a role in regulation of neuronal migration (Comte et al.,
2011). Transient brain ischemia induces Gal-3 expression in microglial
cells in the CA1 hippocampal region (Satoh et al., 2011). A recent study
has confirmed that Gal-3 is expressed endogenously in the mouse hip-
pocampal CA1 area and in other regions of rat brain. Gal-3 negatively
regulates hippocampus-dependent memory formation by inhibition of
integrin signaling and Gal-3 phosphorylation (Chen et al., 2017).

Recent studies have identified Gal-3 as a significant factor in mi-
croglial survival, proliferation and migration (Hisamatsu et al., 2016).
In response to inflammatory stimuli, microglia secrete Gal-3 that acts as
an endogenous ligand for TLR4. Gal-3 participates in the activation of
proinflammatory M1 phenotype of microglial cells and promotes neu-
roinflammation (Burguillos et al., 2015).

Studies have provided evidence that Gal-3 contributes to certain
pathological conditions such as Parkinson's disease (Boza-Serrano et al.,
2014), experimental autoimmune encephalomyelitis (Jiang et al.,
2009), prion diseases (Jae-Kwang et al., 2007; Mok et al., 2007), etc. On
the other hand, microglia-produced Gal-3 was assumed to have a pro-
tective, anti-inflammatory effect in amyotrophic lateral sclerosis
(Lerman et al., 2012). Gal-3 also stimulates neurogenesis and angio-
genesis and it plays an important role in the process of brain tissue
remodeling after ischemic injury (Shin, 2013, Yan et al., 2009). Gal-3
expression in the CA2 hippocampal region, after transient ischemia,
might be correlated with protection against neuronal death (Hisamatsu
et al.,, 2016). Glial-derived Gal-3 stimulates oligodendrocyte differ-
entiation, contributing to myelination process and may limit demyeli-
nation (Pasquini et al., 2011, Hoyos et al., 2014).

Proinflammatory cytokines (TNF-a, IL1-f, IL-6, IL-12, IFN-y) pro-
mote neuroinflammation but they can also directly affect neuro-
transmission, causing the changes in behavior. Studies including ex-
perimental behavioral model have shown that the application of
lipopolysaccharide (LPS) in mice results in decreased exploratory lo-
comotor activity (Dunn et al., 1992, Yirmiya, 1996), anhedonia (de-
pression-like behavior, Sulakhiya et al., 2016), and anxiety-like beha-
vior (Brites and Fernandes, 2015). Hippocampal formation, with two
main groups of neurons: principal neurons (responsible for extra-
hippocampal connections) and interneurons (responsible for local
connections within the hippocampus - predominantly GABAergic) has a
key role in cognitive and emotional processes (Zaletel et al., 2016).
Widely distributed in human body (Zachmann et al., 1966), GABAergic
system is the most prominent inhibitory mechanism in the mammalian
brain. However, the most abundant representation (one-third of the
synapses) of GABAergic neurons is observed in specific brain regions,
such as the cerebral cortex, hippocampus, thalamus, basal ganglia,
cerebellum, hypothalamus, and brainstem (Guidotti et al., 1983). GABA
interneurons have a major role in modulating local noradrenergic, do-
paminergic, serotonergic and glutamatergic neuronal circuitry
(Selakovic et al., 2017). The basic inhibitory mechanism described in
GABAergic system includes the action via (mostly) postsynaptic GABA-
A receptors, resulting in inhibitory postsynaptic potential (Eder et al.,
2001), in hippocampus (Alakuijala et al., 2006) and consequent decline
in excitatory transmitters release (Lydiard, 2003). Hippocampal GA-
BAergic dysfunction has one of the key roles in pathogenesis of various
mood disorders (Brambilla et al., 2003) and anxiety (Brambilla et al.,
2002; Naseri et al., 2014). It has been described that the decrease in
BDNF content in post traumatic stress disorder (PTSD) resulted in an-
xiogenic effect, probably due to decrease in GABA-A receptor activity
(Nemeroff, 2003). PTSD-induced decline in BDNF was accompanied
with reduction in number of hippocampal neurons and hippocampal
atrophy (Zen'ko et al., 2014).

Considering the fact that numerous mediators are involved in
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behavioral manifestation of neuroinflammation, the aim of this study
was to evaluate the impact of Gal-3 in alterations of anxiety levels
under physiological conditions, as well as following acute inflammation
induced by LPS. On the other hand, recently Chaudoin and Bonasera
have shown that mice lacking Gal-3 function have decreased home cage
movement at age of 2-3 month as well as at age 6-7 months (Chaudoin
and Bonasera, 2018). Here we provide evidence that Gal-3 deletion has
dual effect on anxiety: an anxiogenic effect in healthy mature animals
and attenuation of anxiety in neuroinflammatory condition induced by
LPS. We also show that behavior changes occur simultaneously with
alterations in expression of BDNF, proinflammatory cytokines and TLR4
in hippocampus.

2. Materials and methods
2.1. Ethical approvals

The study was carried out in strict accordance with the European
Directive for welfare of laboratory animals N° 86/609/EEC and prin-
ciples of Good Laboratory Practice, and according to ARRIVE guide-
lines. All experiments were approved by the by Ethical Committee of
the Faculty of Medical Sciences, University of Kragujevac, Serbia.

2.2. Animals and treatment

Male, 20-week-old WT C57BL/6 and Gal-3—/— (LGALS3—/-)
C57BL/6 mice were used for the experiment. The age of mice in the
experiments corresponds to adult human males, approximately 30 years
old (Flurkey et al., 2007). Mice homozygous for the disrupted Gal-3
gene were obtained by targeted disruption of this mouse gene in
C57BL/6 embryonic stem cells (Hsu et al., 2000). Gal-3—/— and WT
C57BL/6 mice of the same substrain were kept in the appropriate fa-
cilities (Faculty of Medical Sciences, University of Kragujevac, Serbia)
under standard laboratory conditions (3-5 animals per cage, at the
temperature of 23 * 1°C, with a 12/12h light/dark cycle), with free
access to food and water. Each Gal-3—/— and WT C57BL/6 group
consisted of 8 mice. Animals were littermates and Gal-3 deletion was
verified by PCR. Experiments were carried out under control conditions
as well as in the presence of acute neuroinflammation (24 h after the
application of LPS).

2.3. Induction of neuroinflammation

Animals in experimental groups were intraperitoneally injected
with a single dose of Lipopolysaccharides, LPS (from E. coli 055:B5;
12880, Sigma-Aldrich) 5 mg/kg (0.5 ml), while the control groups were
intraperitoneally given the same volume of 0.9% saline (Qin et al.,
2007).

2.4. Behavioral testing

Behavioral testing was performed by means of open field and ele-
vated plus maze tests. The mice were placed in the testing room for
1-2h prior to the initiation of each test. At the end of each test re-
cording the animals were removed from the mazes and the experi-
mental fields were thoroughly cleaned in order to remove possible in-
terfering scents. During the trials the experimenter was not present in
the test room.

All tests were recorded by digital video camera mounted above the
mazes at appropriate heights. Video files from the open field and the
elevated plus maze were analyzed using Ethovision software [version
XT 12], an integrating video tracking system for automatic recording of
activity movement and interactions of animals [Noldus Information
Technology, the Netherlands].
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2.4.1. Open field test

The open field (OF) test is one of the commonly used tests for the
evaluation of general motor activity in animal models. It represents a
very popular animal model for quantification of anxiety-like behavior.
The apparatus consisted of a grey wood square arena
(40 x 40 x 15cm). At the beginning of test each animal was placed in
the centre of arena. The moving pattern in arena shows information
about anxious-like state. Activity of mice was recorded for a period of
5min and then analyzed. The following parameters were scored: the
total distance moved (TDM), the movement - time duration of moving
(M), the cumulative duration in centre zone (CDCZ), the frequency in
centre zone (FCZ) and the number of rearings (R). The frequency and
cumulative duration in the centre zone (Heiderstadt et al., 2000), as
well as the parameters of locomotor activity (Prut and Belzung, 2003),
may be considered as indicators of anxiety. Since the number of rear-
ings has been used as the parameter of exploratory activity (Archer,
1973), and exploratory drive is in conflict with fear of the unknown, i.e.
anxiety (Lalonde et al., 2004), the number of rearings can also be
considered as indicator of anxiety level.

2.4.2. Elevated plus maze

Anxiety-like behavior has also been evaluated by means of elevated
plus maze (EPM) test. The apparatus for EPM test for mice consisted of
two open (33 x 10 cm) and two enclosed arms (33 X 10 X 15 cm) and
an open roof with the entire maze elevated 80 cm from the floor. Each
animal was placed in the centre of EPM with head facing toward the
open arm. Animals were allowed 5min for free exploration. This test
allows determining emotional reactivity of animals by means of a
conflict between secure parts of the maze (2 enclosed arms) and aver-
sive parts of the maze (open arms). Following parameters of EPM test
were estimated: the total distance moved (TDM), the movement - time
duration of moving (M), the cumulative duration in open arms (CDOA),
the frequency to open arms (FOA) and the number total exploratory
activity (TEA) episodes. The number of TEA episodes was calculated as
the sum of patterns of exploratory activity observed in closed arms
(number of rearings) and in open arms (number of rearings and head-
dippings), representing the overall exploratory activity in EPM
(Selakovic et al., 2016). The number of entries and cumulative duration
in open arms are considered as direct indicators of anxiogenic effect
(Pellow et al., 1985; Pellow and File, 1986).

2.5. RNA isolation and real-time PCR analysis

Total RNA was extracted from hippocampal supernatant using
TRIzol reagent (Invitrogen, Carlsbad, CA) according to the manu-
facturer’s instructions. Total RNA (ug) was reverse transcribed using
High Capacity cDNA Reverse Transcription Kit (Applied Biosystems,
Foster City, California, USA). Real-time quantitative PCR was per-
formed using Thermo Scientific Luminaris Color HiGreen qPCR Master
Mix (Applied Biosystems, Foster City, California, USA) and mRNA
specific primers for IL-6, TNF-a, GABA-A receptor subunit a2/Gabra2,
GABA-A receptor subunit a5/Gabra5, BDNF and B-actin as a house-
keeping gene (Invitrogen, Carlsbad, CA). PCR reactions were done in a
Mastercycler ep realplex (Eppendorf, Hamburg, Germany). Data were
analyzed and relative gene expression was calculated according to
Livak and Schmittgen (Livak and Schmittgen, 2001).

2.6. Measurement of cytokines in hippocampal tissue homogenates

Mouse hippocampi were homogenized in 200 pl of ice cold PBS
supplemented with Protease inhibitor cocktail (P8340, Sigma Aldrich,
USA) with a glass homogenizer on ice. The suspension was subjected to
ultrasonication and after that homogenates were centrifugated for
15 min at 1500 x g. Supernatant was removed and stored at —80 °C.

Concentrations of IL-6 and TNF-a in hippocampal homogenates
were determined using the commercial enzyme-linked immunosorbent
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assay [ELISA] sets [R&D Systems, Minneapolis, MN], according to the
manufacturer’s instructions.

2.7. Patohistological analysis

After sacrificing the mice, brains were extracted, fixated in 10%
formaldehyde and immersed in paraffin. 5pm thick coronal brain sec-
tions (approximately 1.7 mm from bregma), as described by Paxinos
and Franklin (Paxinos and Franklin, 2001), were deparaffinized, rehy-
drated and treated with citrate buffer (pH 6.0) in a microwave for an-
tigen restoration. Hydrogen peroxide (3%) was used to block the ac-
tivity of endogenous peroxidase. Immunohistochemical staining was
performed by incubating deparaffinized hippocampus tissue sections
with primary rabbit anti-BDNF antibody (ab108319, Abcam, Cam-
bridge, UK) overnight at room temperature. Staining was visualized by
using Expose mouse and rabbit specific HRP/DAB detection IHC Kit
(ab80436, Abcam, Cambridge, UK). Sections were counterstained with
Mayer’s hematoxylin and photomicrographed by light microscope
(Olympus BX51, Japan) equipped with a digital camera. Results are
presented as a mean count of positive stained cells per mm? in all three
regions of hippocampus (CA1, CA2/3, DG), as well as in total hippo-
campal sections (Fig. 1).

Patohistological analysis was also performed using HE staining.
Patohistological confirmation of neuroinflammation, manifested by
perivascular inflammatory infiltrate in brain tissue, was observed in
both WT and Gal 3—/— mice (Fig. 2), with more robust infiltrate in WT

/u '.ﬁ)

{7

GamESERERERE RN R R,
LA B CE S
L2 : N

.
g &

-
»
n
»
3
u,
n
n
0
n
»
&
*

- b,

Fig. 1. Immunohistochemical expression of BDNF positive cells in mice hip-
pocampus in specific hippocampal regions — CA1, CA2/3, and DG.
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Fig. 2. Inflammatory infiltrate in mice brain coronal sections. Upper panel —
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animals.
2.8. Statistical analysis

The data presented herein were expressed as the means + S.E.M.
Parameters were initially submitted to Levene’s test for homogeneity of
variance and to Shapiro-Wilk test of normality. Comparisons between
groups were performed using One-way ANOVA, followed by
Bonferroni, and Scheffe post hoc analysis (for immunohistochemistry).
Pearson's coefficient of correlation was used to analyze relationships
between parameters, and simple linear regression analyses were per-
formed. A value of p < 0.05 was considered to be significant.
Statistical analysis was performed with SPSS version 20.0 statistical
package (IBM SPSS Statistics 20).

3. Results

The open field test was used in order to assess locomotor activity
and anxiety like behavior (Prut and Belzung, 2003). As shown in Fig. 3,
LPS application resulted in significant alterations in all parameters
obtained in OF test. These mice showed clear anxiogenic effects by
means of significant decline in direct indicators of anxiety in OF test,
CDCZ and FCZ (Fig. 3A, B), in both WT and Gal-3 deficient animals,
although the decrease in CDCZ was not significant in Gal-3—/— mice
(F = 11.899 and 27.569; p < 0.01, respectively; df = 3). The similar
effect following LPS administration was manifested as diminished lo-
comotor (Fig. 3C, D), as well as exploratory (Fig. 3E) activity in all
experimental groups (F = 16.135, 28.284 and 15.753; p < 0.01, re-
spectively). However, it is worth to notice that Gal-3 deficiency resulted
in significantly less pronounced reduction in the time moving (Fig. 3D)
following LPS administration compared to WT animals (p < 0.05).
Interestingly, under basal conditions Gal-3—/— mice expressed in-
creased anxiety levels by means of significant decline in both direct
parameters of anxiety, CDCZ and FCZ (Fig. 3A, B), compared to WT
animals.

The parameters obtained in EPM test (Fig. 4) showed even more
obvious behavioral differences based on Gal-3 deficiency both prior and
24h after LPS-induced inflammation. Under basal conditions, sig-
nificant reduction in both principal parameters for anxiety levels esti-
mation in EPM test, CDOA and FOA (Fig. 4A, B) was observed in Gal-
3—/— mice (F = 7.27 and 10.658, p < 0.01 and p < 0.05, respec-
tively). In contrary, LPS administration resulted in significant decrease
in both CDOA and FOA, while Gal-3—/— animals showed no altera-
tions in those parameters when compared to basal conditions,
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resembling the higher values compared to WT mice (Fig. 4B). The si-
milar type of behavioral alteration was manifested by means of ex-
ploratory activity patterns in EPM (Fig. 4E). Gal-3 deficient animals
confirmed increased anxiety levels by reduction in the number of TEA
episodes under basal conditions compared to WT mice (F = 27.082,
p < 0.01). However, unlike WT animals, Gal-3 —/— mice showed no
reduction in exploratory activity 24h following LPS administration,
maintaining the basal values that were above (p < 0.05) the values in
WT animals following LPS-induced inflammation. The impact of Gal-3
deficiency on locomotor activity, expressed by means of TDM and TM,
was not statistically significant under basal conditions (Fig. 4C, D), but
the reduction in locomotion observed in EPM test was significantly
more pronounced in WT mice compared to Gal-3 deficient animals
(F = 15.716 and 15.533, p < 0.01, respectively).

The relative gene expression of IL-6 in mice hippocampus, as well as
hippocampal content of IL-6, under basal conditions (Fig. 5A and C)
was significantly lower in Gal-3 deficient mice compared to WT animals
(F = 20.585 and 37.791, p < 0.05 and < 0.01, respectively). How-
ever, 24 h following LPS-induced neuroinflammation, the relative gene
expression and hippocampal content of IL-6 significantly increased in
WT group (p < 0.01) with no change in Gal-3—/— animals, by means
of either relative gene expression or IL-6 content in hippocampus. The
increase in IL-6 gene expression and hippocampal content observed in
WT animals during acute neuroinflammation was significantly higher
compared to Gal-3 deficient animals (p < 0.01) after LPS administra-
tion. On the other hand, Gal-3 deficiency did not result in significant
decrease in the relative gene expression and content of hippocampal
TNF-a (Fig. 5B and D), under basal conditions (F = 75.973 and
164.476). Twenty-four hours following LPS administration, significant
increase in both TNF-a relative gene expression and concentration in
hippocampus was observed in both WT and Gal-3 deficient mice
(p < 0.01), with notable more pronounced augmentation in relative
gene expression (p < 0.05), as well as in hippocampal TNF-a content
(p < 0.01), in WT animals. Gal-3 deficiency did not affect hippo-
campal TLR4 expression (Fig. 6) under basal conditions. In contrary,
after LPS injection, both WT and Gal-3 —/— animals showed significant
increase in TLR4 expression (F = 21.626, p < 0.01). However, LPS-
induced increase in hippocampal TLR4 expression (p < 0.01), was
significantly lower in Gal-3 deficient in comparison to WT mice.

As shown in Fig. 7, LPS-induced inflammation resulted in significant
decrease in hippocampal BDNF relative gene expression in WT mice
with no effect in Gal-3—/— mice (F = 9.702, p < 0.01). On the other
hand, Gal-3 deficiency, under basal conditions was accompanied with
significantly lower BDNF expression compared to WT animals
(p < 0.01). Distribution of hippocampal BDNF immunoreactive cells
(Fig. 8) showed significant regional differences based on both Gal-3
deficiency and inflammation. Gal-3 deficient mice showed lowered
BDNF immunoreactivity in CA1l region (Fig. 8A) compared to WT ani-
mals under basal conditions (F = 3.923, p < 0.05). However, neither
WT nor Gal-3 deficient mice expressed statistical significant alterations
in the number of BDNF immunoreactive cells in CAl region 24 h fol-
lowing LPS administration. In contrary, LPS-induced inflammation
significantly reduced BDNF immunoreactivity in CA2/3 region and DG
(Fig. 8B, C) in both WT and Gal-3 deficient animals (F = 42.325 and
4.595, p < 0.01 and p < 0.05, respectively), although the decline in
BDNF cells was not significant in DG following LPS-administration in
Gal-3 deficient mice. The total number of BDNF immunoreactive cells
in hippocampal section (Fig. 8D) was significantly decreased 24 h fol-
lowing LPS-administration in WT animals, as well as in Gal-3 deficient
mice (F = 38.323, p < 0.01 and p < 0.05, respectively), while the
number of BDNF positive cells was significantly lower compared to WT
mice under basal conditions (p < 0.01).

Subunit 2 of GABA-A receptor, the most specific subunit for some
brain regions (including hippocampus), relative gene expression was
significantly reduced in Gal-3 deficient mice (F = 9.397, p < 0.01)
compared to WT animals under basal conditions (Fig. 9A). However,
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LPS-induced inflammation showed no effect on GABA-AR2S in Gal-3
deficient animals, unlike the WT animals where the inflammation re-
sulted in significant decline in GABA-AR2S (p < 0.05). Although, Gal-
3 deficiency resulted in significant reduction in GABA-ARS5S
(F = 25.462, p < 0.01) under basal conditions (Fig. 9B), LPS-induced
increase in GABA-AR5S was significant only in Gal-3 deficient mice
(p < 0.01).

As shown in Supplementary file, the relative hippocampal gene
expression of both analyzed cytokines, IL-6 (I-A) and TNF-a (I-B), sig-
nificantly and positively correlated to BDNF gene expression in mice
hippocampus under basal conditions. The increased gene expression
and hippocampal content (Fig. 5) of those cytokines induced by the LPS
administration, also strongly (but negatively) correlated to hippo-
campal relative BDNF gene expression (II-A, B). Furthermore, the
simple regression analysis revealed that the hippocampal relative BDNF
gene expression significantly correlated with two estimated GABA-A
receptor subunits (GABA-AR2S and GABA-ARS5S) under basal condi-
tions (I-C, D), as well as during the LPS-induced acute inflammation (II-
C, D). Furthermore, GABA-A receptor subunits relative gene expression
in hippocampus significantly correlated with two main parameters for
estimation of anxiety levels in behavioral testing performed in this
study (CDCZ and CDOA) under basal conditions (I-E, F). Also, the

+

S.E.M. for eight animals per group,

hippocampal relative gene expression of those GABA-A receptor sub-
units, significantly correlated with the same anxiety levels parameters
24 h following acute inflammation (II-E, F).

4. Discussion

The aim of this study was to evaluate the impact of Gal-3 deficiency
in alterations of anxiety state levels under basal conditions, as well as
following acute inflammation. In this study both factors (inflammation
and Gal-3 deficiency) confirmed individual influence on anxiety level in
mice. The parameters that are commonly used in evaluation of anxiety
level are usually obtained in OF (Seibenhener and Wooten, 2015) and
EPM (Walf and Frye, 2007) tests. Gal-3 deficiency showed clear an-
xiogenic effect under basal conditions, confirmed by means of the main
anxiety indicators obtained in both OF and EPM tests (Fig. 3A, B and
Fig. 4A, B). To our knowledge, no previous study offered the informa-
tion for the role of Gal-3 in modulation of anxiety levels under standard
conditions (no inflammation and/or any other pathophysiological me-
chanism induced). The principle anxiogenic outcome of Gal-3 defi-
ciency that was quantified by means of direct anxiety indicators in OF
and EPM tests can be additionally confirmed by the alterations in the
exploratory activity. As exploratory activity, by means of various
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parameters obtained in different behavioral tests, can be significantly
affected by anxiety state level, so it may be also considered as an in-
dicator of anxiety (Ennaceur, 2014). Decreased locomotor activity in
Gal-3 deficient animals observed in both OF and EPM test under basal
conditions is in accordance with recent results that also described de-
creased locomotion in Gal-3 deficient mice, although not in behavioral
testing, but in home cage (Chaudoin and Bonasera, 2018). Since Prut
and Belzung (Prut and Belzung, 2003) suggested that alterations in
locomotor activity could be count for estimation of anxiety, our ob-
servation considering decreased locomotion in Gal-3 deficient animals
under basal conditions, may also be interpreted as indirect confirmation
of anxiogenic consequence of Gal-3 deletion. Under basal conditions,
the anxiogenic effect of Gal-3 deletion was accompanied with reduction
of hippocampal relative gene expression and concentration of IL-6 and
TNF-a, although not significant for TNF-a, in comparison to WT mice
(Fig. 5). There is plethora of evidence, including our own, that Gal-3
deletion attenuates production of proinflammatory cytokines in various
immune and resident cells involved in inflammation in different dis-
eases (Arsenijevic et al., 2016; Simovic Markovic et al., 2016; Volarevic
et al., 2012, 2015; Jiang et al., 2009). These also include central ner-
vous system inflammation (Shin, 2013). Gal-3 deletion attenuates
production of proinflammatory cytokines (TNF-a and IL-6) of innate
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and Thl-dependent immunity (IFN-y). The deletion of Gal-3 under
basal conditions did not significantly affect hippocampal TLR4 ex-
pression (Fig. 6). This is in line with previous report that underlined
that not all cytokines, including TNF-a, levels in brain tissue was
completely mediated via TLR4 (Burguillos et al., 2015). Further, Fe-
menia and coworkers reported that in basal conditions TLR4 knockout
mice displayed increased anxiety-like phenotype (Femenia et al., 2018).
Gal-3 deficiency under basal conditions, beside the anxiogenic effect
observed in behavioral tests, also resulted in significant decline in BDNF
relative gene expression (Fig. 7). The number of BDNF immunoreactive
cells was significantly reduced in the hippocampal sections (Fig. 8D)
due to noticeable decline of immunoreactivity predominantly in CA1l
region (Fig. 8A). At the same time, Gal-3 deficiency was accompanied
to significant reduction in relative gene expression of GABA-A receptors
subunits 2 and 5 in hippocampal tissue.

On the other hand, Gal-3 deficiency resulted in attenuation of an-
xiogenic effect induced by LPS administration that was expressed in WT
animals, recently described by Yang and coworkers (Yang et al., 2016),
by means of direct indicators of anxiety obtained in OF (Fig. 3A, B) and
EPM (Fig. 4A, B) tests. The same anxiolytic manifestation of Gal-3 de-
ficiency following LPS-induced inflammation was confirmed by ex-
ploratory activity (Fig. 4E) and locomotion in EPM test (Fig. 4C, D), but
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Fig. 5. The relative gene expression and total content of IL-6 (A, C) and TNF-a (B, D) in mice hippocampus. Values are expressed as means = S.E.M. for eight
animals per group, *p < 0.05, **p < 0.01.

Fig. 6. The relative gene expression of TLR4 in mice hippocampus. Values are

expressed as means =+

S.E.M. for eight animals per group, **p < 0.01.

Fig. 7. The relative gene expression of BDNF in mice hippocampus. Values are

expressed as means *

S.E.M. for eight animals per group, **p < 0.01.

not in OF test. Deletion of Gal-3 during acute neuroinflammation at-

= oooons * % * % tenuated the LPS-induced increase in IL-6 compared to basal conditions
2 0,00012 1 (Fig. 5A), and TNF-a in comparison to WT animals (Fig. 5B). At the
8 0.00010 1 - same time, after LPS application both WT and Gal-3 deficient animals
% ’ showed increased hippocampal TLR4 expression; however the aug-
< 0,00008 mentation of TLR4 expression was significantly more prominent in WT
"E‘ = mice (Fig. 6). Although we did not tested relationship between TLR4
o 0,00006 7 - I and Gal-3 in our model it is interesting to note that the previous studies
& 0,00004 - described anti-inflammatory effect of Gal-3 deficiency in LPS-induced
£ inflammatory mechanism via TLR4 (Burguillos et al., 2015). Gal-3 de-
% 0,00002 ficiency, 24 h after LPS application, also prevented the decline in BDNF
= 0,00000 ' . . relative gene expression (Fig. 7), as well as the reduction of BDNF

BASAL WT WTLPS24  GAL3-/- BASAL GAL 3-/- LPS24 immunoreactivity in CAl and DG, while significant reduction in the

number of BDNF immunoreactive cells following acute inflammation
was observed in CA2/3 and in total hippocampal section (Fig. 8). No-
tably, the decrease of hippocampal BDNF immunoreactivity (Fig. 8D)
24h following LPS administration was more pronounced in WT com-

0,0012 A * % pared to Gal-3 deficient animals (34% vs. 12.5%). Furthermore, the
T * % deletion of Gal-3 averted mitigation of GABA-A receptor subunits 2
'% 0,001 - I expression induced by LPS, and was also manifested by increased
g GABA-A receptor subunits 5 expression following LPS administration
& 0,0008 (Fig. 9A, B).

% The possible explanation for the anxiogenic effect of Gal-3 defi-
£ 0,0006 - ciency (under basal conditions) could be found on the base of previous
.% reports that confirmed the positive correlation between galectin and the
& 0,0004 1 other growth factors, such as VEGF, bFGF (Markowska et al., 2010) and
‘:-_' IGF-1 (Lalancette-Hébert et al., 2012) levels. Based on the results ob-
3 0,0002 + tained in this study, it seems that the lack of Gal-3 can also affect BDNF
@ 0 | | 7 expression in hippocampus. The results obtained in this study con-
BASAL WT ' WT LPS 24 'G AL 3-/- BASAL ' GAL 3-/- LPS24 firmed that proinflammatory cytokines (IL-6 and TNF-a) expression in
hippocampus significantly correlated to hippocampal BDNF expression.

Interestingly, the positive correlation between IL and 6 and TNF-a with
BDNF expression was observed under basal conditions (Supplementary
file I-A, B), while the increased LPS-induced expression of those
proinflammatory cytokines resulted in the negative correlation
(Supplementary file II-A, B). The observed variable relationship
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between those cytokines and BDNF levels was not previously reported,
although there is literature data for both opposite interconnection be-
tween IL and 6 and TNF-a with BDNF levels in central nervous system.
The positive correlation between both investigated proinflammatory
cytokines and BDNF, as observed under basal conditions in this study,
was described in mice hippocampus and brain cortex (Chowdhury
et al., 2018), as well as in trigeminal ganglion neurons (Batkowiec-Iskra
et al., 2011). In contrary, the negative correlation, as manifested 24 h
following LPS administration in this investigation, is in line with pre-
viously reported down regulation of BDNF by IL-6 and TNF-a in f-
amyloid model of Alzheimer’s disease (Prakash and Kumar, 2014). In-
terestingly, the very similar effect by means of negative correlation
between IL and 6 and BDNF levels was observed in human serum 24 h
following heavy exercise (Verbickas et al., 2018). One of the possible
explanations for those “contradictory” influence of investigated cyto-
kines on BDNF may be found in the fact that negative correlation (as
seen during acute neuroinflammation in this study) was observed under
the circumstances that could be hardly classified as physiological con-
ditions (model of disease accompanied with neuroinflammation and/or
extremely heavy exercise), while the positive correlation (as observed
under basal conditions in this investigation) was noticed under phy-
siological conditions, characterized with lower proinflammatory cyto-
kines levels.

Since it is already known that BDNF may increase neuronal plasti-
city (Mattson et al., 2004) and is required for proper development and
survival of GABAergic neurons (Pillai, 2008), we may assume that the
factors that affect BDNF levels in hippocampus, such as two presented
in this study (Gal-3 deficiency and inflammation), by the mechanism
that probably involves alterations in proinflammatory cytokines (IL-6
and TNF-a) and TLR4 hippocampal expression (during neuroin-
flammation) can induce anxiogenic effect by deprivation of hippo-
campal GABAergic system via negative impact on BDNF. This conclu-
sion is intensely supported by strong positive correlation between
hippocampal BDNF and GABA-A receptor subunits 2 and 5 expression
(Supplementary file I-C, D and II-C, D), and, furthermore, by strong
positive correlation between the same GABA-A receptor subunits ex-
pression and anxiety indicators obtained in behavioral tests
(Supplementary file I-E, F and II-E, F). This is in line with previously
reported data that showed that the GABAergic system in brain is
regulated by BDNF/Tropomyosin-related kinase B (TrkB) pathway
(Xenos et al., 2017).

In conclusion, according to the results obtained in this study it
seems that Gal-3 may have a role in regulation of anxiety level. Under
basal conditions, Gal-3 exerts the anxiolytic effect that was accom-
panied with increased hippocampal BDNF and augmentation of GABA-
A receptors expression in hippocampus. In contrast, after LPS applica-
tion the presence of this molecule correlates with anxiogenic effects.
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Summary. The aim of this study was to investigate the correlations among lifestyles, eating habits, nutritional
status and intellectual capabilities of adolescents. A cross-sectional study was carried out using anthropomet-
ric measurements and standardized food questionnaire. The sample consisted of 151 adolescents attending a
secondary school in central Serbia. Academic achievement was estimated through grade point average (GPA)
in the previous academic year. Intellectual capabilities were expressed through intelligence quotient (IQ) deter-
mined by Cybernetic battery of intelligence (KOG 3). Totally, 14.5% of students were categorized as overweight
or obese. No strong correlation was found between specific dietary habits and nutritional status of adolescents.
The percentage of respondents with 1Q>110 was higher in the group with increased body mass index (BMI
percentile>85) compared to that in the group with normal body weight or underweight (38.5% vs. 15.7%).
Besides, 16.7% of students with BMI percentile<85 and only 7.7% of students with BMI percentile>85 had
1Q<90. However, Spearman correlation coefficient indicated no strong correlation between IQ test results and
students’ BMI (p=0.144). On the other hand, students with lower academic performance (GPA<3.5) were more
prone to certain dietary habits such as frequent consumptions of coffee (p=0.002) and fast food (p=0.044). On
the contrary, sedentary lifestyles were rather typical for adolescents with better academic achievements GPA>3.5
(p=0.009). A significant correlation was found between students’ IQ and height (Spearman’s p=0.352). Al-
though there was no strong correlation between intellectual capabilities and nutritional status of adolescents,
certain eating habits and lifestyles might be associated with intellectual performance.

Keywords: adolescents; eating habits; nutritional status; intellectual capabilities; academic achievement

Introduction

Adolescence is one of the most critical periods
of intensive physiological, cognitive and psychosocial
changes, covering the ages of 10 to 19 years (1). Rapid
physical growth leads to increased demands for nutri-
ents and micronutrients. Bad nutritional status of ado-
lescents can induce serious health problems and increase
the risk for many diseases. Beside the immediate health
disorders such as anemia, obesity and dental caries, bad
eating practices can also leave some long-term conse-
quences (2, 3). Moreover, eating habits adopted in early
life are likely to be maintained in adulthood.

Overweight and obesity have significantly in-
creased during the last century and they have become
the most common nutritional disorders among young
children and adolescents. According to Force Report
from 2005, every fifth European child is overweight or
obese (4). The reason for this can be found in bad nu-
tritional habits based on consumption of high-caloric
foods with low nutritional value, combined with sed-
entary lifestyles and lack of physical activities. Obe-
sity has been identified as an important risk factor for
development of many serious health conditions such
as cardiovascular diseases, diabetes mellitus and some
cancers (5-7). In addition, weight disorders can also
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induce some mental problems of adolescents, affecting
their body image perception and their self-esteem (8).

Some researchers have indicated the association of
obesity with poor cognitive function and decreases in
brain volume which could possibly reduce intelligence
quotients (9,10). Results of certain case—control studies
have suggested that childhood 1Q is inversely associated
with obesity (11-13). Besides, some studies have indi-
cated that better academic achievements are associated
with a healthy diet, regular intake of nutritious breakfasts
and lower consumption of fast foods (14,15). Although
there is a lot of evidence confirming that malnutrition af-
fects different brain functions, it is interesting to notice
that a possible correlation between intellectual capabili-
ties and nutritional status might also be interpreted in the
opposite way: it can be assumed that people with higher
intellectual capabilities are more aware of the harmful ef-
fects of unhealthy diet and they are more interested in
developing healthy eating habits and lifestyles. Actually,
most cross-sectional studies usually conclude that obe-
sity impairs cognitive functions, while most prospective
longitudinal studies prefer the opposite causal direction:
they suggest that low intelligence leads to obesity (16).
Furthermore, there are certain studies that suggest a cor-
relation between 1Q-test results and height (17-19). All
these assumptions are still under investigation and need
further research to be confirmed.

The main aim of this study was to investigate the
correlation between nutritional status and intellectual
capabilities of adolescents. Dietary habits and lifestyles
of adolescents were investigated with regard to their
IQ-test scores and academic performances. The cor-
relation between specific eating habits and nutritional
status was also analyzed. Besides, the paper reports the
results of estimating the prevalence of obesity and as-
sociated risk factors among high school adolescents in
one of the largest cities in Serbia.

Methods

A cross-sectional descriptive study was carried
out during December 2014 in Kragujevac City, in cen-
tral Serbia. The target subjects were secondary school
students, 15-19 years old, selected by stratified random
sampling (a simple random sample was selected from

each of the four secondary school grades). Totally 151
students were included, 113 males and 38 females. The
study was based on anthropometric measurements and
standardized 1-month recall food-frequency question-
naire which also included questions regarding stu-
dents’ lifestyles and attitudes. The questionnaire was
self-administered and supervised by investigators. It
was approved by the school board and the Faculty of
Medical Sciences Ethics Committee, University of
Kragujevac. All the participants have signed a written
informed consent.

Body weight (kg), was estimated using a beam
balance OMRON BF511 (Omron Healthcare, Kyoto,
Japan) with the accuracy of 1%. The measurements
were taken on barefoot participants wearing light
clothing. Body fat percentage (BFP) was also mea-
sured by the same balance, using the Bioelectrical Im-
pedance (BI) method. The respondents had to stand
with their feet slightly apart, holding the grip elec-
trodes with their arms straight out, at the angle of 90
degrees to the body. The results were interpreted using
the standards of Gallagher et al. (2000) and McCarthy
et al. (2006) (20, 21).

Body Mass Index (BMI) was calculated by divid-
ing body weight (in kg) by the square of height (in m)
and the results were converted to BMI centiles (based
on the age and gender characteristics). The students
were classified into different categories, according to
the WHO 2007 distribution standards (22):
—underweight (BMI < 5* centile)

— normal body weight (5* < BMI < 85" centile)
— overweight (85" < BMI < 95% centile)
— obesity ( BMI 2 95" centile).

Waist circumference (WC) was also used as an
indicator of abdominal fat. It was measured as the
minimum circumference between the lowest rib and
iliac crest.

Eating behaviors and lifestyles of adolescents
were assessed using standardized food questionnaire
of the World Health Organization. The questions
mainly referred to the frequency of consumption of
some regular foods like fruits, vegetables, milk and
milk products, meat, cereals etc. The consumption of
fast foods, soda drinks, energy drinks, coffee and al-
cohol were also investigated. In addition, questions
related to students’ physical activities and the average
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amount of time spent in front of computer and televi-
sion screens were included. Students were also asked
if they were satisfied with their current eating habits
and their physical appearance. The responses were cat-
egorised into particular categories (most of them being
presented in Table 3 and 4).

Intellectual capabilities were defined through
Cybernetic battery of intelligence, KOG 3 (23). This
test gives a measure of general intellectual function-
ing, presented in the form of the Wechsler intelligence
quotient, IQ (70-79 borderline, 80-89 low average, 90-
109 average, 110-119 high average, 120-129 superior).
Academic achievement at the end of the school year
was expressed through grade point average (GPA) on a
scale of 1 to 5 (where 5 indicated the best performance).
These data were obtained from the school records.

The size of the sample was determined using
G-power 3.0.10 (with an expected power of 0.95 and
significance level 0=0.05). Statistical analysis of col-
lected data was carried out using SPSS 20.0 software
(Statistical Package for the Social Sciences, Institute
Inc., Chic, IL, USA). The following correlations were
analyzed:

— eating habits/lifestyles and nutritional status;

- IQ test results/academic achievements and eating
habits/lifestyles;

— 1Q test results/GPA and BMI percentile;

— IQ test results and GPA.

The dependence of all these variables on gender
was also examined. The correlations between categori-
cal data were investigated using chi-square (y?) test.

Differences were considered statistically significant at p
< 0.05. Bivariate Spearman correlation analysis was ap-
plied in order to examine the correlations between con-
tinuous variables (IQ test results, GPA and BMI). The
distribution of continuous variables was previously test-
ed for normality using the Kolmogorov-Smirnov test.

Results
Sample characteristics

The mean age of adolescents was 16.4 + 1.1 y
(ranged from 15 to 19 y). Table 1 shows the results of
anthropometric measurements as well as the indicators
of intellectual abilities of the studied population. The
mean value of height, weight, waist circumference and
circumference of upper arm of boys were significantly
higher (p < 0.001) than those of girls.

Anthropometric measurements

The results of BMI and BFP measurements are
given in Table 2. The most of the students had nor-
mal body weight, 4% were underweight, while 14.5%
of students were categorized as overweight or obese.
High BFP was detected in 6% of the students while
very high BFP was measured in 9.9%. Spearman cor-
relation coefficient showed strong positive correlation
between BFP and BMI-percentile (p=0.557) but there
was no statistically significant correlation between

BMI-percentile (or BFP) and gender.

Table 1. The results of anthropometric measurements, IQ tests and academic achievements

Mean + SD Mean + SD for boys Mean + SD for girls

Height [cm] 1773 +9.4 181.0+7.1 166.4 + 6.9
Weight [kg] 68.9 + 14.0 72.4+13.1 58.4+11.2
Waist circumference [cm] 78.4+9.7 81.3+8.7 69.4+6.3
Circumference of upper arm [cm] 27.1+3.8 28.3 +3.2 23.4+2.9
BFP 193 £8.1 16.8£7.1 26.6 6.5
BMI-percentile 53.4£28.1 54.5£28.0 50.2 £ 28.7
1Q 99.8 +9.8 101.9+9.6 93.4+7.6
GPA 36=+1.1 36+1.1 3.7+12
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Table 2. The results of BMI and BFP measurements

Total [%] Boys[%]  Girls[%]
Underweight 4.0 3.5 5.3
Normal 81.5 81.4 81.6
Overweight 7.9 8.0 7.9
Obese 6.6 7.1 5.3
Low BFP 13.9 15.9 7.9
Normal BFP 70.2 68.1 76.3
High BFP 6.0 6.2 53
Very high BFP 9.9 9.7 10.5

Eating habits and lifestyles

Table 3 presents eating habits and life styles of
the students by gender and BMI classification. Overall
68.2% of the students declared that they never skipped
breakfast and 21.2% reported having five or more
meals per day. Having three or less meals per day was
more common among students with increased body
weight.

Almost a third of all students claimed they spent
more than three hours a day in front of a computer.
This habit was more typical for boys than for girls.
On the other hand, totally 86.1% of the respondents
self-declared as physically active, either through orga-
nized sport trainings or individual exercises. Surpris-
ingly, physical activity was more prevalent among the
students with BMI > 85® More than half of these
students admitted they were not satisfied with their
physical appearance, but only a fifth of them had ever
been on a diet in order to lose weight.

The frequencies of consuming some particular
foods and drinks are given in Table 4. A high intake of
milk and milk products was reported. More than half
of the sample reported everyday consumption of fruit
and vegetables. However, fast food appeared to be very
popular, especially among boys (82.3%) but only 18%
of all students were aware they had bad eating habits.
Besides, 4% of the respondents reported everyday con-
sumption of alcoholic and energy drinks, most of them

being males. These bad habits were more frequent in
overweight and obese students.

According to the students’ additional responses,
the most common way of preparing food was boil-
ing (used by 47.7% of all students - 65.8% of girls
and 41.6% of boys), while frying had a prevalence of
45.7%, (more boys than girls, 51.3% vs 28.9%). There
was a statistically significant correlation between gen-
der and food preparation (p = 0.034), but there was no
correlation between BMI-percentile and the different
ways of preparing food.

The questionnaire also included questions related
to the most popular types of bread, meat, milk prod-
ucts and fat in the diet. White bread was most fre-
quently consumed while only 2% of students reported
regular consumption of whole-wheat bread. The most
frequently consumed types of meat were pork (con-
sumed by 66.9% of all students), chicken (41.7%) and
beef (19.9%). Frequent consumption of deli meats was
also reported by 45.7% of the respondents. The most
common type of fat was sunflower oil (used by 88.1%
of students), followed by animal fat (43%), olive oil
(22.5%) and butter (17.9%). Daily consumption of yo-
gurt was the highest 80.1%, followed by milk 75.5%
and cheese 59.3%. Most of the students reported low
consumption of whole grain cereals, fish and sea food.
However, no significant correlation between all these
eating habits and BMI-percentile was found.

1Q test and academic performance

Table 5 presents intelligence quotients and aca-
demic achievements of the students. IQ-test results
ranged between 73 and 118. Overweight and obese stu-
dents had slightly higher average IQ (103.5) than those
with BMI < 85 percentile (99.3). 1Q >110 was measured
in 38.5% of overweight and obese students, while only
15.7% of the students with BMI < 85 percentile had
high average IQ. Almost a quarter of the boys had 1Q.
>110, while not a single girl had such a high result, pos-
sibly due to the small sample size. However, the grade
point averages of girls and boys were almost equal. The
correlation between IQ and academic achievement was
very low (Spearman p=0.109).

The correlations between eating habits and the
students’ intellectual capabilities were investigated.
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Table 3. Lifestyles and eating habits of the adolescents by gender and BMI classification

Total BMI < 85" BMI 285" y’testby BMI B Gir 2 test by

Lifestyles and eating habits [‘;/;] percentile percentile  percentile: [(‘,;)Y]S [;/;]S gender:

[%] [%] pearson/df/p pearson/df/p
1. Always having meals at the same time 0.141/1/0.707 0.108/1/0.742
Yes 35.1 34.1 40.9 36.3 31.6
No 64.9 65.9 59.1 63.7 68.4
2. Number of meals per day 3.225/2/0.199 2.563/2/0.278
<3 41.7 38.8 59.1 38.1 52.6
4 371 39.7 27.3 38.9 31.6
25 21.2 22.5 13.6 23.0 15.8
3. Skipping breakfast 0.063/1/0.802 0.327/1/0.567
Yes 31.8 31.0 36.4 30.1 36.8
No 68.2 69.0 63.6 69.9 63.2
4. Eating after 10 pm 5.808/2/0.055 1.497/2/0.473
Every day 28.5 31.8 9.0 31.0 211
Sometimes 42.4 26.3 45.5 41.6 44.7
Never 29.1 41.9 45.5 27.4 34.2
5. Varying in weight > Skg 2.944/1/0.086 0.496/1/ 0.481
Yes 49.0 45.7 68.2 46.9 55.3
No 51.0 54.3 31.8 53.1 44.7
6. Ever being on a diet 9.652/1/0.004 3.134/1/0.045
Yes 6.0 3.1 22.7 3.5 13.2
No 94.0 96.9 77.3 96.5 86.8
7. Satisfied with the physical appearance 11.607/1/0.010 2.556/1/0.147
Yes 69.5 75.2 36.4 73.5 57.9
No 30.5 24.8 63.6 26.5 42.1
8. Physical activity > 2 times a week 1.220/2/0.541 6.638/2/0.210
Sports training 28.5 29.5 22.7 33.6 13.2
Exercising on their own 57.6 55.8 68.2 54.9 65.8
No 13.9 14.7 9.1 11.5 21
9. Time spent in front of computer 0.278/2/0.430 5.764/2/0.056
>3h 27.2 27.1 27.3 30.1 18.4
1-3h 49.7 50.4 45.4 51.3 44.7
<1h 23.1 22.5 27.3 18.6 36.9
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Table 4. The frequencies of consuming some foods and drinks

BMI < 85*

BMI > 85*

y*test by BMI

Consumption of: T[‘E/(t:iﬂ percentile  percentile percentile: ]?;Zis ([;oi/z }S XZ;EZ;EZ ng/zl;t/l;r:
[%] [%] pearson/df/p

1. Meat 0.765/1/0.332 0.689/1/0.407
Every day 33.1 34.9 22.7 35.4 26.3

Sometimes 66.9 65.1 77.3 64.6 73.7

2. Milk and milk products 0.277/1/0.270 0.054/1/0.680
Yes 95.4 96.1 90.9 94.7 97.4

No 4.6 3.9 9.1 53 2.6

3. Vegetables 0.000/1/1.000 0.639/1/0.543
Every day 55.0 55.0 54.5 531  60.5

Rarely 45.0 45.0 45.5 469 395

4. Fruit 0.203/1/0.637 1.425/1/0.233
Every day 61.6 60.5 68.2 58.4 71.1

Rarely 38.4 39.5 31.8 416 289

5. Nuts 1.010/2/0.604 0.747/2/0.688
Yes 39.1 38.8 40.9 389 39.4

No 8.6 7.8 13.6 9.7 5.3

Sometimes 52.3 53.4 45.5 51.4 55.3

6. Whole grain cereals 0.000/1/1.000 6.016/1/0.215
Yes 39.7 39.5 40.9 33.6 57.9

No 60.3 60.5 59.1 66.4 421

7.Added salt 0.544/1/0.334 0.452/1/0.501
Yes 84.8 86.0 73.5 83.2 89.5

No 15.2 14.0 26.5 16.8 10.5

8.Fast food 0.000/1/0.778 1.570/1/0.165
Yes 79.5 79.8 77.3 82.3 71.1

No 20.5 20.2 22.7 17.7 28.9

9.Fish and seafood 0.007/1/0.817 0.053/1/0.818
Regulary 424 419 455 434 395

Rarely or never 57.6 58.1 54.5 56.6 60.5

Continued...
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Continued...

Table 4. The frequencies of consuming some foods and drinks

10. Alcoholic drinks 4.510/2/0.273 0.273/1/0.601
Every day 4.0 3.1 9.1 5.3 0.0

Sometimes 59.6 62.8 40.9 56.6 68.4

Never 36.4 341 50 38.1 31.6

11. Energy drinks 2.480/2/0.289 1.863/1/0.172
Every day 4 3.1 9.1 4.4 2.6

Sometimes 49 48.1 54.5 52.2 39.5

Never 47 48.8 36.4 43.4 57.9

12. Coffee 0.191/2/0.909 0.729/2/0.694
Every day 23.8 23.3 27.3 22.1 28.9

Sometimes 22.6 22.4 22.7 23 211

Never 53.6 54.3 50 54.9 50

13. Sweetened juices 1.509/2/0.470 0.004/2/0.988
Every day 36.4 35.7 40.9 36.3 36.8

Sometimes 583 58.1 59.1 58.4 57.9

Never 53 6.2 0.0 5.3 53

14. Carbonated drinks 3.119/2/0.210 3.755/2/0.153
Every day 24.5 22.5 36.4 25.7 21.1

Sometimes 62.3 65.1 45.5 58.4 73.7

Never 13.2 12.4 18.1 15.9 52

Table 5. IQ and grade point average (GPA) by gender and body mass index (BMI percentile)

IQ <90 90<1Q <110 1Q >110 GPA <35 GPA>3.5
BMI percentile < 85 16.7% 67.6% 15.7% 23.5% 76.5%
BMI percentile >85 7.7% 53.8% 38.5% 30% 70%
Boys 11.6% 64% 24.4% 25.7% 74.3%
Girls 27.5% 72.4% 0% 21.1% 78.9%

Total 15.6% 66.1% 18.3% 24.5% 75.5%
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Students with low academic achievements (GPA<3.5)
reported higher frequencies of consuming red meat,
deli meats, fast food, coffee, and alcohol. The consump-
tion of carbonated and energy drinks, as well as eating
after 10 pm were also more common among the stu-
dents with low academic achievements. On the other
hand, these students (GPA<3.5) were more interested
in sport training and they spent less time in front of a
computer. The difference in consuming beef (p=0.026),
fast food (p=0.044), coffee (p=0.002), and physical ac-
tivities (p=0.009) were statistically significant.
Besides, a significant correlation was found be-

tween students’ IQ-test score and height (Spearman’s
0=0.352).

Discussion

The study revealed that 7.9% of the students were
overweight. This result is either comparable to or sig-
nificantly lower than the values reported from other
countries (24-26). The prevalence of obese children
(6.6%) is quite low in comparison to the data ob-
tained in some developed countries like USA (15%),
UK (20%) and France (14%) (26). In contrast to some
other studies (24, 28, 29), no significant difference was
observed in the prevalence of overweight and obesity
among males and females. Females increase their body
fat mass during puberty while boys, in contrast, stabi-
lise their fat mass and enlarge their fat-free mass (30).
However, female adolescents are generally more con-
cerned about their weight status and they are more in-
clined to dieting. They are also more interested in de-
veloping healthy eating habits. Accordingly, the study
confirmed that boys had higher prevalence of consum-
ing fast foods, red meat, alcohol and energy drinks.

On the other hand, skipping breakfast is more
common among girls than boys. Although this dif-
ference was not found to be statistically significant,
it confirmed the results of some previous studies (31,
32). Regular breakfast consumption was reported by
68.2% of all students, with higher prevalence among
the students with normal weight. It has already been
suggested that skipping breakfast is associated with in-
creased risk of cardiovascular diseases and obesity (33,
34). Breakfast intake may also have positive effects on

students’ cognitive functions related to memory, test
grades, and school achievements (35). However, this
study found no significant correlation between break-
fast pattern and GPA (or IQ test results).

Furthermore, 41.7% of the students reported
having only three or less meals per day. This percent
is lower than those obtained for the majority of Eu-
ropean students (36,37). New recommendations for
adequate and balanced nutrition propose having five
meals (three main meals and two snacks) per day.

More than half of the students reported everyday
consumption of fruit and vegetables, which is more in
comparison to other countries (38). This can be consid-
ered as a very good habit since the regular intake of fruit
and vegetables can improve protection against obesity,
cardiovascular diseases, and even some types of cancer
(39, 40). A higher percentage of girls than boys reported
frequent consumption of fruits and vegetables.

Many studies have supported positive effects of
physical activity on the body weight status of youth
and adults (41-44). The present study found a high
percentage of students who declared themselves as
very active. Boys were more physically active than
girls, confirming the results of some previous studies
(45,46). However, no significant correlation was found
between physical activity and students’ BMI. Over-
weight and obese students appeared to be even more
active than those with normal body weight. This could
be explained by the fact that students with high BMI
were rather concerned about their health and physical
appearance and many of them reported doing exercises
in order to lose weight.

Almost one third of the respondents reported
spending more than three hours a day in front of a
computer screen. More boys than girls seemed to be
addicted to computers and Internet. Sedentary life-
styles increase the risk of obesity, cardiovascular dis-
eases, diabetes, and colon cancer (47, 48).

Although there is a number of studies indicating
an inverse association between intellectual capabili-
ties and obesity (11-13,49,50), the results of our in-
vestigation could not confirm this association. How-
ever, similar results have been reported by some other
authors too (51-53). Our study has even found a bit
higher average intelligence quotient in overweight and
obese students, but the correlation between IQ score
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and BMI-percentile was not statistically significant
(p=0.144). However, these students (BMI percen-
tile>85) had lower academic achievements and slightly
lower GPA. One possible reason for this may be the
fact that obesity can cause some mental problems such
as low self-esteem, anxiety disorders or depression that
can reduce students’ academic performances (54,55).
On the other hand, students with higher intellectual
capabilities seem to have healthier eating habits but
less physical activities. Although the association be-
tween intellectual capabilities and nutritional status
was not confirmed, a significant correlation was found
between students’ IQ-score and height. This result is
in agreement with some previous studies (17-19) and
can be explained by both, genetic and environmental

factors (56,57).

Conclusions

The prevalence of obesity is relatively low in com-
parison to developed countries. No statistically signifi-
cant correlation was found between eating habits and
students’ body mass index. It suggests that weight sta-
tus of adolescents is also influenced by many other fac-
tors such as genetics, hormonal status, socioeconomic
status etc. Students’ dietary habits were not associated
with their intellectual capabilities. Students with lower
academic achievements were more prone to some bad
eating habits, but they also reported to be more physi-
cally active than those with better school outcomes.
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ABSTRACT

Osteoporosis is a progressive bone disorder that can be influ-
enced by many different factors. A cross-sectional study has been
conducted with the aim to assess the prevalence of risk factors
as well as to identify the possible causes of improvement of the
disease. The study population consisted of 97 women older than
35 who had previously been diagnosed with osteoporosis. Dual-
energy X-ray Absorptiometry (DXA) scan was used to determine
bone mineral density (BMD) in order to assess the current state
of the disease. The participants were asked to complete a stan-
dardized IOF (International Osteoporosis Foundation) question-
naire. According to BMD measurements, 24.7% of women had
normal bone density while 18.6% had T-score lower than -2.5.
There was a statistically significant correlation between T-score
and the history of previous bone fractures. Besides, a relatively
high prevalence of certain risk factors (such as underweight, early
menopause, oophorectomy, thyroid and parathyroid disorders
etc.) was observed in woman with osteoporosis.

Keywords: osteoporosis; osteopenia; bone mineral den-
sity; T-score; risk factors
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SAZETAK

Osteoporoza predstavija progresivni poremelaj kostiju
koji nastaje pod uticajem velikog broja faktora.Studija pre-
seka je sprovedena sa ciljem da se proceni prevalenca faktora
rizika, kao i da se identifikuju eventualni uzroci poboljsanja
bolesti. Studija je obuhvatila 97 Zena, starijih od 35 godi-
na, sa prethodno dijagnostikovanom osteoporozom. Metod
dvostruke apsorpciometrije X-zraka (DXA) je upotrebljen
za odredivanje mineralne gustine kostiju (BMD) i proce-
nu trenutnog stanja bolesti. Ucesnice su popunjavale stan-
dardizovani IOF upitnik. Na osnovu merenja BMD, 24.7%
Zena je imalo normalnu gustinu kostiju, dok je kod 18,6%
odreden T-skor nizi od -2,5. Dobijena je statisticki znacajna
povezanost T-skora sa istorijom preloma. Osim toga, dobi-
jena je relativno visoka prevalenca odredenih faktora rizika
(kao Sto su pothranjenost, rana menopauza, ooforektomija,
poremecaji tiroidne i paratiroidne zlezde itd) kod Zena sa
osteoporozom.

Kljucne reci: osteoporoza; osteopenija; mineralna gusti-
na kostiju; T-skor; faktori rizika

ABBREVIATIONS

BMD - bone mineral density

INTRODUCTION

Osteoporosis is a progressive skeletal disorder charac-
terized by low bone mass, compromised bone structure
and increased risk of fractures (1). It affects more than
75 million people in Europe, Japan and the USA (2), and
therefore it represents a serious public health problem. Ev-
ery year it causes about 9 million of fractures worldwide
(3). According to statistics, 1 in 3 women as well as 1 in 5
men aged over 50 experience osteoporotic fractures. Based
on bone mineral density (BMD), the following categories
have been established (4):

]l DE GRUYTER
OPEN

BMI - body mass index

— Normal bone structure — BMD is less than 1 standard
deviation (SD) below the young adult mean value (T-
score > -1);

— Osteopenia — BMD is between 1 and 2.5 SD below
the young adult mean value (-2.5 < T-score < -1);

— Osteoporosis — BMD is more than 2.5 SD below the
young adult mean value (T-score < -2.5);

— Severe osteoporosis — BMD is 2.5 SD or more below
the young adult reference mean in the presence of
fragility fractures.
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Several unchangeable predictors of osteoporosis have been
identified, such as genetics, age, gender, some chronic diseases
etc. On the other hand, there are some factors that can be con-
trolled in order to prevent the disease and decrease the occur-
rence of fractures. These are dietary patterns, nutritional status,
cigarette smoking, physical activity, alcohol use etc. The aim of
this study was to investigate the current state of the disease as
well as the prevalence and the role of certain risk factors among
patients who had previously been diagnosed with osteoporosis.

MATHERIAL AND METHODS

A cross-sectional study has been carried out using a
simple random sampling method. The study population
consisted of 97 female patients older than 35, who had pre-
viously been diagnosed with osteoporosis. The size of the
sample was determined using G-power 3.0.10 (with an as-
sumed power of 0.80 and significance level a=0.05). The
study was conducted during the year 2014-2015, in the
Health Centre Kragujevac, Serbia.

All participants were subjected to Dual-energy X-ray
Absorptiometry (DXA) scan in order to determine BMD,
T-score (deviation of patient’s BMD from the reference
BMD of a healthy 30-year old adult) and Z-score (deviation
of BMD from age-matched reference value). In addition,
the participants were also asked to fill out a standardized
IOF (International Osteoporosis Foundation) question-
naire (5). It included questions regarding family anamnesis,
lifestyles, history of fractures, diseases and medications.
Anthropometric measurements were performed in order
to calculate body mass index (BMI) of all respondents.

Statistical analyzes were done using SPSS 20.0 com-
puter software. Data were tested for normality using Kol-
mogorov-Smirnov test. Spearman bivariate correlation an-
alyzes were applied in order to investigate the correlations
between quantitative variables, while chi-square (x?) test
was used for analyzing categorical data. Differences were
considered statistically significant at p < 0.05.

RESULTS

Table 1 presents descriptive statistics of quantitative
variables investigated in the study. The age of the partic-
ipants ranged from 38 to 83, with a mean of 62.5 + 8.7.
T-score and Z-score were determined based on measured

Table 1. Descriptive statistics of quantitative variables

Minimum  Maximum Average Stal}d&}rd
deviation
Age 38 83 62.5 8.7
Menopause 20 58 42.8 14.1
BMD 0.19 0.85 0.41 0.13
T-score -3.60 0.50 -1.68 0.94
Z-score -3.20 1.20 -0.86 0.92

Figure 1. Classification of the participants according to the measured
T-score value

BMD. According to current T-score, 24.7% of women had
normal bone density, while 18.6% retained the diagnoses of
osteoporosis (Figure 1). The rest of the participants were
classified as osteopenic.

Table 2. Spearman correlation analyzes

Beginning of

Age
menopause
T-score -0,339 -0,097
Z-score 0,085 0,068

The results of analyzing correlations between continu-
ous variables are given in Table 2. T-score was moderately
negatively correlated with the age of the participants. There
was a weak correlation of T- and Z-score with the age of
beginning of menopause. Figure 2 presents T-score classifi-
cation of the participants belonging to different age groups.

Table 3 presents the results of analyzing the data ob-
tained using IOF questionnaire. Two categories (df=1)
were considered while performing x? test: women with
normal BMD (T-score > -1) and women with osteopenia
or osteoporosis (T-score < -1). As expected, a significant-
ly higher percentage of women with T-score < -1 experi-
enced bone fractures after a minor fall. No other statisti-
cally significant difference was found between these two
categories.

DISCUSSION

According to BMD measurements, a significant im-
provement of the disease was observed in 24.7% of patients
who had previously been diagnosed with osteoporosis. In
addition, 56.7% of women were classified as osteopenic.
This amelioration could be the result of combined effects
of many different factors that can influence the develop-
ment of the disease. As expected, the ratio of normal to
osteoporotic cases decreased with increasing age of the
participants (Figure 2).

Previous studies have indicated that bone mineral den-
sity is highly (60-80%) dependent on genetic factors (6, 7).
About 24% of all respondents participating in our study
have reported having one or both parents with the diag-
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nosis of osteoporosis. The prevalence of such cases was This difference was statistically significant (p=0.028) and
higher among the women with T-score < -1. Besides, more it was in agreement with some previous studies that also
women with osteopenia or osteoporosis had bone fractures  found a strong correlation of BMD with the history of falls
in the past (in comparison to those with normal BMD). and fractures [8].

Table 3. The analyzes of categorical data obtained from IOF One-Minute Test

Normal Osteopenia  Osteoporosis
[%] [%] [%]

IOF One-Minute Test

1. Have either of your parents been diagnosed with osteoporosis or

broken a bone after a minor fall? 17.4 82.6 24.5 75.5 25.0 750 0112 0.737

2. Did either of your parents have a stooped back (dowager’s hump)? 8.7 91.3 7.4 92.6 23.5 76.5 0.000 1.000
3. Are you 40 years old or older? 100.0 0.0 98.2 1.8 100.0 0.0 0.000 1.000
4. Have you ever broken a bone after a minor fall, as an adult? 208 792 500 500 529 471 4.807 0.028

5. Do you fall frequently (more than once in the last year) or do you have

a fear of falling? 333 66.7 25.9 74.1 41.2 58.8 0.044 0.834

6. After the age of 40, have you lost more than 3 cm in height (just over 1
inch)?

7. Are you underweight (BMI < 19 kg/m?)? 22.7 77.3 176 824 412 58.8 0.017 0.772

39.1 60.9 51.0 490 76.5 235 1.233 0.267

8. Have you ever taken corticosteroid tablets for more than 3 consecutive

8.3 9.7 173 827 188 813 0482 0.505
months?
9. Have you ever been diagnosed with rheumatoid arthritis? 13.6 86.4 13.2 86.8 11.8 882 0.000 1.000

10. Have you been diagnosed with an overactive thyroid or overactive 182 818 273 727 235 765 0159 0.690

parathyroid glands?
11. Did your menopause occur before the age of 45? 41.7 583 426 574 400 60.0 0.000 1.000
12. Have your periods ever stopped for 12 consecutive months or more? 0 100 9.1 90.9 0 100 0.546 0.335

13. Were your ovaries removed before age 50, without you taking

Hormone Replacement Therapy? 8.3 91.7 18.2 81.8 12.5 87.5 0389 0.505

14. Do you regularly drink alcohol in excess of safe drinking limits (more 0 100 0 100 0 100 _ _

than 2 units a day)?
15. Do you currently, or have you ever, smoked cigarettes? 30.0 700 412 58.8 35.7 64.3 0157 0.692
16. Is your daily level of physical activity less than 30 minutes per day? 450 550 569 431 286 714 0.163 0.686

17. Do you avoid, or are you allergic to milk or dairy products, without

taking any calcium supplements? 10.0 90.0 115 88.5 14.3 857 0.000 1.000

18. Do you spend less than 10 minutes per day outdoors, without taking

vitamin D supplements? 26.3 73.7 192 808 23.1 76.9 0.000 1.000
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Low body mass index (BMI) has been identified as
an important risk factor for development of osteopo-
rosis due to low intake of energy and micronutrients
(9, 10). Besides, estrogens have positive effects on
preserving bone mass by affecting the metabolism of
Ca, P and vitamin D [11]. Aromatase (an enzyme ex-
pressed in gonads and fat tissue) synthesizes estrogens
from androgen precursors. Synthesis in adipose tissue
is the dominant source of estrogens in postmenopausal
women therefore a high body mass index was assumed
to have protective effect on bone degradation [12, 13].
In this study, 41.2% of women with T-score < -2.5 had
BMI lower than 19 kg/m? Totally 24.2% of all partici-
pants were underweight, which is rather high in com-
parison to the prevalence of underweight reported by
Grujic et al. for healthy adult females in Serbia (14).
This confirms the fact that individuals with low BMI
have higher susceptibility to osteoporotic disorders.
Besides, 76.5% of women with T-score < -2.5 had lost
more than 3 cm in height after the age of 40, which is
almost double the percentage obtained for the women
with normal BMD (39.1%).

Furthermore, many studies have suggested that dif-
ferent lifestyles can affect bone mineral density. Smok-
ing and alcohol consumption are usually considered to
promote development of the disease (8, 15). The results
of our study could not confirm this assumption since
all the participants denied consumption of alcoholic
drinks. Besides, the percentage of smokers was almost
equal in all T-score categories and it was comparable
to the data obtained in healthy population (16). More-
over, extensive studies have supported positive effects of
physical activity on bone formation, reduction of bone
loss and prevention of fractures (17, 18). Totally, 48.8%
of women in this study reported having less than 30
minutes of physical activities per day (including house-
work, gardening, walking, running etc.). Unexpectedly,
women with T-score < -2.5 appeared to be more physi-
cally active than others. However, a statistically signifi-
cant correlation between physical activity and T-score
was not found.

Hormonal changes occurring in menopause increase
the rate of bone degradation. The decrease in estrogen
levels leads to enhanced risk of osteoporosis (19). Reduced
production of hormones is also responsible for increased
susceptibility to osteoporotic disorders in women with
removed ovaries. Totally 41.5% of women participating
in our study had entered menopause before the age of 45.
Besides, 14.6% of women reported having had oophorecto-
my before the age of 50 without using hormonal substitu-
tion. The prevalence of oophorectomy was slightly higher
among women with T-score < -1 although this difference
was not statistically significant.

Long-term corticosteroid therapy induces bone loss
by causing osteoblastic suppression and increased bone
resorption (20). The percentage of woman who had tak-
en corticosteroid tablets for more than 3 consecutive

&0

months was more than two times higher in the group
with T-score < -2.5 (18.8%) compared to the group with
normal BMD (8.3%).

Thyroid and parathyroid hormones have direct cata-
bolic effect on bone mineral homeostasis; they stimulate
bone mineral resorption and calcium loss (21). In our
study, 24.2% of all participants reported having overactive
thyroid or parathyroid glands. There was no strong cor-
relation between T-score and the incidence of these dis-
orders. However, the prevalence of hyperthyroidism and
hyperparathyroidism was rather high in comparison to the
prevalence of 0.5-2% obtained for general female popula-
tion (22, 23).

Calcium and vitamin D have been identified as the
most important micronutrients that enable achieving peak
bone mass in youth and prevention of bone loss with aging.
Dairy products are the main sources of calcium due to the
high content and high absorption rate (24). Besides, calci-
um and vitamin D supplementation are extensively used in
treatment of osteoporosis. 12.6% of the respondents in this
study reported avoiding milk and milk products as well as
calcium supplements. In addition, 21.2% of women spent
less than 10 minutes per day outdoors, without using vita-
min D supplementation.

CONCLUSION

Comparing to general population data, a high preva-
lence of some risk factors was obtained in a group of wom-
en diagnosed with osteoporosis. There is a significant cor-
relation between T-score and the history of bone fractures.
The improvement of the disease is probably the result of
many different factors, including lifestyles and habits, his-
tory of diseases and medications, as well as therapy ad-
herence and persistence. Therefore, a special care should
be devoted to informing women with osteopenia and os-
teoporosis about all possible factors that might affect the
course of the disease and improve the quality of life.
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