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IVADAS

Alzheimerio liga (AL) — tai labiausiai paplitusi su amziumi susijusi
demencijos forma, kurios atsiradimg lemia laipsniSkas ir 1€tinis beta amiloido
(AP) baltymo gamybos ir Salinimo pusiausvyros sutrikimas. Ilgéjant gyveni-
mo trukmei AL tampa viena 1§ pagrindiniy sveikatos problemy pasaulyje [1].
Naujausi duomenys rodo, kad $ia liga serga apie 50 milijony Zmoniy.
Teigiama, jog §is skaicius po dvideSimties mety padidés dvigubai [2]. Spar-
¢iai augant AL paplitimui, efektyviy diagnostiniy bei gydymo priemoniy
kiirimas tampa svarbia moksliniy tyrimy sritimi. AP baltymas yra laikomas
vienu pagrindiniy veiksniy, inicijuojan¢iy AL patogenezés vystymasi [3—5],
tatiau AP toksiSkumo molekuliniai mechanizmai iki Siol néra aiSkds.
Sinapsiniai ir ne sinapsiniai neurony poky¢iai, o taip pat ir kity, ne neuroniniy
lasteliy funkciniai bei struktiriniai kitimai gali pasireiksti beveik tuo paciu
metu kaip AL vystymasis, tod¢l manoma, kad AP gali veikti neuronus tiesio-
giai, pazeisdamas sinapses ar sukeldamas neurony ziitj, ir netiesiogiai per
mikroglijos lasteliy aktyvacija [6, 7]. Neurotoksinis AP poveikis ir uzdegimi-
niy procesy pasireiskimas taip pat gali biiti siejamas su Siy peptidy gebé&jimu
jungtis prie lasteliy membrany, todél didelis démesys skiriamas neurouzdegi-
miniams procesams bei A sgveikai su kitomis smegeny lgstelémis. Neteisin-
gai susiformave ir agreguoti baltymai, jungdamiesi prie mikroglijos recepto-
riy, gali sukelti imuning reakcijg ir taip inicijuoti AL progresija [8, 9]. Mazai
yra zinoma apie mechanizmus, kurie lemia AP patogeniniy dariniy toksinj
poveikj gyvybiskai svarbiems biocheminiams procesams, todél iki Siol néra
sukurta efektyviy priemoniy ligos progresijos stabdymui ar jos gydymui.
Vienais perspektyviausiy yra laikomi imunoterapija paremti AL gydymo
metodai, panaudojant antikiinus prie§ toksisSkas AP formas. Nors daugelis in
vitro ir in vivo tyrimy su gyviny modeliais buvo veiksmingi mazinant A
sankaupas ir neurity pazaidas bei pagerino kognityvines funkcijas, taciau
pasireiskus smegeny uzdegimui, ikiklinikiniai tyrimai buvo nutraukti. Prie-
zastys, kodél imunoterapija nebuvo sékminga bei kas lémé uzdegimo
pasireiskimg, néra aiskios iki Siol. Mazai zinomi ir patogeniniy AP dariniy
sgveikos su mikroglijos Igstelémis sukeltos neurony Zzities molekuliniai
mechanizmai.



DARBO TIKSLAS IR UZDAVINIAI

Darbo tikslas

Istirti Alzheimerio ligos (AL) patogenezéje dalyvaujanciy beta amiloido
(AP) peptidy neurotoksinio poveikio molekulinius mechanizmus.

Darbo uzdaviniai

1. [IStirti mazy APi-42 oligomery poveikj smegenéliy lasteliy membra-
nos potencialui ir jvertinti sukelty poky¢iy bei APi-42 oligomery
sukeltos neurony zities priklausomybg nuo NMDA receptoriy.

2. Istirti jvairaus oligomerizacijos laipsnio APB1-42 agregaty ir antiktiny
prie§ AP neurotoksinio poveikio mechanizma.

3. vertinti anti-AP ir skirtingy APi1-42 agregaty kompleksy poveikj
sinapsiniy rysiy tankiui.

4. Istirti Alzheimerio tipo demencija serganciy pacienty biologiniy
skysc¢iy poveiki smegenéliy neurony—glijos lasteliy kultiroms bei
palyginti jj su pacienty, neturin¢iy kognityviniy sutrikimy, ir kita
demencijos forma serganciy pacienty biologiniy skys¢iy poveikiu.

Darbo aktualumas ir mokslinis naujumas

Tirpiy APi-42 peptidy formavimasis ir kaupimasis yra laikomi pagrin-
diniais Alzheimerio ligos vystymasi lemian¢iais veiksniais. Zinoma, kad
mazi ir dideli APi1-42 oligomerai gali tiesiogiai veikti neuronus ir aktyvinti
juose lagsteliy ziities mechanizmus bei netiesiogiai per glijos lasteliy aktyva-
cija sukelti citokiny iSsiskyrima ir taip inicijuoti neurony ziitj. Visgi, kaip AP
sgveikauja su smegeny lgstelémis ir kokie yra toksinio poveikio pasireiSkimo
mechanizmai néra iki galo zinoma. Siame darbe pirma karta parodyta, kad
toksiSki mazi APi-42 oligomerai (1-3 nm) esant koncentracijoms, biidingoms
smegeny patologijos salygoms, sukelia greita neurony ir mikroglijos lasteliy
membrany depoliarizacija neurony—glijos, grynose mikroglijos, zievés ir
smegenéliy neurony kulttirose. Nustatéme, kad mikroglijos lasteliy membra-
ny depoliarizacija, sukelta APi-42 oligomery, gali buti susijusi su NMDA
receptoriy aktyvacija, o APi42 oligomerai neuronus veikia tiesiogiai ir
NMDA receptoriai ankstyvajame neurony depoliarizacijos procese nedaly-
vauja. Misy tyrimai atskleideé, kad APi-42 oligomery sukelta Iasteliy membra-
ny depoliarizacija sglygoja glutamato iSskyrimg i§ lasteliy, kuris susijes su
poky¢iais vykstanc€iais neuronuose, bet ne mikroglijos Igstelése. Nustatéme,
kad NMDA receptoriy antagonistas MK-801 normalizavo mikroglijos laste-
liy membranos potencialg, nelgstelinio glutamato koncentracijg ir i§ dalies
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apsaugojo neuronus nuo APi-42 oligomery sukeltos Ziities CGC kultiiroje, kas
rodo, kad NMDA receptoriai dalyvauja APi-42 oligomery neurotoksiskumo
mechanizme. Parodéme, kad NMDA receptoriai nedalyvauja mikroglijos
lasteliy aktyvacijoje ir APi-42 oligomery toksiSkumas néra susije¢s su mikro-
glijos aktyvacijos zymens — TNF-a i$siskyrimu j Igsteliy augimo terpe.

Manoma, kad AP gamybos slopinimas yra vienas potencialiy AL gydy-
mo strategijy [10], tod¢l gydymo metodai, paremti imunizacijos taikymu,
naudojant antikiinus prie§ AP peptidus, iki Siol yra laikomi vienais perspekty-
viausiy. Nors yra zinoma, kad antiktinai prie§ AP oligomerines formas geba
apsaugoti neuronus nuo AP oligomery sukelto toksinio poveikio neurony
kulttirose, in vivo AL gyviiny modeliuose, tiksliis mechanizmai, kodél antikii-
nai kai kuriais atvejais veikia toksiskai bei lemia uzdegimo pasireiSkimg —
néra aiSkiis iki Siol. D¢l Sios priezasties imunizacija paremti tyrimai yra ypac
aktualiis. Siame darbe pirmieji parodéme, kad Api-42 toksinis poveikis didéja
sgveikoje su AP specifiskais antikiinais. Nustatéme, kad monokloniniy anti-
kiiny anti-A bei visy APi-42 agregaciniy biiseny peptidy imuniniai komplek-
sai pasizymi stipriu toksiniu poveikiu CGC kultiiroms ir sukelia neurony Zziitj.
Masy tyrimai atskleide, kad imuniniai kompleksai gali sukelti ne tik
neuroniniy lasteliy zitj, bet ir jy tankio mazéjima bei mikroglijos prolife-
racijg. Pirmieji nustatéme, kad oligomeriné antigeno struktiira lemia imuniniy
kompleksy toksiskuma lgsteléms. Parodéme, kad imuniniy kompleksy toksis-
kuma salygoja antikiino Fc dalis, kuri jungdamasi prie mikroglijos Iasteliy Fc
receptoriy gali sukelti Siy lgsteliy proliferacijg ir neurony zitj. Taip pat
parodéme, kad sinaptotoksinis anti-A ir ABi1-42 kompleksy poveikis CGC
kultiiroje siejamas su APi-42 agregacine biisena ir peptidy dydziu, bei priklau-
so nuo imuniniy kompleksy inkubacijos trukmés.

Iki Siol néra paskelbty duomeny apie AL ir kita demencijos forma ser-
ganciy pacienty kraujo serumo ir smegeny skyscio poveikj lasteliy kultiiroms.
Siame darbe pirma kartg nustatéme, kad skirtingai nuo pacienty, neturinéiy
kognityviniy sutrikimy, ir kita demencijos forma serganciy pacienty, kraujo
serumas ir smegeny skystis paimtas i§ AL serganciy pacienty, pasizZymi
stipriu toksiniu poveikiu smegeny lasteléms. Parodéme, jog egzistuoja skir-
tumai tarp AL ir kita demencija serganciy pacienty biologiniy skysciy ir tik
serganCiyjy AL smegeny skystis sukelia neurony gyvybingumo ir lasteliy
skaiCiaus sumaz¢jimg, o kraujo serumas pasizymi uzdegima mazinanciu
poveikiu.
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Darbo praktiné reik§mé

Gauti nauji duomenys apie skirtingus AP patogeniniy dariniy toksiskumo
mechanizmus, kuriy supratimas gali prisidéti prie neurony zities sustabdymo
ar efektyviy farmakologiniy preparaty ktrimo. Anti-Af antikiiny salygoto
AP1-42 neurotoksiSkumo tyrimai gali prisidéti prie uzdegimo mechanizmy
suvokimo bei potencialiy prevencijos jrankiy ar gydymo priemoniy, stabdan-
¢iy Alzheimerio ligos progresavima, kiirimo. AL pacienty biologiniy skysc¢iy,
kraujo serumo ir smegeny skyscio, poveikio smegenéliy kultiiroms analizé
gali biiti taikoma kaip potencialus pirminis arba klinikinius biologiniy Zyme-
ny tyrimus papildantis ankstyvosios Alzheimerio diagnostikos metodas.
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1. LITERATUROS APZVALGA

1.1. Alzheimerio liga: ligos vystymasi lemiantys veiksniai

Alzheimerio liga (AL) — viena 1§ dazniausiai pasitaikan¢iy demencijos
formy senatvéje. Tai negriZztamas neurodegeneracinis sutrikimas, kuriam
budingas progresuojantis atminties funkcijy praradimas, paZzintiniai bei
elgsenos pokyciai, sutrikdantys kasdienj asmens funkcionavima [11]. PrieSin-
gai nei natiiralaus sen¢jimo metu, AL serganciyjy pacienty smegenyse stebi-
mi tokie ryskiis bei palaipsniui progresuojantys pokyciai kaip smegeny zievés
atrofija bei smegeny keteros susiaur¢jimas. Labiausiai paveikiamos smilkini-
nés srities dalys (hipokampas, parahipokampinis vingis, migdolinis kiinas),
kurie kaip manoma, yra atsakingi ir sudaro ilgalaikés atminties sistemg [12,
13]. Sen¢jimas yra vienas i§ pagrindiniy Sios ligos vystymasi lemianciy
veiksniy, todél senyvo amziaus Zzmoniy populiacija yra pagrindiné rizikos
grupé, kuriai gali pasireiksti AL [14]. AL pagal pasireiSkimg skirstoma j du
tipus — ankstyvajg ir vélyvaja. Vélyvoji AL forma yra labiausiai paplitusi ir
sudaro apie 90-95 proc. visy ligos atvejy, esant vyresniam nei 65 metai
amziui. Like 5—10 proc. priskiriami ankstyvajai AL ir jos pasireiSkimo amzius
siekia 30—65 metus [15]. Kai kurie i§ ankstyvyjy AL atvejy, dar kitaip vadi-
namy $eiminiais, paveldimi autosominiu dominantiniu biidu. Seiminé Alzhei-
merio liga (SAL) yra susijusi su mutacijomis, vykstanciomis trijuose genuose,
kurie atsakingi uz AP gamyba: amiloido baltymo pirmtakas (APP) aptinka-
mas 21 chromosomoje, presinilinas 1 (PS-1) aptinkamas 14 chromosomoje ir
presinilinas 2 (PS-2) aptinkamas 1 chromosomoje [16].

Visgi, didZioji dalis AL atvejy yra savaiminiai (sporadiniai), kuriy prie-
zastys néra aiskios, taCiau manoma, jog didzioji dalis jy yra apspresti ne gene-
tiniy veiksniy, o aplinkos poveikio [15].

AL vystymasi lemia keli pagrindiniai morfologiniai poky¢iai, tokie kaip
sinapsinés pazaidos ir sinapsiy praradimas lydimas neurony Ziities. Jie siejami
su neuropatologiniy AL sukelian¢iy veiksniy — amiloidiniy ploksteliy bei
neurofibriliniy raizginiy formavimusi [17, 18], lydimu astrogliozes [19] ir
mikroglijos lasteliy aktyvacijos, kuri sukeliama toksinio amiloido beta (AP)
baltymo [20, 21]. UZlasteliniy amiloidiniy (seniliniy) ploksteliy formavima-
sis, sglygojamas AP kaupimosi bei vidulgsteliniy neurofibriliniy Tau-baltymo
raizginiy formavimasis yra pagrindiniai AL charakterizuojantys veiksniai [4,
5, 22], kurie lemia patologiniy procesy pasireiskima ligos metu [23]. AB
baltymas laikomas vienu i§ pagrindiniy iniciatoriy, skatinan¢iy vidulastelinio
Ca’" koncentracijos didéjimg, oksidacinio streso pasireiskimg bei receptoriy
tarpininkaujamos lasteliy zuties kaskados aktyvacija [23].
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1.2. AL patogenezé ir rySys su beta amiloido (Af) baltymu

1.2.1. Amiloido baltymo pirmtakas (APP)

Amiloido baltymo pirmtakas (APP) — 110-130 kDa integralusis trans-
membraninis baltymas, randamas jvairiy tipy lastelése [24]. Dazniausiai yra
aptinkamos keturios baltymo izoformos, sudarytos i§ 695, 563, 751 ir 770
amino rugsciy [25]. APP751 ir APP770 izoformos, turin¢ios Kunitz serininés
proteazés slopiklio domeng (KPI), dazniausiai nustatomos daugelyje audiniy,
o trumpiausioji izoforma APP695, neturinti KPI domeno, gausiausiai sinte-
tinama neuronuose ir yra laikoma pagrindine APP forma CNS [26]. Lastelése
APP sutinkamas plazmin¢je membranoje, endoplazminiame tinkle, GoldZio
komplekse bei lizosomy, endosomy ir mitochondrijy membranose [24, 27].
Zinoma, kad APP yra daugiafunkcinis baltymas, kuris dalyvauja daugelyje
biologiniy procesy bei jtraukiamas j jvairius signalinius kelius: APP siejamas
su lasteliy proliferacijos ir diferenciacijos procesais [28-30], dalyvauja
sinaptogenezeje [31, 32] bei neurony vystymesi [33-35], o anti-APP antiku-
nai blokuoja atminties formavimasi in vivo [36]. Manoma, kad APP baltymas
skatina NMDA receptoriy (NMDA-R) kaupimagsi neurony posinapsiniame
regione. Nustatyta, kad CGC bei hipokampo neuroniniy lasteliy kultiirose
APP skatina NMDA-R kaupimasi neuroniniy Igsteliy pavirsiuje, slopindamas
receptoriy endocitozg, parodant, jog $i APP funkcija gali biiti bendra visoms
lasteléms, ekspresuojan¢ioms NMDA-R [31]. APP brendimas yra reguliuoja-
mas zieveés neurony diferenciacijos metu ir siejamas su subrendusiy neurony
fenotipu ir funkcijomis [35].

APP proteolitinis skilimas vyksta dalyvaujant trims skirtingoms sekreta-
zéms bei jy kompleksams, kurie siejami su AL vystymusi [37]. ISskiriami du
APP skaidymo ir apdorojimo keliai (1.2.1.1 pav.): iSorinis (B/y sekretazes
skélimas) — amiloidogeninis kelias ir transmembraninis (o/y sekretazés ské-
limas) — ne amiloidogeninis kelias. Ne amiloidogeninio skilimo metu
(1.2.1.1 pav. A) a-sekretazé skelia APP baltymg ties 83 a. r. nuo peptido C-
galo, ties AP sekos viduriu. Sio proceso metu j lastelés iSore yra atpalai-
duojamas didelis, tirpus APP fragmentas sAPPa bei membranoje lieka C-
galinis fragmentas aCTF (C83) [35], kurj skaido y-sekretazé. Sio o/y sekretazés
skélimo metu nesusiformuoja AP peptidai [4, 38, 39]. Membranoje pasilikes
amiloido domenas AICD, perduoda signalus i§ membranos j branduolj per
epigeneting moduliacijg geny ekspresijos metu [40].

APP skilimo kelias kurio metu susiformuoja keliy tipy AP peptidai (38,
40, 42 aminoriigsciy liekany ilgio), vadinamas amiloidogeniniu (1.2.1.1 pav.
B). Jo metu APP baltymo skilimas vyksta dalyvaujant - ir y-sekretazéms (B/y
sekretazes skélimas). Sio skilimo metu uz lastelés riby atpalaiduojamas tirpus
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peptidas sAPPP bei membranoje licka 99 a. r. BCTF (C99) peptidas [35].
Tolesnio BCTF skelimo metu, veikiant y-sekretazei inicijuojama AP gamyba.
Tokiu buidu sintetinami apie 90 proc. ABi-40 bei 10 proc. AB1-42 peptidai, kurie
agreguojasi | didesnius darinius. Susidar¢ AP oligomerinés ir galiausiai
netirpios makroskopinés fibrilinés struktiiros suformuoja amiloidines ploks-
teles (1.2.1.1 pav. C), kurios laikomos vienomis pagrindiniy AL patologiniy
veiksniy [4, 24, 35, 39].

Zinoma, kad APP geno mutacijos padidina APi-42 peptido kiekj, kuris
amiloidiniy ploksteliy pavidalu kaupiasi smegenyse [43]. Nustatyta, kad
veikdamas per serpino receptorius, APP geba pats inicijuoti toksinio poveikio
pasireiSkima neuronams [44, 45]. In vivo tyrimy metu, atliekant AP1-40 mikro-
injekcijas j suaugusiy ziurkiy patiny smegeny Zzieve, imunohistocheminé
audiniy analizé¢ parodé, kad mikroinjekcijy zonose bei hipokampo srityse
buvo stebimos AP1-40 sankaupos. Jos iniciavo neurony ir neurity degeneracija
ir nuo koncentracijos priklausomg neurony ziitj. Kontrolinése ziurkiy grupé-
se, kurioms buvo atliktos smegeny mikroinjekcijos ne su amiloidiniu peptidu
A37, neurity bei neurony degeneracija nebuvo nustatyta [44].

Zinoma, kad pats APP néra neurotoksiskas, tadiau prisideda prie neurony
jautrumo, esant nelgstelinéms pazaidoms [46]. Nustatyta, kad pirmines peliy
zievés neuroniniy lasteliy kultiras veikiant sintetiniu APi-42 bei padidintu
kiekiu glutamato, buvo stebima pilna neurony degeneracija. Tirdami NMDA
receptoriy specifiSkumag AP poveikiui tyréjai nustaté, kad ilgalaiké lasteliy
inkubacija su ABi-42 padidino tolesnj neurotoksiSkumo pasireiskimg per mazo
intensyvumo glutamato receptoriy veikima [46]. Nors iki galo néra aiSku kaip
APP sukelia neurofibriliniy raizginiy formavimasi ir neurony Zutj, Zinoma,
kad jis dalyvauja kalcio homeostazés sutrikdyme ir sukelia vidulgstelinio
kalcio koncentracijos did¢jima, kas gali paaiskinti neurofibriliniy raizginiy
susiformavimg [45]. Kaip APP sutrikdo kalcio homeostazg néra iki galo zino-
ma, taciau bendras mechanizmas siejamas su kalcio tarpininkaujamu neurony
ziities mechanizmu [45].
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1.2.1.1 pav. APP proteolizés schema

(A) — APP proteolitinis skilimas, dalyvaujant a/y sekretaziy kompleksams (ne amiloidoge-
ninis kelias). a-sekretazé skelia APP baltymg AP sekos viduryje: atpalaiduojamas tirpus
sAPPa fragmentas, membranoje palickamas aCTF fragmentas, kuris veikiant y-sekretazei
skeliamas iki p3 peptido bei amiloidinio vidulastelinio domeno AICD; (B) — APP proteoliti-
nis skilimas, dalyvaujant B/y sekretaziy kompleksams (amiloidogeninis kelias). B-sekretaze
skelia APP baltyma uz AP, atpalaiduojamas aAPPp fragmentas, membranoje palickamas
BCTF fragmentas, kuris veikiant y-sekretazei skeliamas iki AICD domeno ir atpalaiduojamas
38-42 a.r. ilgio AP peptidas. Paveikslas pritaikytas naudojantis [35, 41] Saltiniais. (C) — AP
agregacijos schema: APP amiloidogeninio skilimo metu susidaranti Af monomeriné forma
agreguoja ir sudaro dimerines bei oligomerines formas, kurios suformuoja fibriles. Amiloi-
diniy fibriliy kaupimosi metu susidaro amiloidinés plokstelés [42].

Detalesnis A} agregacijos apraSymas pateikiamas /.2.2 skyriuje (zr. 17 psl.).
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1.2.2. Beta amiloido (APi1-42) agregacija ir toksiSkumas

Proteolitinis APP skilimas, susidarant A monomerams, yra fiziologinis
procesas, kurio metu AP yra paSalinamas i§ smegeny ir degraduojamas, o
sutrikus pusiausvyrai tarp AP gamybos bei Salinimo gali buti inicijuojami
patologiniai procesai, sukeliantys AL simptomus [3]. Fiziologinémis sglygo-
mis uzlastelinés monomerinés AP formos su lipoproteiny receptoriais susiju-
sio baltymo 1 (LRP1) yra perneSamos per smegeny kraujo barjerg ir pateku-
sios | krauja, proteaziy, tokiy kaip neprilizinas, nuo cinko priklausomy
metaloproteinaziy, insulino degradacijos fermenty ar angiotenzino konver-
tuojancio fermento yra degraduojamos [47]. Nustatyta, kad mazos monome-
rinio AP koncentracijos pasizymi antioksidacinémis ir neuroapsauginémis
savybémis. Slopindamos superoksido sukelta Fe(Ill) redukcija, jos apsaugo
lasteles in vitro nuo galimos lipidy peroksidacijos ir pereinamyjy metaly
sukelty oksidaciniy pazeidimy [48]. Mazos pikomolinés APi-42 koncentra-
cijos padidina sinapsiy plastiSkumg ir dalyvauja atminties formavimosi
procesuose [49] bei skatina neurogenezés procesa esant in vitro bei in vivo
salygoms [50]. Tai rodo, jog AP atlieka daug fiziologiniy funkcijy, kurios
svarbios neuroniniy lasteliy iSgyvenamumui. Visgi, AP laikomas vienu
pagrindiniy AL patologiniy veiksniy, kurio agregacija vaidina svarby vaid-
menj ligos patogenezéje [51]. Beta amiloido baltymas (APB) yra ~4 kDa
dydzio ir mazos molekulinés masés, savaime besiagreguojantis polipeptidas
[38, 43, 52, 53]. Nors AP gaminamas monomerinés formos, $ios molekulés
yra linkusios greitai agreguoti ir sudaryti jvairiy dydziy multimerinius
kompleksus nuo mazy tirpiy oligomery, profibriliy bei netirpiy fibriliy ir
galiausiai amiloidiniy ploksteliy sankaupy (1.2.1.1 pav. C) [38, 43, 52, 53].

Yra i8skiriami du pagrindiniai dominuojantys AP peptidai — APi-4o ir
APi-42. Monomeriniai AP1-40ir AB1-42 gaminami jvairiy tipy lastelése ir esant
fiziologiskai reikSmingoms koncentracijoms nepasizymi citotoksiniu povei-
kiu [54]. AP monomerai dazniausiai bina sudaryti i§ a spiralinés struktiiros,
tuo tarpu pakitusios formos polimerai turi daug P klostiniy struktiiry. Vyks-
tant konformaciniams pokyc¢iams, B klosCiy skaiciaus gausé¢jimas padidina
homofilines saveikas ir sukelia AP oligomery susidaryma [39, 55]. Nustatyta,
kad tirpiis 3—10 nm APi-42 oligomerai [56], lyginant su AP1-42 monomerais ir
netirpiomis fibrilémis, yra toksiskiausia forma [4, 52, 53]. APB1-42 oligomerai
skirstomi j dimerus, trimerus, tetramerus [57], pentamerus ir dekamerus [58],
1§ AP kildinamus difuzinius ligandus, dodekamerus ir AB*56 [59]. Toksis-
kiausios peptido dalelés, manoma, yra nuo dimero, trimero iki dvylikos
peptido ilgio dodekamery [60]. In vitro salygomis APi-40 biina stabilesni ir
ilgesn;j laikg i§licka monomerinés biisenos, lyginant su ilgesnigja APB1-42 forma
[61]. APi-42 monomerai yra linkes grei¢iau sudaryti didesnius darinius bei
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pasizymi savybe suformuoti stabilias tirpiy APi-42 oligomeriniy formy struk-
tiiras [62] bei iSlaikyti jvairiasng struktiirg, sudaryta i§ monomery, dimery,
trimery, tetramery iki tol, kol agreguojasi j fibriles [61, 63]. AP1-42 gebéjimas
grei¢iau oligomerizuotis siejamas su didesniu peptido toksiSkumu lgsteléms.
Nustatyta, kad APi-42 lyginant su APi-4o peptidais, labiau veikia lgsteliy
gyvybinguma, o oligomerinés APi-42 formos pasizymi didesniu toksisSkumo
laipsniu Igsteléms, lyginant su monomerinémis ir fibrilinémis Af1-42 formo-
mis [64]. Toksiskumo lgsteléms priklausomybé nuo APi-42 agregaty dydzio ir
koncentracijos buvo patvirtinta ir kity tyréjy, kurie atliko tyrimus su peliy
neuroblastomos Igsteliy N2 linijomis. Parodyta, kad APi-42agregatai, lyginant
su APi-40, pasizymi stipresniu toksiniu poveikiu jau esant mazoms agregaty
koncentracijoms (50 nM—5 uM) ir citotoksiSkumo laipsnis didéja atitinkamai
didéjant peptidy agregacinei biisenai. Visgi, maziausiai toksiniu poveikiu
pasiZzyméjusi monomeriné¢ Afi-42 forma, esant didesnéms koncentracijoms
(5 uM) taip pat sukelia lgsteliy zatj, prieSingai nei AP1-40 monomerai, kurie
net esant didesnéms koncentracijoms (15 pM) néra toksiski [65]. Nustatyta,
kad neuronai iSskirti i§ skirtingy smegeny regiony yra panasiai jautriis APi-42
oligomerams, bet néra jautriis APi1-42 monomerams bei fibriléms [52]. Tyri-
mai su pirminémis neurony bei miSriomis neurony-glijos Igsteliy kultiiromis
parod¢, kad tik mazi AP1-42 oligomerai sukelia nuo koncentracijos priklauso-
ma neurony zit] ziurkiy smegenéliy ir didziyjy pusrutuliy kulttirose. Nustaty-
ta, kad APi42 oligomery toksiSkumas tiesiogiai priklauso nuo agregaty
dydzio. Mazi 1 uM APi-42 oligomerai po 24 val. inkubacijos lgsteliy kultiirose
sukelia stiprig neurony ziit] ir CGC lasteliy gyvybingumas iSlieka tik 10—
40 proc. Parodyta, kad poveikis mazéjo atitinkamai didéjant APi-42 agregary
dydZiui ir esant 5-9 nm APi-42 poveikio lgsteléms nebuvo nustatyta [52].

AP agregaty koncentracija, agregaciné biisena bei peptido daleliy dydis
yra svarbiis veiksniai, lemiantys agregaty toksiSkumo laipsnj. D¢l skirtingo
AP agregaty toksinio poveikio iki Siol néra zinoma, kaip AP struktira veikia
peptido funkcijas bei per kokius mechanizmus pasireiSkia tiesioginis ir
netiesioginis AP neurotoksinis poveikis Igsteléms.

1.2.3. Ap baltymas ir jo rySys su amiloidinés kaskados hipoteze

Amiloidinés kaskados hipotezé teigia, kad smegenyse vykstantis laips-
niSkas ir létinis A gamybos ir Salinimo pusiausvyros sutrikimas veda prie
komplekso lasteliniy ir molekuliniy poky¢iy. Sie pokyéiai tiesiogiai siejami
su amiloidiniy ploksteliy formavimusi ir laikomi AL patogenezes priezastimi.
Atsiranda vis daugiau tyrimy rodanciy, jog ne amiloidinés sankaupos, o
ivairios AP peptido formos koreliuoja su sinapsiy pazeidimu ir pazinimo
funkcijy sutrikimu gyviny modeliuose ir yra siejamos su glijos ir neurony
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disfunkcijomis [66]. Amiloidinés kaskados hipoteze iSlieka priestaringa ir dél
to, jog neurotoksinés AP riiSys ir jy poveikio pobiidis neurony funkcijoms
néra nustatytos in vivo. Visgi, yra duomeny, jog tirpis A oligomerai, bet ne
monomerai ar netirpios amiloidings fibrilés gali sukelti sinapsiy pazaidas AL
serganciy pacienty ir modeliniy gyviny smegenyse [43]. Nustatyta, kad
transfekuoty ziurkény kiausidziy lasteliy augimo terpés mikroinjekcijos i
ziurkés smegenis in vivo sukele ilgalaikés potenciacijos (LTP), susijusios su
atminties formavimusi, slopinima [67]. Injekuotose terpése buvo aptinkamos
fiziologiskai randamos AP oligomery koncentracijos. Tai rodo, kad tirptis AP
oligomerai, 0 ne monomerai ar fibrilés yra atsakingi uz sinapsiy plastiSkumo
sutrikdymg. Kita amiloidinés hipotezés problema siejama su nenustatytu
tiesioginiu AP sankaupy rysiu su neurony ziitimi [43]. In vitro PDAPP trans-
geniniy peliy modeliy tyrimai parodé, kad AP sukelia neurony distrofijg ir
gliozg, taciau poveikio neurony gyvybingumui neturi [68]. Nustatyti neurity
ir glijos morfologiniai pokyciai rodo, kad neurodegeneraciniai AL poky¢iai
siejami su specifiniy AP sankaupy subtipais [69]. Oligomerin¢ amiloidinés
kaskados hipotez¢ iSskiriama kaip vienas 1§ galimy AL aiSkinan¢iy mecha-
nizmy [70, 71]. Remiantis ja, tirpiis mazos molekulinés masés AP oligomerai
atlieka svarbesnj vaidmen; sinapsiy bei neurony pazeidimuose, lyginant su
netirpiais fibriliniais AR komponentais [71], o AP toksiSkumas apspren-
dziamas tirpios AP frakcijos, todél daugelyje tyrimy stebimas biitent tirpiy
AP oligomery toksinis poveikis [72]. In vitro bei in vivo tyrimai rodo, kad AL
simptomy pasireiskimas ir neurony ziitis nekoreliuoja su amiloidiniy sankau-
pu kiekiu skirtinguose smegeny regionuose [72, 73]. Didesné toksinio povei-
kio koreliacija su AL sunkumo laipsniu yra nustatoma su tirpiomis oligome-
rinémis, bet ne fibrilinémis AP formomis [74]. In vivo tyrimai su peliy
smegeny pjuviais bei lgsteliy linijjomis parodé, kad AP oligomerai pakeicia
dendritiniy ataugy tankj ir taip paZzeidzia hipokampo neurony sinapsiy plastis-
kuma [75, 76]. Nustatyta, kad dimerai yra maziausia sinaptotoksiniu poveikiu
pasireiSkianti AP oligomery forma [72, 77]. Transgeniniy peliy tyrimai
parodé, kad senyvo amziaus peliy smegenyse daugiausia aptinkamos tirpios
mazy AP oligomery formos (dimerai, trimerai). Jy kaupimasis smegenyse
patebimas anksciau nei susiformuoja fibrilinés amiloidinés plokstelés bei
ivyksta neurony zutis, astroglijos proliferacija ar pasireiskia atminties
sutrikimai [72]. Taciau transgeniniy peliy modeliuose, kuriuose amiloidiniy
ploksteliy patologija atitinka AL patologija, neurony Ziitis pasireiskia jau
ankstyvuoju laikotarpiu ir vélyvame amziuje nestebima [68, 72]. Atlikta
suaugusiy (17 meén.) transgeniniy peliy, jaunesnio amziaus peliy (9, 12 mén)
ir kontroliniy laukinio tipo peliy palyginamoji analizé parode, kad 17 mén.
pelése amiloidiniy ploksteliy kiekis buvo didziausias lyginant su kitomis
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grupémis, taciau jy poveikyje nebuvo stebima neurony Zitis. Nustatyta pazei-
dziamiausia limbiné smegeny sritis [68, 72].

Zinoma, kad toksinio poveikio pasireiskimui transgeniniy gyviny
modeliuose reikalingos mikromolinés AP koncentracijos [78, 79], tuo tarpu
smegenyse AP koncentracijos yra milijong karty mazesnés ir siekia pikomo-
lines koncentracijas [74, 80, 81]. Teigiama, kad biitent dé¢l Sios priezasties AP
toksinio poveikio pasireiSkimg AL metu salygoja ir kiti veiksniai. Manoma,
jog vidulasteliniy AP sankaupy sukeltas uzdegiminis atsakas, kuris véliau
sustiprinamas tau baltymo agregacijos [82] gali lemti AL pasireiSkimg. Ami-
loidin¢ kaskados/uzdegiminé hipoteze iSskiriama kaip dar vienas galimas AL
aiSkinantis mechanizmas, kuriame svarbig vietg uzima mikroglijos Igstelés.

1.2.4. AL mechanizmai ir jy rysSys su A baltymu

Uzdegiminé hipotez¢ teigia, kad toksinis AP peptidy poveikis neuronams
gali pasireiksti netiesiogiai per mikroglijos Igsteliy aktyvinimg. Aktyvacijos
metu inicijuojami prouzdegiminiai procesai, lemiantys citokiny, chemokiny,
aktyviy deguonies ir azoto formy bei jvairiy skilimo fermenty isleidima,
lydimg degeneraciniy pokyc¢iy neuronuose [83—85]. Ankstyvuoju AL laiko-
tarpiu mikroglijos lasteliy aktyvinimas skatina AP Salinimg per mikroglijos
receptoriy gaudykles (angl. microglia’s scavenger receptors) [63]. Nuolatiné
mikroglijos lasteliy aktyvacija, veikiant Ap per CD36 [86], Fc ir ,,toll-like*
receptorius (TLR) [87], bei galutiniy glikozilinimo produkty repectorius
(RAGE) [88] padidina AP gamyba bei sumazina AP Salinimg ir yra siejami
su neurony zutimi [89]. Yra iSskiriami du neurouzdegima sukeliantys keliai —
AP sukeltas neurouzdegimas per mikroglijos lasteliy aktyvacija ir AP sukelta
mikroglijos Igsteliy aktyvacija, vedanti prie neurouzdegiminiy procesy [90].

AP sukelta mikroglijos Iasteliy aktyvacija skatina prouzdegiminiy
citokiny, tokiy kaip (IL)-1pB, IL-6, IL-8, TNF-a, aktyviy deguonies ir azoto
junginiy bei chemokiny iSsiskyrimg [91] bei neuroniniy pazaidy atsiradima
[92]. Prouzdegiminiai citokinai sukuria chroniska ir save palaikancig uzdegi-
ming sgveika tarp aktyvuotos mikroglijos Igsteliy, astrocity, paveikty neurony
ir AP ploksteliy. Pagrindinis tokios sgveikos veiksnys — padidéjusi IL-1 ga-
myba [85]. Esant IL-1 pertekliui inicijuojama neurony ziitis [93]. Nustatyta,
kad padidéjusi IL-1 raiska lemia distrofiniy neurity formavimasi amiloidinése
plokstelése [94, 95]. Parodyta, kad neurony zutis gali biiti susijusi su tiesio-
giniu IL-1 neurony B-APP sintez¢ skatinanciu poveikiu, vedanciu prie AP
gamybos. Siuo atveju AP tiesiogiai aktyvina mikroglijos lasteles ir taip
padidina IL-1p raiska [96]. Misriose astrocity—mikroglijos lasteliy kultiirose
TNF-a ir IL-1 tiesiogiai skatina mikroglijos proliferacija [97] ir padidina IL-1
bei IL-6 gamyba [98, 99].
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Vienas seniausiy mechanizmy, aiSkinan¢iy AP vaidmenj AL patologijo-
je, paremtas cholinergine neurony disfunkcija [100]. Teigiama, kad padidé-
jusi AP gamyba, kuri siejama su sAL ir SAL yra lydima ne tik pagrindiniy
patologiniy Zymeny — amiloidiniy ploksteliy ar neurofibriliniy raizginiy for-
mavimosi, taciau taip pat aiSkinama atsirandanc¢ia nerviniy impulsy disfunk-
cija [101]. Nustatyta, kad AP oligomerai sukelia sinapsiy pazaidas, incijuoja
pakitusig glutamato pernasg ir salygoja ilgalaikés potenciacijos pazeidimus,
lydimus neurony ztties [102]. In vitro ir in vivo tyrimai rodo ry$j tarp cholino
acetiltransferazés (ChAT) ir acetilcholinesterazés (AChE) aktyvumo,
acetil-cholino (ACh) lygio maz¢jimo [103] bei AP agregacijos ir toksiSkumo
[104, 105]. Sie procesai siejami su pazintiniy funkcijy blogéjimu AL metu
[106]. Nustatyta, kad suaugusiy ziurkiy hipokampo, smegeny Zzievés ir
dryZuotojo smegeny kiino pjuviuose aptinkami AP peptidai (AB1-40, AP1-42,
APBi1-28, AP2s-35) slopina cholinerginiy signaly perdavima in vitro [103].
Pastebéta, jog visi AP peptidai ekvivalentiskai sumazino signaly perdavimag
ir butent 25-38 a.r. AP regionas buvo atsakingas uz minétuosius efektus.
Kitame tyrime, atliktame su neuroniniy Igsteliy linijjomis tyréjai nustaté, kad
AP2s-35 ir APi-2s, lyginant su APi-42, pasizymi mazesniu acetilcholino lygj
mazinanc¢iu poveikiu cholinerginése neuroblastomos SN56 lgsteliy kultiirose
ir §is maz¢jimas siejamas su minétaja 25-38 a.r. AP seka [107]. Ilgalaikis AP
poveikis (2-14 d.) sumazina acetilcholino aktyvumg tam tikruose smegeny
regionuose [108] bei lasteliy kultirose [107], sukeldamas cholinerginiy
neurony pazeidimus ir praradimg [ 108] priklausoma nuo inkubacinés trukmeés
bei koncentracijos [107]. Visgi, parodyta, kad AP gali ne tik sumazinti, taiau
ir padidinti AChE aktyvumg neuroninése Igstelése. Tai buvo patvirtinta
karcinomos ir neuroblastomos lgsteles veikiant AB1-40 ir AP2s-35 peptidais
[109]. Zinoma, kad toksinio AB peptido monomeringés ir oligomerinés formos
prisideda prie neurony degeneracijos labiau nei netirpios AP formos, taciau
pasireiSkes toksinis poveikis nebiitinai siejamas su cholinerginiy funkcijy
sutrikdymu [110, 111]. Nustatyta, kad amiloidinés sankaupos sukelia
cholinerginiy skaiduly praradimg smegeny zievéje, nepazeidziant neurony.
Transgeniniy peliy tyrimai rodo, kad zievés cholinerginis praradimas yra
sukeltas amiloidiniy sankaupy, taciau néra lydimas neurony zities [112].
RySys tarp cholinerginiy parametry ir AP sankaupy pateikiamas jvairiuose
tyrimuose, taCiau iki Siol triikksta ziniy, ar Sis rySys gali buti susijes su
ankstyvaja AL patologija [113]. Manoma, kad neurotoksinis AP peptidy
poveikis cholinerginiams parametrams yra antrinis reisSkinys, sekantis po
cholinerginiy neurony zities [107]. RySys tarp AP toksinio poveikio
neuronams ir cholinerginiy mechanizmy yra laikomas amiloidinés hipotezés
dalimi [114].
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Kitas AL pazaidy mechanizmas toksinio AP poveikio pasireiskimg aiski-
na per poveikj mitochondrijoms. Teigiama, kad su amZiumi susijusi mito-
chondrijy disfunkcija inicijuoja AP kaupimasi, sinapsiy degeneracijg ir neuro-
fibriliniy raizginiy formavimasi [ 115]. Nustatyta, kad dviejy ménesiy transge-
niniy AL peliy Zievés neurony mitochondrijose ir N2a neuroniniy Igsteliy
mitochondrijose aptinkamos monomerings ir oligomerinés AP formos, kurios
saveikauja su mitochondrijy baltymais. Sios saveikos metu stebima padidé-
jusi H202 gamyba, sumazgéjes citochromo c oksidazés aktyvumas (COX) bei
ATP kiekis [116]. Tyréjai taip pat nustaté, kad tik tirpios APi4o ir AP1-42
formos tiesiogiai siejamos su H202 lygio kitimu, netirpiy AP formy poveikis
nebuvo nustatytas. Autoriai teigia, kad padidéjusi H2Oz2 ir karbonil baltymy
gamyba, bei sumazgéj¢s citochromo c oksidazés aktyvumas rodo A gebéjima
pereiti mitochondrijy membrang ankstyvuoju ligos laikotarpiu, sukelti mito-
chondrijy oksidacinius pazeidimus bei inicijuoti neurony zutj [117]. Tyrimai
su transgeniniy AL peliy modeliais taip pat parodé, kad neuroninés Igstelés
iSskirtos 1§ transgeniniy peliy (TgmABPP/ABAD), kurios ekspresuoja
mutuota APPP formg ir AP-jungiancig alkoholdehidrogenaze, pasizymi
sumazéjusiu ATP lygiu, citochromo ¢ oksidazés aktyvumu ir sumazéjusiu
gliukozés sunaudojimu [118]. Kiti tyréjai nustaté, kad neuronai, iSskirti i$
TgmAPBPP/ABAD transgeniniy peliy, generuoja daugiau H202 ir O2" bei turi
maziau lgstelinio ATP. Parodyta, kad transgeniniy peliy neuronuose buvo
stebimas citochromo ¢ oksidazés aktyvumo sumazéjimas bei kaspazés-3
aktyvumo padidéjimas, kuris sukélé neurony apoptoze [117]. Tyrimai, pa-
remti citoplazminiy AL hibridy (cibridy) modeliais, AP toksinio poveikio
pasireiSkimg taip pat aiskina per jy poveikj mitochondrijoms [119, 120].
Tyrimai su cibridinémis lgsteliy kultiromis, kurios buvo sukurtos neuroblas-
tomos SH-SYS5Y lasteliy mitochondring DNR pakeitus | Zmoniy serganciy
sAL trombocity mitochondring DNR, parodé, kad cibriduose buvo stebimas
dvigubai didesnis APi140 ir AP142 kiekis ir kaspazés-3 aktyvumas [119].
Cibridiniy AL lasteliy inkubacija su antioksidantu S(-)pramipeksolu, kuris
yra efektyvi H2Oz ir Oz gaudyklé [121], pasizyméjo AP sinteze mazinanciu
poveikiu [119]. Duomenys leidzia teigti, kad mitochondrijy pazaidos AL
pazeistose smegenyse sustiprina AP sinteze, ta¢iau mitochondriniy pazaidy
mechanizmas AP apibiidina kaip smegeny bioZymenj, taciau ne kaip AL
priezastj [71].

Nors AL patogenezé siejama su jvairiais pazaidy mechanizmais [122—
126], taciau AP laikomas pagrindiniu veiksniu inicijuojan¢iu AL pasireiskima
per skirtingus kelius. Tod¢l manoma, kad amiloidin¢ kaskados hipotezé yra
pagrindinis AL patogeneze aiSkinantis mechanizmas, o AP laikomas vienu i$
svarbiausiy AL veiksniy [10, 43].
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1.2.5. AP agregatuy tiesioginis poveikis sinapséms ir neurony
gyvybingumui

AP agregaty toksiSkumas siejamas su tiesiogine jy saveika su lgsteliy
membranomis ir lastelés pavirSiaus receptoriais. Manoma, kad A peptidy
jungimasis su lgstelés pavirsiaus baltymais skatina jy pernasg j Iastele ir lemia
membranos integralumo pazeidimus [127-129]. Uzlasteliniai AP oligomerai
jungdamiesi prie Igsteliy membrany pavirSiaus sutrikdo receptoriy funkcing
veikla, salygodami sinapsines pazaidas ir neurodegeneracija [130]. In vitro ir
in vivo tyrimy duomenys rodo, kad sintetiniai ir natiiraliis AP oligomerai gali
sukelti sinapsiy pazeidimus [67, 131] ir sutrikdyti nuo NMDA-R priklausoma
ilgalaike potenciacijg (LTP) [127, 132]. In vivo tyrimai, kuriy metu buvo
naudojamos AL sergan¢iy Zmoniy likvore aptinkamoms koncentracijoms
artimos A peptidy koncentracijos, parodé, kad tirpios oligomerinés, bet ne
monomerings ar fibrilinés AP formos sutrikdo sinapsiy funkcijas [67]. Nusta-
tyta, kad AP dimery bei trimery poveikyje yra stebimas Ziurkés hipokampo
piramidiniy neurony ramybés potencialo sutrikdymas bei aktyviy sinapsiy
kiekio bei dentritiniy spygliy kieko sumazéjimas [67]. Kitame tyrime minétoji
tyréjy grupé parod¢, jog AP sutrikdo sinapsiy funkcijas ir in vitro salygomis
[131]. Autoriai nustaté, kad sintetiniai AP peptidai sutrikdo sinapsiy funkcijas
slopindami LTP, taciau poveikio stiprumas lyginant su fiziologiskai aptinka-
mu AP buvo 200 karty silpnesnis. Manoma, kad A oligomery sukeltas LTP
slopinimas bei sinapsiy poky¢iai yra susij¢ su NMDA-R pazeidimu ir kofilino
bei kalcineurino aktyvinimo keliais [127].

Zinoma, kad AP peptidy toksiskumas gali pasireiksti jiems jungiantis
prie plazminés membranos receptoriy, tokiy kaip NMDA, nikotininio acetil-
cholino receptoriaus ir tachikinino [133]. Oligomerinés A formos gali jung-
tis su NMDA-R ir a7 acetilcholino (a7nACh-R) receptoriais, ko pasekoje ste-
bima kalcio jony prietaka j lastelés vidy, taip sutrikdant kalcio homeostaze
[128], kuri reikalinga neurony fiziologinéms funkcijoms bei gyvybingumui
palaikyti. a7nACh-R gali aktyvinti kalcio jonams jautrias baltymy fosfatazes,
kurios reguliuvoja NMDA-R perdavimg ir sinapsiy plastiSkuma [134, 135].
In vitro tyrimuose nustatyta, kad APBi-42 oligomerai sukelia Zievés neuroniniy
lasteliy, NMDA-R endocitoze, kuri yra susijusi su a7nACh-R ir baltymy
fosfatazés aktyvinimu [110]. Aktyvinti a7nACh-R gali prisidéti prie
NMDA-R signaly slopinimo [134, 135].

Pagrindinis mechanizmas, kuriuo AP sutrikdo kalcio jony pusiausvyra
yra siejamas su membranos pralaidumu kalcio jonams [128]. Zinoma, kad AP
lasteliy kultiirose sukelia nereguliuojama kalcio srautg [128]. Nuo AP peptidy
priklausomas kalcio jony paémimas gali atsirasti netiesiogiai per selektyvius
kalcio jony kanalus, bei tiesiogiai per AP formuojamus kanalus [133]. In vitro
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tyrimai su imortalizuoty pagumburio neuroniniy lgsteliy kultiry GTI1-7
linjjomis [136] bei zmogaus neuroblastomos lgstelémis SH-SYSY [137]
parode, kad APi4o ir APi-42 oligomerai sukelia membranos pralaidumo
did¢jima, lydima greito vidulastelinio kalcio jony koncentracijos didéjimo.
Autoriy teigimu, toks mobilus kalcio judéjimas Igstelése siejamas su vienu i$
AP peptidy veikimo mechanizmy, susijusiy su Siy peptidy gebéjimu jsiterpti
1 lasteliy membranas ir formuoti jose katijonams nelaidzias poras [136—138].

Zinoma, kad tiesioginé ar netiesioginé Ap peptidy saveika su membranos
lipidais ar baltymais sutrikdo membranos takumag [139, 140]. Visgi iki Siol
néra aiskiai zZinoma kaip vyksta AP jsiskverbimas j membranas ir kaip kinta
susiformavusiy kanaly savybés sgveikoje su AP peptidais. Nustatyta, kad
AP1-40/AB1-42 peptidai pazeidzia riigstines lipidines membranas, esant pH 6.0
ir gali prasiskverbti pro lipidy dvisluoksnj [140]. Minétieji peptidai pazeisda-
mi endosomines membranas sukelia toksinj poveikj, kuris gali pasireiksti
iSkart po vidulgstelinés AP gamybos [140]. Tyrimai su dirbtinémis fosfolipi-
dinémis membranomis, sudarytomis i$ lipidy monosluoksniy mi$inio parodeé,
jog 3—5 nm APi-42ir APi-40 oligomerai sukelia membrany laidumo padidéji-
ma, kuris proporcingas oligomery koncentracijos did¢jimui [138], tuo tarpu
monomerinés ir dimerinés formos poveikio membranos laidumui neturi. /n
vitro tyrimai patvirtino ankstesniy tyréjy rezultatus, jog tirpiy AP oligomery
poveikyje yra stebimas lipidy dvisluosnio laidumo padidéjimas [138] bei
padidéjes kalcio patekimas i lasteliy vidy [137]. Nustatyta, kad tik A oligo-
merai pasizymi tokiu paciu membranos laidumo didéjimu dirbtinése fosfo-
lipidinése membranose bei gyvose lastelése [141].

Zinoma, kad AP suformuoti kanalai tiesiogiai siejami su neurotoksiniu
poveikiu tada, kai sukelia morfologinius lasteliy poky¢ius, esant fiziologi-
néms nanomolinéms AP koncentracijoms [133]. Nustatyta, jog inkorporuoti j
fosfolipidines membranas sintetiniai AB1-42 peptidai greitai suformuoja multi-
merines ] jony kanalus panasias struktiiras [ 133]. Parodyta, kad jau po 15 min.
inkubacinio laikotarpio peliy neuroblastomos lgsteles N2A veikiant tirpiais
AP1-42 oligomerais stebimi greiti neuroniniy lasteliy morfologiniai pokyd¢iai:
neurity granuliacija, neurity nykimas, neurony kiino brinkimas, lydimas nuo
koncentracijos ir laiko priklausomos neurony ziities. Autoriai teigia, kad
trumpas inkubacinis laikotarpis yra pakankamas APi-42 jsiskverbti | neurony
plazming membrang ir formuoti jony kanalus, taip sukeliant nuo kalcio
priklausoma neurony ziitj [133], kuri kaip buvo nustatyta, nebuvo salygota
NMDA-R.

Nors AP peptidai sutrikdydami membrany integralumg ir takuma, bei
formuodami membranines poras ar kanalus, vedancius prie jony homeostazés
poky¢iy, gali prisidéti prie neuroniniy lasteliy zuties, visgi, AP toksiSkumo
mechanizmai, kurie lemia neurony ziitj néra aiskas [142].
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1.2.6. Netiesioginis AP agregaty toksinis poveikis neuronams

Manoma, kad mikromolinés AP oligomery koncentracijos siejamos su
tiesioginiu toksiniu poveikiu neuronams [64, 143], tuo tarpu nanomolinés A
koncentracijos pasiZzymi netiesioginiu, neuroniniy lgsteliy zutj sukelianciu
poveikiu, kuris pasireiskia per mikroglijos lgsteliy aktyvacijg [143, 144].

Mikroglijos lasteliy aktyvacija salygoja prouzdegiminiy citokiny, tokiy
kaip IL-10/pB, IL-6, IL-8, TNF-a, TGF-B, MIP-1a, o taip pat aktyviy deguo-
nies ir azoto junginiy gamyba ir i§leidima, ko pasekoje stebimas uzdegiminio
atsako sustiprinimas, lydimas neurony ziities [145, 146]. Tyrimai su pirminé-
mis ziurkés smegeny Zievés mikroglijos lasteliy kultiiromis parode, kad
lasteles inkubuojant su sintetiniy ABi-42 ir ABi-40 peptidy fibrilémis ir fibrili-
niais sferoidais (20-200 uM), stebimas nuo koncentracijos priklausomas
IL-1B padidéjimas. Nustatyta, kad inkubacija su Svieziais APi-42 salygojo
IL-1a ir INF-y gamyba, o Api-40 sferoidai pasizyméjo IL-la didinanciu
poveikiu. Autoriai teigia, kad Svieziai iStirpinti AP peptidai pasizymi
stipresniu uzdegiminiy citokiny iSsiskyrimg skatinanciu atsaku. Manoma, kad
IL-1B, IL-1a ir INF-y citokiny ekspresija mikroglijos lastelése [146] taip pat
siejama su neurony zutimi lgsteliy kultiirose [147—149] bei distrofiniy neurity
formavimusi amiloidinése plokstelése AL metu [94]. Kitame tyrime,
naudojant cianino3 NHS (Cy3) dazus, Zymincius biomolekuliy amino grupes,
buvo nustatytas jvairiy AP peptidy formy nespecifinis jungimasis prie
mikroglijos Iasteliy. Zievés mikroglijos Iasteliy kultiirg inkubuojant su Cy3
dazais, zZymincCiais APi4o0 ir APi-42 peptidus, parodyta, kad mikroglijos
lastelés fagocituoja APi-42 oligomerus, protofibriles ir fibriles bei APi-4o
fibriles. Mikroglijos bei APi-42 ir APi-40 saveikos metu buvo nustatyta IL-1a
gamyba, kuri skatino uzdegiminio atsako pasireiSkima mikroglijos lastelése
nustaté, kad APi-42 oligomerai sukélé stipriausig neurony Zziit] neuroniniy
lasteliy kulttirose.

Zinoma, kad AP gali veikti astroglija, kuri i§skiria citokinus ir kitas cito-
kinines medziagas, galinias paveikti neuronus [145]. Tyrimai atlikti su
pirminémis Ziurkés neurony, astrocity ir miSriomis Zieveés neuroninémis
lasteliy kultiromis parodé¢, kad 48 val. ir 72 val. ABi1-42 oligomery inkubacija
su miSriomis kultiromis sukélé laktatdehidrogenazés (LDH), kuri siejama su
lasteliy zutimi, padidéjimg. Taciau pastebéta, kad grynose neurony kultiirose
LDH padidé¢jimas buvo stebimas tik po 72 val. inkubacijos. Greitesnis ir
didesnis LDH i$siskyrimas buvo sglygotas astrocity btivimo misriose kulto-
rose. Nustatyta, kad miSrig kultiirg inkubuojant su antiuzdegimine medziaga
minociklinu, buvo stebimas LDH sumaz¢jimas. Autoriai teigia, kad minocik-
lino poveikis apsaugojo lasteles nuo astrocity aktyvacijos ir ABi-42 oligomery
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sukelto astrocity uzdegiminio atsako pasireiSkimo misriose kultiirose [151].
Kiti tyrimai taip pat rodo, kad astrocitai aktyviai reaguodami j AB1-42 sukelia
neurony ziities pasireiSkima misSriose kultirose. Nustatyta, kad astrocity
iSleidziami tirpiis veiksniai jungiasi su neurony plazminés membranos recep-
toriais, skatindami jvairius lastelés signalinius kelius. Zinoma, kad TNF-a
jungiasi prie neurony Cd120a/b receptoriy, skatinan¢iy kaspaziy aktyvacija,
kuri inicijuoja neuroniniy lgsteliy zitj [152]. Misrias kulturas veikiant APi-42
oligomerais taip pat buvo stebimas kaspazés-3 aktyvumo ir prouzdegiminiy
citokiny CINC20/f, IFN-y, IL-1B, IL-1ra, IL-6, IL-13, IL-17, IP-10 ir INF-y
kiekio padidéjimas lasteliy augimo terpéje [151]. Sie procesai rodo svarby
astrocity vaidmenj nulemiant AP toksinj poveik]j neuronams.

Naujausi in vitro tyrimai su miSriomis smegenéliy neurony lasteliy kulti-
romis parode, kad AP sukeltas neurony praradimas ir zutis fagoptozés budu
inicijuojamas proteinkizacés C ir NADPH oksidazés aktyvacijos [153]. Paro-
dyta, kad selektyvis proteinkizacés C slopikliai apsaugo nuo AP sukelto gyvy
neurony praradimo fagoptozés budu. Tai patvirtina, kad proteinkinazé¢ C
dalyvauja AP sukeltoje neurony ziityje. Nustatyta, kad panaSy | AP poveikj
sukelia proteinkinazés C aktyviklis forbolio-miristato acetatas (PMA). Jo
sukeltas neurony praradimas stebimas tik kultiiroje esant mikroglijos Ias-
teléms [153].

In vitro tyrimuose nustatyta, kad AP fibriliy aktyvintos tirozinkinazés
signalinis atsakas pirminése peliy mikroglijos ir zmogaus monocitiniy lgsteliy
THP-1 linijose, sukelia prouzdegiminiy citokiny ir aktyviy deguonies jungi-
niy gamyba [154]. Parodyta, kad mikroglijos ir THP-1 lgsteles veikiant ABi-40
ir AP2s-35 fibrilémis, stebima nuo Syk kinazés ir NFxB priklausoma TNF-a
gamyba. Zievés neurony kultiira 48 val. inkubuojant su THP-1 lasteliy, kurios
buvo veiktos APi4o fibrilémis, terpe buvo stebima neurony DNR frag-
mentacija ir neurony apoptoze. Tyréjai nustaté, kad AP fibriliy sukeltas
TNF-a kiekio didéjimas Igsteliy auginimo terpéje skatino nuo indukuojamos
azoto oksido sintazés (iNOS) priklausomg peroksonitrito (ONOQO™) gamyba
ir neurony zutj [ 154]. THP-1 ir mikroglijos Igsteliy, inkubuoty su ABi4oir AP2s-3s
fibrilémis, augimo terp¢ preinkubuojant su anti-TNF-a ir véliau jg inkubuo-
jant su zievés neuronais, buvo nustatytas stiprus neurony apoptozés sumaze-
jimas. Visgi, pastebéta, kad augimo terpg papildomai inkubuojant su TNF-a,
esant anti-TNF-a, vél buvo stebima neurony Zzitis. Tai rodo, kad TNF-a
tiesioginio poveikio neurony gyvybingumui neturi, tac¢iau dalyvauja iNOS
sukeltoje lasteliy zityje.

Neurony zutis taip pat gali buti i$Saukta TNF-a inicijuoto glutamato
i8éjimo ir po to sekanciy oksidaciniy pazaidy neuroninése lastelése [147],
kurias sukelia sinergistiné TNF-a bei NMDA-R stimuliacija mikroglijos Igs-
telése. Veikiamos AP peptidy, aktyvintos mikroglijos l1gstelés sukelia uzdelsta
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neurony ziit] per pazeisty, bet vis dar gyvybingy neurony fagoptoze [155],
[149]. Zinoma, kad TNF-o aktyvina mikroglijos Igsteles ir sukelia NADPH
aktyvacijg [154,156], bei nuo mikroglijos lasteliy priklausoma neurony Zziitj
fagocitozeés budu [149]. Nustatyta, kad gryng mikroglijos lasteliy kulttra
inkubuojant su TNF-a stebima padidéjusi lgsteliy proliferacija, o misrig
lasteliy kultura papildzius gryna mikroglijos lasteliy kulttira, veikta TNF-a,
stebima padidéjusi neurony fagocitozé¢. TNF-a poveikio neurony skaiciui
misrioje smegeneliy kultiiroje neturéjo. Tai rodo, kad TNF-a néra tiesiogiai
toksiskas neuronams, taciau sukelia nuo mikroglijos lgsteliy priklausomag
neurony praradima [149].

AP peptidams jungiantis prie mikroglijos TLR-2 ir TLR-4, stebimas
mikroglijos lasteliy fagocitinis aktyvumas ir NADPH oksidazés salygotas
aktyviy deguonies formy (ROS) susidarymas [157], kuris kaip teigiama
ankstesniuose darbuose, taip pat sicjamas su neurony zitimi [156]. Zinoma,
kad mikroglijos lastelése aptinkama NADPH oksidazé aktyvinimo metu sin-
tetina superoksida, kuris katalizuojant superoksido dismutazei virsta vande-
nilio peroksidu (H202), o NO reaguojant su H2O2 susidaro peroksonitritas
(ONOO) [158, 159]. Nustatyta, kad misrig CGC lasteliy kultiirg inkubuojant
su lipoteichoine riigstimi, kuri skatina uzdegiminio atsako pasireiSkimg glijos
lastelése, stebima padidéjusi mikroglijos lasteliy proliferacija ir TNF-o, IL-1B
bei NO gamyba. Pastebéta, kad lipotechoiné riigstis taip pat sukelia neurony
tankio sumaz¢jimg kultiroje, nesukeliant neurony Zziities. Pasalinus mikro-
glijos lasteles i§ kulturos, lipotechoiné rugstis poveikio neurony skaiciui
neturéjo. Tai rodo, jog uzdegiminé mikroglijos lasteliy aktyvacija skatina
neurony fagocitoze, o neurony tankio sumaz¢jimas buvo nulemtas ne tik
prouzdegiminiy citokiny produkcijos, taciau taip pat tiesioginés mikroglijos
ir neurony sgveikos. Parodyta, kad misrig neurony—glijos lasteliy kulttira
veikiant Af2s-3s, buvo taip pat stebimas neurony praradimas, nesukeliant
neurony zities. I§ misrios kultiros paSalinus mikroglijos Iasteles Ap2s-35
neurony skaiCiaus taip pat nesumazino [155]. Rezultatai rodo, kad jvairiis
lasteliy dirgikliai, tokie kaip LPS, LTA ar AP, sukelia nuo mikroglijos Igsteliy
priklausoma neurony tankio sumazéjima, nulemta ONOO™ ar mikroglijos
lasteliy vykdomos neurony fagocitozeés.

1.2.7. Anti-Ap imunoterapija ir Ap Salinimas

Manoma, kad AP peptidai yra vieni i svarbiausiy molekuliniy AL veiks-
niy [160]. Tyrimai paremti imunoterapija, taikant antikinus prie$ A, yra lai-
komi vienais perspektyviausiy ieSkant potencialiy gydymo priemoniy, kurios
prisidéty prie veiksmingo mokymosi, atminties sutrikimy, elgesio pakitimy
bei mirStamumo sumazinimo [161] ar amiloidiniy ploksteliy formavimosi,
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distrofiniy neurity bei astrogliozés vystymosi sustabdymo [162]. Imunotera-
pija, atsizvelgiant i jos taikymo forma, yra skirtoma j dvi pagrindines grupes:
aktyvigja ir pasyvigja. Aktyviosios imunoterapijos tikslas sukelti stipry
lastelinj ir humoralinj antiktiny atsakg per B- ir T-imunines Igsteles [163].
Aktyviosios A-imunizacijos metu naudojamas sintetinis viso ilgio AP
peptidas ar jo fragmentas konjuguotas su ,,neséju®, t. y. egzogeniniu baltymu,
leidzianc¢iu T- ir B-limfocity sgveikavima, kuris reikalingas veiksmingam
antikiiny atsakui [ 164, 165]. Ja siekiama suzadinti B limfocitus gaminti speci-
finius antikiinus, kurie atskirty AP i§ smegeny | perifering sistemga, pasalinty
amiloidines plokSteles ir uZzkirsty kelig jy susiformavimui [166]. Aktyvi
imunizacija sukelia taip pat ir T Igsteliy atsaka, kuris gali sukelti zalingus
imuninius atsakus, tokius kaip prouzdegiminiy citokiny iSleidimg [167].
Pasyviosios imunoterapijos metu naudojami monokloniniai anti-Ap antikiinai
[168—171], kurie pasizymi savybe nesukelti endogeninio imuninio atsako. Ji
leidzia sustabdyti antikiiny taikymga pasireiSkus nepageidaujamam antikiino
poveikui [167]. Pasyvi imunizacija nukreipta prie§ netaisyklingai susilanks-
¢ius] toksinj baltyma AP ir yra laikoma viena i$ perspektyviausiy AL gydymo
strategijy [171].

Zinoma, kad aktyvi APi—4 imunizacija gali apsaugoti jaunas ir suaugu-
sias transgenines peles nuo AP kaupimosi [162,172], o ilgalaiké pasyvi imuni-
zacija, naudojant anti-Af antikiinus, sumazina AP sankaupy kiekj [173].
Kiekybiné hipokampo A analizé parodé, kad imunizuotose pelése yra stebi-
mas beveik visiSkas amiloidiniy sankaupy ir pazeisty neurity sumazéjimas
[162]. Transgeniniy peliy tyrimai atskleidé, kad Igsteliy imuninis atsakas,
nukreiptas prieS AP, yra pakankamas norint sustabdyti tolesnj neuropatolo-
giniy procesy pasireiskimg AL metu. Nustatyta, kad APi-42 imunizacija gali
sumazinti ir astrocitozés — su amiloidinémis plokstelémis susijusio Zymens —
pasireiSkimg, o monokloniniy antikiiny taikymas gali prisidéti prie gliozes
formavimosi sustabdymo. Toks Ai-42 imunizacijos taikymas apsaugo nuo
AL vystymosi ir gali biti taikomas kaip prevenciné ar gydymo priemoné
[162], apsauganti nuo mokymosi ir atminties sutrikimy [172] bei kognityviniy
funkcijy susilpnéjimo [174].

Ikiklinikiniai tyrimai, kuriy metu taikoma AP imunizacija, leidzia patvir-
tinti, jog AP gamybos ir Salinimo sutrikdymas yra esminis veiksnys, lemiantis
AL pasireiSkima [162, 172, 173]. Visgi rySys tarp AP kaupimosi ir atminties
funkcijy blogéjimo iki Siol néra aiSkus [175].

Ex vivo pasyvios imunizacijos metu nustatyta, kad anti-Ap pereina
smegeny kraujo barjera, jungiasi prie amiloidiniy ploksteliy ir sukelia jy
Salinimg per mikroglijos lasteliy Fc receptoriy salygota fagocitoze [176].
Anti-AP antikiiny aktyvintos mikroglijos Igstelés gausiai aptinkamos susitel-
kusios aplink amiloidines ploksteles [177]. Nustatyta, kad transgenines peles
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injekuojant anti-Ap, stebima padidéjusi mikroglijos lgsteliy Fey Lir IIT (CD16
ir CD32) receptoriy ir CD45 ekpresija, skatinanti §iy imuniniy lasteliy akty-
vacijg bei amilodiniy sankaupy fagocitoze [177]. Sumazéjes amiloidiniy san-
kaupy skaicius lydimas minéty receptoriy raiSkos sumazéjimo, parodant
mikroglijos aktyvacijos sumazéjimo rySj su amiloidiniy ploksteliy sumazé-
jimu.

Ankstesni tyrimai su peliy modeliais parodé teigiamg imunizacijos po-
veiki kognityvinéms funkcijoms, kuris daznai buvo lydimas amiloidiniy
kia forma senganciais AL pacientais [178], taikant aktyvigja imunizacija
nebuvo sékmingi. Nors tyrimuose naudota sintetinio ABi-42 baltymo ir adju-
vanto (Qs-21) vakcina AN1792 isSauké teigiama antikiiny atsaka j APi1-42 ir
daugiau nei pusei senyvo amziaus pacienty pagerino kognityvines funkcijas.
Visgi, tarp pacienty buvo nustatyti dideli imuninio atsako skirtumai. Daliai
pacienty pasireiskeé Salutiniai poveikiai, o SeSiems procentams pacienty iSsi-
buvo nutraukti [178]. Imunologiniai $iy procesy mechanizmai vis dar lieka
neaiskis, kadangi lgstelinis imuninis atsakas i AP nebuvo vertintas su anti-
kiiny sukeltu atsaku. Pacientai su aukStesniu antikiiny lygiu smegenyse turé¢jo
maziau amiloidiniy ploksteliy, kas rod¢, jog antikiinai Salino A sankaupas.
Visgi, toks Salinimas nebuvo efektyvus ir nepagerino klinikinés ligos eigos
[165, 179, 180].

Pasyvios imunoterapijos taikymas AL pacientams, naudojant monoklo-
ninius zmogaus antikiinus Bapineuzumabg (antikiinas prie§ N-galinj AP
ragiong) [181, 182] ir Solanezumabg (antikiinas prie§ vidurinj AR domeng)
[183] taip pat nebuvo sékmingi ir nesugebéjo pagerinti AL pacienty
kognityviniy ir funkciniy savybiy. Tiriamosios grupés, kurioms buvo taikoma
anti-Af imunoterapija, nesiskyré nuo placebo pacienty grupiy. Manoma, kad
tai gali buti siejama su amiloido kaupimusi jau ankstyvuoju AL pariodu dar
pries pasireiSkiant ligos simptomams [184]. Didziausias klinikinis tyrimas
»EXPEDITION®, kuris buvo pradétas 2013 metais ir tgsési iki 2016 mety,
sieke iStirti monokloninio anti-Af Solanezumabo, kuris priskiriamas 1gG1
klasei ir riSasi prie AP peptido vidurinio domeno, poveikj AL sergantiems
pacientams [185]. Ankstesni transgeniniy APPY"!7F peliy tyrimai parodé, kad
monokloniniai anti-Af antikinai m266.2, i§ kuriy kildinamas Solanezuma-
bas, sumazino amiloidiniy ploksteliy kiekj smegenyse ir pasizyméjo stipria
sgveika tarp plazmos AP kaupimosi ir ploksteliy sankaupy formavimosi
[186]. Pirmyjy ,,EXPEDITION* ir ,, EXPEDITION2* klinikinio tyrimo etapy
metu taip pat buvo nustatytas nuo Solanezumabo dozés priklausantis bendro
AP kiekio kraujo plazmoje ir smegeny skystyje did¢jimas. Autoriai teigia, jog
nesurisSto APi-42 kiekis smegenyse rodo Solanezumabo gebéjima pakeisti AP
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pusiausvyra taip, kad i$ amiloidiniy ploksteliy biity Salinamas AB[187]. Antro
klinikinio tyrimo etapo metu buvo nustatyta, kad jau po 12 savai¢iy Solane-
zumabo injekcijy, stebétas nuo dozés priklausantis smegeny skystyje esancio
laisvo APi-42 lygio didéjimas ir prieSingai — ABi-40 lygio mazéjimas, kuris
buvo siejamas su nevienodu AP peptidy santykiu amiloidinése plokstelése
[185, 187]. Visgi, abiejy tyrimy metu nebuvo nustatytas teigiamas Solanezu-
mabo poveikis vidutine AL forma serganciy pacienty kognityvinéms funk-
cijoms, nors antrojo etapo metu ir buvo patvirtintas 34 proc. efektyvesnis
kognityviniy funkcijy ir 18 proc. funkcinio lygio slopinimo sumazéjimas
pacientams su lengva AL forma [185]. Trecioji Solanezumabo klinikiné fazé
nebuvo sékminga. Antikinas nepagerino kognityviniy ir funkciniy AL pa-
cienty savybiy ir tyrimai buvo nutraukti [183]. Kodél imunoterapijos taiky-
mas klinikiniuose tyrimuose buvo nesékmingas ir kokie tiksliis anti-Af
sukelto neurotoksinio poveikio ir uzdegiminiy reakcijy pasireiSkimo mecha-
nizmai, néra zinoma iki Siol. Tikétina, kad tai gali biti susije su antikiiny
netinkamu ar netiksliu taikinio smegenyse pasirinkimu, ar del netinkamai
zmogaus monokloniniu antikiing Adukanumabu siekia sukurti saugia, far-
mokineting bei farmodinamine Adukanumabo vakcing pacientams, kuriems
patvirtinta AP patologija [171]. Nustatyta, kad Adukanumabas (BIIB037),
kuris priklauso IgG1 klasei ir selektyviai reaguoja su AP agregatais, jskaitant
tirpius oligomerus ir netirpias fibriles, geba pereiti smegeny kraujo barjerg ir
pasalinti AP 1§ amiloidiniy ploksteliy sankaupy transgeniniy peliy modeliuose
[188]. Siy ikiklinikiniy tyrimy pagrindu tesiama naujausia klinikiné studija.
Adukanumabas sukurtas panaudojant kraujo limfocitus i§gautus i$ kognityvi-
niu poziiiriu sveiky bei nejprastai 1éta kognityviniy funkcijy mazéjimo ten-
dencija pasizyminciy senyvo amziaus pacienty. Pirmojo Adukanumabo klini-
kiniy tyrimy etapo metu, atliekant pozitrony emisijos tomografijos tyrimo
analize parodyta, kad 61 proc. tyrime dalyvavusiy pacienty pasizyméjo
teigiama AP patologija, didZiausi amiliodinio PET tyrimo balai pasireiSké
pacientams su lengva AL, kurie kartu buvo nustatyti kaip ir APOEe4 neSio-
tojai. Adukanumabo grupés pasizymejo geresniu klinikinés demencijos jver-
tinimu bei AP ploksteles mazinanciu poveikiu jau po 54 savaiciy tyrimo,
priklausomai nuo dozés ir infuzijos taikymo laiko, tuo tarpu placebo grupés
pokyc¢iai buvo minimallis. Detalizuota smegeny regioniné analizé, priklau-
somai nuo taikyto dozés kiekio, parodée AP ploksteliy mazé¢jimg visuose
smegeny srityse, iSskyrus uzpakaliniy smegeny tilta ir pozieving baltaja
medziaga, kuriose AP plokstelés nelinke kauptis. Ivertinus klinikinius
pokyc¢ius po mety infuzijy su Adukanumabu, buvo stebimas nuo dozés pri-
klausomas klinikinés progresijos mazéjimas. [vertinus Adukanumabo farmo-
kinetines savybes nustatyta, kad viso tyrimo metu farmakokinetika isliko
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linijiné (stabili) ir nepriklausé nuo preparaty doziy vartojimo laiko. Vienkar-
tiné Adukanumabo dozé nepaveikée kraujo plazmos ar smegenyse esancio AP
koncentracijos. Autoriai teigia, kad tai rodo, jog Adukanumabas nesijungia
prie tirpiy A monomery [171], prieSingai nei buvo stebima ankstesniuose
klinikiniuose tyrimuose [170], kuriy metu Bapineuzumabo pirmtako antikii-
nas 3D6 pasizyméjo savybe jungtis prie Ap monomery, sukeliant trumpalaikj
plazmoje esancio AP koncentracijos iSaugimg. Tolimesnés Adukanumabo
infuzijos metu panasi plazmoje esancio A} koncentracija isliko ir po pakarto-
tinio dozavimo. /n vivo nustatyta, kad Adukanumabas jungiasi prie visy
smegenyse esan¢iy morfologiskai skirtingy amiloidiniy ploksteliy tipy, iskai-
tant iSsisklaidziusias AP sankaupas ir susiformavusias AP ploksteles, bei
sumazina jvairiy dydziy amiloidiniy ploksteliy kieki [171]. Ankstesni tyrimai
su transgeniniy APP75 LswedishXPS2N1411 (PS2APP) peliy modeliais parodeé,
kad anti-Af monokloninis Zmogaus antikiinas Gantenerumas, prisijungiantis
prie visy agregacines formos A peptidy ir suformuojantis stabilius imuninius
kompleksus su oligomerinémis ir fibrilinémis AP formomis, jungiasi prie
jvairiy amiloidiniy ploksteliy tipy visuose smegeny regionuose [169]. Nusta-
tyta, kad aplink amiloidines ploksteles su kuriomis reagavo Gantenerumas
buvo aptinkamos i$siSakojusios mikroglijos lgstelés, kuriy citoplazmoje buvo
aptinkamas ir pats Gantenerumas. Tai rodo, kad antikiinai aktyvina mikro-
glijos Igsteles ir amiloidiniy sankaupy Salinimas vyksta fagocitozés bidu
[169], kas taip pat patvirtinta su antikiinu Adukanumabu [171], kurio kliniki-
niai tyrimai t¢siami.

Daug zadantys transgeniniy peliy modeliy tyrimai ir klinikinés studijos
su AL pacientais rodo, kad AP gali biiti vienu i§ AL veiksniy. Nepaisant pla-
taus kiekio ikiklinikiniy ir klinikiniy tyrimy, tiksltis mechanizmai, kodél visi
tyrimai baigiasi nesé¢kme ir uzdegiminio atsako pasireiskimu néra aiskas.

1.3. Mikroglija ir jos saveika su Ap

1.3.1. Mikroglijos lastelés ir ju funkcijos

Mikroglijos lastelés yra pagrindiniai smegeny makrofagai, atliekantys
svarby vaidmenj neurity formavimosi, sinapsiy plastiSkumo bei atkiirimo
procesuose [189]. Sios imuninés lastelés sudaro apie 10 proc. CNS lasteliy
populiacijos ir priklausomai nuo smegeny regiono jy tankis yra pasiskirstes
ne vienodai [190,191]. DidZiausias mikroglijos lasteliy tankis randamas
pilkoje ir baltoje smegeny medziagoje. Ypatingai didelis Siy lasteliy pasis-
kirstymas stebimas hipokampe, smegeny pusrutuliy pamato mazguose ir
juodojoje medziagoje. Mazesnis tankis nustatytas smegenélése ir smegeny
kamiene [190].
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Mikroglijos lgstelés atlieka dvi pagrindines funkcijas — imuning gynyba
ir CNS homeostazés palaikymg [192]. Paprastai Sios imuninés lgstelés
aptinkamos ,,ramybés* biisenoje ir pasizymi §iai formai biidinga morfologine
iSraiSka — mazu lastelés kiinu bei ilgomis, plonomis ir iSsiSakojusiomis atau-
gomis [193]. ,,Ramybés‘ buisenoje mikroglijos lgstelés yra mobilios. Judriy
ataugy pagalba jos saugo CNS nuo galimy pazeidimy [193, 194], kontroliuo-
damos neurony diferenciacijos procesus, bei dalyvaudamos sinapsiy forma-
vimesi [192]. In vivo tyrimai su transgeniniy peliy modeliais rodo, kad mikro-
glijos Igstelés reaguoja j sinapsiy funkcing biikle ir iSsiSakojusiy ataugy pagal-
ba palaiko trumpalaikius ry$ius su neurony sinapsémis, prisidédamos prie
sinapsiniy struktiiry modifikacijos ir nefunkcionuojanciy sinapsiy Salinimo
[195]. Sveikose smegenyse mikroglijos Iastelés palaiko neuronus jy vysty-
mosi metu j aplinkg iSleisdamos insulino-tipo augimo faktoriy 1 (IGF-1), ner-
vy augimo faktoriy ir i§ smegeny skilties kilusj neurotrofinj faktoriy (BDNF)
[196]. Netiesiogiai Salindamos neurony nuolauzas bei fagocituodamos
apoptozines lasteles, mikroglijos lastelés palengvina naujy neurony kiirimosi
procesa [193].

Fagocitoz¢ yra pagrindiné mikroglijos lasteliy funkcija. Jos metu imuno-
globulinai ir komplemento baltymai apsprendzia nepageidaujamy medziagy
fagocitinj Salinima [191]. In vitro tyrimuose su AL serganciy bei neurologiniu
poziiiriu sveiky zmogaus smegeny zievés méginiais nustatyta, kad “ramybeés”
biisenoje esancios mikroglijos lastelés iSskiria visus B-2 integriny Seimos
baltymus CD11a (LFA-1), CD11b (Mac-1, CR3), CDl11c (P150, 95; CR4),
CDI18 (B-2) bei Fcy klasés receptorius, kuriy raiska padidé¢ja mikroglijos
aktyvacijos metu [191]. Pazeidus lasteles jos iSskiria ATP, vyksta lgsteliy
aktyvacija ir telkimasis aplink paZeistus regionus [197]. Nustatyta, kad atsipa-
laidaves i§ apoptoziniy bei pazeisty lasteliy, ATP inicijuoja mikroglijos
lasteliy fagocitozg¢ [198]. Parodyta, kad pirming pelés mikrogljos lgsteliy
kultiirg veikiant ABi-42 oligomerais ir fibrilémis, stebima Igsteliy membranos
nuo ATP priklausomy jony kanaly aktyvacija ir ATP atpalaidavimas, kuris
yra lydimas padidéjusios mikroglijos lgsteliy migracijos, skatinancios A
fagocitoze per P2Y2R receptoriy aktyvinimg [198]. ATP per P2X4, P2X7,
P2Y2, P2Y6 ir P2Y12 receptoriy aktyvacija i$Saukia mikroglijos lgsteliy
chemotaksj [199], morfologinius membranos pokyc¢ius — membranos susi-
rauksléjima, vidulgstelinio kalcio lygio padidéjima [200]. ATP taip pat suke-
lia ERK, JNK ir p38 MAP kinaziy aktyvacija ir skatina TNF-a sintez¢ bei
i$siskyrimg 1§ mikroglijos lagsteliy [201]. Tai rodo, kad ATP atlieka svarby
vaidmenj mikroglijos Iasteliy aktyvacijoje [202].

Viena i$ svarbiausiy mikroglijos lasteliy funkcijy AL metu — AP Salini-
mas [203], kuris siejamas su mikroglijos aktyvacija ir amiloidiniy ploksteliy
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kaupimusi, bei uzdegiminio atsako pasireiskimu. Mikroglijos lasteliy recep-
toriai gaudyklés SCARA-1, SCARB-1, CD36 ir CD40, sgveikauja su Ap.
Zinoma, kad mikroglijos lastelés gali jungtis ir fagocituoti AR per SCARA-1
[204]. SCARA-1 receptoriai sgveikaudami su komplemento recepto-
riais Mac-1/CD11b skatina fibrilinio AP fagocitoze ir prisideda prie AP Sali-
nimo [205]. AP gali aktyvuoti mikroglijos lasteles per TLR-2 ir TLR-4, kartu
inicijuojant fagocitinj mikroglijos lasteliy atsakg j fibrilinio APi-42 poveikj
[157], bei veikiant §iy receptoriy antagonistams lipotechoinei riigsciai ar
lipopolisacharidui sukelti neurony praradima fagocitozés budu [155]. In vitro,
in vivo ir in situ mikroglijos lasteliy kulttiry bei smegeny pjuviy tyrimai rodo,
kad mikroglijos Igstelés ekpresuoja glutaminerginius [206], GABA [207],
dopaminerginius [208] receptorius, kurie keicia Igsteliy elektrofiziologines
membrany savybes. Funkciniai glutamato receptoriai (GluR) néra priskiriami
vien neuroninéms lasteléms, taciau yra stebimi ir mikroglijos lastelése [206].
Funkciné NMDA receptoriy reguliacija mikroglijos Igstelése iki Siol néra
gerai iStirta [209]. Nustatyta, kad NMDA injekcijos | ziurkés naujagimiy
smegeny somatosensoring zieve sukelia neurony praradimg bei trumpalaike
mikroglijos lasteliy aktyvacija [210], tuo tarpu NMDA-R antagonistas
MK-801 apsaugo mikroglijos Igsteles nuo minétyjy procesy ir piramidiniy
hipokampo neurony zities [211] ar LPS sukeltos mikroglijos lasteliy aktyva-
cijos [212]. Aktyvintos mikroglijos lastelés prisideda prie neurosiuntikliy
homeostazés pokyc¢iy per egzotoksiny, tokiy kaip glutamatas [213], D-serinas
[214] bei ATP isskyrima, glutamato jsisavinimo trukdyma, lydimg uzlaste-
linio glutamato kaupimosi ir sinapsinio perdavimo pokyéiy [209]. Zinoma,
kad mikroglijos lasteles veikiant minétaisiais neurosiuntikliais, iSskyrus
glutamatg, stebimas LPS sukelto NO, IL-1p, TNF-a, IL-6 iSleidimo slopi-
nimas [208].

CharakteriSkiausias mikroglijos lasteliy atsakas | patogenus — greita mik-
roglijos lasteliy aktyvacija. Aktyvacijos procesas laikomas svarbiausiu gyny-
biniu $iy lagsteliy atsaku, kuris gali pasireiksti uzdegimine lasteliy reakcija i
dirgiklius. Nors mikroglijos lgstelés atlieka neurony regeneracijos ar audiniy
atstatymo funkcijas, visgi, aktyvinta mikroglija daugiausia funkcionuoja kaip
lastelé ,,maitéda‘ ir gali prisidéti prie neurony ziities [215].

1.3.2. Mikroglijos lasteliy aktyvacija ir toksiSkumas

Mikroglijos lastelés gali biiti aktyvintos veikiant pavieniams dirgikliams
(pvz., LPS) ar esant neurony paZaidoms, o taip pat mikroglijos lasteliy akty-
vacija gali biiti salygota keliy dirgikliy kaip atsakas j didé¢jantj neurony pra-
radima [216].
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Mikroglijos lasteliy aktyvacija skirstoma j du pagrindinius tipus: klasi-
kinj (M1) bei alternatyvy (M2), kuris papildomai iSskiriamas | tris riiSis —
M?2a, M2b ir M2c [217]. Nustatyta, kad mikroglijos lasteles veikiant LPS,
stebima mikroglijos lasteliy aktyvacija [217], lydima prouzdegiminiy cito-
kiny, tokiy kaip TNF-a, IL-6, IL-1, proteaziy, superoksido anijony, aktyviy
azoto ir deguonies junginiy gamybos [218]. Tyrimy su transgeninémis
APP/PS1 pelémis metu parodyta, kad LPS aktyvina mikroglijos lasteles,
skatindamas komplemento receptoriaus 3 (CD11b), CD45 ir Fcy II bei III
raiska [219, 220]. Alternatyvios aktyvacijos M2a tipas siejama su IL-4 [221,
222] bei IL-13 [223]. Ji pasizymi didele IL-1 receptoriaus antagonisto IL-1Ra
ir arginazés bei chitinazés [224], o taip pat ir kity veiksniy, atsakingy uz uzlas-
telinio uzpildo pertvarkyma, raiska. Imuniniai kompleksai (IgG antikiino-anti-
geno kompleksai), TLR aktyvacija ar IL-1 receptoriy ligandai skatina M2b
tipo mikroglijos Igsteliy aktyvacijg [225, 226]. M2b aktyvacija sudaro M1 ir
M2a tipy kombinacija. Sios aktyvacijos metu stebimas mazas IL-12 ir aukstas
arginazés, IL-1B, IL-6 ir TNF-a lygis, o CD86 laikomas specifiniu $io
aktyvacijos tipo zymeniu [227]. M2c aktyvacijos kelias yra aktyvinamas
IL-10 ir kartais vadinamas reguliaciniu makrofaginiu keliu su antiuzdegi-
miniu aktyvumu [227, 228]. Jo metu mikroglijos Igstelés iSskiria TGFp ir
IL-10, o taip pat pasizymi matrikso baltymy, tokiy kaip pentraksinas ir
versicinas raiska. Zinoma, kad M2c pasizymi anti-uZdegiminiy citokiny
gamyba slopinanciu ir patogenus zudanc¢iu poveikiu [226, 228].

Ramybés biisenoje esancios neaktyvintos mikroglijos Igstelés, veikiant
tokiems stimulams kaip AP, pereina j aktyvacijos etapg ir jgaung aktyvintg
ameboidine morfologine formg. Ramybés ir aktyvios (ameboidinés) biisenos
tarpusavyje skiriasi ne tik savo fenotipine iSraiska, taciau pasizymi ir skir-
tingu fagocitiniu aktyvumu. Didzioji dalis mikroglijos lasteliy, iSskirty i$
ziurkés naujagimiy smegeny pusrutuliy, yra ameboidinés formos [229].
Brestant Siy lasteliy skaicius mazéja dél mikroglijos diferenciacijos j iSsisa-
kojusias ,,ramybés biisenos* mikroglijos Igsteles, o reaguodamos j dirgiklius
ir pazeidus neuronus jos vél keifia savo morfologine iSraiskg ir virsta
ameboidinémis. Aktyvintos (ameboidinés) mikroglijos lastelés jtraukia atau-
gas, jos tampa storesnés, padidéja Iastelés kiinas, kuris jgauna apvalig forma
[229]. Lastelés pasizymi padidéjusia proliferacija ir migracija, TNF-a, IL-1,
IL-6 ir IFN-y padidéjusia gamyba ir iSleidimu [145, 229].

Vienas i§ ramybés biisenoje esanciy mikroglijos lasteliy atsaky i
smegeny pazeidimus ar uzdegima — lasteliy proliferacija. In vitro ir in vivo
tyrimai su pirminémis mikroglijos lasteliy kultiromis rodo, kad mikroglijos
lastelés iSskiria neurotrofinus BDNF ir N3, kurie pasizymi lasteliy prolife-
racija skatinangius ir fagocitinj aktyvuma didinanciu poveikiu [230]. Zinoma,
kad mikroglijos Igstelés atlieka svarby vaidmenj ir antikiny inicijuotame AP
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agregaty Salinimo procese pirminése lgsteliy kultiirose [231, 232]. Antikiiny
gebéjimas pereiti smegeny kraujo barjerg ir jungtis su AP agregatais, gali
lemti ir mikroglijos aktyvacija [233]. Nustatyta, kad peliy smegeny parenchi-
moje susiformavusiy imuniniy kompleksy sukeltas toksinio poveikio pasi-
reiSkimas siejamas su mikroglijos lasteliy Fcy receptoriy aktyvacija [234], o
netiesioginis AP agregaty toksinis poveikis — su mikroglijos lasteliy aktyva-
cijos salygotu prouzdegiminiy veiksniy inicijuotu neurony praradimu [144] ir
zutimi [6].

Zinoma, kad mazi ir dideli AB1-42 oligomerai gali tiesiogiai veikti neuro-
nus ir aktyvinti juose lasteliy ztties mechanizmus bei netiesiogiai per glijos
lasteliy aktyvacija sukelti citokiny i$siskyrimg ir taip inicijuoti neurony Ztj.
Visgi, kaip AP saveikauja su smegeny lastelémis ir kokie yra toksinio povei-
kio pasireiSkimo molekuliniai mechanizmai néra iki galo zinoma.
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2. METODIKA

Disertacinio darbo metu atlikti eksperimentai su gyviinais buvo vykdomi
remiantis LR bandomyjy gyviiny naudojimo etikos komisijos prie Valsty-
binés maisto ir veterinarijos tarnybos leidimais darbui su laboratoriniais
gyvunais Nr. 0217 ir Nr. 0228.

Tyrimams su pacienty biologiniais skysc¢iais (kraujo serumu ir smegeny
skysciu) atlikti buvo gautas Kauno regioninio biomedicininiy tyrimy etikos
komiteto leidimas (2011-12-12, No.P1-71/2010). Biologin¢ medziaga gauta
1§ Lietuvos sveikatos moksly universiteto Neurologijos klinikos (med. gyd.
G. PSemeneckiené¢, med. gyd. E. Grusauskien¢ ir prof. dr. K. Petrikonis).

Antikiiny—antigeny kompleksy bei jvairiy APi42 agregaty poveikio
ziurkés smegenéliy lasteliy kultiroms tyrimams buvo naudojami anti-Ap
(#11E12) antikiinai, gauti i§ Vilniaus universiteto Biotechnologijos instituto
(dr. A. Zvirblien¢).

Disertacinis darbas atliktas Lietuvos sveikatos moksly universiteto
Neuromoksly instituto Biochemijos laboratorijoje ir ,,Santakos* slénio Nau-
jausiy farmacijos ir sveikatos technologijy centre 2012-2016 m.

Visy tyrimy metu, jei nenurodyta kitaip, buvo naudoti Sigma-Aldrich
firmos reagentai.

2.1. Pirminiy lasteliy kultiiry paruoSimas

2.1.1. Léksteliy paruoSimas lasteliy kultivavimui ir
eksperimentiniams tyrimams

Darbe naudotos 24 Sulinéliy lgsteliy auginimo 1¢ksteles TPP (Zellkultur
testplatte 24, Sveicarija). Léksteliy vidurinieji a§tuoni Sulinéliai padengiami
0,5 ml 0,0001 proc. vandeniniu polilizino tirpalu, j iSorinius Sulinélius jpilama
sterilaus vandens su penicilino—streptomicino tirpalo (2.1.1.1 pav).
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2.1.1.1 pav. Eksperimentinés lékstelés uzpildymas
0,0001 proc. vandeniniu polilizino tirpalu

Lastelés inkubuojamos 30—60 min. Tada tirpalas Svelniai nusiurbiamas ir
Sulin¢liai du kartus nuplaunami fosfatiniu drusky tirpalu (PBS) ir treciaji
kartg — steriliu vandeniu. Lastelés s€¢jamos j 8 vidinius 1¢kstelés Sulinélius,
padengtus 0,0001 proc. vandeniniu polilizino tirpalu.

2.1.2. Smegenéliy neurony—glijos lasteliy kultiiros paruoSimas

Smegenéliy neurony—glijos lasteliy kultiros (CGC) paruoSimui buvo
naudojami 5—7 dieny amziaus Wistar veislés ziurkiy jaunikliai. Gyviinai buvo
uzmigdomi CO2 dujomis ir véliau dekapituojami. Lasteliy iSskyrimo proce-
diira buvo atliekamas sterilioje aplinkoje (laminaras HERASAFE KS, Vokie-
tija), naudojant sterilius instrumentus ir terpes. ISpreparuotos smegenys
perkeliamos ] Petri 1ékstele su PBS tirpalu (4° C) papildytu 13 mM gliukozés
ir 1 proc. penicilino—streptomicino tirpalu (10000 IU/ml — 10000 pg/ml).
Skalpeliu atskiriama smegenéliy zona nuo likusiy smegeny, pasalinamos
kraujagyslés ir smegenelés perkeliamos | kita Petri 1¢kStele su nauju PBS
(4° C) tirpalu. Smegenélés skalpeliu supjaustomos j mazus (0,5 mm?) gabalé-
lius ir inkubuojamos flakonéjyje su Verseno tirpalu (1:5000, Gibco, Anglija)
5 min. 37° C lasteliy auginimo inkubatoriuje (Thermo Scientific, JAV), kas
minut¢ Svelniai pavartant flakonélj. Po inkubacijos miSinys trituruojamas
sterilia 2 mm diametro Pastero pipete, paskui 1 mm diametro pipete. Gautas
trituratas perpilamas | sterily 50 ml tiirio mégintuvélj, o likusi nesuardyto
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audinio dalis uzpilama 6 ml 37° C temperatiros Verseno tirpalu ir toliau
trituruojama su 1 mm diametro pipete. Gautas trituratas supilamas ] ta patj
50 ml tiirio mégintuvelj su pirminiu trituratu. Gautas tirpalas centrifuguoja-
mas 270 X g, 5 min. kambario temperatiiroje (centrifuga Eppendorf 5810R,
Kanada). Po centrifugavimo supernatantas paSalinamas, nusédusios lgstelés
resuspenduojamos 5 ml naujos lasteliy kultiry terpés DMEM GlutaMAX
(Gibco, Anglija), papildytos 5 proc. verSelio serumo, 5 proc. arklio serumo,
38 mM gliukozés, 25 mM KCl ir penicilino—streptomicino (10 000 IU/ml —
10 000 pg/ml) tirpalu. Gauta lgsteliy suspensija filtruojama per sterily filtra,
kurio akutés diametras 0,4 um. Lasteliy tankis ir gyvybingumas jvertinamas
naudojantis hemocitometru ir tripano melio dazo testu. ISskirta CGC Iasteliy
suspensija tiesiogiai sumaiSoma su 0,4 proc. tripano melio dazy suspensija
santykiu 1:1. Lasteliy gyvybingumo ir tankumo jvertinimui tripano mélio ir
lasteliy suspensijos tirpalas pipete perneSamas ir tolydziai uzpildomas hemo-
citometro kameroje, padengtoje dengiamuoju stikleliu. Hemocitometro ka-
mera inkubuojama kambario temperatiroje 1-2 min. ir atlickamas lgsteliy
vertinimas, vaizdinimui naudojant Sviesinj mikroskopa (Olympus CKX41,
Japonija). Lastelés skai¢iuojamos keturiuose 1x1 mm vienos kameros kvadra-
téliuose, suskaic¢iuojant mélynai nenusidaziusias (bespalves, gyvybingas) 13s-
teles. Lastelés skaic¢iuojamos kvadratéliy dugne ir ant kairiojo kvadratélio
perimetro, tuo tarpu j Igsteliy skaiciy nejskaiciuojamos tos lgstelés, kurios
lokalizuojasi ant virSutinio ir deSiniojo kvadratéliy perimetro pusiy. Suskai-
¢iuotos lgstelés yra susumuojamos ir dauginamos i$ skiedimy skaiciaus (2x),
lasteliy skai¢iaus skaiciuojamuosiuose 16-oje kvadraty (4x) ir toliau daugina-
mos 1§ vieno kvadrato tiirio dalies mililitre (5000x). Gautas lasteliy skaicius
atspindi gyvy lasteliy skai¢iy viename mililitre iSskirtos lasteliy suspensijos.
Tolimesniame etape gautas lasteliy skaiCius dauginamas i§ turimo lgsteliy
suspensijos tirio ir skiedziamas lgsteliy kultiry augimo terpe. Lastelés
sé¢jamos ] Sulinélius 1 000 000 last./ml tankiu. Lastelés laikomos 4—7 dienas
lasteliy auginimo inkubatoriuje 37° C temperatiiroje, atmosferos slégio oro
miSinyje papildytame 5 proc. CO: dujomis. Po atitinkamo inkubacinio
laikotarpio, CGC kultiira (2.1.2.1 pav.) naudojama tyrimams atlikti. Neurony
skai¢ius CGC kultiroje sudaré 84,2 proc., astrocitai ir mikroglijos lastelés
sudar¢ atitinkamai 7,3 = 4,9 proc. ir 8,5 + 2,1 proc.
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2.1.2.1 pav. Pavyzdiné smegenéliy CGC lgsteliy kultiiros nuotrauka

Fluorescenciné nuotrauka (mikroskopas OLYMPUS IX71SI1F-3), 2D RGB nuotrauka,
objektyvas %20, padidinimas — 500 karty, skale — 100 pm. Mélyna spalva — Iasteliy
branduoliai (Hoechst 33342, DAPI filtras), Zalia spalva — mikroglijos lastelés (izolektino
(GS-IB4) ir AlexaFluor488 dazy konjugatas, FITC filtras); raudona spalva — astrocitai
(GFAP ir mADb Alexa Fluor 555 konjugatas, TXRED filtras).

2.1.3. Gryna mikroglijos lasteliy kultiira

Grynos mikroglijos lgsteliy kulttros iSskyrimui buvo naudojami 5—7
dieny amziaus Wistar veislés ziurkiy jaunikliai. Gyviinai buvo uzmigdomi
CO2 dujomis ir veliau dekapituojami. Po dekapitacijos buvo atskiriama sme-
geny zievé nuo likusiy smegeny sric¢iy. Lasteliy iSskyrimo procedira buvo
atliekamas sterilioje aplinkoje kaip nurodyta 2.1.2 skyriuje, naudojant steri-
lius instrumentus ir terpes. Skyrimo procediira buvo atlickama analogiskai
CGC lasteliy kultiiros skyrimo procediirai su tam tikrais nurodytais pakeiti-
mais. ISpreparuoti smegeny pusrutuliai skalpeliu supjaustomi j mazus
(0,5 mm?®) gabalélius ir inkubuojami flakonéjyje su Verseno tirpalu (1:5000,
Gibco, Anglija) 5 min. 37° C lgsteliy auginimo inkubatoriuje, kas minute
Svelniai flakonélj pavartant. Po inkubacijos miSinys trituruojamas Verseno
tirpalu ir gautas trituratas centrifuguojamas 290 x g, 5 min. kambario tempe-
ratiroje. Po centrifugavimo supernatantas paSalinamas, nusédusios lastelés
resuspenduojamos 5 ml naujos mikroglijos lasteliy kulttry terpés DMEM
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GlutaMAX, papildytos 10 proc. verselio serumo ir 1 proc. penicilino—strepto-
micino tirpalu 50 ml terpés. Gauta lasteliy suspensija filtruojama per sterily
filtra, kurio akutés diametras 0,1 pm. Lasteliy suspensija uzséjama j 25 cm?
lasteliy auginimo flakonus, padengtus 0,0005 proc. vandeniniu polilizino
tirpalu ir inkubuojamos 4 dienas lgsteliy auginimo inkubatoriuje. Po 4 dieny
inkubacijos, 1§ auginimo flakonélio paSalinama pusé senos terpés ir papil-
doma nauja mikroglijos lgsteliy augimo terpe. Lastelés toliau auginamos dar
6—-10 dieny. Po bendro 10-14 dieny lasteliy augimo laikotarpio, gryna
mikroglijos Iasteliy kultiira naudojama tyrimams (2.1.3.1 pav.).

100 pm

2.1.3.1 pav. Pavyzdiné grynos mikroglijos lgsteliy kultiiros nuotrauka
Fluorescenciné nuotrauka (mikroskopas OLYMPUS [X71S1F-3), 2D RGB nuotrauka,

objektyvas x20, padidinimas — 500 karty, skalé — 100 um). Zalia spalva — mikroglijos laste-
lés (izolektino dazy (GS-1B4) ir AlexaFluor 488 dazy konjugatas, FITC filtras).

2.1.4. Gryna smegenéliy neurony lasteliy kultara

Tyrimams buvo naudojami 5-7 dieny Wistar veislés ziurkiy jaunikliai.
Lasteliy skyrimo procediira buvo atlickama identiskai kaip ir CGC lgsteliy
skyrimas (2.1.2 skyrius) su atitinkamais pakeitimais nurodomais Zemiau.

Lastelés iSs¢jamos 1 24 Sulinéliy Ieksteles 1 000 000 Iast./ml tankiu. Po
48 val. lasteliy kulttira buvo papildoma 10 uM citozino arabinozido tirpalu
(10 uM Ara-C), kuris sustabdo mikroglijos lasteliy proliferacija kultiiroje. To
pasekoje glijos lasteliy skaicius buvo sumazintas iki 2 proc. (neurony skaicius
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kultiroje sudaré¢ ~98 proc.) (2.1.4.1 pav.). Lasteliy kultiiros toliau buvo
auginamos taip pat kaip ir CGC lasteliy kultira. Darbe buvo naudojamos
ilgalaikés (28 dieny) grynos neurony lgsteliy kultiiros i$skirtos i§ smegenéliy
(toliau grynos smegenéliy neurony lasteliy kultiiros).

nuotrauka

Fluorescencinés mikroskopijos nuotrauka (mikroskopas OLYMPUS IX71S1F-3), 2D RGB ir
faziy kontrasto (PhC) nuotrauky perdengimas, objektyvas %20, padidinimas — 500 karty,
skalé — 100 pm). Mélyna spalva — neurony branduoliai (Hoechst 33342, DAPI filtras);
raudona spalva — nekrozés biidu zuvusiy neurony branduoliai (PI, DAPI filtras).

2.2. Monokloniniy antikiiny ir Api_42 peptido agregaty paruosSimas
lasteliy gyvybingumo ir toksiSkumo tyrimams

2.2.1. Sintetiniy APi_42 agregaty paruosSimas

Sintetiniai APi1-42 peptidai buvo ruoSiami naudojant komercinj sintetinj
AB peptida, gautg i§ Bachem (Sveicarija) arba American Peptide (Kalifornija,
JAV). Buvo ruoSiami skirtingos agregacinés biisenos APi42 junginiai:
monomerai, oligomerai, fibrilés. Paruosty agregaty morfologija ir dydis buvo
jvertinami atominés jégos mikroskopijos metodu (AJM) VU mokslininky [52].
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AP 1-42 monomery tirpalo paruosimas

1 mg APi-42 buvo istirpintas 400 pl HFIP (heksafluorizoproponolyje),
kambario temperatiiroje. | silikonizuota Eppendorf mégintuvél; jpilama
100 pl paruosto HFIP ir AP tirpalo. Mégintuvélyje esantis HFIP iSgarinamas
ir papildomas 50 ul DMSO. Tirpalas centrifuguojamas 12 000 rpm 15 min.
(centrifuga Eppendorf 5414, JAV). Gautas supernatantas perkeliamas j kita
silikonizuotg Eppendorf mégintuvélj ir uzsaldomas —20° C temperatiiroje.

APi-12 oligomery tirpalo paruosimas

I protokolas: 1 mg sintetinio APi-42 peptido iStirpinama su 400 ul HFIP
kambario temperatiiroje. I$ paruosto tirpalo paimama 100 pl ir jpilama j sili-
konizuotg Eppendorf mégintuvelj. | mégintuvél] taip pat jpilama 900 pl
bidistiliuoto vandens. Gautas tirpalas 10—20 min. inkubuojamas kambario
temperatiiroje. Po inkubacijos tirpalas centrifuguojamas 12 000 rpm 15 min.,
gautas supernatantas perkeliamas j kit silikonizuotg mégintuvélj ir iSgarina-
mas HFIP. Po iSgarinimo amiloido tirpalas oligomerizuojamas 24 val. 20° C
temperatiiroje. Gauti oligomerai iSpilstomi dalimis j atskirus Eppendorf
meégintuvélius ir uzSaldomi; saugomi —20° C temperaturoje.

IT protokolas: 0,3 mg sintetinio APi-42 peptido iStirpinama 33 ul HFIP
nesilikonizuotame Eppendorf mégintuvélyje, kambario temperattiroje. Po
perkélimo | mégintuvelj HFIP iSgarinamas ir mégintuvélis papildomas 33 pl
100 mM NaOH tirpalu, kuris 30 min. buvo laikomas kambario temperatiiroje.
Po to jpilama 800 pl 10 mM Na;HPOs. Gautas tirpalas 48 val. laikomas
kambario temperatiiroje ir véliau saugomas 4° C temperatiiroje.

APi-12 fibriliy tirpalo paruosimas

1 mg sintetinio ABi1-42 buvo iStirpinta su 400 ul HFIP kambario tempera-
tiiroje. IS paruosto tirpalo buvo paimama 100 pl tirpalo ir jpilama 900 pl
bidistiliuoto vandens. I$ paruosto tirpalo i§garinamas HFIP ir gautas tirpalas
inkubuojamas 7 paras 37° C temperatiiroje. Gautos fibrilés iSpilstomos dali-
mis ] atskirus Eppendorf mégintuvélius; saugomos —20° C temperatiiroje.

2.2.2. Monokloniniai antikinai

Darbe naudoti peliy monokloniniai antiktinai anti-Af prieS APi-42
peptido N-galinés pozicijos epitopus (klonas #11E12, subtipas IgG2b) ir
sgveikaujantys su APi1-42 ir APBi-40 formomis [235], gauti i§ Vilniaus univer-
siteto Biotechnologijos instituto (dr. A. Zvirbliené). Imuniniy kompleksy
toksiSkumo tyrimuose taip pat buvo naudojami ir kiti monokloniniai anti-
kiinai: anti-VP1 prie§ rekombinanting i virusg panasig oligomering struktiirg
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VP1 (klonas #6D11, 1gG2a), monokloniniai antikiinai prie§ zmogaus meta-
pneumoviruso N baltymg (MTP-N) (klonas #4A2, IgG2b) ir monokloniniai
antikiinai pries raudoniukés N baltyma (MeNP) (klonas #10F7, IgG2b) [236—
238], komercinis monokloninis antiktinas anti-Af1-42 (klonas #G2-13, 1gG1)
(Millipore, JAV) bei komercinis polikloninis antikiinas anti-AB1-42 (Abbiotec
LLC, JAV).

Antikiinai (2 ug/ml) 15 min. buvo pre-inkubuojami su 1 pM Ai-42 arba
APi-40, ar kitais antigenais, ir po pre-inkubacijos perkelti ;| CGC lasteliy
kultiiras 24 val. inkubacijai.

Imuniniy kompleksy toksinio poveikio tyrimams naudotos ilgalaikés (28
dieny) CGC lasteliy kultiiros, kurios 15 min. buvo pre-inkubuojamos su
anti-AP (4 pg/ml) ir 1 uM APi-42. Susidar¢ kompleksai perkelti | 28 dieny
CGC lasteliy kulturas ir inkubuojami 24 val. Kiti imuniniy kompleksy
toksinio poveikio tyrimai 28 dieny grynose smegené¢liy neurony kultiirose
buvo atlickami anti-Ap + AB1-42 kompleksus inkubuojant grynoje mikroglijos
lasteliy kultiiroje. Gryna mikroglijos Igsteliy kultiira buvo auginama CGC
auginimo terpéje ir veikiama anti-Ap + APi-42 oligomery kompleksais 24 val.
Véliau terpé buvo nusiurbiama, uZpilama ant grynos smegeneliy neurony
lasteliy kultiiros ir inkubuojama papildomai 24 val. Kitoje eksperimentinéje
grup¢je ilgalaiké (28 dieny) gryna smegenéliy neurony kulttira buvo papildyta
10 proc. mikroglijos lasteliy (25 000 last./ml) ir uzpilama terpe, nusiurbta nuo
imuniniais kompleksais veikty mikroglijos lasteliy.

2.3. Neuronuy Zities ir lasteliy skaiciaus jvertinimas

Lasteliy poky¢iai (neurony gyvybingumo bei neurony ir mikroglijos
lasteliy skaiCiaus kitimas) buvo vertinami fluorescencinés mikroskopijos
metodu, naudojant fluorescencinj mikroskopa OLYMPUS IX71S1F-3 su 20x
objektyvu (mikroskopinio vaizdo didinimas ~500 karty). Lastelés identifi-
kuojamos pagal budingus formos ir branduolio morfologinius poZymius.
Lastelés kiekviename Sulinélyje 5-10 min. kambario temperatiiroje buvo
inkubuojamos su dazais: propidzio jodidu (PI, 7 uM), bisbenzimidu (Hoechst
33342, 4 pg/ml). Mikroglijos Iasteliy skaic¢iui jvertinti buvo naudojamas
izolektino ir AlexaFluor 488 (7 ng/ml) dazy konjugatas. Propidzio jodidu
nudazytos lgstelés, kuriy branduoliai fluorescavo raudona spalva, buvo verti-
namos kaip nekrozinés lgstelés. Lastelés, kuriy branduoliai buvo kondensuoti
ir fragmentuoti, buvo vertinamos kaip apoptozinés lgstelés. Lastelés, kuriy
branduoliai nebuvo pazeisti ir buvo homogeniski bei Svytéjo melyna spalva,
buvo vertinami kaip sveiki ir gyvybingi (2.3.1 pav.). Mikroglijos lastelés
identifikuotos naudojant mikroglijos lasteléms specifinius izolektino dazus,
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kurie riSasi prie mikroglijos lgsteléms specifinio RET (angl. receptor tyrosine
kinaze) receptoriaus ir Svyti zaliai.

2.3.1 pav. Pavyzdinés smegenéliy CGC lgsteliy kultiiros nuotraukos

Fluorescencinés nuotraukos (mikroskopas OLYMPUS [X71S1F-3), 2D RGB bei faziy kont-
rasto nuotraukos, objektyvas x20, padidinimas — 500 karty. (A) — Sviesiné (faziy kontrasto)
mikroskopijos nuotrauka (kontroliné CGC lasteliy kulttra); (B) — CGC lastelés nudazius PI
ir Hoechst 33342 dazais (baltomis rodyklémis pazymétos apoptozinés lastelés, baltas
apskritimas Zymi raudonas, nekrozés biidu Zuvusias lasteles, tamsiai mélyna spalva —
gyvos lgstelés); (C) — mikroglijos lgstelés (izolektino dazy (GS-IB4) ir AlexaFluor 488
konjugatas); (D) — bendras CGC kultiiros fluorescencinis vaizdas (pateiktas perdengtas visy
1gsteliy tipy vaizdas.

Vaizdiné duomeny analizé

Lasteliy vaizdinimas buvo atliekamas naudojant integruota mikroskopo
OLYMPUS [X71S1F-3 kamera. Eksperimentiniy duomeny fluorescenciné
analize (kokybinis bei kiekybinis vertinimas) buvo atliekama naudojant duome-
ny apdorojimo ir vaizdinimo programy paketus /mageJ ir ImageProExpress 6.3.
Atliekant kiekybinj fluorescenciniy nuotrauky sisteminima bei rezultaty
vertinima, 13stelés buvo skai¢iuojamos penkiuose atsitiktiniuose 24 Sulinéliy
lekstelés laukeliuose (du Sulinéliai tiriamajai medziagai), fotografuojant
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tiriamuosius laukelius objektyvu x20 — 500 karty padidinimu. Tyrimuose su
gryna smegenéliy neurony lasteliy kultiira buvo naudojamas objektyvas x10 —
250 karty padidinimas (tik mikroglijos lgsteliy skaiCiaus jvertinimui).

2.4. Sinapsiu pokyc¢iy vertinimas imunofluorescenciniu metodu

Sinapsiy poky¢iai buvo vertinami imunohistocheminio dazymo metodu.
Sinapsiy pokyciy tyrimams CGC kultiira buvo auginama in vitro 47 paras ir
inkubuojama 24 val. su 1 pg/ml anti-AB#11E12 ir 1 uM A1-42 agregatais. Po
inkubacijos, augimo terpé pasalinama ir atlickamas Igsteliy kulttiros fiksavi-
mas bei tolesnis imunohistocheminis dazymas. Lastelés fiksuojamos 4 proc.
paraformaldehido tirpalu ir inkubuojamos 20 min. kambario temperatiiroje.
Po inkubacijos paraformaldehidas nusiurbiamas ir lgstelés tris kartus kas
15 min. Svelniai perplaunamos PBS tirpalu. Po trijy plovimy lasteliy kulttira
permeabilizuojama su 0,3 proc. tritono X-100 tirpalu 5 min. kambario tempe-
ratiiroje. Po inkubacijos lastelés pakartotinai tris kartus kas 15 min. perplau-
namos PBS tirpalu. Atlikus paskutinj plovima, PBS tirpalas nusiurbiamas ir
lastelés inkubuojamos su 10 proc. BSA tirpalu 60 min. kambario temperata-
roje. Po inkubacijos BSA tirpalas nusiurbiamas ir lgstelés inkubuojamos su
pirminiais ir antriniais antikiinais. Pirma lgstelés inkubuojamos su pirminiu
peliy monokloniniu antikiinu anti-SNAP-25 (4bcam, JAV). Antikiinas skie-
dziamas su PBS santykiu 1:1000. Antikiinas iSpilstomas i Sulinélius su laste-
lémis ir inkubuojamas kambario temperatiiroje 60 min. (tamsoje). Po inku-
bacijos pirminis antikiiny tirpalas nusiurbiamas ir plaunamas tris kartus kas
15 min. su PBS. Ozkos antriniy antikiiny Alexa Fluor 555 tirpalas skiedzia-
mas su PBS santykiu 1:200 ir lastelés inkubuojamos 30 min. kambario
temperatiiroje (tamsoje). Po inkubacijos tirpalas nusiurbiamas ir nuplauna-
mas tris kartus kas 15 min. su PBS. Po imunohistocheminio daZymo sinapsiy
baltymo sinapsino SNAP-25 raiska ir iSsidéstymas buvo jvertinami vaizdi-
nant lasteliy kultiiras fluorescenciniu mikroskopu OLYMPUS IX71S1F-3 bei
atliekant vaizdy analize. Antikiiny—antigeny kompleksy poveikio sinapsino
fluorescencijos intensyvumui lgstelése lyginamoji analizé buvo atlieckama
standartizavus matavimo salygas, pasalinant fono triukSma (/mageJ progra-
ma). Tyrimo metu kontroline lasteliy grupé (CGC kultiira) buvo lyginama su
eksperimentinémis Igsteliy grupémis, veiktomis imuniniais kompleksais,
esant skirtingiems inkubaciniams laikotarpiams, rezultatus isreiskiant stan-
dartiniais fluorescenciniais vienetais (2.4.1 pav.).
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100 pm 100 pm

100 um

2.4.1 pav. Sinapsiy baltymo SNAP-25 issidéstymas CGC kultiroje
po 24 val. inkubacijos su anti-Ap #11E12 + AB1-42 kompleksais

Fluorescencinés nuotraukos po imunofluorescencinio dazymo su peliy monokloniniu pir-
miniu antikinu anti-SNAP-25 ir ozkos antriniu antikiinu Alexa Fluor 555, (mikroskopas
OLYMPUS IX71S1F-3), 2D RGB nuotrauka, objektyvas x20, padidinimas — 500 karty,
skalé — 100 um. Raudona spalva nudazytas sinapsinas (TXRED filtras), mélyna spalva
nudazyti lasteliy braunduoliai (Hoechst 33342, DAPI filtras). CGC lasteliy kultiiros 24 val.
inkubacija su 1 pg/ml anti-AB#11E12 ir 1 uM AP, 4, agregaty (monomery, oligomery,
fibriliy) kompleksais. (A) — kontroliné CGC kultira; (B) — CGC veikta imuniniais
kompleksais su dideliais APi4, oligomerais (46 nm); (C) — CGC veikta imuniniais
kompleksais su mazais Afi4, oligomerais (1-3 nm); (D) — CGC veikta imuniniais
kompleksais su A4 fibrilémis (> 6 nm).

2.5. Lasteliy membranos potencialo neurony—glijos ir mikroglijos
Igsteliy kultiirose nustatymas

Lasteliy plazminés membranos potencialo vertinimas po inkubacijy su
tiriamomis medziagomis buvo atliekamas fluorescencinés mikroskopijos
metodu (mikroskopas OLYMPUS [X71S1F-3), naudojant trimetin oksanolio
DiBAC4(3) dazus. Membranos jtampai jvertinti Igsteliy augimo terpé buvo
nusiurbiama ir ant lgsteliy buvo uzpilama nauja augimo terpé, papildyta 3 uM
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DiBAC4(3). Lastelés inkubuojamos 10 min. ir fotografuojamos integruota
OLYMPUS IX71S1F-3 kamera skirtingais inkubaciniais periodais. Membra-
nos jtampos pokyciai buvo vertinami maziausiai trijuose atsitiktiniuose
eksperimentiniy Sulinéliy laukeliuose. Lasteliy kultiiry fluorescenciniy vaiz-
dy matematin¢ analiz¢ atlikta LSMU Neuromoksly instituto biofizikos ir
bioinformatikos laboratorijoje (dr. R. Petrolis).

2.6. Glutamato kiekio nustatymas lasteliy augimo terpéje

Glutamato kiekio lgsteliy augimo terpé¢je nustatymas buvo atliekamas
taikant spektrofotometrinj metoda, naudojant komercinj Amplex red glutamic
acid/glutamate oxidase rinkinj (Invitrogen, Anglija), remiantis gamintojo
pateiktomis rinkinio naudojimosi instrukcijomis. Po CGC ir grynos
mikroglijos lasteliy kultiros inkubacijos buvo paimami terpés meéginiai ir
inkubuojami 30 min. 37° C temperatiroje (tamsoje). Glutamato kiekis
meéginiuose buvo nustatomas fluorescenciniu 1¢kSteliy  skaitytuvu
(Fluoroskan Ascent, Thermo Scientific, JAV) esant 530-560 nm suzadinimo
ir 590 nm i8spinduliavimo bangos ilgiui. Glutamato koncentracijos tirtuose
pavyzdziuose buvo apskaiCiuojamos naudojant L-glutamo riigSties
standartines kreives.

2.7. TNF-a nustatymas lgsteliy augimo terpéje

TNF-a kiekio grynoje mikroglijos lasteliy kultiiros terpéje nustatymui
nustatomas naudojant TNF-a ELISA rinkinj (/BL International GmbH,
Vokietija). Matavimai buvo atlieckami pagal gamintojo rekomendacijas ir
protokolus.

2.8. Biologiniy skysc¢iy poveikio neurony—glijos lasteliuy
kultiroms vertinimas

2.8.1. Tiriamieji pacienty biologiniai skysciai

Buvo tirti penkiasdeSimt penkiy pacienty biologiniai skysciai. Pacientai
buvo suskirstyti pagal pacienty neurologing bukle ir pazinimo funkcijas.
Pagrinding AL serganciyjy grupe sudaré 55-85 m. amziaus asmenys, kuriems
diagnozuota lengva (L-ATD) ar vidutiné (V-ATD) Alzheimerio tipo demen-
cija (ATD). Neurologiné biiklé ir pazinimo funkcijos tiriamiesiems pacien-
tams buvo vertinamos gydytojy-neurology Lietuvos sveikatos moksly univer-
siteto Neurologijos klinikoje bent du kartus per visg tyrimo laikotarp] —
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jtraukimo ] tyrimg ir pakartotinio vizito po 6—12 mén. metu (prof. dr.
K. Petrikonis, med. gyd. G. PSemeneckien¢ ir med. gyd. E. GruSauskien¢).
Pazinimo funkcijos tirtos taikant trumpgjj; protinés biklés klausimynag
(MMSE, angl. Mini-Mental State Examination), skaiCiy sujungimo testg
(TMT-A, angl. Trail Making Test part A), laikrodzio pieSimo uzduotj (CDT,
angl. Clock Drawing Test) AL jvertinimo skale (ADAS-cog., angl.
Alzheimer's Disease Assessment Scale cognitive subscale). Kasdienés veik-
los, asmenybés poky¢iai, depresiné simptomatika vertinta taikant Blessed‘o
geriatring depresijos skales.

Tiriamasias grupes sudaré: pacientai neturintys kognityviniy sutrikimy
(SP) —devyniolika pacienty; kita demencijos forma serganciyjy grupé (KD) —
vienuolika pacienty ir Alzheimerio tipo demencija serganc¢iy pacienty grupé
(ATD) — dvidesSimt penki pacientai, kurie papildomai buvo isskiriami pagal
ligos sunkumo laipsnj, atitinkamai L-ATD — penkiolika pacienty bei V-ATD —
deSimt pacienty. IS $iy pacienty buvo gauti biologiniy skysciy pavyzdziai.

2.8.2. Lasteliy inkubacija su pacienty biologiniais skysciais

Tyrimuose kraujo serumo (KS) ir smegeny skyscio (SS) méginiai buvo
centrifuguoti 15 min. 5000 aps./min. ir inkubuojami 24 val. su CGC Iaste-
lémis, 1:5 ir 1:2,5 biologiniy skysciy ir Igsteliy augimo terpés santykiu, t. y.
100 pl ir 200 pl serumo bei smegeny skyscio buvo pridedama j 400 pl bei
300 pl terpés. Po inkubacijos buvo atlieckamas neurony gyvybingumo, neuro-
ny skai¢iaus ir mikroglijos lasteliy skaiciaus nustatymas (2.3 skyrius).

2.9. Duomeny analizé

Statistiné ir matematiné duomeny analizé

Duomeny analizé atlikta naudojant kompiuterines duomeny kaupimo ir
analizés programas SigmaPlot 2011 (Systat Software Inc, Anglija) ir SPSS
(SPSS Inc., JAV), pateikiant bendrus eksperimentiniy duomeny grafikus su
vidutinémis kvadratinémis paklaidomis, statistiniam jy palyginimui naudo-
jant Stjudento t-testg ir ANOVA (Tukey ir LSD) testus. Statistiniy hipoteziy
tikrinimui pasirinktas reikSmingumo lygmuo p < 0,05.
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3. REZULTATAI

3.1. Mazy Ai-42 oligomery poveikio smegeny Igsteliy membranos
potencialui mechanizmy tyrimas

Tirptis AP oligomerai atlieka svarby vaidmen; AL patogenezgje,
sukeldami sinapsiy degeneracija, mikroglijos lgsteliy aktyvacijg ir neurony
zitj. Detaliis mechanizmai, kuriy pagalba A oligomerai sukelia minétuosius
efektus, néra gerai itirti. Zinoma, kad toksiski maZi ABi-42 oligomerai savei-
kauja su dirbtinémis membranomis ir sutrikdo jy stabiluma bei vientisuma
[52, 239]. Manoma, kad toks membrany vientisumo sutrikdymas yra susijgs
su tiesiogine jvairiy membranos receptoriy aktyvacija ir veda prie plazminés
membranos depoliarizacijos. Mazai zinoma apie mazy APi42 oligomery
poveiki pirminiy neuroniniy lasteliy membrany potencialui, bei minétyjy
peptidy vaidmenj sukeliant mikroglijos Igsteliy membranos potencialo
pokycius.

Pirmgjame darbo etape siekéme iStirti AB1-42 oligomery (APi1-420) povei-
kj lasteliy plazminés membranos potencialo pokyc¢iams CGC kultiirose bei jy
sasajas su NMDA receptoriais, kurie prisideda prie membranos laidumo.
Siam tikslui CGC ir grynos neurony bei mikroglijos lasteliy kultiiros buvo
inkubuotos su mazais APi42 oligomerais nuo 30 min. iki 4 val. Lasteliy
membranos potencialo pokyc¢iai buvo nustatomi naudojant potencialui jaut-
rius fluorescencinius trimetin oksanolio DiBAC4 (3) dazus (zr. 2.5 skyrius,
46 psl.). Kai Igsteliy membranos potencialas yra didelis, $is dazas nepatenka
1 lasteles, taciau jam sumazéjus (jvykus plazminés membranos depoliariza-
cijai), jis jeina | lasteles ir susijungia su citoplazminiais komponentais [240].
Intensyvéjantis fluorescencinis Igsteliy Svytéjimas rodo Igsteliy depoliariza-
cija, o fluorescencinio intensyvumo mazéjimas — membranos hiperpoliariza-
cijg. Kaip matyti 3.1.1 pav., jau po 30 min. inkubacijos su APi-42 oligomerais
lasteliy fluorescencijos intensyvumas statistiskai reikSmingai padidéjo, oligo-
merai sukélé greitg neurony ir mikroglijos Iasteliy depoliarizacija.
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3.1.1 pav. Mazy AP, ,,oligomery poveikis neurony ir mikroglijos lgsteliy
membranos potencialui CGC kultiiroje

(A) — santykinis CGC neurony fluorescencijos intensyvumas; (B) — santykinis CGC mikro-

glijos lasteliy fluorescencijos intensyvumas. Lasteliy inkubacija su mazais 1 pM AB, . oli-

gomerais (ABi_40) ir 10 uM MK-801. Fluorescencijos intensyvumas isreikstas santykiniais
fluorescenciniais vienetais (s. f. v.). * —p < 0,05 lyginant su kontroline grupe, # — p < 0,05
lyginant su Af,  oligomery grupe; n=>5 —8.
Po 30-60 min. inkubacijos neurony fluorescencija sieké atitinkamai
45 s. f. v.ir 60 s. f. v. Po 2—4 val. inkubacijos neurony fluorescencijos inten-
syvumas isliko stabilus, kas rodo, kad neurony plazminés membranos
depoliarizacija greiCiausiai jvyksta 60 min. laikotarpyje ir sugrjzta iki
lygmens koks buvo po 30 min. Lasteliy kultiiros taip pat buvo inkubuotos su
nekonkurenciniu NMDA receptoriy antagonistu MK-801 (dizocilpinu). Inku-
bacija su MK-801 neapsaugojo neurony nuo APi-42 oligomery sukeltos
lasteliy depoliarizacijos (3.1.1 pav. A) ir neurony fluorescencijos intensyvu-
mas po 30 min. — 2 val. iSliko panasus kaip APi-42 oligomery grupg¢je. Tai
leidzia manyti, kad NMDA receptoriai nedalyvauja ankstyvoje neurony
depoliarizacijoje, sukeltoje mazy APi-42 oligomery (3.1.1 pav. A).
Mikroglijos lasteliy depoliarizacija CGC kultiiroje, lyginant su neuro-
nais vyko greiciau ir per pirmasias 30 min. fluorescencija atitinkamai iSaugo
nuo 61 s. f. v. ki 128 s. f. v. ir i§liko panaSiame lygyje 4 val. (3.1.1 pav. B). Kitaip
nei neuronuose, MK-801 apsaugojo mikroglijos lasteles nuo APi-42 oligomery
sukeltos membranos depoliarizacijos. Kaip pateikta 3.1.1 B pav., 30—60 min.
laikotarpiu fluorescencijos intensyvumas sumaz¢jo iki 92 s. f. v.ir 101 s. f. v.,
lyginant su APi-42 oligomery grupe, o 2—4 val. laikotarpiu APi-42 oligomery
sukelta mikroglijos membranos depoliarizacija statistiSkai patikimai buvo
sumazinta iki kontroliniy lasteliy lygio. Todél galima teigti, kad mazi APi-42
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oligomerai turi poveikj ne tik neurony, bet ir mikroglijos Igsteliy membranos
potencialui, taciau tik mikroglijos lasteliy membranos depoliarizacija yra
susijusi su NMDA receptoriy aktyvacija.

Yra zinoma, kad skirtingy smegeny regiony neuronai pasizymi nevieno-
du pazeidziamumu bei reakcija ] stimulus [241]. Tod¢l tyréme, ar APi-42
oligomery sukelta plazminés membranos depoliarizacija yra budinga tik
smegen¢liy neuronams ir ar minietieji peptidai veikia ir kity smegeny sriciy
neuronus. Siuose eksperimentuose naudojome smegeny Zievés neurony
kulttras, kurios buvo veikiamos APi-42 oligomerais ir MK-801. Kaip matyti
3.1.2 pav. AP1-42 oligomerai padidino smegeny zievés neurony fluorescencija
jau po 30 min. inkubacijos ir ji iSliko panasi per visg 4 val. inkubacinj
laikotarpj, atitinkamai 41 s. f. v. po 30 min., 36 s. f. v. po 60 min., 44 s. f. v.
po 2 val. ir 48 s. f. v. po 4 val. Taip pat nustatéme, kad MK-801 neapsaugojo
zievés neurony nuo lasteliy membrany potencialo poky¢iy po 30 min. — 4 val.
inkubacijos (3.1.2 pav.).

40 -

20 A

~ 160

% == +AI3| 20
140 - —— +AR, .o + MK-801
= £+ +MK-801
E 120 A —— Kontrolé
s

;i 100

=

£ 801

£

& 60

'S

=

b

s

=]

=

=

0 T T T T T
0 1 2 3 4

Inkubacijos laikas, val.

3.1.2 pav. Mazy A, ,,oligomery poveikis neurony lgsteliy membranos
potencialui smegeny Zievés neurony lgsteliy kultiroje

Lasteliy inkubacija su mazais 1 pM AP, oligomerais ir 10 uM MK-801. Fluorescencijos

intensyvumas iSreikstas santykiniais fluorescenciniais vienetais (s. f. v.). * —p <0,05 lyginant
su kontroline grupe, n=4.

Apibendrinant gautus rezultatus galima teigti, kad tirtieji mazi APi-42
oligomerai sukelia nuo NMDA receptoriy nepriklausoma smegenéliy ir
smegeny zieves neurony membranos depoliarizacija.
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CGC lasteliy kulttiroje neuronai yra apsupti glijos lagsteliy, kurios vei-
kiant AP, gali iSskirti jvairius prouzdegiminius veiksnius ir prisidéti prie
neurony pokyciy ir zaties [149, 242]. Todél tyréme, ar APi-42 oligomerai
sukelia neurony membranos depoliarizacijg tiesiogiai, ar veikia netiesiogiai
sukeldami glijos Iasteliy atsakus. Tyrimams buvo naudojama gryna i$
smegen¢liy iSskirta neurony kultiira (zr. 2.1.4 skyriy, 40 psl.). Kaip matyti
3.1.3 pav. 0—4 val. laikotarpiu neuronus veikiant mazais AP1-42 oligomerais
stebimas statistiskai reikSmingas neurony fluorescencinio intensyvumo didé-
jimas, rodantis neurony depoliarizacija. Neuronus veikiant AB1-42 oligomerais
ir MK-801, neurony membrany potencialas iSliko panasus kaip ir APi-42
oligomery grupgje.
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3.1.3 pav. Mazy AP, ,,oligomery poveikis neurony membranos potencialui
grynoje smegenéliy neurony lgsteliy kultiiroje

Lasteliy inkubacija su mazais 1 uM AP oligomerais ir 10 pM MK-801. Fluorescencijos

1-42
intensyvumas iSreikStas santykiniais fluorescenciniais vienetais (s. f. v.). * —p < 0,05 lyginant
su kontroline lasteliy grupe, n=3.

Analogiskai buvo tiriamas mazy APi-42 oligomery poveikis grynai
mikroglijos Iasteliy kultirai. Nustatéme, kad kaip ir miSrioje CGC lasteliy
kulttroje, taip ir grynoje mikroglijos lasteliy kultiiroje, buvo stebimas mikro-
glijos lasteliy fluorescencijos intensyvumo did¢jimas (3.1.4 pav.). APi-42
oligomerai pasizyméjo membranos potencialg mazinanciu poveikiu ir sukélé
mikroglijos Igsteliy depoliarizacijg. Kaip matyti 3.1.4 pav. MK-801 sumazino
mikroglijos lasteliy fluorescencinj intensyvuma, lyginant su AB1-42 oligomery
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grupe. Tod¢l galime teigti, kad mikroglijos Igsteliy membrany depoliariza-
cija, sukelta ABi-42 oligomery, gali biiti susijusi su NMDA receptoriy aktyva-
cija, tuo tarpu APi-42 oligomerai neuronus veikia tiesiogiai ir NMDA recep-
toriai ankstyvajame neurony depoliarizacijos procese nedalyvauja.
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3.1.4 pav. Mazy AB, ,,oligomery poveikis mikroglijos lgsteliy membranos
potencialui grynoje mikroglijos lgsteliy kultiiroje

Lasteliy inkubacija su mazais 1 pM AP, oligomerais ir 10 pM MK-801. Fluorescencijos

intensyvumas isreikstas santykiniais fluorescenciniais vienetais (s. f. v.). * —p <0,05 lyginant
su kontroline grupe; # — p < 0,05 lyginant su AB, , oligomery grupe. n=5-9.

Kitas galimas mechanizmas, kuriuo AP oligomerai gali sukelti Igsteliy
membranos depoliarizacijg ir neurony Zzut] yra siejamas su jonotropiniais
AMPA receptoriais. Kad jvertintume Siy receptoriy vaidmenj A sukeltoje
neurony ir mikroglijos membrany depoliarizacijoje, naudojome AMPA
receptoriy antagonistg NBQX. Kaip matyti 3.1.5 pav., APi142 oligomerai
padidino neurony ir mikroglijos Igsteliy fluorescencinj intensyvuma ir sukélé
minétyjy lasteliy membrany depoliarizacijag, o NBQX 4 val. inkubacijos
laikotarpiu poveikio neurony ir mikroglijos depoliarizacijai neturéjo. Rezul-
tatai leidzia daryti prielaida, kad AMPA receptoriai nedalyvauja APBi-42 sukel-
toje lasteliy depoliarizacijoje.
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3.1.5 pav. Mazy AB, ,,oligomery poveikis neurony ir mikroglijos Igsteliy
membranos potencialui CGC kultiiroje

Lasteliy inkubacija su mazais 1 uM AP, oligomerais ir 10 pM NBQX. Fluorescencijos

1-42
intensyvumas iSreikstas santykiniais fluorescenciniais vienetais (s. f. v.). * —p < 0,05 lyginant
su kontroline grupe, n=3.

Zinoma, kad lgsteliy plazminés membranos depoliarizacija gali salygoti
glutamato iSsiskyrimg [243] ir neurony ziitj [244], todél siekéme nustatyti, ar
APi-42 oligomerai gali sukelti glutamato iSsiskyrima i Igsteliy augimo terpg.
3.1.6 pav. (A) matyti, kad po 60 min. inkubacijos su AB1-42 oligomerais, gluta-
mato koncentracija CGC augimo terpéje statistiSkai patikimai iSaugo iki
1,48 uM, lyginant su kontroliniy Igsteliy terpe (0,69 uM). Po 4 val. inku-
bacijos glutamato koncentracija terpéje sieké 3,4 uM, taciau esant MK-801,
glutamato koncentracija terpéje nedidéjo (3.1.6 pav. A).

Gauti rezultatai rodo, kad ABi-42 oligomerai sukelia glutamato i§skyrima
18 lgsteliy.
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3.1.6 pav. Glutamato koncentracijos pokyciai lgsteliy kultiiry terpése

(A) — glutamato koncentracija CGC kulttiros terpéje; (B) — glutamato koncentracija grynos
mikroglijos lasteliy kultiiros terpéje. Lasteliy inkubacija su mazais 1 pM A4, oligomerais
ir 10 uM MK-801. * — p < 0,05 lyginant su kontroline lasteliy grupe, # — p < 0,05 lyginant
su ABi_4 oligomery grupe, n=5-8.

CGC kulttroje be neurony yra ir apie 13 proc. mikroglijos lasteliy. Kad
jvertintume, kurios lastelés — neuronai ar mikroglijos — i§skiria glutamata kaip
atsakg j APi-42 oligomery poveikj, atlikome eksperimentus, naudodami gry-
nas mikroglijos Igsteliy kultiiras. Matuojant glutamato koncentracijos kitima
grynoje mikroglijos lasteliy kultiiroje, nustatéme, kad 4 val. laikotarpyje
nelasteliné glutamato koncentracija visose tirtose grupése nekito ir sieké
2,0-2,78 uM (3.1.6 pav. B). Tai leidzia teigti, jog neuronai, o ne mikroglijos
lastelés iSskiria glutamatg j terpeg.

Neurony membranos depoliarizacija ir padidéjusi glutamato koncentra-
cija terpéje, gali salygoti NMDA receptoriy aktyvacijg. Aktyvinti NMDA re-
ceptoriai tampa pralaidiis kalcio jonams, kurie gali sustiprinti plazminés mem-
branos depoliarizacijg ar sutrikdyti neurony veiklg [245]. Norint nustatyti ar
NMDA receptoriy slopinimas gali apsaugoti neuronus nuo mazy APi-42 oli-
gomery sukeltos neurony ziities, tyréme NMDA slopiklio MK-801 poveikj
CGC lasteliy gyvybingumui. Kaip matyti 3.1.7 pav., neurony gyvybingumas
statistiSkai patikimai sumazéjo nuo 88 proc. kontrolinéje grupéje iki 51 proc.
APi-42 oligomery grupéje. Lasteles inkubuojant kartu su AP1-42 oligomerais ir
MK-801, neurony gyvybingumas statistiSkai patikimai atsistaté iki kontroli-
niy lasteliy lygio ir sieké 82 proc. (3.1.7 pav.).

Sie rezultatai rodo, kad NMDA receptoriy aktyvacija yra svarbi ABi-42
oligomerams sukeliant neurony Zitj.
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3.1.7 pav. MK-801 poveikis A, ,,oligomery sukeltai neurony Ziiciai
CGC kultiroje

K — kontroliné CGC lasteliy kulttira; Api-420 — lastelés inkubuotos su mazais 1 pM A4
oligomerais; AP1-420 + MK-801 — lastelés inkubuotos su mazais 1 pM Api_4 oligomerias ir
10 uM MK-801; MK-801 — lastelés inkubuotos su 10 uM MK-801. * —p < 0,05 lyginant su
kontroline grupe; # — p < 0,05 lyginant su AR, oligomery grupe, n=4.

APi-42 oligomery sukelta neurony ziitis gali biiti susijusi su APi-42 oligo-
mery sukelta mikroglijos lasteliy aktyvacija. Vienas 1§ mikroglijos Iasteliy
aktyvacijos pozymiy yra uzdegiminiy citokiny, tokiy kaip TNF-a, i§skyrimas
] augimo terpe [246]. Norédami nustatyti ar APi142 oligomerai sukelia
mikroglijos lasteliy aktyvacija matavome TNF-o kiekj grynos mikroglijos
lasteliy kultury terpése. Kaip matyti 3.1.8 pav., APi-42 oligomerai nekeité
bendro TNF-a lygio mikroglijos Iasteliy kulttirose ir jis svyravo tarp 31 pg/ml
ir 48 pg/ml kontrolinéje bei APi—42 oligomery grupése. MK-801 neveike
bendro TNF-a lygio mikroglijos lasteliy kultiiroje, inkubuojamoje su mazais
APi-42 oligomerais. Tai leidZia teigti, jog APi-42 oligomery toksiSkumas néra
susijes su TNF-a i$siskyrimu i lasteliy augimo terpe (3.1.8 pav.).
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Lasteliy inkubacija su mazais 1 uM A,  oligomerais ir 10 uM MK-801. n=3-6.

1-42
Detalesnis tyrimo eigos ir duomeny analizés apraSymas pateiktas straips-
nyje [247] (zr. 138 psl.).

3.2. Monokloniniy antikiiny prie§ ABi—42 peptida toksinio poveikio
mechanizmy tyrimas

Imunoterapija, naudojant specifinius prie$ toksinj AP nukreiptus antiki-
nus, yra laikoma viena perspektyviausiy priemoniy AL gydymui. Taciau
vykdant klinikinius tyrimus buvo pastebéta, kad imunoterapijai naudojami
antikinai kai kada sukelia imunines reakcijas, kuriy mechanizmai néra
aiskiis. Savo tyrimuose sieckéme nustatyti imuniniy kompleksy, sudaryty i$
antikliny prie§ AP ir APi-42 agregaty, poveikj smegeny lasteléms. Eksperi-
mentuose CGC lgsteliy kultira buvo inkubuojama su anti-Ap + APi-42
skirtingos agregacinés biisenos junginiy kompleksais. Siuose tyrimuose nau-
dojome monokloninius antiktinus #11E12, pagamintus kolegy i§ VU Biotech-
nologijos instituto.

Kaip parodyta 3.2.1 pav., stipriausias neuronines lgsteles zudantis povei-
kis buvo imuniniy kompleksy grupéje su AB1-42 oligomerais (anti-Ap #11E12
+ ABi1-420), kuriy poveikyje buvo stebima stipriai iSaugusi neurony apoptoze
(40 proc.) ir nekroze (49 proc.) ir tik 11 proc. neurony iSliko gyvybingi.
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3.2.1 pav. Anti-Ap #11E12 +Ap, ,, kompleksy poveikis neurony
gyvybingumui
Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos su imuniniais kompleksais,
sudarytais i pilny 2 pg/ml anti-Af bei fragmentuoty 2 pg/ml anti-AB(Fab)2 antikiiny ir
skirtingos agregacinés biisenos 1 pM AP, ,, peptidy. Lasteliy gyvybingumas vertintas
fluorescencinés mikroskopijos metodu, naudojant propidzio jodido ir Hoechst dazus. Lasteliy

pokyciai buvo vertinami penkiuose ekperimentinés lékstelés Sulinélio laukeliuose (du
Sulineliai vienam eksperimentui). AB, ,,0— AP, oligomerai; AB, , ,m—ApB , monomerai;
AB,_,f—AB, , fibriles. AP, , 0+ anti-AB(Fab)2 — monokloniniy antikiny anti-Af(Fab)2
fragmenty + APi4» oligomery kompleksai. K — kontroline CGC lasteliy kultliros grupé.
Stulpelinés diagramos balta spalva — gyvy neurony procentiné dalis, juoda — nekroziniy ir
pilka spalva pazymétos apoptoziniy neurony procentinés dalys (proc.). *** —p < 0,001,
** _p<0,01, * —p <0,05 lyginant su kontroline CGC lasteliy kultiiros grupe, n=4-8.

Kiek mazesnis, taciau panasus neurony gyvybingumo sumaz¢jimas buvo
matomas veikiant imuniniams kompleksams su ABi-42 monomerais bei APi-42
fibrilémis. Siy imuniniy kompleksy poveikyije taip pat buvo stebima isaugusi
neurony apoptozé (atitinkamai 29 proc. ir 18 proc.) ir nekrozé (atitinkamai
42 proc. ir 47 proc.) ir tik 27 proc. (anti-AP + APi-42 monomerai), bei 35 proc.
(anti-Ap + APi-42 fibrilés) neurony isliko gyvybingi (3.2.1 pav.). Patys vieni
nei antikiinai, nei AB1-42 oligomerai neurony Zziities nesukelé.

Zinoma, kad antikiiny ir antigeny kompleksai per antikiiny Fc domena
sgveikauja su mikroglijos Fcy receptoriais, o tokia sgveika gali sukelti
mikroglijos aktyvacija [234]. Mikroglijos lasteliy aktyvacijos metu i§skiriami
citokinai ir kiti junginiai gali sukelti neurony ziitj [6,144]. Todél tyréme, ar
citotoksiniam imuniniy kompleksy poveikiui pasireiksti yra reikalinga
antikiino Fc domeno sgveika su lgsteliy Fcy receptoriais. Tam buvo pagaminti
antikino #11E12 Fab fragmentai be Fc domeno. Gautieji Fab fragmentai
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buvo pre-inkubuoti su APi-42 oligomerias ir susidar¢ kompleksai perkelti ]
CGC lasteliy kultiiras.

Nustatéme, kad imuniniai kompleksai sudaryti 1§ antikiiny Fab fragmenty
nesukélé neurony zities ir neurony gyvybingumas isliko panasus kaip kontro-
lingje grupeje (3.2.1 pav.). Tai rodo, kad imuniniy kompleksy toksiniam
poveikiui pasireiksti yra reikalinga antikiiny Fc dalis.

Anti-AB + APi1-42 oligomery kompleksai statistiSkai patikimai sumazino
neurony skaiciy 23 proc., lyginant su kontroliniy lgsteliy grupe (3.2.2 pav.).
StatistiSkai reikSmingas neurony skaifiaus sumazéjimas buvo stebimas
lasteles inkubuojant su anti-Af + APi42 monomery bei anti-Af + APi-42
fibriliy kompleksais, kurie lyginant su kontrole, neurony skai¢iy sumazino
atitinkamai 24 proc. ir 18 proc. (3.2.2 pav.). Antikiiny Fab-fragmenty
(anti-AB(Fab)2) ir APi-42 oligomery imuniniai kompleksai poveikio bendram
neurony skaiciui netur¢jo, kas leidzia patvirtinti pries tai daryta prielaida, jog
butent imuninius kompleksus sudaranciy antikiiny Fc dalis lemia kompleksy
toksiskuma.

100 = T

o
¥ $%

80 A

60

40 1

lauk., proc.

20

Neuronuy skai¢ius/mikroskop.

0 T T T T T
K anti'AB ABI 20T AB] oM+ AB] 4:f+ ABL 20T
#11E12 anti-Af anti-Af anti-Af anti-Ap(Fab)2
#11E12 #11E12 #11E12

3.2.2 pav. Anti-Ap #11E12 + AB, ,, kompleksy poveikis
bendram neurony skaiciui

Tiksliis grafiko Zyméjimai bei koncentracijos pateikti 3.2.1 pav. (Zr. 58 psl.). Bendras neuro-
ny skaiCius (gyvy, nekroziniy ir apoptoziniy neurony suma) buvo vertinamas penkiuose
ekperimentinés 1ékstelés Sulinélio laukeliuose (du Sulinéliai vienam eksperimentui), kontro-
linés grupés lasteliy skaiciy prilyginant 100 proc. Stulpelinés diagramos balta spalva —
kontrolinés lasteliy grupés: K — CGC lasteliy kulttira; anti-Ap #11E12 — lastelés veiktos tik
monokloniniais anti-Ap antiklinais; juoda spalva — imuniniai kompleksai, sudaryti i$
skirtingos agregacines busenos AP, peptidy; pilka spalva — antikiny Fab-fragmenty
(anti-AB(Fab)2) ir AB,_,,
lasteliy kulttiros grupe, n=4-8.

oligomery kompleksai. ** — p < 0,01, lyginant su kontroline CGC
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Zinoma, kad APi-42 peptidai yra linke greitai agreguotis j didesnius
darinius, o AP1-40 peptidai pasiZymi mazesniu oligomerizacijos/fibrilizacijos
greiCiu [61, 62]. Manoma, kad $i APi-42 savybé gali turéti jtakos peptido
toksiSkumui. Tyrimuose naudojamo monokloninio antikiino epitopas #11E12
yra antiktino anti-Af molekulés N-galin¢je pozicijoje ir gali sudaryti komp-
leksus ne tik su Ai-42, taciau taip pat su APi-4o peptidais. Tolesniy tyrimy
metu jvertinome AP peptido oligomerinés struktiiros reikSme¢ imuniniy
kompleksy toksisSkumui. CGC lasteliy kultiira 24 val. buvo inikubuojama su
anti-Af ir trumpesnés APi—4o0 formos monomery ir oligomery kompleksais.
3.2.3 pav. matome, kad tik anti-Ap + APB1-40 oligomery kompleksai drastiskai
sumazino neurony gyvybinguma ir §is neurony gyvybingumo sumazg¢jimas
buvo statistiSkai reikSmingas lyginant su kontroline lasteliy grupe. Anti-Ap +
AP1-40 oligomery poveikyje buvo stebima stipriai iSaugusi neurony nekroze
(68 proc.) ir apoptozé (38 proc.). Patys vieni AB1-40 oligomerai neurony zuties
nesukelé. Anti-AB + APi-40 monomery kompleksai poveikio neurony gyvy-
bingumui netur¢jo.
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3.2.3 pav. Anti-AB #11E12 + A, ,, kompleksy poveikis
neurony gyvybingumui

Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos su imuniniais kompleksais, sudarytais
i§ pilny 2 pg/ml anti-Ap #11E12 antikiiny ir skirtingos agregacinés buisenos 1 pM ABi4o
peptidy. Lasteliy gyvybingumo jvertinimas bei stulpeliniy diagramy Zyméjimai pateikti 3.2.1 pav.
(zr. 58 psl.). ¥** —p < 0,001, ** —p < 0,01, lyginant su kontroline CGC lasteliy kultiiros grupe,
n=4-8.

Mes taip pat tyréme mazy, linijinés struktiiros neagreguoty peptidy APi-6
ir ABi-13 kompleksy su antiktinais poveikj CGC Iasteliy kultiirai. Kolegy i$
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VU BTI buvo nustatyta, kad monokloninio antikiino anti-Ap #11E12 prisi-
jungimo vieta yra ABi-42 peptido N-galo pozicijoje tarp 1-6 AP aminorigsciy
ir pasiZymi stipria sgveika su 1-13 aminoriugsciy ilgio AP peptidais (APi-13)
[235]. Neurony gyvybingumui jvertinti CGC lasteliy kultiira buvo veikiama
anti-Ap ir A1 ir APi-13 peptidy imuniniais kompleksais. Kaip matyti
3.2.4 pav. A, minétieji peptidy fragmentai kompleksuose su jiems specifiniais
antiktinais (anti-Ap + APi-cir anti-AB + ABi-13) neurony gyvybingumui povei-
kio netur¢jo. Vertinant kity imuniniy kompleksy citotoksinj poveiki neurony
lasteléms, CGC lasteliy kultira buvo veikiama imuniniais kompleksais,
sudarytais i§ antikiino #10F7 pries§ raudoniukés baltymg MeNP (anti-MeNP)
ir sintetinio monomerinio MeNPa440-452 peptidy. Nustatyta, kad anti-MeNP +
MeNP440-452 kompleksai neurony gyvybingumui poveikio neturéjo (3.2.4 pav.
A). Patys vieni sintetiniy peptidy fragmentai (ABi-6, AP1-13 ir MeNP440.452)
taip pat nesukélé neurony ziities. Nustatyta, kad antikiiny—peptidy fragmenty
kompleksai mikroglijos Igsteliy skai¢iaus taip pat nekeité (3.2.4 pav. B).
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3.2.4 pav. Mazy, linijinés struktiiros, neagreguoty peptidy kompleksy
su specifiniais antikiinais poveikis neurony gyvybingumui ir mikroglijos
lgsteliy skaiciui

(A) — neurony gyvybingumas ir (B) — mikroglijos lasteliy skai¢ius CGC lasteliy kultiiroje
vertintas po 24 val. inkubacijos su imuniniais kompleksais, sudarytais i§ pilny 2 pg/ml
anti-APB #11E12 antiktiny ir trumpy 1 uM ABi6 ir ABi-i3 (anti-AB + APi.6 iranti-AB+ ABi-13)
peptidy, bei2 pg/ml anti-MeN ir MeNa4o.452 (anti-MeN + MeNa4o.452). Lasteliy gyvybingumo
jvertinimas buvo atliekamas kaip pateikta 3.2.1 pav. (zr. 58 psl.). Mikroglijos Iasteliy skai¢iui
jvertinti buvo naudojamas izolektino ir AlexaFluor488 (7 ng/ml) dazy konjugatas. Lasteliy
pokyciai buvo vertinami penkiuose ekperimentinés lékstelés Sulinélio laukeliuose (du
Sulinéliai vienam eksperimentui). n=6.

61



Apibendrinant gautus rezultatus (3.2.3 pav. ir 3.2.4 pav.) galime teigti,
kad oligomeriné¢/multimeriné A struktiira lemia imuniniy kompleksy toksinj
poveikj CGC lasteliy kultirai.

Buvo svarbu iSsiaiskinti, ar kiti oligomeriniy baltymy ir jiems specifiniy
antikiny kompleksai veikia panasiai kaip ir AP imuniniai kompleksai. Siam
tikslui buvo naudojami monokloniniai antikiinai prie§ rekombinantines |
virusg (VLPs) ir nukleokapsides panaSias (NLPs) daleles, kurios taip pat su-
daro oligomerines struktiiras [248, 237]. Monokloniniai antikiinai #6D11
pries ziurkéno poliomos viruso pagrindinj kapsidés baltymg VP1 (anti-VP1),
pre-inkubuoti su APi-42 oligomerais ar fibrileémis, neveike CGC lasteliy
gyvybingumo, matyt, todél, kad $iuo atveju imuniniai kompleksai nesusidaro.
Taciau anti-VP1 ir jo specifinio antigeno VP1 kompleksai neurony gyvybin-
gumg sumazino nuo 80 proc. kontrolinéje iki 37 proc. anti-VP1 + VP1 gru-
péje (3.2.5 pav.). Sio antikiino Fab-fragmenty ir VP1 imuniniai kompleksai
neurony gyvybingumo neveiké. Tai rodo, jog Fc dalies paSalinimas nuo
anti-VP1 monokloninio antikiino sumazino imuniniy kompleksy toksiskuma.
Tyréme dar dviejy oligomeriniy baltymy ir jiems specifiniy monokloniniy
antikiiny kompleksy poveikj smegeny lasteléms ir nustatéme, kad antikiiny
pries Zzmogaus metapneumoviruso N baltymg MTP-N (anti-MTP-N) ir anti-
kiiny pries raudoniukés N baltyma MeNP (anti-MeNP) imuniniai kompleksai
sumazino neurony gyvybingumg atitinkamai iki 50 proc. anti-MTP-N +
MTP-N ir 67 proc. anti-MeNP + MeNP grupése (3.2.5 pav.). Imuniniai
kompleksai sudaryti 1§ antikiingy Fab-fragmenty (anti-MTP-N(Fab)2 +
MTP-N ir anti-MeNP(Fab)2 + MeNP) gyvybingumo nekeité (3.2.5 pav.). Tai
patvirtina anksC¢iau minétg prielaida, kad antiktiny Fc dalis saglygoja imuniniy
kompleksy citotoksiSkumo pasireiskima CGC kulttiroje.
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3.2.5 pav. Oligomeriniy baltymy ir specifiniy antikiiny kompleksy poveikis
neurony gyvybingumui
Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos su imuniniais kompleksais, suda-
rytais i§ pilny 2 pg/ml bei fragmentuoty 2 pg/ml antikiiny ir 2 pg/ml oligomeriniy baltymuy,
o taip pat 1 uM ABP ., agregaty. Grafike pateikty trumpiniy reik§més pateiktos metody daly-
je, 2.2.2 skyrius (zr. 42 psl.). Stulpelinés diagramos balta spalva — kontroliné CGC Igsteliy
kultora; juoda spalva — pilny (su Fc domenu) antikiiny ir oligomeriniy baltymy imuniniai
kompleksai; pilka spalva — antikiiny Fab-fragmenty ir oligomeriniy baltymy imuniniai
kompleksai. anti-VP1 + AB, , o/f anti-VP1 ir AP, oligomery ir fibriliy imuniniai komplek-

sai. Lasteliy gyvybingumo jvertinimas buvo atliekamas kaip pateikta 3.2.1 pav. (zr. 58 psl.).
¥k _p < 0,001, ** —p < 0,01, * —p < 0,05 lyginant su kontroline CGC lasteliy kultiiros
grupe, n=3-11.

Taip pat buvo nustatyta, kad visi trys kity oligomeriniy baltymy ir jiems
specifiniy antikiing kompleksai po 24 val. inkubacijos statistiskai reikSmingai
sumazino neurony skaiciy kultiiroje atitinkamai 14 proc. (anti-VP1 + VP1;
anti-MTP-N + MTP-N) ir 22 proc. (anti-MeNP + MeNP), lyginant su kontro-
line grupe, tuo tarpu tirty antikiiny Fab-fragmentai kompleksuose su atitin-
kamais antigenais (anti-VP1(Fab)2 + VP1; anti-MTP-N(Fab)2 + MTP-N;
anti-MeNP(Fab)2 + MeNP) poveikio neurony skaiciui neturé¢jo (3.2.6 pav.).
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3.2.6 pav. Oligomeriniy baltymy ir specifiniy antikiiny kompleksy
poveikis bendram neurony skaiciui

Grafike pateikty trumpiniy reik§més bei koncentracijos pateiktos bei aprasytos metody dalies
2.2.2 skyriuje (Zr. 42 psl.) bei 3.2.5 pav. (zr. 63 psl.). Bendras neurony skaicius vertintas kaip
apraSyta 3.2.2 pav. (zr. 59 psl.). ** —p < 0,01, * — p < 0,05 lyginant su kontroline CGC lasteliy
kultiiros grupe, n=3-11.

Gauti rezultatai leidzia teigti, kad monokloniniy antikiiny anti-Ap ir visy
AP1-42 agregaciniy buiseny peptidy imuniniai kompleksai (anti-Ap + APi1-42),
o taip pat ir kity oligomeriniy baltymy ir jiems specifiniy antikiiny komplek-
sai (anti-VP1 + VP1, anti-MTP-N + MTP-N ir anti-MeNP + MeNP) pasizymi
stipriu toksiniu poveikiu CGC lasteliy kultiiroms. Taip pat parodéme, kad
antigeng prisijungianti antikiino Fc domeno dalis, yra svarbus veiksnys suke-
liant neurony Zitj.

Nustatant imuniniy kompleksy poveikj ziurkés CGC kultiirai, tyrimams
buvo naudoti peliy monokloniniai antikiinai, todél kilo klausimas ar pasireis-
kes toksinis imuniniy kompleksy poveikis Igsteléms néra susijes su tarprisine
kryzmine reakcija. Tai tikrinome, naudodami peliy CGC kultiiras, kurios
buvo veikiamos anti-AB+ APi-42 oligomery bei anti-VP1 + VP1 kompleksais,
aukScCiau apraSyty tyrimy metu pasiZyméjusiais rySkiausiu toksiniu poveikiu
neurony gyvybingumui. Rezultatai parodé, kad kaip ir ziurkés CGC kulturoje,
taip ir pelés CGC kultiroje didziausiu statistiSkai reikSmingu neurony
gyvybingumg mazinancéiu poveikiu pasizyméjo anti-Af ir APi1-42 oligomery
kompleksai. Jie neurony gyvybinguma sumazino iki 1 proc. (3.2.7 pav.).
Anti-VP1 + VP1 kompleksai, lyginant su kontroline lgsteliy grupe (66 proc.)
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neurony gyvybingumg sumazino dvigubai ir jis sieké 32 proc. Patys vieni nei
antikiinai, nei antigenai neurony zuties nesukelé. Toks pat imuniniy komplek-
sy toksinis poveikis ziurkés ir pelés CGC kultiiry neuronams rodo, kad abi
kulttiros yra vienodai jautrios peliy antikiiny ir antigeny kompleksy poveikiui.
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3.2.7 pav. Anti-AB #11E12 + A, ,,oligomery ir anti-VPI + VP1 kompleksy
poveikis pelés neurony gyvybingumui

Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos su imuniniais kompleksais, sudarytais i$
2 ug/ml anti-AP #11E12 antikiing ir 1 uM A4 oligomery, bei 2 pg/ml anti-VP1(#6D11)
antikiny ir 2 pg/ml VP1. Lasteliy gyvybingumas jvertintas kaip aprasyta 3.2.1 pav. (Zr. 58 pslL.).
* — p < 0,05 lyginant su kontroline pelés CGC lasteliy kultiiros grupe, n=3-6.

Zinoma, kad mikroglijos lgsteliy Fcy receptoriy specifiskumas IgG gali
priklausyti nuo antikiino izotipo bei epitopo pozicijos antigene. Nustatyta,
kad antikiino izotipas atlieka svarby vaidmenj mikroglijos lasteliy Fcy
receptoriy ir komplemento sistemos sukeltoje AP fagocitozéje. Tyrimai su
transgeniniy peliy modeliais parodé, kad antikiinai nukreipti prie§ epitopa
esant] AP N-galingje pozicijoje gali dalyvauti amiloidiniy sankaupy Salinime
ir neurony apsaugoje, veikdami per mikroglijos Fc receptorius [249]. D¢l to
kéléme klausimg ar IgG1 tipo komerciniai antikiinai, kurie atpazjsta APi-42
C- galing pozicija (anti-AB1-42#G2-13) ir AP1-42 oligomery kompleksai bei,
kaip papildoma neigiama kontrolé pasirinkti kiti komerciniai polikloniniai
triusio anti-AP1-42 antikinai kompleksuose su APi-42 oligomerais gali salygoti
toksinj poveikj smegeny lasteléms. Buvo nustatyta, kad anti-Ap1-42 #G2-13 +
AP1-42 statistiSkai patikimai sumaZino neurony gyvybinguma apie 30 proc.
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lyginant su kontroline grupe, taciau poveikio neurony ir mikroglijos lgsteliy
skai€iui neturéjo. Triusio polikloninio antikiino anti-ABi-42 + AB1-42 oligome-
ry kompleksai poveikio CGC lasteliy kultiirai netur¢jo ir neurony gyvybin-
gumas kulttiroje isliko kontroliniy Iasteliy lygyje (3.2.8 pav.).
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3.2.8 pav. Anti-Af, ,,#G2-13 + Af, ,,oligomery ir polikloninio antikiino
anti-Ap, ,, + Ap, ,,oligomery kompleksy poveikis neurony gyvybingumui

Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos, veikiant komerciniams antikiinams
2ug/ml anti-ABi_42 #G2-13 (stulpelinés diagramos juoda spalva) bei polikloniniams triusio
antikiinams anti-AB;_4 (stulpelinés diagramos pilka spalva) vieniems ar kompleksuose su
1 uM ApPi_4 oligomerais. Stulpelinés diagramos balta spalva— kontroliné CGC lasteliy
kultiiros grupé. Lasteliy gyvybingumas jvertintas kaip apraSyta 3.2.1 pav. (zr. 58 psl.).
* —p < 0,05 lyginant su kontroline CGC lasteliy kulttiros grupe, n=3-6.

Rezultatai rodo, kad monokloniniai antikiinai, nukreipti prie§ epitopa
esantj AP N- galinéje pozicijoje (anti-AB#11E12) ir epitopa esantj C- galinéje
pozicijoje (komercinis anti-AP1-42#G2-13) statistiSkai reikSmingai maZzina
neurony gyvybingumg. Polikloninis triusio antikiinas, kuris neatpazjsta
ziurkes lasteliy Fcy receptoriy, poveikio neurony gyvybingumui neturi.
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CGC kultiira sudaryta 1§ keliy tipy smegeny lasteliy — neurony, astrocity
ir mikroglijos. Zinoma, kad AP inicijuoja mikroglijos lasteliy vykdoma
neurony fagocitoze, kurios metu stebimas neurony praradimas ir zttis [153].
Yra nustatyta, kad paSalinus mikroglijos lasteles i§ miSriy kultiry ir jose
palikus neuronus ir astrocitus, mazos AP koncentracijos nesukelia neurony
zities, taip parodant mikroglijos lasteliy svarba, sukeliant neurony zitj [144].
Todél keéléme klausimg, ar AP imuniniai kompleksai veikia mikroglijos
lasteliy proliferacija CGC kulturose. Kaip pateikta 3.2.9 pav. A, po 24 val.
inkubacijos, anti-AP + APi-42 kompleksai, sudaryti 1§ skirtingos agregacinés
busenos Ai-42 peptidy, lyginant su kontrolinés CGC kultiros grupe,
statistiSkai patikimai didino mikroglijos lasteliy skai¢iy. Anti-Ap (Fab)2 ir
APi1-42 oligomery imuniniai kompleksai nepasizymeéjo mikroglijos prolife-
racijg skatinan¢iu poveikiu ir mikroglijos skaicius iSliko kontroliniy lgsteliy
lygyje (3.2.9 pav. A). Patys vieni APi-42 monomerai, oligomerai ir fibrilés
poveikio mikroglijos lgsteliy skaiciui neturéjo.
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3.2.9 pav. Anti-Ap + APi-42ir kity oligomeriniy baltymy ir jy specifiniy
antikiiny kompleksy poveikis mikroglijos lgsteliy proliferacijai

(A) — anti-AB #11E12+ AB, ,, (oligomery, monomery ir fibriliy) kompleksy poveikis mik-

roglijos lasteliy skai¢iui CGC kultiiroje. Grafike pateikti trumpiniai bei koncentracijos
pateikti bei aprasyti 3.2.1 pav. (zr. 58 psl.). (B) — anti-VP1 + VP1, anti-MTP-N + MTP-N ir
anti-MeNP + MeNP kompleksy poveikis mikroglijos 1asteliy skai¢iui CGC kultiiroje. Tyrime
naudoty antikiiny ir antigeny koncentracijos aprasytos 3.2.5 pav. (zr. 63 psl.). Mikroglijos
lasteliy skaiCius jvertintas kaip aprasyta 3.2.4 pav. B (zr. 61 psl.). ¥ —p <0,05, ** —p <0,01,

lyginant su kontroline CGC lasteliy kulttiros grupe, n = 4-8.
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Anti-VP1 ir anti-MTP-N ir jiems specifiniy oligomerinés kilmés antigeny
kompleksai poveikio mikroglijos lasteléms netur¢jo, tuo tarpu anti-MeNP +
MeNP kompleksai, lyginant su kontroline Iasteliy grupe (9,8 lasteliy mikrosko-
piniame laukelyje) statistiSkai reikSmingai skatino mikroglijos lasteliy prolife-
racijg (13,6 lasteliy mikroskopiniame laukelyje) (3.2.9 pav. B). Anti-VP1(Fab)2
+ VP1, anti-MTP-N(Fab)2 + MTP-N ir anti-MeNP(Fab)2 + MeNP kompleksai
statistiSkai patikimo poveikio mikroglijos lasteliy skai¢iui neturéjo.

Gauti rezultatai leidzia teigti, jog antikiiny—antigeny kompleksy toksis-
kuma sglygojanti antikiino Fc dalis, prisijungusi prie mikroglijos Fcy recepto-
riy, stimuliuoja mikroglijos lasteliy proliferacija.

Vienas 1§ svarbiy mikroglijos lgsteliy aktyvacijos pozymiy yra uzdegi-
miniy citokiny, tokiy kaip TNF-a, iSskyrimas j augimo terpg [246]. Todél buvo
svarbu jvertini, ar CGC kultiirg inkubuojant su anti-Af3 + AP1-42 kompleksais
yra stebimas TNF-a kiekio kitimas lasteliy kulttiros terpéje. Kolegy i§ LSMU
Biochemijos laboratorijos nustatyta, kad po 24 val. inkubacijos su anti-Af} +
APi-42 kompleksais, buvo stebimas statistiSkai patikimas TNF-o kiekio
didéjimas, tuo tarpu CGC kultiirg veikiant tik anti-Ap ar APi-42 oligomerais,
TNF-a kiekio didé¢jimas lasteliy augimo terpéje nebuvo nustatytas. TNF-o
lygio didéjimas buvo stebimas ir Igsteles veikiant kitais oligomerinés kilmés
baltymy ir jy specifiniy antikiiny kompleksais (anti-VP1+ VP1; anti-MTP-N +
MTP-N; anti-MeNP + MeNP), i$ kuriy stipriausiu poveikiu iSsiskyré anti-VP1
+ VPI. Patys vieni oligomeriniai baltymai ar antikiinai poveikio TNF-a netu-
r¢jo. Tyrimy metu naudotas prieSuzdegiminis vaistas minociklinas apsaugojo
smegeny lasteles nuo imuniniy kompleksy salygoto TNF-a lygio did¢jimo ir
neurony Zzities, parodant imuniniy kompleksy vaidmenj mikroglijos lasteliy
aktyvacijos procesuose. Detalesnis eksperimentinio tyrimo eigos ir analizés
apraSymas pateiktas paskelbtame straipsnyje [250] (zr. 126 psl.).

3.2.1. Imuniniy kompleksy poveikis neurony gyvybingumui
ilgalaikése smegenéliy lasteliy kultiarose

Ankstesni tyrimai parodé, kad monokloniniy antikiiny prie§ AP oligo-
merus ir ABi1-42 oligomeriniy junginiy kompleksai in vitro saglygomis sukelia
stiprig neurony ziit ir skatina mikroglijos lasteliy proliferacijg (3.2 skyrius).
Tiriant anti-AP + AP1-42 oligomery poveikj neurony gyvybingumui pastebé-
jome, kad imuniniy kompleksy poveikis neuronams CGC kulttroje pakito,
t. y. neuronai po 24 val. inkubacijos su anti-Ap + APi-42 oligomery komplek-
sais i§liko gyvybingi arba buvo stebima tik neZymi neurony zutis. Tuo tarpu
imuniniy kompleksy poveikis mikroglijos lasteléms iSliko nepakites. Tokie
rezultatai leidZia manyti, kad anti-Af + ABi-42 oligomery kompleksy toksinio
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poveikio neuronams kitimas gali bti susijes su mikroglijos lastelémis. Zino-
ma, kad ilgalaikiy CGC kultiiry neuronai, lyginant su trumpalaikiy kultiiry
neuronais, yra jautresni jvairiy patogeniniy medziagy ar dirgikliy poveikiui
[251]. Todé¢l tyréme anti-Ap + ABi-42 oligomery kompleksy poveikj neurony
gyvybingumui ilgalaikése 28 dieny smegenéliy lasteliy kultiirose. CGC kul-
tira buvo inkubuojama 24 val. su anti-Ap + APi-42 oligomery kompleksais.
Imuniniy kompleksy poveikis neurony gyvybingumui taip pat buvo nusta-
tomas papildzius CGC kultiirg su 10 proc. mikroglijos lasteliy. Kaip ir
ankstesniy tyrimy metu, nustatyta, kad patys vieni nei antiktinai, nei APi-42
oligomerai nesukélé neurony zities (3.2.1.1 pav.). Lasteliy inkubacija su
anti-Af ir APi-42 oligomery kompleksais be papildomo mikroglijos lasteliy
kiekio, sumazino neurony gyvybinguma 28 proc., lyginant su kontroline
lasteliy grupe (98 proc.). Tiriamojoje grup€je su papildomu mikroglijos
lasteliy kiekiu buvo stebima tik neurony gyvybingumo maz¢jimo tendencija
(3.2.1.1 pav.).
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3.2.1.1 pav. Anti-Ap #11E12 + AB, ,,oligomery kompleksy poveikis
neurony gyvybingumui 28 dieny CGC kultiirose

Lasteliy gyvybingumas jvertintas po 24 val. inkubacijos su imuniniais kompleksais, sudarytais
i$ 4 pg/ml anti-AB #11E12 antikiing ir 1 uM A, ) oligomery. 28 dieny CGC kultiira buvo
papildyta/nepapildyta 10 proc. mikroglijos lasteliy. Lasteliy gyvybingumas jvertintas kaip
aprasyta 3.2.1 pav. (zr. 58 psl.). * — p < 0,05 lyginant su kontroline 28 dieny CGC Iasteliy
kulttros grupe, n=2-5.

Tai rodo, kad imuniniy kompleksy toksinio poveikio iSnykimas gali biiti
susijes su didesniu mikroglijos lasteliy skai¢iumi kultiiroje, t.y. padidéjus
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mikroglijos skaiciui, jos gali efektyviau ir greiCiau paSalinti pazeistas ar
zuvusias neuronines lgsteles.

Aktyvinta mikroglijos kultiira ] terpe iSskiria jvairius prouzdegiminius
veiksnius, kurie gali sukelti neurony Zzitj. Kad patikrintume, ar imuniniais
kompleksais paveikta mikroglija iSskiria j terpe neurony Zzitj galincius sukelti
tirpius junginius, atlikome serija eksperimenty. Juose gryna zievés mikroglijos
lasteliy kulttira buvo auginama CGC kultiiros augimo terpé€je ir veikiama anti-Af3
+ APB1-42 oligomery kompleksais 24 val. Tada terpé buvo nusiurbiama, uZpilama
ant grynos smegen¢liy neurony lasteliy kultiiros ir inkubuojama 24 val. (grupé
Nr. 1). Kitoje eksperimentingje grupéje (Nr.2) gryna smegeneliy neurony
kulttra buvo papildyta 10 proc. mikroglijos lgsteliy ir ant tokios kultiiros uzpila-
ma terpés, nusiurbtos nuo imuniniais kompleksais veikty mikroglijos lgsteliy.
Kaip matyti 3.2.1.2 pav., po 24 val. inkubacijos Nr. 2 grup¢je buvo stebima
neurony gyvybingumo mazéjimo tendencija. Neurony gyvybingumo mazéjimas
buvo nulemtas nekrozinés lgsteliy Zities. Tiriamoji grupé Nr. I neurony Ziities
nesukeélé. Tarp grupiy su papildyta ir nepapildyta gryna mikroglijos Iasteliy kul-
tira statsitiSkai patikimas skirtumas nebuvo nustatytas. Gauti duomenys leidzia
daryti prielaida, jog toksiniam anti-Ap + APi-42 oligomery poveikiui didele
reikSme turi mikroglijos lgsteliy ir neurony sgveika, o taip pat imuniniy komp-
leksy poveikis lasteléms gali biti siejamas su kity baltyminiy veiksniy veikimu.
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3.2.1.2 pav. Anti-Ap #11E12 + AB, ,, oligomery kompleksy poveikis
neurony gyvybingumui grynoje smegenéliy neurony lgsteliy kultiiroje

K — kontroliné, gryna 28 dieny smegené¢liy neurony kulttira; Nr. 1 — 28 dieny gryna smege-
néliy neurony kultiira uzpilta terpés, nusiurbtos nuo anti-AB + A4, veikty mikroglijos
lasteliy. Nr. 2 — 28 dieny gryna smegenéliy neurony kultiira papildyta 10 proc. mikroglijos
lasteliy, uZpilta terpés, nusiurbtos nuo anti-Af + APi_4 veikty mikroglijos lasteliy. Tikslus
grafike pateikty tiriamyjy grupiy (Nr.1 ir Nr.2) apraSymas pateiktas metody dalies
2.2.2 skyriuje (zr. 42 psl.). Stulpelinés diagramos balta spalva — gyvi neuronai (proc.),
juoda — nekrozés budu ir pilka spalva pazyméti apoptozés budu zuve neuronai (proc.).
Lasteliy gyvybingumas jvertintas kaip aprasyta 3.2.1 pav. (zr. 58 psl.). n=4.
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3.2.2. AP1-42 peptiduy ir monokloniniy antikiiny anti-Af kompleksy
poveikis neurony sinapsiniams rySiams CGC kulturoje

Sinapsiy praradimas yra laikomas vienu i§ ankstyvyjy AL patologiniy
1vykiy, tiesiogiai siejamy su neurony degeneracija [252]. AP oligomery po-
veikyje susilpnéjes sinapsiy aktyvumas yra siejamas su glutamato receptoriy
funkcijy praradimu, vedanciu prie neurony dendritiniy ataugy degradacijos
[253]. Todél tyréme ar imuniniai kompleksai gali sukelti sinaptotoksinj po-
veikj CGC lasteliy kultiroms. Siuose tyrimuose CGC kultiira buvo veikiama
skirtingos agregacinés biisenos ABi-42 peptidy ir anti-A kompleksais. Imuni-
niy kompleksy poveikis lgsteléms buvo nustatomas po imunofluorescencinio
lasteliy dazymo su specifiniu presinapsinio poliaus Zymeniu, su sinapto-
somomis susijusiu SNAP-25 baltymu, kuris dalyvauja sinapsiniy piisleliy
susidaryme. Didzioji Sio baltymo dalis yra aptinkama neurony aksonuose —
neurituose. Pagal Sio baltymo (SNAP-25) pasiskirstymg buvo jvertinamas
sinapsiniy ry$iy tankis, atliekant nuo SNAP-25 priklausomos fluorescencijos
intensyvumo analiz¢ po CGC inkubacijos su imuniniais kompleksais.

Kaip parodyta 3.2.2.1 pav. A, po 6 val. inkubacijos su anti-Ap + APi-42
oligomery kompleksais, poky¢iy nuo SNAP-25 priklausomos fluorescencijos
intensyvumui nebuvo nustatyta ir jis i§liko panasus kaip kontrolinéje Iasteliy
grupéje (37 s. f. v.). Tai rodo, kad imuniniai kompleksai po 2—6 val. inkuba-
cijos poveikio SNAP-25 raiSkai neturéjo. [vertinus SNAP-25 baltymo pasis-
kirstyma neurony aksonuose po 6 val. inkubacijos su anti-Ap + ABi-42 oligo-
mery kompleksais, buvo stebima neurity tankio mazéjimo bei nykimo tenden-
cija (3.2.2.1 pav. B). Sis 6 val. inkubacinis laikas buvo pasirinktas tolesniems
sinapsiniy rySiy pokyc¢iams jvertinti, jj laikant kaip galimg imuniniy komp-
leksy inicijuoty sinapsiniy pazaidy pradzig CGC lasteliy kulttiroje.
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3.2.2.1 pav. Anti-Ap #11E12 + AB, ,, oligomery kompleksy poveikis
sinapsiniams rySiams CGC kultiirose

CGC lasteliy kultiiros 2 val., 4 val. ir 6 val. inkubacija su | pg/ml anti-Af ir | pM A4
oligomery (APi-420) kompleksais. (A) — anti-Ap#11E12 + AB;_40 kompleksy poveikis nuo
SNAP-25 priklausomos fluorescencijos intensyvumui. Vidutinis fluorescencijos intensyvu-
mas standartizuotuose (0,02 mm?) mikroskopiniuose laukeliuose, iSreikStas standartiniais
fluorescenciniais vienetais (s. f. v.). K — kontroliné CGC lasteliy kultiira. (B) — SNAP-25
baltymo pasiskirstymas neurituose po inkubacijos su anti-AB#11E12 + ABi_4,0. Fluorescen-
cinés nuotraukos po imunofluorescencinio dazymo (zr. 2.4 skyrius, 45 psl.), objektyvas x20,
nuotrauky mastelis — 50 pm, padidinimas — 200 karty, n=3.

73



Vertinant monokloniniy anti-Af ir skirtingy APi42 oligomerizacijos
formos peptidy (mazy oligomery — 1-3 nm, dideliy oligomery — 4—6 nm ir
fibriliy — >6 nm) kompleksy poveiki SNAP-25 raiskai po 6 ir 24 val. inkuba-
cijos nustatyta, kad po 6 val. inkubacijos imuniniais kompleksais buvo stebi-
mas statistiSkai reikSmingas nuo SNAP-25 priklausomos fluorescencijos
intensyvumo didéjimas, lyginant su kontroline lasteliy grupe (3.2.2.2 pav.).
Nuo SNAP-25 priklausomos fluorescencijos intensyvumg labiausiai didino
imuniniai kompleksai su mazais APi-42 oligomerais ir fibrilémis: jiems vei-
kiant fluorescencinis intensyvumas padid¢jo atitinkamai 5 ir 7 s. f. v., lygi-
nant su kontroline grupe. Kaip matyti 3.2.2.2 pav., kompleksai su dideliais
APi-42 oligomerais taip pat didino nuo SNAP-25 priklausomos fluorescen-
cijos intensyvuma. Sioje grupéje su SNAP-25 susijusi fluorescencija i$augo
4 s. f. v., lyginant su kontroline lgsteliy grupe. StatistiSkai patiko skirtumo
tarp imuniniy kompleksy grupiy nebuvo nustatyta.
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3.2.2.2 pav. Anti-AB #11E12 + AB, ,, kompleksy poveikis nuo SNAP-25
priklausomos fluorescencijos intensyvumui

1 pg/ml anti-AB ir 1 pM AB1 o kompleksy, sudaryty i§ mazy (1-3 nm), dideliy (4-6 nm)
oligomery bei fibriliy (>6 nm), poveikis nuo SNAP-25 priklausomos fuorescencijos intensy-
vumui CGC kultiiroje po 6 val. (stulpelinés diagramos juoda spalva) ir 24 val. (stulpelinés
diagramos pilka spalva). Stulpelinés diagramos balta spalva — kontroliné CGC lasteliy
kulttra. Fluorescencijos intensyvumas isreikStas santykiniais fluorescenciniais vienetais
(s. f.v.). #%x—p<0,001— statistiSkai patikimas fluorescencijos intensyvumo pokytis,
lyginant su kontroline lasteliy grupe, ### — p < 0,001, ## — p < 0,01 — statistiskai patikimas
fluorescencijos intensyvumo pokytis, lyginant su imuniniy kompleksy grupe po 6 val. inku-
bacijos, n=3.
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Nustatyta, kad po 24 val. inkubacijos su imuniniais kompleksais, nuo
SNAP-25 priklausomos fluorescencijos intensyvumg mazino antikiinai
kompleksuose su maZzais APi-42 oligomerais, t. y. fluorescencijos intensyvu-
mas, lyginant su kontroline lgsteliy grupe sumazgjo 8 s. f. v. (3.2.2.2 pav.).
Kiti APi-42 peptidy agregaty (dideliy oligomery bei fibriliy) ir antikiino
kompleksai nuo SNAP-25 priklausomos fluorescencijos nekeité ir jis isliko
panaSus kaip kontrolinéje lasteliy grupéje (20s. f.v.) (3.2.2.2 pav.). Tarp
imuniniy kompleksy grupiy, esant 6 val. ir 24 val. inkubaciniams laikotar-
piams, nustatytas statistiSkai patikimas su SNAP-25 susijes fluorescencijos
pokytis.

Duomenys patvirtina ankstesniuose tyrimuose darytg prielaida, kad sta-
tistiSkai reikSmingam sinaptotoksiniam imuniniy kompleksy poveikiui pasi-
reiksti reikalingas ilgesnis nei 6 val. inkubacinis laikotarpis.

Nuo SNAP-25 priklausomos fluorescencijos intensyvumo mazgjimas po
24 val. inkubacijos gali biiti siejamas su SNAP-25 kiekio maZz¢jimu neuro-
nuose. Gauti duomenys taip pat parodo, kad imuniniy kompleksy toksisku-
mas neuritams gali biti siejamas su kompleksuose esan¢io ABi-42 agregacine
blisena, t.y. mazéjant APi-42 oligomerizacijos laipsniui did¢ja imuniniy
kompleksy toksinis poveikis neuritams.

Po 6 val. ir 24 val. inkubacijos su ABi-42 oligomery kompleksais buvo
stebimas SNAP-25 kiekio neuronuose mazéjimas (3.2.2.3 pav. A ir B). Nuo
SNAP-25 priklausomos fluorescencijos intensyvumo sumazéjimas, nustaty-
tas po 24 val. inkubacijos su anti-Ap ir mazy APi-42 oligomery kompleksais,
atsispindi ir neurity pokyciuose: SNAP-25 baltymo ribos tampa neaiskios,
stebimas neurony skai¢iaus maz¢jimas bei neurity struktiiriniai poky¢iai,
nykimas. MazZesni, tac¢iau panasiis sinapsiy pokyciai buvo stebimi kultiiroje,
veiktoje kompleksais su dideliais APi-42 oligomerais ir fibrilémis (3.2.2.3 pav.
B ir C). Duomenys rodo ry$j tarp APi-42 toksiSkumo, nulemto ne tik jo
agregacinés biisenos, taciau ir jo dydzio bei inkubacijos trukmés. Mazéjant
AP1-42 agregacijos laipsniui stebimas su SNAP-25 susijusios fluorescencijos
intensyvumo mazéjimas ir neurity struktiiriniai poky¢iai. Ilgalaikiy inkuba-
cijy metu imuniniai kompleksai pasizymi stipresniu sinaptotoksiniu poveikiu
lasteléms.
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24'val.

3.2.2.3 pav. Anti-Ap #11E12 + AB, ,, kompleksy poveikis SNAP-25 baltymo
kiekiui CGC kultiiroje

Fluorescencinés 2D nuotraukos, objektyvas x20, padidinimas — 200 karty, nuotrauky maste-
lis 100 pm. Imuniniy kompleksy su mazais A, ,, oligomerais (1-3 nm) (A), dideliais AB, ,,
oligomerias (4-6 nm) (B) ir A, ,, fibrilémis (>6 nm) (C) 6 ir 24 val. inkubacija CGC lasteliy
kulttroje. Tyrime naudoty medziagy koncentracijos aprasytos 3.2.2.2 pav. (zr. 74 psl.).
Mélyna spalva nudazyti lasteliy branduoliai (Hoechst 33342); Zalia spalva — mikroglijos
lastelés (GS-IB4); raudona spalva — neuritai (SNAP-25); K — kontrolin¢ CGC Iasteliy
kulttira, n=3.
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3.3. Pacienty biologiniu skysc¢iu poveikio CGC lasteliy kultiirose
tyrimas

Vieni perspektyviausiy AL diagnostiniy metody laikomi AP bei Tau
baltymo koncentracijy pokycio tyrimai smegeny skystyje (SS) ir kraujo
serume (KS). Nors AP ir Tau kiekis daznai matuojamas klinikiniy tyrimy
metu, iki Siol néra jrodyta, kad pacienty biologiniuose skysciuose esantys
minétieji baltymai sukelia neurony ziitj. Eksperimenty metu siekéme istirti
AL biologiniy skys¢iy poveiki smegeny lasteléms. Tiriamasias grupes sudaré:
kognityviniy sutrikimy neturin¢iy pacienty grupé (SP), kita demencijos forma
serganciy pacienty grupé (KD) ir Alzheimerio tipo demencija serganciy pa-
cienty grup¢ (ATD), atitinkamai L-ATD — lengva bei V-ATD — vidutine AL
forma sergantys pacientai. I$ §iy pacienty buvo gauti biologiniai skysc¢iy
pavyzdziai. Kraujo serumo ir smegeny skys¢io méginiai buvo inkubuojami
24 val. su CGC lasteliy kultiiromis, esant 1:5 ir 1:2,5 biologiniy skys¢iy ir
lasteliy augimo terpés santykiui, t.y. 100 pul ir 200 pl serumo bei smegeny
skysc¢io buvo pridedama i 400 pl bei 300 pl 1asteliy augimo terpés. 3.3.1 pav.
matome, kad demencija serganciy pacienty (L-ATD, V-ATD ir KD) kraujo
serumas nesukélé CGC kultiiros neurony ziities (3.3.1 pav. A ir B).
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3.3.1 pav. Biologiniy skysciy poveikis neurony gyvybingumui

CGC kulttiros terpé buvo papildyta kraujo serumu ar smegeny skys¢iu: (A) — santykiu su
augimo terpe 1:5. (B) — santykiu su augimo terpe 1:2,5. Detalus tyrimo apraSymas pateiktas
metody dalyje, 2.8 skyrius (zr. 47-48 psl.). Neurony gyvybingumo vertinimas aprasytas
metody dalyje, 2.3 skyrius (Zr. 43 psl.) bei 3.2.1 pav. (zr. 58 psl.). Juoda spalva pateikiamos
tirlamyjy grupiy biologiniy skysCiy poveikio stulpelinés diagramos, kuriose SP —
kognityviniy sutrikimy neturintys pacientai (n = 19); L-ATD — lengva AL forma (n = 15) ir
V-ATD - vidutine AL forma (n = 10) sergantys pacientai; KD — kita demencijos forma
sergantys pacientai (n=11). * —p < 0,05, lyginant su kontroline CGC lasteliy kultiiros grupe;
N —p < 0,05, lyginant su SP grupe; # — p < 0,05, lyginant su L-ATD grupe; + — p < 0,05,
lyginant su KD grupe.
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Kognityviniy sutrikimy neturin€iy pacienty kraujo serumas, lyginant su
kontroline lasteliy grupe, taip pat nesukelé neurony Zities. Panasus poveikis
neurony gyvybingumui isliko Igsteles inkubuojant su smegeny skysc¢io meégi-
niais, esant 1:5 ir 1:2,5 smegeny skyscCio ir Igsteliy augimo terpés santykiui.
Nustatyta, kad tiriamyjy pacienty grupiy smegeny skystis nekeité neurony
gyvybingumo ir jis i§liko panasus kaip kontrolinéje lasteliy grupéje (88 proc.):
87 proc. SP, 85 proc. L-ATD ir 84 proc. KD grupése. Visgi, toksiniu poveikiu
neuronams pasizyméjo V-ATD pacienty grupé. V-ATD smegeny skystis
esant 1:5 smegeny skyscio ir lgsteliy augimo terpés santykiui, lyginant su
kontroline CGC lasteliy kultiiros grupe sumazino neurony gyvybinguma 14
proc., o su SP grupe — 13 proc. (3.3.1 pav. A). Stipriausias V-ATD citotok-
sinis poveikis buvo stebimas esant 1:2,5 smegeny skyscio ir Iasteliy augimo
terpés santykiui (3.3.1 pav. B). Nustatyta, kad V-ATD, lyginant su kontroline
ir SP grupémis sumazino neurony gyvybingumg 25 proc. StatistiSkai reiks-
mingas neurony gyvybingumo sumazéjimas buvo stebimas ir V-ATD grupe
lyginant su L-ATD (22 proc.) bei KD (21 proc.) pacienty grupiy smegeny
skysciais (3.3.1 pav. B). Toks statistiSkai patikimas neurony gyvybingumo
sumazéjimas buvo nulemtas nekrozinés lasteliy zuties (3.3.2 pav. A ir B).
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3.3.2 pav. Biologiniy skysciy poveikis neurony Ziiciai

(A) ir (B) — kraujo serumo ir smegeny skyscio méginiai po 24 val. inkubacijos su CGC
kulttiros lastelémis, atitinkamai esant 1:5 ir 1:2,5 biologiniy skysciy ir Iasteliy augimo terpés
santykiui. Stulpelinés diagramos juoda spalva — nekrozés biidu Zuve neuronai (proc.), pilka
spalva — apoptozés biidu zuve neuronai (proc.). Tiriamyjy grupiy santrumpos pateiktos
3.3.1 pav. (Zr. 78 psl.). * —p < 0,05, lyginant su kontroline grupe; * — p < 0,05, lyginant su
SP grupe; # — p < 0,05, lyginant su L-ATD grupe; + — p < 0,05, lyginant su KD grupe.

Nustatyta, kad visy demencija serganciy pacienty grupiy (L-ATD, V-ATD
ir KD) kraujo serumas (1:2,5) ir smegeny skystis (1:2,5), bet ne SP grupés
minétieji biologiniai skyscCiai turi tendencija mazinti neurony tankj CGC
kultturoje. Kaip matyti 3.3.3 pav. statistiSkai reikSmingu neurony tankj mazi-
nanciu poveikiu pasizymejo tik L-ATD serganciy pacienty grupés kraujo
serumas ir smegeny skystis (1:2,5), kurie lyginant su kontroline 1gsteliy gru-
pe, sumazino bendra neurony skai¢iy kultiiroje atitinkamai 37 proc. ir 44 proc.
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3.3.3 pav. Biologiniy skysciy poveikis bendram neurony skaiciui

Tiriamyjy grupiy santrumpos pateiktos 3.3.1 pav. (zr. 78 psl.). Bendras neurony skaicius
(gyvy, nekroziniy ir apoptoziniy neurony suma) buvo vertinamas penkiuose ekperimentinés
leksteleés Sulinélio laukeliuose (du Sulinéliai vienam eksperimentui). * —p < 0,05 — statistiskai
patikimas neurony skaiciaus mazéjimas CGC kultiiroje, lyginant su kontroline CGC lasteliy
kultiiros grupe.

Ivertinome ir biologiniy skysciy jtaka mikroglijos lgsteliy skaiciui. Kaip

matyti 3.3.4 pav., po 24 val. inkubacijos L-ATD ir V-ATD biologiniai skys-
¢iai (santykiu 1:5 ir 1:2,5) slopino mikroglijos proliferacija (3.3.4 pav. A ir B).

81



A 40 Kraujo serumas
E
55 %30 1:5 125
] [ 1
g S
“a
.i§ 2090+ A
= 8
s A *
.é E ]0'
=
0 T
K SP L-ATD V-ATD KD SP L-ATD V-ATD KD

B 40 Smegeny skystis
E | 1:5 1128 |
3= 30 [ | | ]
<« ES
g=

=9
28 00] . )
0 8 2
£ =
ZE 197
=

0

K SP  L-ATD V-ATD KD SP  L-ATD V-ATD KD
3.3.4 pav. Biologiniy skysciy poveikis mikroglijos lgsteliy skaiciui

(A) —kraujo serumo ir (B) — smegeny skysc¢io méginiai po 24 val. inkubacijos su CGC kultiiry
lastelémis, esant 1:5 ir 1:2,5 biologiniy skys¢iy ir lasteliy augimo terpés santykiui. Tiriamyjy
grupiy santrumpos pateiktos 3.3.1 pav. (zr. 78 psl.). Mikroglijos lasteliy skaiius jvertintas
kaip aprasyta 3.2.4B pav. (zr. 61 psl). * — p < 0,05 — statistiskai patikimas mikroglijos
skai¢iaus mazéjimas CGC kultiiroje, lyginant su kontroline grupe; * — p < 0,05 — statistiSkai
patikimas mikroglijos skai¢iaus mazéjimas CGC kultiiroje, lyginant su SP grupe.

Mikroglijos lasteliy skaiCius jas veikus L-ATD ir V-ATD grupiy kraujo
serumu (1:5), lyginant su SP grupe (22 lgstelés mikroskopiniame laukelyje)
sumazéjo atitinkamai 41 proc. ir 59 proc. Tik V-ATD grupés kraujo serumas
(1:2,5) statistiSkai reikSmingai sumazino mikroglijos lasteliy skaiciy atitinka-
mai 56 proc. lyginant su kontroline ir 62 proc. lyginant su SP grupémis
(3.3.4 pav. A). Tyrimai su smegeny skysciu parodé¢, kad vienintelés V-ATD
serganciy pacienty grupés smegeny skystis (santykiu 1:5 ir 1:2,5) turéjo
statistiSkai reikSmingg mikroglijos Iasteliy skai¢iy mazinant] poveikj ir
lyginant su SP grupe mikroglijos skai¢ius sumaz¢jo 41 proc. (3.3.4 pav. B).
KD grupés kraujo serumas ir smegeny skystis poveikio mikroglijos lgsteliy
skaiCiui netur¢jo ir jis iSliko panasus kaip kontrolingje lasteliy grupéje
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(3.3.4pav. A ir B). Kognityviniy sutrikimy neturinciy pacienty (SP)
biologiniai skysciai (santykiu 1:5 ir 1:2,5) buvo linke skatinti mikroglijos
lasteliy proliferacijg, taciau statistiSkai patikimas mikroglijos lasteliy skai-
Ciaus did¢jimas buvo stebimas tik Igsteles inkubuojant SP grupés smegeny
skyscCiu (santykis 1:2,5). Nustatyta, kad mikroglijos lgsteliy skaicius, lyginant
su kontroline Igsteliy grupe iSaugo trecdaliu (3.3.4 pav. B). Tai rodo, kad
Alzheimerio tipo demencija serganc¢iy pacienty (L-ATD ir V-ATD) biolo-
giniai skysciai pasizymi mikroglijos proliferacija slopinanciu poveikiu, o SP
grupés biologiniai skysciai yra linke mikroglijos lgsteliy proliferacijg skatinti.
Toks mikroglijos lasteliy maz¢jimas demencijy grupése bei mikroglijos
aktyvacija kognityviniy sutrikimy neturinCiy pacienty grupéje gali biti
siegjami su biologiniy zymeny koncentracijos pokyciais, kurie remiantis
literatiiros Saltiniais, gali rodyti sgsajas su mikroglijos lgsteliy skai¢iaus
kitimu.
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4. REZULTATU APTARIMAS

Amiloido beta baltymo (AB) kaupimasis tarplastelin¢je smegeny erdvéje
yra laikomas vienu i§ svarbiausiy veiksniy, inicijuojanciy AL [45]. Amiloi-
din¢ hipotez¢ teigia, kad pirminé AL priezastis yra neurony disfunkcija ir
neurony ziitis, kurig sukelia APi-42 peptidai [52, 254-256]. Nors ABi-42 pep-
tidy poveikis smegeny lasteléms yra Zinomas, taciau iki Siol AP oligomery
toksiSkumo mechanizmai néra aiskis.

Yra iSskiriami du pagrindiniai mazy APi-42 oligomery toksinio poveikio
neuronams keliai. Jie gali sukelti neurony ziit] misriose ir grynose Igsteliy
kultiirose tiesiogiai — neveikdami mikroglijos lasteliy gyvybingumo [52], ir
netiesiogiai — per sgveika su glijos lagstelémis [6, 149, 153, 155]. Pastebéta,
kad agreguotos AP formos pazeidzia sinapsini perdavima ir inicijuoja
apoptoze per lipidy membranos sutrikdyma, pory susidaryma, tau baltymo
hiperfosforilinimg ar kaspazés-3 aktyvacijg [257, 258]. Yra tyrimy atsklei-
dzianciy, jog AP sgveika su neurony plazmine membrana gali tiesiogiai su-
trikdyti neurony funkcijas [259] ar inicijuoti jy zitj. Visgi, AP sgveikos su
smegeny lgsteliy membranomis mechanizmai, esant skirtingoms A} agrega-
cinéms biisenoms néra visiskai aiskts [260].

ToksiSkiausi mazi AP oligomerai [52, 260], prieSingai nei monomerings
AP formos bei didesni AP agregatai, gali prisijungti prie fosfolipidiniy pusle-
liy, kuriy sudétis yra panasi j neurony membranos sudétj [52, 261]. Zinoma,
jog AP oligomerai padidina membranos pralaiduma tiesiogiai, suformuodami
AP kanalus ar poras [129], ir netiesiogiai, be kanaly ar pory suformavimo
[141, 261]. Sios prieZastys lemia neurony membranos pazeidimus ir jony
srauty sutrikdyma, kurie yra laikomi vieni i§ svarbiausiy A toksinio poveikio
pasireiSkimo veiksniy [59]. AP veikimas sglygojamas jvairiy mechanizmy,
kurie siejami su AP oligomery sukelta neurony zutimi, jskaitant lastelinio
Ca’" homeostazés sutrikdyma [137] bei signaliniy baltymy aktyvacija [262].
Vienas potencialiy AP oligomery veikimo mechanizmy yra minéta endoge-
niniy Ca®" laidZiy receptoriy/kanaly, tokiy kaip AMPA ir NMDA sukelta
tiesioginé aktyvacija [263, 264]. Nepaisant didelio tyrimy skaiciaus, aiSkaus
AP peptidy poveikio mechanizmo pirminiy smegeny lasteliy membranoms
néra.

Mikroglijos lasteliy vaidmuo AP sukeltoje neurony zityje [143] bei
neurony fagocitozés procesuose [155] yra placiai nagrinéjamas, taciau mazai
zinoma apie Siy peptidy poveiki mikroglijos lasteliy membranoms. Nors
tyrimy, siekian¢iy paaiskinti NMDA-R vaidmenj mikroglijos Iasteliy aktyva-
cijoje skaicius auga, taciau gilesniy ziniy apie NMDA-R buvimg besivystan-
¢iy bei suaugusiy smegeny mikroglijos lastelése atsirado palyginti neseniai
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[265, 266]. Todel vienas i§ svarbiausiy APi-42 oligomery poveikio 1gsteliy
membranoms rezultaty Siame darbe yra nuo NMDA-R priklausomos mikrog-
lijos Iasteliy depoliarizacijos mechanizmo nustatymas, kurio metu atskleistas
detalesnis glutaminerginiy receptoriy vaidmuo mazy APi42 oligomery
sukeltoje mikroglijos lasteliy depoliarizacijoje.

Ankstesni darbai rodo, kad astrocity, zmogaus hNT ir ziurkés PC12
neuroniniy lasteliy kultirose APi42 oligomerai sukelia Igsteliy membrany
depoliarizacija, kuri pasireiskia membranos vientisumo paZeidimais ir Ca*"
18éjimu 18 Iagsteliy [267, 268]. Taciau iSsamiy duomeny apie AP poveikj
mikroglijos lasteliy membranoms iki §iol néra. Siame darbe atskleidéme, jog
egzistuoja skirtingas lastelinis atsakas | mazy APi42 oligomery sukelta
lasteliy membrany potencialo kitimg. Pirma kartag buvo parodyta, jog mazi
oligomerai, kurie veikia toksiskai ir sukelia neurony ztity CGC kulttrose [52],
skirtingai veikia neurony bei mikroglijos Igsteliy membrany potencialus,
sukeldami nuo NMDA-R ar AMPA-R nepriklausomg membrany depoliari-
zacijg neuronuose ir nuo NMDA-R priklausomg mikroglijos lasteliy membra-
ny depoliarizacijg. PrieSingai nei neurony ir mikroglijos lastelése, mazi APi-42
oligomerai astrocity membranos potencialo neveiké. Buvo nustatytas nuo
laiko priklausomas neurony membranos potencialo didéjimas, kurio didziau-
sias intensyvumas pasireiSkia biitent ankstyvuoju inkubaciniu laikotarpiu
(30—60 min.). Likusios inkubacijos metu (2—4 val.), neurony membranos
potencialas nekito. Nustatéme, kad APi-42 oligomerai sukelé greitesng ir
didesn¢ mikroglijos lasteliy plazminés membranos depoliarizacija CGC
kultiiroje, kuri buvo stebima jau pacioje inkubacijos pradzioje (0-30 min.) ir
priesingai neuronams, buvo visiskai sustabdyta NMDA-R slopiklio MK-801.
Toks pat apsauginis MK-801 poveikis nustatytas ir grynoje mikroglijos Igste-
liy kulttroje. Tai gali buti siecjama su NMDA-R aktyvacija mikroglijos Igste-
lése. Kadangi neurony plazminés membranos depoliarizacija néra tiesiogiai
susijusi su NMDA-R aktyvacija, iSkéléme prielaida, jog depoliarizacijos pro-
cesg gali inicijuoti kiti glutaminerginiai AMPA-R. ABi-42 oligomery sukelta
neurony ir mikroglijos Iasteliy membranos depoliarizacija nebuvo jautri
AMPA-R antagonistui NBQX, kas rodo, jog AMPA-R nebuvo susije¢ su las-
teliy membranos potencialo poky¢iais nei viename i§ lgsteliy tipy. Svarbu
pazymeti, kad mazy APi-42 oligomery sukelta ansktyva nuo NMDA-R ir
AMPA-R nepriklausoma neurony depoliarizacija pasireiské misriose ir
grynose neurony kultiirose, todél tikétina, kad APi-42 veikimo mechanizmas
yra bendras visoms neuroninéms lgsteléms, ir mazi APi-42 oligomerai tiesio-
giai veikia neurony membranos potencialg [269-271].

AP1-42 oligomery tiesioginé sgveika su membraniniais fosfolipidais, su-
formuojant auksto katijoninio laidumo poras [129, 272] arba fosfolipidy dvi-
sluoksnio destabilizavimas [273], kurio metu gali biiti pazeidziamas neurony
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membranos laidumas, laikomi viena i§ neurony membranos depoliarizacijos
priezas¢iy. Glutamatas yra vienas i§ pagrindiniy CNS neuromediatoriy, kurio
pusiausvyros sutrikdymas yra siejamas su daugeliu neurodegeneraciniy susir-
gimy, o taip pat ir AL. Viena jo funkcijy — aktyvinti metabotropinius ir jono-
tropinius receptorius (NMDA, AMPA) [266]. Siy receptoriy aktyvacija yra
siejama su NMDA-R inicijuojamu neurotoksinio poveikiu ir Ca** lygio kiti-
mu neuronuose [244]. Zinoma, jog ABi-42 oligomery sukelti plazminés mem-
branos jtampos pokyc¢iai (membranos depoliarizacija) gali saglygoti glutamato
i1Stekéjimg 1S neurony [268], o galiausiai sukelti neurony ziit] [244]. Tyrimai
su pirminémis CGC lgsteliy kultiiromis parode, jog kalio jony salygotos neu-
rony membranos depoliarizacijos metu buvo stebimas nuo kalcio priklauso-
mas glutamato iStekéjimas. Sie procesai sukélé nuo NMDA ir GABA recepto-
riy priklausomg neurony zitj [244]. Naujausi tyrimai su misria neurony—
glijos Iasteliy kultiira taip pat parodg, jog lasteliy membranos jtampos poky-
¢iai bei glutamato patekimas j uzlgsteling erdve yra siejami su lasteliy zatimi
[274]. Mes nustatéme, kad jau po trumpo inkubacinio laikotarpio APi-42
oligomerai sukélé glutamato i$¢jima § CGC lasteliy augimo terpe, o ilgalaiké
inkubacija sukélé uzlgstelinio glutamato koncentracijos padidéjimg, kuris
isnyko veikiant MK-801. Sie rezultatai patvirtina membranos depoliariza-
cijos rysj su glutamato i8¢jimu i8 Igstelés ankstyvuoju inkubaciniu laikotarpiu
[243], todél tikétina, kad miisy nustatytas APi-42 oligomery inicijuotas gluta-
mato koncentracijos didé¢jimas lasteliy terpéje siejamas su greita neurony
membranos depoliarizacija ir neurony glutamato nesikliy slopinimu [275].
Svarbu pazyméti, kad uzlastelinio glutamato koncentracija grynoje mikrogli-
jos lasteliy kultiiroje, prieSingai nei CGC lasteliy terpéje, nekito. Tai leidzia
teigti, jog glutamato koncentracijos padidéjimo priezastis susijusi su poky-
Ciais vykstanciais tik neuronuose ir néra susijusi su mikroglijos lasteliy buvi-
mu kultiiroje.

Taip pat nustatéme, kad nuo ABi-42 priklausoma neurony Zziitis buvo su-
stabdyta NMDA-R antagonisto MK-801. Kity tyréjy rezultatai atskleidé, jog
AP prisijungimas prie NMDA-R pazeidzia lasteliy plazming membrang ir
sukelia nekontroliuojama kalcio i8¢jima [264, 276], vedant] prie tokiy oksida-
ciniy pazeidimy, kaip aktyviy deguonies formy susiformavimas [277]. AP
inicijuota NMDA-R aktyvacija taip pat siejama ne tik su lgsteliy Ca*"
homeostazés sutrikdymu [21, 263, 264], bet ir neurony disfunkcija [278],
neurony Zziitimi [21] bei galimu oksidaciniu stresu [279]. Tod¢l misy tyri-
muose nustatytas apsauginis MK-801 poveikis neuronuose leidzia teigti, jog
NMDA-R aktyvacija yra lydima ABi-42 oligomery sukeliamos membranos
depoliarizacijos, vedancios prie neurony zities.
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Misy tyrimai taip pat parodé, kad mazi APi42 oligomerai pasizymi
savybe jjautrinti mitochondrijy nespecifinio pralaidumo porg taip sumazin-
dami izoliuoty smegeny mitrochondrijy gebéjima kaupti Ca®". Tai leidzia
manyti, jog APi-42 oligomery sukeltas sumazéjes lgsteliy jautrumas Ca?" ir
mitochondrijy nespecifinio pralaidumo poros atsidarymas, sukelia mito-
chondrijy pazaidas ir galiausiai — neurony Zutj. Naujausi tyrimai parodé, kad
AP oligomerai inicijuoja kalcio jony salygota mitochondrijy pralaidumo
poros atsidaryma bei tolesnius morfologinius ir struktiirinius poky¢ius, tokius
kaip mitochondrijy brinkimas ir kristy suardymas, sumazéjgs mitochondrijy
potencialas, citochromo ¢ i§¢jimas ir galiausiai — neurony Zitis [280]. Sie
tyrimai sustiprina musy prielaidg ir rodo, kad neuroniniy lgsteliy kulttiras
veikiant AP oligomerais yra stebima mitochondrijose vykstanciy procesy
kaskada, vedanti prie neurony Zities.

Mazi APi-42 oligomerai sukelia greita neurony ir mikroglijos lasteliy
depoliarizacija ir neurony ziitj, taiau neturi poveikio mikroglijos lasteliy
gyvybingumui. Visgi néra Zinoma, ar nuo NMDA-R priklausoma mikroglijos
studija [171] remiasi miisy gautais ir auk$Ciau aptartais rezultatais ir teigia,
kad AP oligomery ir metabotropiniy receptoriy sgveikos nulemta membrany
depoliarizacija ir kalcio homeostazes sutrikdymas neuronuose bei mikroglijos
lastelése [247, 281, 282] gali prisidéti prie neurony ziities [171]. Tyréjai
nustaté, kad monokloninis anti-Ap antikiinas adukanumabas normalizuoja
kalcio lygj] transgeniniy peliy neurituose [283], todél antikiino gebéjimag
Salinti amiloidines sankaupas autoriai sieja su anti-Ap savybe uZzkirsti kelig
AP oligomery prisijungimui prie metabotropiniy receptoriy [171]. Kiti in
vitro tyrimai parodé, kad NMDA suzadinimas sukelia mikroglijos NMDA-R
aktyvacijg ir prouzdegiminiy veiksniy, tokiy kaip TNF-o, IL-1B ar NO
iSleidimg ] lasteliy kulttiros augimo terpe pirminése mikroglijos ir neurony
kultiirose. Smegeny zievés neurony kultlirg inkubuojant su aktyvintos
mikroglijos lgsteliy terpe, nustatyta neurony Ziitis buvo sumazinta MK-801,
susiejant toksinio poveikio pasireiskimg su mikroglijos Igsteliy NMDA-R
aktyvacija. Si NMDA-R aktyvacijos sukelta neurony Zitis buvo sglygota
TNF-a [284]. Musy tyrimai parodé, kad APi-42 oligomerai bendro TNF-a
lygio CGC lasteliy augimo terpéje nekeité. Tai leidZia teigti, jog APi-42
oligomery toksinis poveikis neuronams néra susijes su mikroglijos lasteliy
gaminamo TNF-a iSsiskyrimu. Visgi, APi-42 oligomery sukelta mikroglijos
lasteliy aktyvacija galéjo sukelti aktyviy deguonies ar azoto junginiy
susidaryma [143, 285] ar kity prouzdegiminiy citokiny gamyba [146, 286,
287] ir taip netiesiogiai inicijuoti neurony zitj.

Mikroglijos Igstelés yra uzdegiminio atsako reguliatoriai, kurie AL metu
telkiasi aplink amiloidines ploksteles, glaudziai sgveikauja su ploksteliy
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pavirSiumi ir veikia kaip barjeras, uzkertantis kelig tirpiems A} oligomerams
formuotis i fibrilines ploksteles [288]. Fagocitinis mikroglijos lasteliy aktyvu-
mas nustatomas tik ankstyvuoju amiloidiniy ploksteliy formavimosi laikotar-
piu [169, 288], todé¢l véliau pasireiskiantis uzdegiminis lasteliy atsakas
kad anti-AP efektyviai mazina amiloidines sankaupas ankstyvuoju AL
laikotarpiu ir §j poveik] sieja su mikroglijos Fcy receptoriy salygota fagoci-
toze, antikliny epitopu ir jy geb¢jimu prisijungti prie tirpiy AP oligomeriniy
formy [171]. Ta¢iau nepaisant daug zadanciy rezultaty, iki Siol mazai Zinomi
monokloniniy antikiiny skirtingo poveikio neuronams mechanizmai.

Mazi 1-2 nm Ai-42 oligomerai sukelia laipsniSkg ir nuo koncentracijos
priklausoma neurony Zziitj grynoje neurony ir CGC kultiiroje, kuri tiesiogiai
priklauso nuo Ai-42 dydZio, tuo tarp monomerings ir fibrilinés APi-42 formos
bei dideli 4-10 nm Ai-42 oligomerai poveikio neurony gyvybingumui neturi
[52]. Nustatéme, kad APi1-42 agregatai kompleksuose su anti-Ap #11E12
antikiinais sukél¢ stiprig neurony zutj bei pasiZyméjo neurony skai¢iy mazi-
nanciu poveikiu. DidZiausiu toksiniu poveikiu i$siskyré imuniniai komplek-
sai su APi-42 oligomerais. Pastebéjome, kad APi-42 agregatai kompleksuose
su antikiinais skatino mikroglijos lgsteliy proliferacija, kuri pasireiskia kaip
pagrindinis aktyvintos mikroglijos atsakas j AP poveikj [289]. Teigiama, kad
miSriose ir grynose neurony kultirose Afi42 oligomerai sukelia nuo
mikroglijos lasteliy nepriklausoma [52] ir mikroglijos lasteliy aktyvacijos
salygota neurony Zziit] bei mikroglijos lasteliy proliferacijg [155, 289-291].
Pasalinus mikroglijos lasteles i§ CGC kultiros nustatéme, kad imuniniai
kompleksai poveikio neurony gyvybingumui neturi. Tai leidzia daryti
prielaida, kad imuniniai kompleksai CGC kultiiroje sukelia neurony ziitj ne
tiesiogiai, o per sgveika su mikroglijos Iastelémis.

APi1-40 peptidai taip pat siejami su AL patologija, tafiau pasiZymi mazes-
niu toksiniu poveikiu nei ABi1-42[65, 292]. Nustatyta, kad APi-42 peptidai yra
linke spontaniSkai agreguotis | didesnius darinius [65, 235], tuo tarpu APi-4o
iSlaiko mazesnj oligomerizacijos laipsnj, lyginant su APi-42 [293]. Misy
naudoto monokloninio antikiino anti-Af epitopas (#11E12) yra AP1-42 N-ga-
linéje pozicijoje ir formuoja imuninius kompleksus su abejomis AP (APi-4oir
APi-42) formomis [235], tod¢l tyréme, ar imuniniy kompleksy toksinis po-
veikis priklauso nuo APi-40 oligomerizacinés buisenos. Nustatyta, kad analo-
giSkai tirtiems APi-42 peptidy ir anti-Af kompleksams, anti-Af ir ABi-40
oligomery imuniniai kompleksai pasizymeéjo lasteliy gyvybingumg mazinan-
¢iu poveikiu. Imuniniai kompleksai sudaryti i§ monomerinés Afi-40 struktu-
ros neurony zities nesukélé. Tai leidzia daryti prielaida, jog oligomeriné/
multimeriné AP struktiira gali biiti esminis veiksnys, lemiantis imuniniy
kompleksy toksiskuma smegenéliy kulttiroje.
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Tyrimuose naudotas monokloninis antikiinas anti-A [ buvo sukurtas pries
toksiskus mazus APi-42 oligomerus, kuriy imunodominuojantis regionas
aptinkamas tarp 1 ir 19 aminoriig§¢iy. Zinoma, kad §is antikiinas geba rea-
guoti su 1-6 aminortigsciy bei 1-13 aminoriig§¢iy ilgio sintetiniais peptidais,
kurie atitinka monomerinius AP fragmentus ir negali suformuoti didesniy
struktiiry [235]. Nustatéme, kad patys vieni sintetiniai peptidy fragmentai
APi6 ir APi-13 bei sudarydami kompleksus su anti-Ap, toksinio poveikio
smegeny lasteléms netur¢jo. Kiti monomerinio MeNP baltymo fragmentai
MeNPa440-452 ir jam specifinio antiktino prie§ raudoniukés baltyma anti-MeNP
(#10F7) kompleksai neurony Zities taip pat nesukele. Mazi, linijinés strukta-
ros, neagreguoty peptidy ir specifiniy antikiiny kompleksai sustiprino
ankstesn¢ prielaida, jog imuniniy kompleksy toksiSkumas néra susijes su
monomerine antigeno struktura. Tai leidzia teigti, kad neurony zutis CGC
kulttiroje gali biiti apspresta antigeno konformacijos ir oligomerinés struk-
turos.

Su mikroglijos lastelémis siejama neurony zitis gali buti salygota
mikroglijos lgsteliy aktyvacijos [171, 289, 294-296] ir antikiiny prisijungimo
prie mikroglijos lasteliy specifiniy Fcy receptoriy [295, 297]. Tyréme ar
antikiny Fab-fragmentai su paSalinta Fc dalimi kompleksuose su APi-42
oligomerais gali sukelti tokj pat toksinj poveikj CGC lasteléms kaip anti-Ap +
AP1-42 imuniniai kompleksai. Nustatéme, kad anti-Ap(Fab)2 + ABi-42 povei-
kio neurony gyvybingumui neturéjo. Mikroglijos Fcy receptoriy vaidmuo
buvo nustatytas ir naujausiy tyrimy su peliy C8-B4 mikroglijos lastelémis
metu [297]. Buvo parodyta, kad rekombinantinio IgG2a monokloninio anti-
kiino mAB-11 inkubacija mikroglijos lasteliy kulttiroje sukeélé stiprig antikiiny
ir AP1-42 fibriliy bei amiloidiniy ploksteliy sagveika, kurios metu buvo stebima
nuo mikroglijos Fcy receptoriy priklausoma fagocitozé ir amiloidiniy
sankaupy Salinimas. Antikiing mAB-11 Fab-fragmentai amiloidines sankau-
pas mazinanéiu poveikiu nepasizyméjo [297]. Sie tyrimai sustiprina miisy
prielaida ir rodo, kad imuniniy kompleksy toksiSkumas yra susijes su mikrog-
lijos lasteliy Fcy receptoriy aktyvacija.

Imuniniy kompleksy poveikis neurony gyvybingumui buvo jvertintas
CGC kultiirg inkubuojant su kity oligomeriniy baltymy ir jiems specifiniy
antigeny kompleksais. Nustatéme, kad APi-42 oligomerai ir APi-42 fibrilés
kompleksuose su monokloniniais anti-VP1 antikiinais prie§ rekombinanting |
virusg panasig oligomering struktiirg VP1 neveiké CGC kultiiros gyvybin-
gumo. Tai gali buti aiSkinama tuo, jog matyt Siuo atveju imuniniai kompleksai
nesusidaro. Visgi buvo parodyta, kad imuniniai kompleksai sudaryti i§
anti-VP1 ir jo specifinio antigeno VPI1 (anti-VP1 + VP1) pasizyméjo
neuronus zudanciu poveikiu. Antikiingy Fab-fragmenty anti-VP1(Fab)2 + VP1
kompleksai poveikio neurony gyvybingumui netur¢jo. Rezultatai leidzia
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teigti, jog citotoksinis anti-VP1 ir VP1 kompleksy poveikis yra sglygotas
antiktino Fc dalies, kuri jungdamasi prie mikroglijos lasteliy Fcy receptoriy
lemia neurony ziitj ir imuniniy kompleksy toksiSkumo pasireiskima lgsteliy
kultiroje. CGC kulturas inkubuojant su kitais dviem antikiinais prie$
oligomerinius baltymus, sustiprino anksciau iSkeltg prielaidg, jog imuniniy
kompleksy citotoksiSkumui pasireikSti biitina antigeno prisijungimui
reikalinga antikiino Fc dalis. Nustatyta, kad monokloniniy antikiiny pries§
Zmogaus metapneumoviruso N baltymg (MTP-N) ir raudonukés N baltyma
(MeNP) ir jiems specifiniy baltymy kompleksai sumazino neurony gyvybin-
gumg bei lasteliy skaiciy kultiirose. Antikiiny Fab-fragmenty ir oligomeriniy
baltymy kompleksai (anti-MTP-N(Fab)2 + MTP-N; anti-MeNP(Fab)2 +
MeNP) poveikio neuronams neturéjo.

Pasireiskes toksinis imuniniy kompleksy poveikis ziurkés CGC Iasteliy
kultiroms gali buti siejamas su tarprii§ine kryZzmine reakcija dél tyrimuose
naudoty peliy monokloniniy antikiiny. Naudodami peliy CGC kultiiras,
jvertinome imuniniy kompleksy poveikj neurony gyvybingumui. Nustatéme,
kad didziausiu toksiniu poveikiu pasizyméje anti-Ap + APi-42 ir anti-VP1 +
VP1 kompleksai veiké citotoksiskai ir sumazino neurony gyvybingumag
abejose pirminése CGC kultiirose. Rezultatai rodo, kad oligomeriniy baltymy
ir antikiiny kompleksy toksinis poveikis nepriklauso nuo gyviino risies, todél
stebimas vienodas jy poveikis ziurkeés ir pelées CGC kulttiroms.

Antiktiny veikimas yra nulemtas jo specifiSkumo ir gebéjimo atpazinti
AP epitopa [298]. Publikuoti darbai rodo, kad antikiinai, turintys tg patj
epitopa, gali pasizyméti nevienodu veiksmingumu Salinti amiloidines sankau-
pas ir sglygoti skirtingo laipsnio mikroglijos lasteliy aktyvacija [299]. Antikii-
no epitopas taip pat lemia ir jo geb¢jima apsaugoti lgsteles nuo AP kaupimosi
ir galimo toksinio poveikio pasireiskimo neuroninéms lasteléms. Zinoma, kad
polikloniniai ir monokloniniai anti-Ap antiktinai, kurie jungiasi prie A N-ga-
linés pozicijos gali sumazinti arba visiSkai pasalinti amiloidiniy sankaupy
kaupimasi transgeniniy peliy modeliuose [172, 174, 300], visgi toks antikiiny
poveikis gali biiti lydimas ir uzdegiminio atsako. Yra tyrimy teigianciy, kad
antikiinai, atpaZjstantys APi-42 N-galing pozicija, sukelia stiprig mikroglijos
lasteliy aktyvacija [301]. N-galinés pozicijos anti-Af, lyginant su monoklo-
niniais antikiinais, kurie atpazjsta C-gala, veiksmingiau maZina AP kaupimasi
neurony sinapsése in vitro ir apsaugo nuo sinapsiy praradimo in vivo [302].
Zinoma, kad antikiinai atpaZjstantys C-galing pozicija, pasiZymi savybe page-
rinti kognityvines funkcijas [177] bei sumazinti amiloido kaupimasi transge-
niniy peliy smegenyse [303]. Taciau Sie antiktinai turi ir Salutinj poveik],
nulemtg AP persiskirstymo i§ smegeny parenchimos j smegeny kraujagysles.
Antikiiny skirtingas AP Salinimo mechanizmas nusakomas atsizvelgiant pries
kokius skirtingy A peptidy epitopus yra nukreipti antikiinai [298]. Nustatyta,
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kad APi42 N-galing pozicijg atpazjstantys anti-APi42 pasizymi skirtingu
amiloidines sankaupas Salinanciu poveikiu bei priesingai nei Ap C-galo ir
centrinio AP domeno anti-Af, geba iniciuoti stipry mikroglijos lasteliy kaupi-
masi aplink amiloidines ploksteles [301, 304]. Toks antikiiny veikimas rodo,
kad imuniniy kompleksy poveikis gali biiti nulemtas ne tik antikino epitopo
padéties, tadiau ir giminingumo Fc receptoriams. Sig prielaidg patvirtino ir
misy darbai, kurie parodé¢, kad ziurkés mikroglijos Iasteliy Fcy receptoriai
gali specifiskai prisijungti ne tk anti-AB #11E12 + APi1-42 oligomery komplek-
sus, taciau taip pat komercinio monokloninio anktikiino anti-AB1-42 (#G2-13),
atpazistan¢io APi-42 C-galing pozicija, ir APi-42 oligomery kompleksus.
Nustatyta, kad skirtingy IgG izotipy monokloniniai anti-Af, atpazjstantys
skirtingus APi-42 grandinés galus (N- ir C-galg), kompleksuose su APi-42
oligomerais sukélé neurony zutj. Rezultatai patvirtina, jog antikiino epitopo
padétis neapsprendzia imuniniy kompleksy toksinio poveikio CGC kultu-
roms. Kito komercinio polikloninio triusio antiktino anti-AP42 ir APB1-42 oligo-
mery kompleksai neveiké neurony gyvybingumo bei neurony ir mikroglijos
lasteliy skaiCiaus kultiiroje. Tai gali biiti siejama su §io antikiino mazu
giminingumu ziurkés Fcy receptoriams, kadangi yra Zinoma, kad polikloninis
antikinas anti-AP42 neatpazjsta ziurkés lasteliy Fcy receptoriy, todél ir
nesukelia uzdegiminio lasteliy atsako. Iki Siol yra mazai duomeny apie
ziurkiy Fcy receptorius ir ypatingai apie $iy receptoriy gimininguma peliy IgG
tipams. Zinoma, kad Ziurkés makrofagai turi Fcy receptorius, specifiskus
ziurkés [gG2a, o taip pat IgGl, IgG2b bei IgE [305]. Peliy mikroglijos Iastelés
ekspresuoja keturiy skirtingy tipy IgG specifinius Fc receptorius (Fcy
receptorius): didelio giminingumo FcyRI ir mazo giminingumo FcyRII,
FcyRIII bei FcyRIV. FunkciSkai jie skirtomi j du tipus: aktyvuojantieji
(FeyRlI, -III, -IV) ir slopinamieji (FcyRII) [306]. FcyRI ir FcyRIII pasizymi
dideliu giminingumu IgG2a ir kiek mezesniu IgGl bei IgG2b [307].
Nustatyta, jog kai kuriy patologijy atvejais stebimas FcyRI bei FcyRIII
vaidmuo [234, 308]. Imuniniy kompleksy toksiSkumas miisy tyrimuose yra
stebimas su antikiinais, kurie priskiriami IgG2b (anti-Ap#11E12, anti-MTP-N
#4A2 ir anti-MeNP#10F7), IgG2a (anti-VP1#6D11) ir [gGl (anti-AB1-42#G2-13)
izotipams. Vieninteliai anti-MeNP + MeNP skatino mikroglijos lgsteliy
proliferacija, tuo tarpu kiti oligomeriniy baltymy ir jy specifiniy antikiiny
kompleksai poveikio mikroglijos Igsteléms neturéjo. Rezultatai patvirtina
kity tyréjy prielaida, jog FcyR gebéjimas jungtis skirtingo subtipo IgG yra
nevienodas: aukSto giminingumo FcyRI gali teikti pirmenybe¢ prisijungti
IgG2a subtipg [309], kai tuo tarpu mazo giminingumo FcyRIII — 1gG1, IgG2a
ir IgGb subtipus [310] ar FeyRIV — IgG2a bei IgG2b subtipus [311]. Sie
skirtumai gali biti siejami su antikiiny toksiSkumu [312]. Apibendrinus
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rezultatus galima teigti, kad ziurkés mikroglijos FcyR gali prisijungti
skirtingus pelés IgG subklasés oligomerinius imuninius kompleksus ir sukelti
neurony ziit] CGC lasteliy kultiirose. Parodyta, jog antigeno konformacija yra
toksiSkuma lemiantis veiksnys lgsteliy kulttrose. Nustatyta, kad AB1-40, APi-42
oligomery ir kity oligomerinés struktiiros virusinés kilmés baltymy (VP1,
MTP-N, MeNP) ir jy specifiniy antikiing kompleksai inicijuoja nuo Fc
receptoriy priklausomos mikroglijos aktyvacijos ir fagocitozés sglygota
neurony Ziit].

Tyrimy su anti-A ir APBi-42 oligomery kompleksais metu buvo stebimas
ir minétyjy imuniniy kompleksy toksinio poveikio neurony Igsteléms suma-
z¢€jimas ar visiSkas toksiSkumo iSnykimas, lydimas iSaugusio mikroglijos
lasteliy skaiciaus. Susiedami padidéjusi mikroglijos Igsteliy tankj kultiiroje su
imuniniy kompleksy toksinio poveikio pasikeitimais, tyréme anti-Ap ir AB1-42
kompleksy poveiki ilgalaikése (28 dieny) CGC lasteliy kulttrose, kurios kaip
teigiama kity tyréjy, lyginant su trumpalaikémis CGC kultiiromis, yra jautres-
nés jvairiy patogeniniy veiksniy ar dirgikliy poveikiui [251]. Eksperimentuo-
se CGC lasteliy kultiira papildomai buvo inkubuota su 10 proc. grynos mikro-
glijos lasteliy. Parodéme, kad Iasteliy kultira veikta anti-Ap + APi-42
oligomery kompleksais ir papildyta mikroglijos Igstelémis, poveikio neurony
gyvybingumui netur¢jo, tuo tarpu CGC kultiroje be papildytos mikroglijos,
kompleksai pasizyméjo neurony gyvybingumg mazinanciu poveikiu. Tai
rodo, kad imuniniy kompleksy toksinio poveikio iSnykimas gali biti susijes
su didesniu mikroglijos Igsteliy skai¢iumi kulttiroje, t. y. padidéjus mikrog-
lijos skaiCiui, jos gali efektyviau ir grei¢iau paSalinti paZeistas ar Zuvusias
neuronines lasteles. Zinoma, kad susitelke aktyvios mikroglijos lasteliy
klasteriai prisideda prie neurony ziities [313]. Bidamos ramybés biisenoje
mikroglijos lastelés neaktyvios, taiau nuolatos sgveikauja su mikroaplinka.
Alternatyvios aktyvacijos metu, veikiant jvairiems stimulams, mikroglijos
lastelés kaip atsakg j dirgiklius iSskiria prouzdegiminius veiksnius, o
ameboidinés aktyvacijos metu pasizymi antiuzdegiminémis savybémis [314].
Dél jy gebéjimo keisti savo biiseng, mikroglijos lgstelése kinta jy metabolinis
aktyvumas. Daugéja jrodymy teigianciy, jog mikroglijos Igsteliy metaboliniy
funkcijy keitimasis i§ ameboidinés aktyvacijos biisenos j alternatyvia gali
keisti ir mikroglijos atsakg lgsteliy kultirose [315]. Mikroglijos lasteliy
aktyvacija ir metabolinio Igsteliy aktyvumo keitimas gali biiti sicjamas su
imuniniy kompleksy toksinio poveikio poky¢iais CGC kultiiroje. Zinoma,
kad aktyvinta mikroglijos kultiira j terpe iSskiria jvairius prouzdegiminius
veiksnius, kurie gali sukelti neurony Zzitj. Tyrimai su grynomis 28 dieny
neurony kultiiromis, inkubuotomis su lgsteliy augimo terpe, nusiurbta nuo
imuniniais kompleksais veikty mikroglijos lasteliy, parod¢, kad ir Siuo atveju
nebuvo stebimas imuniniy kompleksy toksinis poveikis neuronams. Grynoje
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smegen¢liy neurony kulttiroje be papildytos mikroglijos, imuniniai komplek-
sai nesukelé neurony zuties, tuo tarpu papildytoje mikroglijos lastelémis
neurony kultiiroje buvo stebima neurony gyvybingumo maz¢jimo tendencija.
Visgi tarp grupiy skirtumo nustatyta nebuvo. Todél tikétina, kad imuniniy
kompleksy poveikis lgsteléms gali biiti siejamas su kity baltyminiy veiksniy
(kaip prionai PrPc) veikimu, sukeliant toksinj A ar antikiiny poveikj [316].
Apibendrinus galima daryti prielaida, jog imuniniy kompleksy toksiSkumui
pasireiksti didele reikSme gali turéti mikroglijos lasteliy ir neurony sgveika, o
taip pat imuniniy kompleksy poveikis Igsteléms gali biti siejamas su kity
baltyminiy veiksniy veikimu. Nors iki Siol mazai Zinoma apie biocheminius
antikiny toksinio poveikio mechanizmus, dauguma tyrimy remia idé¢ja
naudoti AP oligomerams specifinius antikiinus kaip potencialius gydymo bei
prevencijos jrankius [171, 299]. Naujausi tyrimai sustiprina miisy iSvada,
teigiancia, kad APi-42 toksiSkumo bei antikiiny uzdegiminio atsako mecha-
nizmy suvokimas gali prisidéti prie diagnostiniy ir gydymo priemoniy bei
saugesniy vakciny, stabdanciy Alzheimerio ligos progresavima, kiirimo.

AP agregaty kaupimasis smegenyse sukelia sinapsines pazaidas ir sinap-
siy praradima. Zinoma, kad A inicijuoti sinapsiy poky¢iai atsiranda anks&iau
nei pasireiSkia neurony ziitis [317]. Su sinaptosomomis susijes SNAP-25
baltymas yra vienas i$ svarbiausiy SNARE komplekso, kuris dalyvauja sinap-
siniuose rysSiuose ir inicijuoja sinapsiniy pusleliy gamyba, komponenty [318].
SNAP-25 yra specifinis presinapsinio poliaus Zymuo, kurio pagalba jverti-
namas sinapsiy tankis lasteliy kultiirose [319]. Didzioji Sio baltymo dalis yra
aptinkama neurony aksonuose — neurituose [155]. CGC lasteliy kulttra inku-
buojant su anti-Af + APi-42 agregaty (mazy ir dideliy oligomery ir fibriliy)
kompleksais nustatéme, kad trumpos minétyjy imuniniy kompleksy inkuba-
cijos nedidino nuo SNAP-25 priklausomos fluorescencijos intensyvumo
neurituose. Visgi ilgalaikés anti-AB + APi-42 kompleksy inkubacijos sukele
SNAP-25 raiskos sumazéjima CGC kultirose. Zinoma, kad tirpiis AP pep-
tidai, bet ne netirpios fibrilés prisideda prie sinapsiy pazeidimy ir praradimo
transgeniniy peliy modeliuose [320], o neurony lasteliy kulttirose ir organoti-
piniuose audiniy pjiiviuose stebimas tiesioginis mazy A oligomery poveikis
sinapséms [321, 322]. Galimas mazy APi-42 oligomery poveikis sinapséms
buvo patvirtintas ir misy tyrimy. Parodéme, kad anti-AB ir mazy APi-42
oligomery kompleksai salygojo stipriausiag SNAP-25 baltymo degradacija bei
neurity nykima, lyginant su kity imuniniy kompleksy grupémis. Trumpalai-
kés imuniniy kompleksy inkubacijos (2—6 val.) nuo SNAP-25 priklausomos
fluorescencijos intensyvumo nekeité, ta¢iau po paros inkubacijos buvo
stebimas fluorescencijos intensyvumo maz¢jimas anti-Af ir mazy APi42
oligomery grupéje. Kity APi-42 agregaty (dideliy oligomery bei fibriliy) ir
anti-AP kompleksai poveikio nuo SNAP-25 priklausomos fluorescencijos
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intensyvumui neurituose netur¢jo. Nustatyta, kad anti-Ap ir mazy APi-42
oligomery kompleksai taip pat pasizymejo ir neurity tankj mazinanciu povei-
kiu. Toks SNAP-25 baltymo lygio kitimas, stebima neurity degeneracija bei
minétyjy pokycCiy iSSauktas nuo SNAP-25 priklausomos fluorescencijos
intensyvumo mazg¢jimas po ilgalaikés inkubacijos gali biiti siejamas su APi-42
agregacine biisena, t.y. toksiSkiausia APi-42 forma — mazi APi-42 oligomerai,
pasizymi nuo SNAP-25 priklausomos fluorescencijos intensyvumg mazinan-
¢iu poveikiu, todél buvo stebimas sinaptotoksinis imuniniy kompleksy
poveikis CGC lasteléms. Literatiiroje teigiama, kad mikromolinés mazy
AP1-42 oligomery (1-2 nm) koncentracijos sukelia laipsniSka ir nuo koncent-
racijos priklausomg neuroniniy lgsteliy ztity CGC kulturoje, kuri tiesiogiai
siejama su APi-42 dydziu, tuo tarpu monomerings ir fibrilinés Api-42 formos,
o taip pat dideli AB1-42 oligomerai (4-10 nm) toksiniu poveikiu nepasiZymi ir
lasteliy gyvybingumui poveikio neturi [52]. Remiantis minétais tyrimais,
galima teigti, kad nuo SNAP-25 priklausomos fluorescencijos pokyciai
neurituose gali tiesiogiai priklausyti nuo ABi-42agregaty dydzio ir toksiSkumo
laipsnio — didéjant AP1-42 agregaty dydziui yra stebimas APi-42 toksiSkumo
mazg¢jimas, lemiantis mazesnj sinapsiy pazeidimo laipsnj. AB1-42 toksiSkumas
sinapséms taip pat siejamas ir su inkubacinio laikotarpio trukme. Pastebéta,
kad toksinis Ai-42 poveikis sinapséms buvo stebimas tik po ilgalaikés
inkubacijos (t. y. >24 val.) [ 144, 323], remiantis tuo, galima daryti prielaida,
jog todél po trumpy inkubacijy su imuniniais kompleksais, poveikio
neuritams nebuvo nustatyta ir CGC kulttiroje. Trumpalaikiy inkubacijy su
imuniniais kompleksais metu buvo stebimas nezymus SNAP-25 raiskos
sumazéjimas bei galima neurity degeneracija. Visgi, nuo SNAP-25 priklau-
somos fluorescencijos intensyvumo jvertinimas néra pakankamai iSsamus,
siekiant nustatyti galimg imuniniy kompleksy sinaptotoksinj poveiki CGC
lasteléms. Stebimi SNAP-25 baltymo pokyciai gali biti siejami su kitais
molekuliniais veiksniais, o rySkiis neurity struktiiriniai pakitimai po 24 val.
inkubacinio laikotarpio, ypatingai veikiant mazy Api-42 oligomery komplek-
sams, gali biiti susije¢ ir su misrioje CGC lagsteliy kultiroje esanciy mikroglijos
lasteliy aktyvacija. Publikuoti darbai rodo, kad 3 pary CGC lasteliy inkubacija
su APi-42 sukelia sinapsiy tankio sumaz¢jima, kuris veikiant fagocitozés
slopikliais aneksinuiV bei cRGD, buvo sustabdytas. Papildoma Igsteliy inku-
bacija su sinapsiy SNAP-25 baltymu taip pat sukélé ir SNAP-25 intensyvumo
sumazéjimg neurituose. Minétas neurity praradimas bei SNAP-25 intensy-
vumo maz¢jimas, sukeltas ABi-42, buvo sustabdytas lasteles inkubuojant kartu
su ming¢taisiais fagocotozeés slopikliais [155]. Autoriy teigimu, atskiry
mikroglijos fagocitozés etapy slopinimas buvo pakankama priezastis apsau-
goti lasteles nuo APi-42 sukeltos ir nuo mikroglijos lasteliy priklausomos
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neurony Zzities bei praradimo, paliekant neuronus su nepazeistomis sinap-
sémis bei sinapsinémis ataugomis.

AP poveikis sinapséms yra placiai iStyrinétas ir yra Zinoma, kad A suke-
lia sinapsiy pazaidas ir nykima [323], taciau, kad imuniniai kompleksai veikty
sinapses — darby néra.

Nors dauguma diagnostiniy AL tyrimy atlieckami jau pasireiSkus
pirmiesiams ligos simptomams, AL pradzia stebima zZymiai anks¢iau, nei §i
liga diagnozuojama. Amiloidinés plokstelés, kuriy pagrinda sudaro toksisky
AP oligomery ir fibriliy sankaupos bei neurofibriliniai raizginiai, sudaryti i§
Tau baltymo, yra iSskiriami kaip pagrindiniai AL ligg sukeliantys patologiniai
zymenys [324-327]. Pastaraisiais deSimtmeciais vieni i§ perspektyviausiy
biologiniy zymeny AL diagnostiniy metody paieskose laikomi smegeny skys-
tyje (SS) ir kraujyje aptinkamy bei nustatomy AB1-40/42 bei Tau baltymo kon-
centracijy poky¢iai, kurie tiek tiesiogiai, tiek netiesiogiai siejami su AL
progresija [327-331]. Vieni dazniausiai taikomy bei analizuojamy diagnos-
tiniy kriterijy iSlieka APi-42 koncentracijos mazéjimas ir t-Tau bei f-Tau kon-
centracijos did¢jimas smegeny skystyje [332], taciau vis placiau vystomi ty
paciy biologiniy zymeny tyrimai, paremti kraujyje esanciy biologiniy zymeny
analize [333]. AL pacienty kraujo plazmoje stebimas AP1-42 bei AB1-40 kon-
centracijos did¢jimas, daznai aptinkamas kognityviniy sutrikimy neturin¢iy
pacienty grupése (SP), visgi pasitaiko tyrimy, kuriuose patikimo zymeny
koncentracijy skirtumo nenustatoma nei vienoje i$ grupiy [334]. Pastebéta,
kad kai kuriose biologiniy zymeny analizése, SP grupiy kraujo plazmoje
esan¢io APi-42, taciau ne APi-40 koncentracijy did¢jimas, pasireiSkia ir AL
grupéje. Tai siejama su netiksliu pacienty priskirimu SP grupei [335], [336],
todel susiduriama su rezultaty persidengimo bei netikslios analizés problema.
Mazas APi1-42 jautrumo bei specifiSkumo procentas [337] bei Tau lygio
kitimas [338], o taip pat didziajai daliai AL pacienty pasireiskiantys misrios
patologijos pozymiai sukelia sunkumy atskirti AL nuo kity demencijos
formy, ypac jos ankstyvajame etape [339, 340], todél reikalauja papildomy
tyrimy. Nors AP ir Tau kiekis daznai jvertinamas klinikiniy tyrimy metu, iki
Siol néra atlikta jokia klinikiné ar moksliné studija, kurios metu biity paskelbti
moksliniy tyrimy duomenys apie kraujo serume (KS) ir smegeny skystyje
(SS) esanciy biologiniy Zymeny pokycius Lietuvos populiacijoje. Iki $iol néra
nustatyta, kad pacienty biologiniuose skysciuose esantys minétieji junginiai
sukelia neurony ziitj, todél AL biologiniy skys¢iy poveikiui lasteléms jvertinti
pirma kartg buvo panaudota pirminé CGC Igsteliy kulttira, kuri morfologiSkai
ir funkciskai panasi | neuronus in vivo, bei yra taikoma kaip tyrimy modelis
neurodegeneracinéms ligoms tirti [341]. Biocheminiai tyrimai buvo atlikti ne
tik dirbtinése terpése, bet serume bei smegeny skystyje, paimtame i§ AL, taip
parodant jog smegenéliy kultira yra jautri sukeltiems biologiniy skysciy
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poveikiams. Lasteliy kultiirose vystanc¢ius pokyc€ius, kaip vieng 1§ galimy
alternatyviy biologiniy rodikliy, susiejome su ligoniy klinikine bikle. CGC
lasteliy kultiirg inkubuojant SP, lengvos Alzheimerio tipo demencijos
(L-ATD) bei kitomis demencijos formomis (KD) serganciy pacienty KS ir SS
nustatéme, kad biologiniai skys¢iai neuroniniy lgsteliy gyvybingumui
poveikio neturéjo ir pasizyméjo neurony gyvybingumg skatinanc¢iu poveikiu.
Vienintelés vidutinés Alzheimerio tipo demencijos (V-ATD) SS iSsiskyré
ryskiu citotoksiniu poveikiu ir sukélé neurony zutji. Naujausi tyrimai su
ziurkés smegeny pjiiviais rodo, kad zmogaus SS geba pagerinti neuroniniy
lasteliy iSgyvenamumg minétose pjuviy kultiirose. Tyréjai nustaté, jog 7-10
dieny Wistar veislés ziurkés smegeny didziyjy pusrutuliy pjuviai inkubuoti
su zmogaus SS, pagerino neuroniniy lgsteliy gyvybinguma organotipinése
hipokampo pjiviy kultirose. IStyre kaspaziy 3/7, kurios susijusios su
neuroniniy lgsteliy zutimi raiska, tyréjai nustaté, kad hipokampo pjuviy
kultiros SS poveikyje pasizyméjo statistiSkai mazesne kaspaziy 3/7 raiska,
bei mazesne apoptoze, lyginant su kontrolinémis lastelémis, inkubuotomis tik
su lgsteliy augimo terpe be SS [342]. Kaip buvo minéta anks¢iau, misy tirty
kognityviniy sutrikimy neturin€iy pacienty grupiy SS taip pat nesukele
toksinio poveikio neurony gyvybingumui, visgi, lyginant kity tyréjy ir miisy
gautus rezultatus svarbu pazyméti, jog SS poveikis neuroninéms Iasteléms
buvo nustatomas taikant skirtingus tyrimy modelius. Tyréjai naudojo tik
patologiniu pozitiriu sveiky pacienty smegeny skystj ir neatliko SS biologiniy
zymeny koncentracijy analizés, kuri leisty susieti gautus rezultatus. Publi-
kuoti darbai rodo, kad PC12 lasteliy linijg inkubuojant su AL serganciy bei
sveiky pacienty smegeny skys¢io pavyzdziais, reikSmingo skirtumo tarp
grupiy nebuvo nustatyta [343]. Svarbu paminéti, jog tyrimo metu buvo
papildomai kei¢iama lgsteliy augimo terpé, bei dedamas mazesnis SS kiekis,
kuris uzkirto kelia lasteliy augimui, bei apsaugojo nuo SS esan¢iy medZiagy
galimo apsauginio poveikio. Smegeny skys¢io pavyzdziai taip pat buvo
inaktyvuojami kar$¢iu, taip iSvengiant lgsteliy ziities galimybés, inicijuotos
komplemento sistemos veiksniy, esan¢iy smegeny skystyje [343].

Iverting neuroniniy Igsteliy skaiciaus kitimg CGC kulttiroje nustatéme,
kad demencijy KS ir SS méginiai veiké neuroniniy lgsteliy skaic¢iy vienodai.
Nustatyta, kad L-ATD, V-ATD ir KD biologiniai skys¢iai pasizyméjo neu-
rony skai¢iy mazinanciu poveikiu, taciau tik L-ATD $is sumaz¢jimas buvo
stipriausias, o SP poveikio neuroniniy lasteliy skai¢iui neturéjo. Mikroglijos
lasteliy skaiciaus kitimas parodé, kad Alzheimerio tipo demencija serganciy
pacienty (L-ATD ir V-ATD) biologiniai skys¢iai pasizyméjo mikroglijos
lasteliy proliferacija slopinanciu poveikiu, kuris reikSmingai skyrési nuo SP
grupés. Didziausiu mikroglijos proliferacija slopinanciu poveikiu iSsiskyre
V-ATD kraujo serumas ir smegeny skystis. SP grupés KS ir SS buvo linke
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skatinti mikroglijos lasteliy proliferacija, o KD serganciy pacienty grupé
pasizyméjo silpnesniu nei AL grupiy mikroglijos Iasteliy skai¢iy mazinanciu
poveikiu. Yra duomeny, kad SP grupé pasizymi didziausia APi-42 koncent-
racija, lyginant su AL bei KD grupémis [343, 344]. Atlikta AL, Parkinsono
ligos demencijos (PDD), demencijos su Levi kiineliais (LD) bei kognityviniy
sutrikimy neturinéiy pacienty SS APi-42 koncentracijy lyginamoji analizé
parode, kad AL metu stebimas mazesnis APi-42 koncentracijos kiekis nei KD
ir SP, o KD Api-42 koncentracija buvo mazesné lyginant su SP grupe [344].
Auksciau apraSyti tyrimai leidzia daryti prielaida, jog CGC kultiiroje
nustatytas mikroglijos lasteliy mazé¢jimas demencijy grupése (L-ATD,
V-ATD ir KD) bei mikroglijos aktyvacija SP grup¢je gali biiti siejama su
APi-42koncentracijos pokyciais, t. y. APi-42 koncentracijos didéjimas gali buti
siejamas su mikroglijos skaiCiaus didéjimu bei proliferacijos aktyvinimu.
Visgi svarbu paminéti, kad tyr¢jai neiSskyré AL pagal ligos sunkumo
laipsnius, tod¢l mikroglijos lgsteliy pokyciams CGC kultiiroje jtakos galéjo
turéti ir kiti veiksniai.

Mikroglijos Iasteliy poky¢iai taip pat siejami ir su f-Tau poky¢iais. Tyri-
mai rodo, kad mikroglijos lasteliy skai¢iaus maz¢jimas ir degeneraciniai pro-
cesai gali biiti siejami su tirpaus f-Tau kaupimusi smegenyse [345]. IStyre
zmogaus ir transgeniniy APP/PS1 ir Thy-tau22 peliy autopsinius hipokampo
meéginius in vivo, tyréjai nustaté, kad zmoniy hipokampo méginiuose
stebimas regioninis mikroglijos lasteliy skaic¢iaus maz¢jimas bei susilpnéjusi
lasteliy aktyvacija, tuo tarpu Thy-tau22 peliy modeliuose panasus poveikis
nebuvo nustatytas. /n vitro tyrimai su BV2 mikroglijos lasteliy kultiiromis
parod¢, kad AL pacienty homogenizuoto hipokampo tirpios frakcijos, suda-
rytos i§ vidulgsteliniy ir citozoliniy baltymy, kuriose stebimas f-Tau kaupi-
masis, sukélé mikroglijos Igsteliy ziitj. Poveikis buvo stebimas tik pazengu-
sios AL grupése. Thy-tau22 transgeniniy peliy modeliai taip pat pasizyméjo
mikroglijos Iasteliy gyvybinguma mazinan¢iu poveikiu, patvirtinant, jog
tirpus f-Tau gali bati sicjamas su mikroglijos lasteliy ZGtimi. Zinoma, kad
mikroglijos lastelés gali fagocituoti neuronus, kuriuose fiziologiskai aptinka-
mas vidulastelinis f-Tau [345, 346]. Pastebéta, kad gryng mikroglijos Igsteliy
kulttira papildzius gryna neurony lgsteliy kultira SH-SYSY, vyko apoptozi-
niy neurony fagocitoz¢, kuri nebuvo toksiska mikroglijos lgsteléms. Visgi
gryng mikroglijos lasteliy kultiirg papildzius gryna neurony kulttira, gebancia
papildomai gaminti Tau baltymg (SH-SY5Y-tau), neurony fagocitoze sukélé
mikroglijos lasteliy zutj [345]. Literatiiros duomeny analizé ir miisy rezultatai
leidzia daryti prielaida, jog neurony tankio ir mikroglijos lasteliy skaiciaus
mazéjimas gali buti siejami su biologiniuose skys¢iuose esanciy zymeny
koncentracijy, ypatingai f-Tau poky¢iais. Taciau svarbu pazymeéti, kad auks-
Ciau apraSytose skirtingose AL sunkumo laipsnio grupése buvo stebimas
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duomeny persidengimas, todé¢l f-Tau reikSmé mikroglijos lgsteliy degenera-
ciniuose procesuose yra tik prielaida. Atsizvelgiant j taikyta skirtingg tyrimo
modelj skirtinguose smegeny regionuose bei lgsteliy kultiirose, negalime
daryti iSvados, jog misy stebimas neurony tankio ir mikroglijos skaiciaus
sumazéjimas demencijy grupése, ypatingai AL grupéje, buvo salygotas tik
padidéjusios f-Tau koncentracijos KD ir AL grupése. Pasireiske poveikiai
galéjo biiti nulemti ir kity veiksniy, tokiy kaip komplemento sistemos [347].
Zinoma, kad komplemento inaktyvavimas kar$¢iu, inaktyvuoja ir komple-
mento baltymus [348]. Tyrimai su zmogaus CHME-5 mikroglijos lastelémis
parodé, kad serganciy AL kraujo plazma statistiSkai reikSmingai mazino
mikroglijos lgsteliy proliferacija, lyginant su SP grupiy pavyzdziais, ir Sis
poveikis buvo panaikintas kars$¢iu inaktyvuojant komplemento sistema [347].
Amnestinio tipo lengvo kognityvinio sutrikimo (aLKS) grupés pacienty plaz-
mos méginiai taip pat pasizyméjo lasteliy proliferacija slopinanciu poveikiu,
taciau statistiSkai reikSmingo skirtumo nebuvo nustatyta. Kraujo plazmos
méginius inaktyvuojant kar§¢iu buvo stebimas iSnykes aLKS ir AL poveikis
skatinti mikroglijos proliferacija [347]. Atskyrus plazmos méginius ] metabo-
litus bei baltymus nustatyta, kad biitent baltymy dalis buvo atsakinga uz
mikroglijos Igsteliy proliferacijos sumazéjima tyrimy metu. Gauti duomenys
leidzia daryti prielaidg, jog miusy tyrimuose naudoti kar$¢iu neinaktyvuoti
biologiniai skys¢iai, biitent per komplemento sistemos veikimg gal¢jo sukelti
mikroglijos lasteliy skai¢iaus mazéjimag demencijy grupése (AL bei KD), o
SP grupé¢je aktyvinti mikroglijos Igsteliy proliferacijg. Visgi misy tyrime
papildomi neurouzdegiminiai veiksniai nebuvo analizuojami.

Apibendrinant rezultataus galima teigti, kad biologiniai skysciai, tokie
kaip kraujo serumas ir smegeny skystis, paimti i§ AL serganciy pacienty, bet
ne SP ar KD serganciy pacienty, sukelia neurotoksinio poveikio pasireiskimag
pirminése neurony-glijos lasteliy kultiirose. Kity tyéjy darbai sustiprina miisy
aptartus rezultatus ir leidzia daryti prielaida, jog neurony zitis bei skai¢iaus
kitimas, o taip pat mikroglijos lasteliy skaiciaus maz¢jimas CGC kultiirose
galimai susijes ne tik su pagrindiniy biologiniy zymeny (Api-40/42 bei t-Tau ir
f-Tau) koncentracijy skirtumais, taciau gali biiti inicijuoti ir biologiniuose
skysc¢iuose esan¢iy komplemento sistemos komponenty, kas buvo patvirtinta
tyrimuose su Zmogaus neuroniniy lasteliy linijomis [349], ziurkiy neuroniniy
lasteliy [343] bei zmogaus mikroglijos lasteliy kultiiromis [347]. Tai, jog pats
AP gali sukelti komplemento salygota toksiSkumo pasireiSkimg neuroniniy
lasteliy kultiirose rodo, kad A inicijuota komplemento aktyvacija gali prisi-
deti prie AL neuropatogenezes [350]. Toksinis poveikis CGC kultiiroms taip
pat gali biiti siejamas ir su jvairiy neurouzdegiminiy aktyvikliy — jskaitant
minétuosius komplemento aktyvatorius bei slopiklius, chemokinus, citoki-
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nus, aktyvias deguonies formas, uzdegiminius fermentus — pokyciais, nusta-
tomais AL metu ir lydimais tokiy patologiniy procesy, kaip neurony Ziitis bei
mikroglijos Igsteliy aktyvacija [351, 352]. Lasteliy gyvybingumo tyrimai yra
unikalis tuo, jog buvo atlickami su misria lgsteliy kultura, atskleidziant KS ir
SS poveikj neuronams ir mikroglijos lasteléms, labiau atspindint in vivo
salygas. Musy darbe buvo parodyta, kad egzistuoja skirtumai ne tik tarp
kognityviniy sutrikimy neturin€iy pacienty (SP) ir AL grupiy, taciau ir tarp
AL sunkumo laipsnio, bei AL ir KD forma serganc¢iy pacienty. Rezultatai
pateikia detalesng¢ bei tikslesn¢ analize, skirtumams tarp demenciniy grupiy
identifikuoti. Sie pirminiai duomenys rodo, jog modeliniy sistemy, tokiy kaip
pirminés lasteliy kultiiros panaudojimas biologiniy zymeny i§ KS bei SS
poveikio jvertinimui gali biiti vystomi kaip vieni i§ metody ankstyvajai AL
diagnostikai ir gali suteikti daugiau informacijos apie AL patologinius
procesus, susiejant juos su klinikine pacienty biikle.
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ISVADOS

Mazi APi-42 oligomerai tiesiogiai sukelia greita, nuo NMDA receptoriy
nepriklausomg neurony membranos depoliarizacijg smegenéliy ir Zieveés
neurony kultiirose ir saglygoja nuo NMDA receptoriy priklausoma gluta-
mato kiekio didéjima lasteliy augimo terpéje, lydimg neurony Ziities.
Mazi ABi-42 oligomerai sukelia greita nuo NMDA receptoriy priklau-
soma mikroglijos 1asteliy membranos depoliarizacijg smegenéliy ir Zie-
vés mikroglijos Igsteliy kultiirose.

AP ir kity multimeriniy baltymy kompleksai su atitinkamais antikiinais
sukelia neurony skai¢iaus maz¢jima ir jy zutj bei skatina mikroglijos
proliferacijg smegené¢liy lasteliy kulttirose. Anti-Af + AP bei kity
multimeriniy baltymy ir antiking kompleksy neurotoksiSkumas priklau-
so nuo antiktiny Fc domeny sgveikos su mikroglijos Igstelémis.

Mazy Api-42 oligomery imuniniai kompleksai pasiZymi sinapsiy tankio
maz€jimg ir neurity nykimg sukelian¢iu poveikiu smegenéliy Igsteliy
kulttrose.

Skirtingai nuo pacienty, neturin¢iy kognityviniy sutrikimy, ir kita de-
mencijos forma serganciy pacienty, smegeny skystis paimtas i§ AL
serganciy pacienty pasizymi neurotoksiniu ir mikroglijos proliferacija
slopinanc¢iu poveikiu smegenéliy Igsteliy kulttirose. Neurony gyvybin-
gumg smegen¢liy kultiirose labiausiai mazina smegeny skysc¢iai, paimti
1§ vidutinio sunkumo AL serganciyjy pacienty, o neurony skai¢iaus ma-
z¢€jimas stebimas kultirose, paveiktose serganciy pacienty biologiniais
skysciais.

100



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

BIBLIOGRAFIJOS SARASAS

Heusinkveld HJ, Wahle T, Campbell A, Westerink RHS, Tran L, Johnston H, et al.
Neurodegenerative and neurological disorders by small inhaled particles. Neurotoxico-
logy 2016;56: 94—-106.

Martin Prince A, Wimo A, Guerchet M, Gemma-Claire Ali M, Wu Y-T, Prina M, et al.
World Alzheimer Report 2015 The Global Impact of Dementia An Analysis of
prevalence, Incidence, cost And Trends. Alzheimer’s Disease International (ADI) 2015.
Available at: https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf

Haass C, Selkoe DJ. Soluble protein oligomers in neurodegeneration: lessons from the
Alzheimer’s amyloid B-peptide. Nat Rev Mol Cell Biol. 2007;8: 101-112.
Sadigh-Eteghad S, Sabermarouf B, Majdi A, Talebi M, Farhoudi M, Mahmoudi J.
Amyloid-Beta: A Crucial Factor in Alzheimer’s Disease. Med Princ Pract. 2015;24: 1—
10.

Sengupta U, Nilson AN, Kayed R. The Role of Amyloid-f Oligomers in Toxicity,
Propagation, and Immunotherapy. EBioMedicine. 2016;6: 42-9.

Brown GC, Neher JJ. Inflammatory Neurodegeneration and Mechanisms of Microglial
Killing of Neurons. Mol Neurobiol. 2010;41: 242-247.

Mucke L, Selkoe DJ. Neurotoxicity of amyloid B-protein: synaptic and network
dysfunction. Cold Spring Harb Perspect Med. 2012;2: a006338.

Streit WJ. Microglia and Alzheimer’s disease pathogenesis. J Neurosci Res. 2004;77:
1-8.

Heneka MT, Carson MJ, Khoury J El, Landreth GE, Brosseron F, Feinstein DL, et al.
Neuroinflammation in Alzheimer’s disease. Lancet Neurol. 2015;14: 388-405.

Selkoe DJ, Hardy J. The amyloid hypothesis of Alzheimer’s disease at 25 years. EMBO
Mol Med. 2016;8: 595-608.

Ringman JM, Goate A, Masters CL, Cairns NJ, Danek A, Graff-Radford N, et al.
Genetic heterogeneity in Alzheimer disease and implications for treatment strategies.
Curr Neurol Neurosci Rep. 2014;14: 499.

Dubravka C-D, Milica S-G, Slobodan D. Neuropathological hallmarks of Alzheimer’s
disease. 2001;9.

Ohnishi T, Matsuda H, Tabira T, Asada T, Uno M. Changes in brain morphology in
Alzheimer disease and normal aging: is Alzheimer disease an exaggerated aging
process? J Neuroradiol. 2001;22: 1680-5.

Bettens K, Sleegers K, Van Broeckhoven C. Genetic insights in Alzheimer’s disease.
Lancet Neurol. 2013;12: 92—-104.

Isik AT. Late onset Alzheimer’s disease in older people. Clin Interv Aging. 2010;5:
307-11.

Musiek ES, Holtzman DM. Three dimensions of the amyloid hypothesis: time, space
and “wingmen”. Nat Neurosci.

2015;18: 800-6.

Crews L, Masliah E. Molecular mechanisms of neurodegeneration in Alzheimer’s
disease. Hum Mol Genet. 2010;19: R12-20.

Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. Neuropathological alterations in
Alzheimer disease. Cold Spring Harb Perspect Med. 2011;1: a006189.

Itagaki S, McGeer PL, Akiyama H, Zhu S, Selkoe D. Relationship of microglia and
astrocytes to amyloid deposits of Alzheimer disease. J Neuroimmunol. 1989;24: 173—
82.

101



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vehmas AK, Kawas CH, Stewart WF, Troncoso JC. Immune reactive cells in senile
plaques and cognitive decline in Alzheimer’s disease. Neurobiol Aging. 2003;24: 321—
331.

Texidé L, Martin-Satué M, Alberdi E, Solsona C, Matute C. Amyloid B peptide
oligomers directly activate NMDA receptors. Cell Calcium. 2011;49: 184-190.
Findeis MA. The role of amyloid B peptide 42 in Alzheimer’s disease. Pharmacol Ther.
2007;116: 266-286.

Niikura T, Tajima H, Kita Y. Neuronal cell death in Alzheimer’s disecase and a
neuroprotective factor, humanin. Curr Neuropharmacol. 2006;4: 139-47.

Thinakaran G, Koo EH. Amyloid precursor protein trafficking, processing, and
function. J Biol Chem. 2008;283: 29615-9.

Haass C, Hung AY, Schlossmachers MG, Teplow DB, Selkoe DJ. p-Amyloid Peptide
and a 3-kDa Fragment Are Derived by Distinct Cellular Mechanisms. J Biol Chem.
1993;268: 3021-3024.

Sisodia SS, Koo EH, Hoffman PN, Perry G, Price DL. Identification and transport of
full-length amyloid precursor proteins in rat peripheral nervous system. J Neurosci.
1993;13: 3136-42.

Selkoe DJ. Alzheimer’s disease results from the cerebral accumulation and cytotoxicity
of amyloid beta-protein. J Alzheimers Dis. 2001;3: 75-80.

Caillé I, Allinquant B, Dupont E, Bouillot C, Langer A, Miiller U, et al. Soluble form
of amyloid precursor protein regulates proliferation of progenitors in the adult
subventricular zone. Development. 2004;131.

Bolés M, Hu Y, Young KM, Foa L, Small DH. Neurogenin 2 mediates amyloid-§
precursor protein-stimulated neurogenesis. J Biol Chem. 2014;289: 31253-61.

Small DH, Hu Y, Bolés M, Dawkins E, Foa L, Young KM. B-Amyloid precursor
protein: function in stem cell development and Alzheimer’s disease brain.
Neurodegener Dis. 2014;13: 96-8.

Hoe H-S, Fu Z, Makarova A, Lee J-Y, Lu C, Feng L, et al. The effects of amyloid
precursor protein on postsynaptic composition and activity. J Biol Chem. 2009;284:
8495-506.

Wang Z, Wang B, Yang L, Guo Q, Aithmitti N, Songyang Z, et al. Presynaptic and
postsynaptic interaction of the amyloid precursor protein promotes peripheral and
central synaptogenesis. J Neurosci. 2009;29: 10788-801.

Billnitzer AJ, Barskaya I, Yin C, Perez RG. APP independent and dependent effects on
neurite outgrowth are modulated by the receptor associated protein (RAP). J
Neurochem. 2013;124: 123-32.

Dawkins E, Small DH. Insights into the physiological function of the B-amyloid
precursor protein: beyond Alzheimer’s disease. J Neurochem. 2014;129: 756—69.
Bergstrom P, Agholme L, Nazir FH, Satir TM, Toombs J, Wellington H, et al. Amyloid
precursor protein expression and processing are differentially regulated during cortical
neuron differentiation. Sci Rep. 2016;6: 29200.

Mileusnic R, Lancashire CL, Johnston AN, Rose SP. APP is required during an early
phase of memory formation. Eur J Neurosci. 2000;12: 4487-95.

Han S-W, Shin H-K, Adachi T. Nanolithography of Amyloid Precursor Protein
Cleavage with B-Secretase by Atomic Force Microscopy. J Biomed Nanotechnol.
2016;12: 546-53.

LaFerla FM, Green KN, Oddo S. Intracellular amyloid-p in Alzheimer’s disease. Nat
Rev Neurosci. 2007;8: 499-509.

102



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Kumar S, Walter J. Phosphorylation of amyloid beta (AB) peptides - a trigger for
formation of toxic aggregates in Alzheimer’s disease. Aging (Albany NY). Impact
Journals 2011;3: 803-12.

Lu DC, Rabizadeh S, Chandra S, Shayya RF, Ellerby LM, Ye X, et al. A second
cytotoxic proteolytic peptide derived from amyloid beta-protein precursor. Nat Med.
2000;6: 397-404.

Kumar S, Walter J. Phosphorylation of amyloid beta (AP) peptides - a trigger for
formation of toxic aggregates in Alzheimer’s disease. Aging (Albany NY). Impact
Journals 2011;3: 803—12.

Klein WL. AP toxicity in Alzheimer’s disease: globular oligomers (ADDLs) as new
vaccine and drug targets. Neurochem Int. 2002;41: 345-352.

Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease: progress and
problems on the road to therapeutics. Science 2002;297: 353—6.

Kowall NW, Beal MF, Busciglio J, Duffy LK, Yankner BA. An in vivo model for the
neurodegenerative effects of beta amyloid and protection by substance P. Proc Natl
Acad Sci U S A. 1991;88: 7247-51.

Hardy J, Higgins G. Alzheimer’s disease: the amyloid cascade hypothesis. Science
1992;256.

KohJ, Yang LL, Cotman CW. B-Amyloid protein increases the vulnerability of cultured
cortical neurons to excitotoxic damage. Brain Research. 1990; 533: 315-320.

Sagare A, Deane R, Bell RD, Johnson B, Hamm K, Pendu R, et al. Clearance of
amyloid-beta by circulating lipoprotein receptors. Nat Med. 2007;13: 1029-31.

Zou K, Gong J-S, Yanagisawa K, Michikawa M. A novel function of monomeric
amyloid beta-protein serving as an antioxidant molecule against metal-induced
oxidative damage. J Neurosci. 2002;22: 4833—41.

Puzzo D, Privitera L, Fa’ M, Staniszewski A, Hashimoto G, Aziz F, et al. Endogenous
amyloid-p is necessary for hippocampal synaptic plasticity and memory. Ann Neurol.
2011;69: 819-30.

Lopez-Toledano MA, Shelanski ML. Neurogenic effect of beta-amyloid peptide in the
development of neural stem cells. J Neurosci. 2004;24: 5439—44.

Gu L, Guo Z. Alzheimer’s AB42 and AB40 peptides form interlaced amyloid fibrils. J
Neurochem. 2013;126(3): 305-11.

Cizas P, Budvytyte R, Morkuniene R, Moldovan R, Broccio M, Losche M, et al. Size-
dependent neurotoxicity of beta-amyloid oligomers. Arch Biochem Biophys. 2010;496:
84-92.

Heppner FL, Ransohoff RM, Becher B. Immune attack: the role of inflammation in
Alzheimer disease. Nat Rev Neurosci. 2015;16: 358-372.

Giuffrida ML, Caraci F, Pignataro B, Cataldo S, De Bona P, Bruno V, et al. Beta-
amyloid monomers are neuroprotective. J Neurosci. 2009;29: 10582-7.

Ni C-L, Shi H-P, Yu H-M, Chang Y-C, Chen Y-R. Folding stability of amyloid-beta 40
monomer is an important determinant of the nucleation kinetics in fibrillization. FASEB
J.2011;25: 1390-401.

Glabe CG. Common mechanisms of amyloid oligomer pathogenesis in degenerative
disease. Neurobiol Aging. 2006;27: 570-5.

Walsh DM, Tseng BP, Rydel RE, Podlisny MB, Selkoe DJ. The oligomerization of
amyloid beta-protein begins intracellularly in cells derived from human brain.
Biochemistry. 2000;39: 10831-9.

103



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Ahmed M, Davis J, Aucoin D, Sato T, Ahuja S, Aimoto S, et al. Structural conversion
of neurotoxic amyloid-beta(1-42) oligomers to fibrils. Nat Struct Mol Biol. 2010;17:
561-7.

Sengupta U, Nilson AN, Kayed R. The Role of Amyloid-f Oligomers in Toxicity,
Propagation, and Immunotherapy. EBioMedicine. 2016;6: 42-9.

Benilova I, Karran E, De Strooper B. The toxic Af oligomer and Alzheimer’s disease:
an emperor in need of clothes. Nat Neurosci. 2012;15: 349-357.

Chang Y-J, Chen Y-R. The coexistence of an equal amount of Alzheimer’s amyloid-f
40 and 42 forms structurally stable and toxic oligomers through a distinct pathway.
FEBS J. 2014;281: 2674-2687.

Stine WB, Dahlgren KN, Krafft GA, LaDu MJ. In vitro characterization of conditions
for amyloid-beta peptide oligomerization and fibrillogenesis. J Biol Chem. 2003;278:
11612-22.

Yang C-N, Shiao Y-J, Shie F-S, Guo B-S, Chen P-H, Cho C-Y, et al. Mechanism
mediating oligomeric AP clearance by naive primary microglia. Neurobiol Dis.
2011;42: 221-230.

Dahlgren KN, Manelli AM, Stine WB, Baker LK, Krafft GA, LaDu MJ. Oligomeric
and fibrillar species of amyloid-beta peptides differentially affect neuronal viability. J
Biol Chem. 2002;277: 32046-53.

Manzoni C, Colombo L, Bigini P, Diana V, Cagnotto A, Messa M, et al. The molecular
assembly of amyloid af} controls its neurotoxicity and binding to cellular proteins. PLoS
One. 2011;6: €249009.

Selkoe DJ. Toward a comprehensive theory for Alzheimer’s disease. Hypothesis:
Alzheimer’s disease is caused by the cerebral accumulation and cytotoxicity of amyloid
beta-protein. Ann N'Y Acad Sci. 2000;924: 17-25.

Walsh DM, Klyubin I, Fadeeva J V., Cullen WK, Anwyl R, Wolfe MS, et al. Naturally
secreted oligomers of amyloid B protein potently inhibit hippocampal long-term
potentiation in vivo. Nature. 2002;416: 535-539.

Irizarry MC, Soriano F, McNamara M, Page KJ, Schenk D, Games D, et al. Abeta
deposition is associated with neuropil changes, but not with overt neuronal loss in the
human amyloid precursor protein V717F (PDAPP) transgenic mouse. J Neurosci.
1997;17: 7053-9.

Masliah E, Sisk A, Mallory M, Mucke L, Schenk D, Games D. Comparison of
neurodegenerative pathology in transgenic mice overexpressing V717F beta-amyloid
precursor protein and Alzheimer’s disease. J Neurosci. 1996;16: 5795-811.

Lee H, Zhu X, Castellani RJ, Nunomura A, Perry G, Smith MA. Amyloid-f in
Alzheimer Disease: The Null versus the Alternate Hypotheses. J Pharmacol Exp Ther.
2007; 321(3):823-9.

Karran E, De Strooper B. The amyloid cascade hypothesis: are we poised for success
or failure? J Neurochem. 2016; 2:237-252.

DaRocha-Souto B, Scotton TC, Coma M, Serrano-Pozo A, Hashimoto T, Sereno L, et
al. Brain oligomeric B-amyloid but not total amyloid plaque burden correlates with
neuronal loss and astrocyte inflammatory response in amyloid precursor protein/tau
transgenic mice. J Neuropathol Exp Neurol. 2011;70: 360-76.

Delacourte A, David JP, Sergeant N, Buée L, Wattez A, Vermersch P, et al. The
biochemical pathway of neurofibrillary degeneration in aging and Alzheimer’s disease.
Neurology. 1999;52: 1158-65.

104



74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

McLean CA, Cherny RA, Fraser FW, Fuller SJ, Smith MJ, Beyreuther K, et al. Soluble
pool of Abeta amyloid as a determinant of severity of neurodegeneration in Alzheimer’s
disease. Ann Neurol. 1999;46: 860-6.

Cleary JP, Walsh DM, Hofmeister JJ, Shankar GM, Kuskowski MA, Selkoe DJ, et al.
Natural oligomers of the amyloid-3 protein specifically disrupt cognitive function. Nat
Neurosci. 2005;8: 79-84.

Shrestha BR, Vitolo O V., Joshi P, Lordkipanidze T, Shelanski M, Dunaevsky A.
Amyloid  peptide adversely affects spine number and motility in hippocampal neurons.
Mol Cell Neurosci. 2006;33: 274-282.

Shankar GM, Li S, Mehta TH, Garcia-Munoz A, Shepardson NE, Smith I, et al.
Amyloid-beta protein dimers isolated directly from Alzheimer’s brains impair synaptic
plasticity and memory. Nat Med. 2008;14: 837-42.

Deshpande A, Mina E, Glabe C, Busciglio J. Different conformations of amyloid beta
induce neurotoxicity by distinct mechanisms in human cortical neurons. J Neurosci.
2006;26: 6011-8.

Ono K, Condron MM, Teplow DB. Structure-neurotoxicity relationships of amyloid
beta-protein oligomers. Proc Natl Acad Sci U S A. 2009;106: 14745-50.

Lue LF, Kuo YM, Roher AE, Brachova L, Shen Y, Sue L, et al. Soluble amyloid beta
peptide concentration as a predictor of synaptic change in Alzheimer’s disease. Am J
Pathol. 1999;155: 853-62.

Johnson RD, Steel DG, Gafni A. Structural evolution and membrane interactions of
Alzheimer’s amyloid-beta peptide oligomers: New knowledge from single-molecule
fluorescence studies. Protein Sci. 2014;23: 869-883.

McGeer PL, McGeer EG. The amyloid cascade-inflammatory hypothesis of Alzheimer
disease: implications for therapy. Acta Neuropathol. 2013;126: 479—497.

Kalaria RN. Microglia and Alzheimer’s disease. Curr Opin Hematol. 1999;6: 15-24.
Eikelenboom P, Veerhuis R, Scheper W, Rozemuller AJM, van Gool WA, Hoozemans
JIM. The significance of neuroinflammation in understanding Alzheimer’s disease. J
Neural Transm. 2006;113: 1685-1695.

Griffin WST. Inflammation and neurodegenerative diseases. Am J Clin Nutr. 2006;83:
470S-474S.

Bamberger ME, Harris ME, McDonald DR, Husemann J, Landreth GE. A Cell Surface
Receptor Complex for Fibrillar f-Amyloid Mediates Microglial Activation. J Neurosci.
2003; 23(7):2665-74.

Carty M, Bowie AG. Evaluating the role of Toll-like receptors in diseases of the central
nervous system. Biochemical Pharmacology. 2011; 81(7):825-37.

Arancio O, Zhang HP, Chen X, Lin C, Trinchese F, Puzzo D, et al. RAGE potentiates
Abeta-induced perturbation of neuronal function in transgenic mice. EMBO J. 2004;23:
4096-105.

Wang W-Y, Tan M-S, Yu J-T, Tan L. Role of pro-inflammatory cytokines released
from microglia in Alzheimer’s disease. Ann Transl Med. 2015; 3(10): 136.

Cai Z, Hussain MD, Yan L-J. Microglia, neuroinflammation, and beta-amyloid protein
in Alzheimer’s disease. Int J Neurosci. 2014;124: 307-321.

Doens D, Fernandez PL, Glabe C, Sastre M, Klockgether T, Heneka M, et al. Microglia
receptors and their implications in the response to amyloid B for Alzheimer’s disease
pathogenesis. J Neuroinflammation. 2014;11: 48.

Fernandez PL, Britton GB, Rao KS. Potential immunotargets for Alzheimer’s disease
treatment strategies. J Alzheimers Dis. 2013;33: 297-312.

105



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Griffin WS, Sheng JG, Royston MC, Gentleman SM, McKenzie JE, Graham DI, et al.
Glial-neuronal interactions in Alzheimer’s disease: the potential role of a “cytokine
cycle” in disease progression. Brain Pathol. 1998;8: 65-72.

Griffin WS, Sheng JG, Roberts GW, Mrak RE. Interleukin-1 expression in different
plaque types in Alzheimer’s disease: significance in plaque evolution. J Neuropathol
Exp Neurol. 1995;54: 276-81.

Mrak RE, Sheng JG, Griffin WS. Correlation of astrocytic S100 beta expression with
dystrophic neurites in amyloid plaques of Alzheimer’s disease. J Neuropathol Exp
Neurol. 1996;55: 273-9.

Walker DG, Kim SU, McGeer PL. Complement and cytokine gene expression in
cultured microglia derived from postmortem human brains. J Neurosci Res. 1995;40:
478-493.

Ganter S, Northoff H, Méinnel D, Gebicke-Harter PJ. Growth control of cultured
microglia. J Neurosci Res. 1992;33: 218-230.

Lee SC, Liu W, Dickson DW, Brosnan CF, Berman JW. Cytokine production by human
fetal microglia and astrocytes. Differential induction by lipopolysaccharide and IL-1
beta. J Immunol. 1993;150: 2659-67.

Sébire G, Emilie D, Wallon C, Héry C, Devergne O, Delfraissy JF, et al. In vitro
production of IL-6, IL-1 beta, and tumor necrosis factor-alpha by human embryonic
microglial and neural cells. J Immunol. 1993;150: 1517-23.

Contestabile A. The history of the cholinergic hypothesis. Behav Brain Res. 2011;221:
334-340.

Francis PT, Palmer AM, Snape M, Wilcock GK. The cholinergic hypothesis of
Alzheimer’s disease: a review of progress. J Neurol Neurosurg Psychiatry. 1999;66:
137-47.

Palop JJ, Mucke L. Amyloid-beta-induced neuronal dysfunction in Alzheimer’s
disease: from synapses toward neural networks. Nat Neurosci. 2010;13: 812-8.

Kar S, Issa AM, Seto D, Auld DS, Collier B, Quirion R. Amyloid p-Peptide Inhibits
High-Affinity Choline Uptake and Acetylcholine Release in Rat Hippocampal Slices. J
Neurochem. 2002;70: 2179-2187.

Aztiria E, Cataudella T, Spampinato S, Leanza G. Septal grafts restore cognitive
abilities and amyloid precursor protein metabolism. Neurobiol Aging. 2009;30: 1614—
25.

Antonini V, Marrazzo A, Kleiner G, Coradazzi M, Ronsisvalle S, Prezzavento O, et al.
Anti-amnesic and neuroprotective actions of the sigma-1 receptor agonist (-)-MR22 in
rats with selective cholinergic lesion and amyloid infusion. J Alzheimers Dis. 2011;24:
569-86.

Grimaldi M, Marino S Di, Florenzano F, Ciotta MT, Nori SL, Rodriquez M, et al. p-
Amyloid-acetylcholine molecular interaction: new role of cholinergic mediators in anti-
Alzheimer therapy? Future Med Chem. 2016;8: 1179-1189.

Pedersen WA, Kloczewiak MA, Blusztajn JK. Amyloid .3-protein reduces
acetylcholine synthesis in a cell line derived from cholinergic neurons of the basal
forebrain. Pharmacology. 1996;93: 8068—8071.

Harkany T, Jong GI de, Sods K, Penke B, Luiten PGM, Gulya K. B-Amyloid(1-42)
affects cholinergic but not parvalbumin-containing neurons in the septal complex of the
rat. Brain Res. 1995;698: 270-274.

Hu W, Gray NW, Brimijoin S. Amyloid-beta increases acetylcholinesterase expression
in neuroblastoma cells by reducing enzyme degradation. J Neurochem. 2004;86: 470—
478.

106



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Snyder EM, Nong Y, Almeida CG, Paul S, Moran T, Choi EY, et al. Regulation of
NMDA receptor trafficking by amyloid-beta. Nat Neurosci. 2005;8: 1051-8.

Cuello AC. Intracellular and Extracellular AP, a Tale of Two Neuropathologies. Brain
Pathol. 2006;15: 66-71.

Boncristiano S, Calhoun ME, Kelly PH, Pfeifer M, Bondolfi L, Stalder M, et al.
Cholinergic Changes in the APP23 Transgenic Mouse Model of Cerebral Amyloidosis.
J Neurosci. 2002;22.

Contestabile A, Ciani E, Contestabile A. The Place of Choline Acetyltransferase
Activity Measurement in the “Cholinergic Hypothesis” of Neurodegenerative Diseases.
Neurochem Res. 2008;33: 318-327.

Pakaski M, Kalman J. Interactions between the amyloid and cholinergic mechanisms in
Alzheimer’s disease. Neurochem Int. 2008;53: 103—111.

Swerdlow RH, Burns JM, Khan SM. The Alzheimer’s disease mitochondrial cascade
hypothesis: progress and perspectives. Biochim Biophys Acta. 2014;1842: 1219-31.
Manczak M, Anekonda TS, Henson E, Park BS, Quinn J, Reddy PH. Mitochondria are
a direct site of A accumulation in Alzheimer’s disease neurons: implications for free
radical generation and oxidative damage in disease progression. Hum Mol Genet.
2006;15: 1437-1449.

Takuma K, Yao J, Huang J, Xu H, Chen X, Luddy J, et al. ABAD enhances Abeta-
induced cell stress via mitochondrial dysfunction. FASEB J. 2005;19: 597-8.
Anandatheerthavarada HK, Biswas G, Robin M-A, Avadhani NG. Mitochondrial
targeting and a novel transmembrane arrest of Alzheimer’s amyloid precursor protein
impairs mitochondrial function in neuronal cells. J Cell Biol. 2003;161: 41-54.

Khan SM, Cassarino DS, Abramova NN, Keeney PM, Borland MK, Trimmer PA, et al.
Alzheimer’s disease cybrids replicate beta-amyloid abnormalities through cell death
pathways. Ann Neurol. 2000;48: 148-55.

Cardoso SM, Santana I, Swerdlow RH, Oliveira CR. Mitochondria dysfunction of
Alzheimer’s disease cybrids enhances Abeta toxicity. J Neurochem. 2004;89: 1417-26.
Cassarino DS, Fall CP, Smith TS, Bennett JP. Pramipexole reduces reactive oxygen
species production in vivo and in vitro and inhibits the mitochondrial permeability
transition produced by the parkinsonian neurotoxin methylpyridinium ion. J
Neurochem. 1998;71: 295-301.

Herrup K. Reimagining Alzheimer’s Disease—An Age-Based Hypothesis. J Neurosci.
2010; 30(50):16755-62.

Armstrong RA. The pathogenesis of Alzheimer’s disease: a reevaluation of the
&quot;amyloid cascade hypothesis&quot;. Int J Alzheimers Dis. 2011;2011: 630865.
Reitz C. Alzheimer’s disease and the amyloid cascade hypothesis: a critical review. Int
J Alzheimers Dis. 2012;2012: 369808.

Pimplikar SW, Nixon RA, Robakis NK, Shen J, Tsai L-H. Amyloid-independent
mechanisms in Alzheimer’s disease pathogenesis. J Neurosci. 2010;30: 14946-54.
Herrup K. The case for rejecting the amyloid cascade hypothesis. Nat Neurosci.
2015;18: 794-799.

Shankar GM, Bloodgood BL, Townsend M, Walsh DM, Selkoe DJ, Sabatini BL.
Natural oligomers of the Alzheimer amyloid-beta protein induce reversible synapse loss
by modulating an NMDA-type glutamate receptor-dependent signaling pathway. J
Neurosci. 2007;27: 2866-75.

Demuro A, Parker I, Stutzmann GE. Calcium signaling and amyloid toxicity in
Alzheimer disease. J Biol Chem. 2010;285: 12463-8.

107



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Demuro A, Smith M, Parker I. Single-channel Ca(2+) imaging implicates AB1-42
amyloid pores in Alzheimer’s disease pathology. J Cell Biol. 2011;195: 515-24.
Kayed R, Lasagna-Reeves CA. Molecular mechanisms of amyloid oligomers toxicity.
J Alzheimers Dis. 2013;33 Suppl 1: S67-78.

Wang Q, Walsh DM, Rowan MJ, Selkoe DJ, Anwyl R. Block of long-term potentiation
by naturally secreted and synthetic amyloid beta-peptide in hippocampal slices is
mediated via activation of the kinases c¢-Jun N-terminal kinase, cyclin-dependent kinase
5, and p38 mitogen-activated protein kinase as well as metabotropic glutamate receptor
type 5. J Neurosci. 2004;24(13):3370-8.

Yamin G. NMDA receptor-dependent signaling pathways that underlie amyloid B-
protein disruption of LTP in the hippocampus. J Neurosci Res. 2009;87: 1729-1736.
LIN H. Amyloid beta protein forms ion channels: implications for Alzheimer’s disease
pathophysiology. FASEB J. 2001;15: 2433-2444.

Shi J, Townsend M, Constantine-Paton M. Activity-dependent induction of tonic
calcineurin activity mediates a rapid developmental downregulation of NMDA receptor
currents. Neuron. 2000;28: 103-14.

Stevens TR, Krueger SR, Fitzsimonds RM, Picciotto MR. Neuroprotection by nicotine
in mouse primary cortical cultures involves activation of calcineurin and L-type calcium
channel inactivation. J Neurosci. 2003;23: 10093-9.

Kawahara M, Kuroda Y, Arispe N, Rojas E. Alzheimer’s beta-amyloid, human islet
amylin, and prion protein fragment evoke intracellular free calcium elevations by a
common mechanism in a hypothalamic GnRH neuronal cell line. J Biol Chem.
2000;275: 14077-83.

Demuro A, Mina E, Kayed R, Milton SC, Parker I, Glabe CG. Calcium dysregulation
and membrane disruption as a ubiquitous neurotoxic mechanism of soluble amyloid
oligomers. J Biol Chem. 2005;280: 17294-300.

Kayed R, Sokolov Y, Edmonds B, Mclntire TM, Milton SC, Hall JE, et al.
Permeabilization of lipid bilayers is a common conformation-dependent activity of
soluble amyloid oligomers in protein misfolding diseases. J Biol Chem. 2004;279:
46363-6.

Arispe N, Diaz JC, Simakova O. AP ion channels. Prospects for treating Alzheimer’s
disease with AP channel blockers. Biochim Biophys Acta - Biomembr. 2007;1768:
1952-1965.

McLaurin J, Chakrabartty A. Membrane disruption by Alzheimer beta-amyloid
peptides mediated through specific binding to either phospholipids or gangliosides.
Implications for neurotoxicity. J Biol Chem. 1996;271: 26482-9.

Sokolov Y, Kozak JA, Kayed R, Chanturiya A, Glabe C, Hall JE. Soluble amyloid
oligomers increase bilayer conductance by altering dielectric structure. J Gen Physiol.
2006;128: 637-47.

Cappai R, Barnham KJ. Delineating the Mechanism of Alzheimer’s Disease A Peptide
Neurotoxicity. Neurochem Res. 2008;33: 526-532.

Maezawa I, Zimin PI, Wulff H, Jin L-W. Amyloid-beta protein oligomer at low
nanomolar concentrations activates microglia and induces microglial neurotoxicity. J
Biol Chem. 2011;286: 3693-706.

Neniskyte U, Neher JJ, Brown GC. Neuronal death induced by nanomolar amyloid B is
mediated by primary phagocytosis of neurons by microglia. J Biol Chem. 2011;286:
39904-13.

Brown GC, Vilalta A. How microglia kill neurons. Brain Res. 2015;1628: 288-297.

108



146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Lindberg C, Selenica M-LB, Westlind-Danielsson A, Schultzberg M. B-Amyloid
Protein Structure Determines the Nature of Cytokine Release From Rat Microglia. J
Mol Neurosci. 2005;27: 001-012.

Floden AM, Li S, Combs CK. B-Amyloid-Stimulated Microglia Induce Neuron Death
via Synergistic Stimulation of Tumor Necrosis Factor o and NMDA Receptors. J
Neurosci. 2005; 25(10):2566-75.

Thornton P, Pinteaux E, Gibson RM, Allan SM, Rothwell NJ. Interleukin-1-induced
neurotoxicity is mediated by glia and requires caspase activation and free radical
release. J Neurochem. 2006;98: 258-266.

Neniskyte U, Vilalta A, Brown GC. Tumour necrosis factor alpha-induced neuronal
loss is mediated by microglial phagocytosis. FEBS Lett. 2014;588: 2952—6.

Parvathy S, Rajadas J, Ryan H, Vaziri S, Anderson L, Murphy GM. AP peptide
conformation determines uptake and interleukin-la expression by primary microglial
cells. Neurobiol Aging. 2009;30: 1792—-1804.

Garwood CJ, Pooler AM, Atherton J, Hanger DP, Noble W. Astrocytes are important
mediators of AB-induced neurotoxicity and tau phosphorylation in primary culture. Cell
Death Dis. 2011;2: €167.

Wallach D. Cell death induction by TNF: a matter of self control. Trends Biochem Sci.
1997;22: 107-9.

Neniskyte U, Fricker M, Brown GC. Amyloid B induces microglia to phagocytose
neurons via activation of protein kinase Cs and NADPH oxidase. Int J Biochem Cell
Biol. 2016; 81:346-355.

Combs CK, Karlo JC, Kao S-C, Landreth GE. f-Amyloid Stimulation of Microglia and
Monocytes Results in TNFa-Dependent Expression of Inducible Nitric Oxide Synthase
and Neuronal Apoptosis. J Neurosci. 2001; 21(4):1179-88.

Neher JJ, Neniskyte U, Zhao J-W, Bal-Price A, Tolkovsky AM, Brown GC. Inhibition
of Microglial Phagocytosis Is Sufficient To Prevent Inflammatory Neuronal Death. J
Immunol. 2011;186: 4973-4983.

Jekabsone A, Mander PK, Tickler A, Sharpe M, Brown GC. Fibrillar beta-amyloid
peptide Abetal—40 activates microglial proliferation via stimulating TNF-alpha release
and H202 derived from NADPH oxidase: a cell culture study. J Neuroinflammation.
2006;3: 24.

Reed-Geaghan EG, Savage JC, Hise AG, Landreth GE. CD14 and toll-like receptors 2
and 4 are required for fibrillar A {beta}-stimulated microglial activation. J Neurosci.
2009;29: 11982-92.

Bal-Price A, Matthias A, Brown GC. Stimulation of the NADPH oxidase in activated
rat microglia removes nitric oxide but induces peroxynitrite production. J Neurochem.
2002;80: 73-80.

Mander P, Brown GC, Eddleston M, Mucke L, Kreutzberg G, Polazzi E, et al.
Activation of microglial NADPH oxidase is synergistic with glial iNOS expression in
inducing neuronal death: a dual-key mechanism of inflammatory neurodegeneration. J
Neuroinflammation. 2005;2: 20.

Selkoe DJ. The therapeutics of Alzheimer’s disease: Where we stand and where we are
heading. Ann Neurol. 2013;74: 328-336.

Sanchez-Megjia RO, Newman JW, Toh S, Yu G-Q, Zhou Y, Halabisky B, et al.
Phospholipase A2 reduction ameliorates cognitive deficits in a mouse model of
Alzheimer’s disease. Nat Neurosci. 2008;11: 1311-8.

109



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, Guido T, et al. Immunization
with amyloid-|[beta]| attenuates Alzheimer-disease-like pathology in the PDAPP
mouse. Nature. 1999;400: 173-177.

Cynis H, Frost JL, Crehan H, Lemere CA. Immunotherapy targeting pyroglutamate-3
AP: prospects and challenges. Mol Neurodegener. 2016;11: 48.

LiY, Liu Y, Wang Z, Jiang Y. Clinical trials of amyloid-based immunotherapy for
Alzheimer’s disease: end of beginning or beginning of end? Expert Opin Biol Ther.
2013;13: 1515-1522.

Sarazin M, Dorothée G, de Souza LC, Aucouturier P. Immunotherapy in Alzheimer’s
Disease: Do We Have All the Pieces of the Puzzle? Biol Psychiatry. 2013;74: 329-332.
Montoliu-Gaya L, Villegas S. AB-Immunotherapeutic strategies: a wide range of
approaches for Alzheimer’s disease treatment. Expert Rev Mol Med. 2016;18: el3.
Lemere CA, Perrin R, Fagan A, Holtzman D, Selkoe D, Lemere C, et al
Immunotherapy for Alzheimer’s disease: hoops and hurdles. Mol Neurodegener.
2013;8: 36.

Lee EB, Leng LZ, Zhang B, Kwong L, Trojanowski JQ, Abel T, et al. Targeting
amyloid-beta peptide (Abeta) oligomers by passive immunization with a conformation-
selective monoclonal antibody improves learning and memory in Abeta precursor
protein (APP) transgenic mice. J Biol Chem. 2006;281: 4292-9.

Bohrmann B, Baumann K, Benz J, Gerber F, Huber W, Knoflach F, et al.
Gantenerumab: a novel human anti-Af antibody demonstrates sustained cerebral
amyloid-p binding and elicits cell-mediated removal of human amyloid-f. J Alzheimers
Dis. 2012;28: 49-69.

Miles LA, Crespi GAN, Doughty L, Parker MW, Selkoe DJ, Barnes DE, et al.
Bapineuzumab captures the N-terminus of the Alzheimer’s disease amyloid-beta
peptide in a helical conformation. Sci Rep. 2013;3: 1488—1492.

Sevigny J, Chiao P, Bussiére T, Weinreb PH, Williams L, Maier M, et al. The antibody
aducanumab reduces A plaques in Alzheimer’s disease. Nature. 2016;537: 50-56.
Morgan D, Diamond DM, Gottschall PE, Ugen KE, Dickey C, Hardy J, et al. A|[beta]|
peptide vaccination prevents memory loss in an animal model of Alzheimer’s disease.
Nature. 2000;408: 982-985.

DeMattos RB, Bales KR, Cummins DJ, Dodart JC, Paul SM, Holtzman DM. Peripheral
anti-A beta antibody alters CNS and plasma A beta clearance and decreases brain A
beta burden in a mouse model of Alzheimer’s disease. Proc Natl Acad Sci. 2001;98:
8850-5.

Janus C, Pearson J, McLaurin J, Mathews PM, Jiang Y, Schmidt SD, et al. A|[beta]|
peptide immunization reduces behavioural impairment and plaquesin a model of
Alzheimer’s disease. Nature. 2000;408: 979-982.

Dodart J-C, Bales KR, Gannon KS, Greene SJ, DeMattos RB, Mathis C, et al.
Immunization reverses memory deficits without reducing brain AP burden in
Alzheimer’s disease model. Nat Neurosci. 2002; 5(5):452-7.

Bard F, Cannon C, Barbour R, Burke RL, Games D, Grajeda H, et al. Peripherally
administered antibodies against amyloid beta-peptide enter the central nervous system
and reduce pathology in a mouse model of Alzheimer disease. Nat Med. 2000;6: 916—
9.

Wilcock DM, Rojiani A, Rosenthal A, Levkowitz G, Subbarao S, Alamed J, et al.
Passive amyloid immunotherapy clears amyloid and transiently activates microglia in a
transgenic mouse model of amyloid deposition. J Neurosci. 2004;24: 6144-51.

110



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.
193.

194.

Bayer AJ, Bullock R, Jones RW, Wilkinson D, Paterson KR, Jenkins L, et al. Evaluation
of the safety and immunogenicity of synthetic Abeta42 (AN1792) in patients with AD.
Neurology 2005;64: 94—-101.

Orgogozo J-M, Gilman S, Dartigues J-F, Laurent B, Puel M, Kirby LC, et al. Subacute
meningoencephalitis in a subset of patients with AD after A 42 immunization.
Neurology 2003;61: 46-54.

Gilman S, Koller M, Black RS, Jenkins L, Griffith SG, Fox NC, et al. Clinical effects
of Abeta immunization (AN1792) in patients with AD in an interrupted trial. Neurology
2005;64: 1553-62.

Black RS, Sperling RA, Safirstein B, Motter RN, Pallay A, Nichols A, et al. A single
ascending dose study of bapineuzumab in patients with Alzheimer disease. Alzheimer
Dis Assoc Disord. 2010;24: 198-203.

Salloway S, Sperling R, Fox NC, Blennow K, Klunk W, Raskind M, et al. Two Phase
3 Trials of Bapineuzumab in Mild-to-Moderate Alzheimer’s Disease. N Engl J Med.
2014;370: 322-333.

Doody RS, Thomas RG, Farlow M, Iwatsubo T, Vellas B, Joffe S, et al. Phase 3 Trials
of Solanezumab for Mild-to-Moderate Alzheimer’s Disease. N Engl J Med. 2014;370:
311-321.

Jack CR, Knopman DS, Jagust WJ, Shaw LM, Aisen PS, Weiner MW, et al.
Hypothetical model of dynamic biomarkers of the Alzheimer’s pathological cascade.
Lancet Neurol. 2010;9: 119-28.

Siemers ER, Sundell KL, Carlson C, Case M, Sethuraman G, Liu-Seifert H, et al. Phase
3 solanezumab trials: Secondary outcomes in mild Alzheimer’s disease patients.
Alzheimer’s Dement. 2016;12: 110-120.

DeMattos RB, Bales KR, Cummins DJ, Paul SM, Holtzman DM. Brain to Plasma
Amyloid-beta Efflux: a Measure of Brain Amyloid Burden in a Mouse Model of
Alzheimer’s Disease. Science 2002;295: 2264-2267.

Farlow M, Armold SE, van Dyck CH, Aisen PS, Snider BJ, Porsteinsson AP, et al.
Safety and biomarker effects of solanezumab in patients with Alzheimer’s disease.
Alzheimers Dement. 2012;8: 261-71.

Ferrero J, Williams L, Stella H, Leitermann K, Mikulskis A, O’Gorman J, et al. First-
in-human, double-blind, placebo-controlled, single-dose escalation study of
aducanumab (BIIB037) in mild-to-moderate Alzheimer’s disease. Alzheimer’s Dement
Transl Res Clin Interv. 2016;2: 169-176.

Tremblay M-E, Lowery RL, Majewska AK, Marin-Teva JL, Dusart I, Colin C, et al.
Microglial Interactions with Synapses Are Modulated by Visual Experience. PLoS Biol.
2010;8: €1000527.

Lawson LJ, Perry VH, Dri P, Gordon S. Heterogeneity in the distribution and
morphology of microglia in the normal adult mouse brain. Neuroscience 1990;39: 151—
170.

Akiyama H, McGeer PL. Brain microglia constitutively express -2 integrins. J
Neuroimmunol. 1990;30: 81-93.

Graeber MB. Changing Face of Microglia. Science 2010;330: 783—788.

Hanisch U-K, Kettenmann H. Microglia: active sensor and versatile effector cells in the
normal and pathologic brain. Nat Neurosci. 2007;10: 1387-1394.

Nimmerjahn A. Resting Microglial Cells Are Highly Dynamic Surveillants of Brain
Parenchyma in Vivo. Science 2005;308: 1314-1318.

111



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Wake H, Moorhouse AJ, Jinno S, Kohsaka S, Nabekura J. Resting Microglia Directly
Monitor the Functional State of Synapses In Vivo and Determine the Fate of Ischemic
Terminals. J Neurosci. 2009; 29(13):3974-80.

Southam KA, Vincent AJ, Small DH. Do Microglia Default on Network Maintenance
in Alzheimer’s Disease? J Alzheimers Dis. 2016;51: 657—69.

Haynes SE, Hollopeter G, Yang G, Kurpius D, Dailey ME, Gan W-B, et al. The P2Y 12
receptor regulates microglial activation by extracellular nucleotides. Nat Neurosci.
2006;9: 1512—1519.

Kim HJ, Ajit D, Peterson TS, Wang Y, Camden JM, Gibson Wood W, et al. Nucleotides
released from Afi-2 -treated microglial cells increase cell migration and Api-42 uptake
through P2Y> receptor activation. J Neurochem. 2012;121: 228-38.

Honda S, Sasaki Y, Ohsawa K, Imai Y, Nakamura Y, Inoue K, et al. Extracellular ATP
or ADP Induce Chemotaxis of Cultured Microglia through Gi/o-Coupled P2Y
Receptors. J Neurosci. 2001; 21(6):1975-82.

Ohsawa K, Irino Y, Nakamura Y, Akazawa C, Inoue K, Kohsaka S. Involvement of
P2X 4 and P2Y i, receptors in ATP-induced microglial chemotaxis. Glia 2007;55: 604—
616.

Suzuki T, Hide I, Ido K, Kohsaka S, Inoue K, Nakata Y. Production and Release of
Neuroprotective Tumor Necrosis Factor by P2X7 Receptor-Activated Microglia. J
Neurosci. 2004; 24(1):1-7.

Biber K, Neumann H, Inoue K, Boddeke HWGM. Neuronal “On” and “Off” signals
control microglia. Trends Neurosci. 2007;30: 596—602.

Gomez-Nicola D, Perry VH. Microglial dynamics and role in the healthy and diseased
brain: a paradigm of functional plasticity. Neuroscientist 2015;21: 169-84.

Wilkinson K, El Khoury J. Microglial Scavenger Receptors and Their Roles in the
Pathogenesis of Alzheimer’s Disease. Int J Alzheimers Dis. 2012;2012: 1-10.

Fu H, Liu B, Frost JL, Hong S, Jin M, Ostaszewski B, et al. Complement component
C3 and complement receptor type 3 contribute to the phagocytosis and clearance of
fibrillar AP by microglia. Glia 2012;60: 993—1003.

Noda M, Nakanishi H, Nabekura J, Akaike N. AMPA—Kainate Subtypes of Glutamate
Receptor in Rat Cerebral Microglia. J Neurosci. 2000; 20 (1) 251-258.

Kuhn SA, van Landeghem FKH, Zacharias R, Féarber K, Rappert A, Pavlovic S, et al.
Microglia express GABA(B) receptors to modulate interleukin release. Mol Cell
Neurosci. 2004;25: 312-22.

Férber K, Kettenmann H. Physiology of microglial cells. Brain Res Rev. 2005;48: 133—
143.

Domercq M, Vézquez-Villoldo N, Matute C. Neurotransmitter signaling in the
pathophysiology of microglia. Front Cell Neurosci. 2013;7: 49.

Acarin L, Gonzalez B, Castellano B, Castro AJ. Microglial response to N-methyl-D-
aspartate-mediated excitotoxicity in the immature rat brain. J] Comp Neurol. 1996;367:
361-74.

Streit WJ, Morioka T, Kalehua AN. MK-801 prevents microglial reaction in rat
hippocampus after forebrain ischemia. Neuroreport 1992;3: 146-8.

Thomas DM, Kuhn DM. MK-801 and dextromethorphan block microglial activation
and protect against methamphetamine-induced neurotoxicity. Brain Res. 2005;1050:
190-8.

Piani D, Spranger M, Frei K, Schaffner A, Fontana A. Macrophage-induced
cytotoxicity of N-methyl-D-aspartate receptor positive neurons involves excitatory

112



214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

2209.

230.

amino acids rather than reactive oxygen intermediates and cytokines. Eur J Immunol.
1992;22: 2429-36.

Wu S-Z, Bodles AM, Porter MM, Griffin WST, Basile AS, Barger SW. Induction of
serine racemase expression and D-serine release from microglia by amyloid beta-
peptide. J Neuroinflammation. 2004; 1(1): 2.

Kreutzberg GW. Microglia: a sensor for pathological events in the CNS. Trends
Neurosci. 1996;19: 312-8.

Block ML, Zecca L, Hong J-S. Microglia-mediated neurotoxicity: uncovering the
molecular mechanisms. Nat Rev Neurosci. 2007;8: 57-69.

Bell-Temin H, Culver-Cochran AE, Chaput D, Carlson CM, Kuehl M, Burkhardt BR,
et al. Novel Molecular Insights into Classical and Alternative Activation States of
Microglia as Revealed by Stable Isotope Labeling by Amino Acids in Cell Culture
(SILAC)-based Proteomics. Mol Cell Proteomics. 2015;14: 3173-84.

Colton CA, Wilcock DM. Assessing Activation States in Microglia. CNS Neurol Disord
- Drug Targets. 2010;9: 174-191.

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 of Hematogenous TLR4. J Neurosci. 2012;
32(34):11706-15.

Herber DL, Roth LM, Wilson D, Wilson N, Mason JE, Morgan D, et al. Time-
dependent reduction in AP levels after intracranial LPS administration in APP
transgenic mice. Exp Neurol. 2004;190: 245-253.

Ransohoff RM, Perry VH. Microglial Physiology: Unique Stimuli, Specialized
Responses. Annu Rev Immunol. 2009;27: 119-145.

Chhor V, Le Charpentier T, Lebon S, Or¢ M-V, Celador IL, Josserand J, et al.
Characterization of phenotype markers and neuronotoxic potential of polarised primary
microglia in vitro. Brain Behav Immun. 2013;32: 70-85.

Edwards JP, Zhang X, Frauwirth KA, Mosser DM. Biochemical and functional
characterization of three activated macrophage populations. J Leukoc Biol. 2006;80:
1298-1307.

Zhu Z, Zheng T, Homer RJ, Kim Y-K, Chen NY, Cohn L, et al. Acidic Mammalian
Chitinase in Asthmatic Th2 Inflammation and IL-13 Pathway Activation. Science
2004;304: 1678-1682.

Wilcock DM, Rojiani A, Rosenthal A, Levkowitz G, Subbarao S, Alamed J, et al.
Passive Amyloid Immunotherapy Clears Amyloid and Transiently Activates Microglia
in a Transgenic Mouse Model of Amyloid Deposition. J Neurosci. 2004; 24(27):6144-
51

Wilcock DM. A changing perspective on the role of neuroinflammation in Alzheimer’s
disease. Int J Alzheimers Dis. 2012;2012: 495243.

Mosser DM. The many faces of macrophage activation. J Leukoc Biol. 2003;73: 209—
12.

Sternberg EM. Neural regulation of innate immunity: a coordinated nonspecific host
response to pathogens. Nat Rev Immunol. 2006;6: 318-328.

Giulian D, Baker T. Characterization of ameboid microglia isolated from developing
mammalian brain. J Neurosci. 1986; 6(8):2163-78.

Elkabes S, DiCicco-Bloom E, Black I. Brain microglia/macrophages express
neurotrophins that selectively regulate microglial proliferation and function. J Neurosci.
1996; 16(8):2508-21.

113



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

Mohajeri MH, Gaugler MNM, Martinez J, Tracy J, Li H, Crameri A, et al. Assessment
of the Bioactivity of Antibodies against f-Amyloid Peptide in vitro and in vivo.
Neurodegener Dis. 2004;1: 160-167.

Magga J, Puli L, Pihlaja R, Kanninen K, Neulamaa S, Malm T, et al. Human intravenous
immunoglobulin provides protection against A toxicity by multiple mechanisms in a
mouse model of Alzheimer’s disease. J Neuroinflammation. 2010;7: 90.
Koenigsknecht-Talboo J, Landreth GE. Microglial phagocytosis induced by fibrillar
beta-amyloid and IgGs are differentially regulated by proinflammatory cytokines. J
Neurosci. 2005;25: 8240-9.

Teeling JL, Carare RO, Glennie MJ, Perry VH. Intracerebral immune complex
formation induces inflammation in the brain that depends on Fc receptor interaction.
Acta Neuropathol. 2012;124: 479-90.

Dalgediene I, Lasickiene R, Budvytyte R, Valincius G, Morkuniene R, Borutaite V, et
al. Immunogenic properties of amyloid beta oligomers. J Biomed Sci. 2013;20: 10.
Zvirbliene A, Samonskyte L, Gedvilaite A, Voronkova T, Ulrich R, Sasnauskas K.
Generation of monoclonal antibodies of desired specificity using chimeric
polyomavirus-derived virus-like particles. J Immunol Methods. 2006;311: 57-70.
Zvirbliene A, Kucinskaite I, Sezaite I, Samuel D, Sasnauskas K. Mapping of B cell
epitopes in measles virus nucleocapsid protein. Arch Virol. 2007;152: 25-39.
Petraityté-Burneikiené R, Nalivaiko K, Lasickien¢ R, Firantiené R, Emuzyté R,
Sasnauskas K, et al. Generation of recombinant metapneumovirus nucleocapsid protein
as nucleocapsid-like particles and development of virus-specific monoclonal
antibodies. Virus Res. 2011;161: 131-139.

Williams TL, Day 1J, Serpell LC. The Effect of Alzheimer’s A Aggregation State on
the Permeation of Biomimetic Lipid Vesicles. Langmuir. 2010;26: 17260-17268.
Adams DS, Levin M. General principles for measuring resting membrane potential and
ion concentration using fluorescent bioelectricity reporters. Cold Spring Harb Protoc.
2012;2012: 385-97.

Wang X, Zaidi A, Pal R, Garrett AS, Braceras R, Chen X, et al. Genomic and
biochemical approaches in the discovery of mechanisms for selective neuronal
vulnerability to oxidative stress. BMC Neurosci. 2009;10: 12.

Neniskyte U, Brown GC. Lactadherin/MFG-ES is essential for microglia-mediated
neuronal loss and phagoptosis induced by amyloid . J Neurochem. 2013;126: 312—
317.

Vale C, Alfonso A, Suiiol C, Vieytes MR, Botana LM. Modulation of calcium entry
and glutamate release in cultured cerebellar granule cells by palytoxin. J Neurosci Res.
2006;83: 1393-1406.

Babot Z, Cristofol R, Sufiol C. Excitotoxic death induced by released glutamate in
depolarized primary cultures of mouse cerebellar granule cells is dependent on GABAA
receptors and niflumic acid-sensitive chloride channels. Eur J Neurosci. 2005;21: 103—
12.

Kritis AA, Stamoula EG, Paniskaki KA, Vavilis TD. Researching glutamate - induced
cytotoxicity in different cell lines: a comparative/collective analysis/study. Front Cell
Neurosci. 2015;9: 91.

Guadagno J, Xu X, Karajgikar M, Brown A, Cregan SP. Microglia-derived TNFa
induces apoptosis in neural precursor cells via transcriptional activation of the Bel-2
family member Puma. Cell Death Dis. 2013;4: e538.

Morkuniene R, Cizas P, Jankeviciute S, Petrolis R, Arandarcikaite O, Krisciukaitis A,
et al. Small AP1-42 oligomer-induced membrane depolarization of neuronal and

114



248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

microglial cells: Role of N-methyl-D-aspartate receptors. J Neurosci Res. 2015;93:
475-486.

Gedvilaite A, Frommel C, Sasnauskas K, Micheel B, Ozel M, Behrsing O, et al.
Formation of Immunogenic Virus-like Particles by Inserting Epitopes into Surface-
Exposed Regions of Hamster Polyomavirus Major Capsid Protein. Virology. Academic
Press; 2000;273: 21-35.

Bard F, Barbour R, Cannon C, Carretto R, Fox M, Games D, et al. Epitope and isotype
specificities of antibodies to beta -amyloid peptide for protection against Alzheimer’s
disease-like neuropathology. Proc Natl Acad Sci U S A. 2003;100: 2023-8.
Morkuniene R, Zvirbliene A, Dalgediene I, Cizas P, Jankeviciute S, Baliutyte G, et al.
Antibodies bound to Ab oligomers potentiate the neurotoxicity of Ab by activating
microglia. ] Neurochem. 2013;126: 604-615.

Finn R, Kovacs AD, Pearce DA. Altered sensitivity of cerebellar granule cells to
glutamate receptor overactivation in the Cln3(Aex7/8)-knock-in mouse model of
juvenile neuronal ceroid lipofuscinosis. Neurochem Int. 2011;58: 648-55.

Shankar GM, Walsh DM, Ferri C, Prince M, Brayne C, Brodaty H, et al. Alzheimer’s
disease: synaptic dysfunction and Ap. Mol Neurodegener. 2009;4: 48.

Nieweg K, Andreyeva A, van Stegen B, Tanridver G, Gottmann K. Alzheimer’s
disease-related amyloid-p induces synaptotoxicity in human iPS cell-derived neurons.
Cell Death Dis. 2015;6: ¢1709.

Pike C, Burdick D, Walencewicz A, Glabe C, Cotman C. Neurodegeneration induced
by beta-amyloid peptides in vitro: the role of peptide assembly state. J Neurosci. 1993;
13(4):1676-87.

Lambert MP, Barlow AK, Chromy BA, Edwards C, Freed R, Liosatos M, et al.
Diffusible, nonfibrillar ligands derived from Abetal-42 are potent central nervous
system neurotoxins. Proc Natl Acad Sci U S A. 1998;95: 6448-53.

Resende R, Ferreiro E, Pereira C, Resende de Oliveira C. Neurotoxic effect of
oligomeric and fibrillar species of amyloid-beta peptide 1-42: Involvement of
endoplasmic reticulum calcium release in oligomer-induced cell death. Neuroscience
2008;155: 725-737.

Sakono M, Zako T. Amyloid oligomers: formation and toxicity of Ap oligomers. FEBS
J.2010;277: 1348-1358.

Williams TL, Serpell LC. Membrane and surface interactions of Alzheimer’s A
peptide - insights into the mechanism of cytotoxicity. FEBS J. 2011;278: 3905-3917.
Ungureanu A-A, Benilova I, Krylychkina O, Bracken D, De Strooper B, Van
Haesendonck C, et al. Amyloid beta oligomers induce neuronal elasticity changes in
age-dependent manner: a force spectroscopy study on living hippocampal neurons. Sci
Rep. 2016;6: 25841.

Sarkar B, Das AK, Maiti S. Thermodynamically stable amyloid-p monomers have much
lower membrane affinity than the small oligomers. Front Physiol. 2013;4: 84.
Valincius G, Heinrich F, Budvytyte R, Vanderah DJ, McGillivray DJ, Sokolov Y, et al.
Soluble amyloid beta-oligomers affect dielectric membrane properties by bilayer
insertion and domain formation: implications for cell toxicity. Biophys J. 2008;95:
4845-61.

Koh S-H, Noh MY, Kim SH. Amyloid-beta-induced neurotoxicity is reduced by
inhibition of glycogen synthase kinase-3. Brain Res. 2008;1188: 254-262.

Alberdi E, Sanchez-Gémez MV, Cavaliere F, Pérez-Samartin A, Zugaza JL, Trullas R,
et al. Amyloid B oligomers induce Ca2+ dysregulation and neuronal death through
activation of ionotropic glutamate receptors. Cell Calcium. 2010;47: 264-272.

115



264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280.

Ferreira IL, Bajouco LM, Mota SI, Auberson YP, Oliveira CR, Rego AC. Amyloid beta
peptide 1-42 disturbs intracellular calcium homeostasis through activation of GluN2B-
containing N-methyl-d-aspartate receptors in cortical cultures. Cell Calcium. 2012;51:
95-106.

Kaindl AM, Degos V, Peineau S, Gouadon E, Chhor V, Loron G, et al. Activation of
microglial N-methyl-D-aspartate receptors triggers inflammation and neuronal cell
death in the developing and mature brain. Ann Neurol. 2012;72: 536-549.

Domercq M, Vazquez-Villoldo N, Matute C. Neurotransmitter signaling in the
pathophysiology of microglia. Front Cell Neurosci. 2013;7: 49.

Harkany T, Abraham I, Timmerman W, Laskay G, T6th B, Sasvari M, et al. B-Amyloid
neurotoxicity is mediated by a glutamate-triggered excitotoxic cascade in rat nucleus
basalis. Eur J Neurosci. 2000;12: 2735-2745.

Blanchard BJ, Thomas VL, Ingram VM. Mechanism of membrane depolarization
caused by the Alzheimer AB1-42 peptide. Biochem Biophys Res Commun. 2002;293:
1197-1203.

Noda M. Possible Contribution of Microglial Glutamate Receptors to Inflammatory
Response upon Neurodegenerative Diseases. J Neurol Disord. 2013;1: 131.

Talantova M, Sanz-Blasco S, Zhang X, Xia P, Akhtar MW, Okamoto S, et al. AP
induces astrocytic glutamate release, extrasynaptic NMDA receptor activation, and
synaptic loss. Proc Natl Acad Sci U S A. 2013;110: E2518-27.

Noda M. Dysfunction of Glutamate Receptors in Microglia May Cause
Neurodegeneration. Curr Alzheimer Res. 2016;13: 381-6.

Quist A, Doudevski I, Lin H, Azimova R, Ng D, Frangione B, et al. Amyloid ion
channels: a common structural link for protein-misfolding disease. Proc Natl Acad Sci
U S A. 2005;102: 10427-32.

Kayed R, Sokolov Y, Edmonds B, Mclntire TM, Milton SC, Hall JE, et al.
Permeabilization of lipid bilayers is a common conformation-dependent activity of
soluble amyloid oligomers in protein misfolding diseases. J Biol Chem. 2004;279:
46363-6.

Vaarmann A, Kovac S, Holmstrom KM, Gandhi S, Abramov AY. Dopamine protects
neurons against glutamate-induced excitotoxicity. Cell Death Dis. 2013;4: e455.

Li S, Hong S, Shepardson NE, Walsh DM, Shankar GM, Selkoe D. Soluble oligomers
of amyloid Beta protein facilitate hippocampal long-term depression by disrupting
neuronal glutamate uptake. Neuron. 2009;62: 788-801.

Peters C, Sepulveda FJ, Fernandez-Pérez EJ, Peoples RW, Aguayo LG. The Level of
NMDA Receptor in the Membrane Modulates Amyloid-f3 Association and Perforation.
J Alzheimer’s Dis. 2016;53: 197-207.

De Felice FG, Velasco PT, Lambert MP, Viola K, Fernandez SJ, Ferreira ST, et al.
Abeta oligomers induce neuronal oxidative stress through an N-methyl-D-aspartate
receptor-dependent mechanism that is blocked by the Alzheimer drug memantine. J
Biol Chem. 2007;282: 11590-601.

Strodel B, Lee JWL, Whittleston CS, Wales DJ. Transmembrane structures for
Alzheimer’s AB(1-42) oligomers. J Am Chem Soc. 2010;132: 13300-12.

Molokanova E, Akhtar MW, Sanz-Blasco S, Tu S, Pifia-Crespo JC, McKercher SR, et
al. Differential effects of synaptic and extrasynaptic NMDA receptors on Ap-induced
nitric oxide production in cerebrocortical neurons. J Neurosci. 2014;34: 5023-8.
Arrazola MS, Ramos-Fernandez E, Cisternas P, Ordenes D, Inestrosa NC. Wnt
Signaling Prevents the AP Oligomer-Induced Mitochondrial Permeability Transition

116



281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

Pore Opening Preserving Mitochondrial Structure in Hippocampal Neurons. Thomas B,
editor. PLoS One. 2017;12: e0168840.

Um JW, Kaufman AC, Kostylev M, Heiss JK, Stagi M, Takahashi H, et al.
Metabotropic glutamate receptor 5 is a coreceptor for Alzheimer a3 oligomer bound to
cellular prion protein. Neuron 2013;79: 887-902.

Jarosz-Griffiths HH, Noble E, Rushworth J V, Hooper NM. Amyloid-p Receptors: The
Good, the Bad, and the Prion Protein. J Biol Chem. 2016;291: 3174-83.

Kastanenka K, Bussiere T, Weinreb P, Qian F, Rhodes K, Bacskai B. Amelioration of
calcium dyshomeostasis by immunotherapy with BIIB037 in Tg2576 mice.
Alzheimer’s Dement. 2013;9: P508.

Kaindl AM, Degos V, Peineau S, Gouadon E, Chhor V, Loron G, et al. Activation of
microglial N-methyl-D-aspartate receptors triggers inflammation and neuronal cell
death in the developing and mature brain. Ann Neurol. 2012;72: 536-49.

Schilling T, Eder C. Amyloid-B-induced reactive oxygen species production and
priming are differentially regulated by ion channels in microglia. J Cell Physiol.
2011;226: 3295-3302.

Parajuli B, Sonobe Y, Horiuchi H, Takeuchi H, Mizuno T, Suzumura A. Oligomeric
amyloid B induces IL-1f processing via production of ROS: implication in Alzheimer’s
disease. Cell Death Dis. 2013;4: €975.

Taneo J, Adachi T, Yoshida A, Takayasu K, Takahara K, Inaba K. Amyloid 3 oligomers
induce interleukin-1f production in primary microglia in a cathepsin B- and reactive
oxygen species-dependent manner. Biochemical and Biophysical Research
Communications. 2015; 458(3):561-7.

Condello C, Yuan P, Schain A, Grutzendler J. Microglia constitute a barrier that
prevents neurotoxic protofibrillar AB42 hotspots around plaques. Nat Commun. 2015;6:
6176.

Maezawa [, Zimin PI, Wulff H, Jin L-W. Amyloid-beta protein oligomer at low
nanomolar concentrations activates microglia and induces microglial neurotoxicity. J
Biol Chem. 2011;286: 3693-706.

Jekabsone A, Mander PK, Tickler A, Sharpe M, Brown GC. Fibrillar beta-amyloid
peptide Abetal—40 activates microglial proliferation via stimulating TNF-alpha release
and H202 derived from NADPH oxidase: a cell culture study. J Neuroinflammation.
2006;3: 24.

Michelucci A, Heurtaux T, Grandbarbe L, Morga E, Heuschling P. Characterization of
the microglial phenotype under specific pro-inflammatory and anti-inflammatory
conditions: Effects of oligomeric and fibrillar amyloid-B. J Neuroimmunol. 2009;210:
3-12.

Dahlgren KN, Manelli AM, Stine WB, Baker LK, Krafft GA, LaDu MJ. Oligomeric
and fibrillar species of amyloid-beta peptides differentially affect neuronal viability. J
Biol Chem. 2002;277: 32046-53.

Snyder SW, Ladror US, Wade WS, Wang GT, Barrett LW, Matayoshi ED, et al.
Amyloid-beta aggregation: selective inhibition of aggregation in mixtures of amyloid
with different chain lengths. Biophys J. 1994;67: 1216-28.

Wilcock DM, DiCarlo G, Henderson D, Jackson J, Clarke K, Ugen KE, et al.
Intracranially Administered Anti-Af Antibodies Reduce B-Amyloid Deposition by
Mechanisms Both Independent of and Associated with Microglial Activation. J
Neurosci. 2003; 23 (9): 3745-3751.

Adolfsson O, Pihlgren M, Toni N, Varisco Y, Buccarello AL, Antoniello K, et al. An
Effector-Reduced Anti-Amyloid (A) Antibody with Unique A Binding Properties

117



296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

Promotes Neuroprotection and Glial Engulfment of A. J Neurosci. 2012;32: 9677—
9689.

Fuller JP, Stavenhagen JB, Christensen S, Kartberg F, Glennie MJ, Teeling JL.
Comparing the efficacy and neuroinflammatory potential of three anti-abeta antibodies.
Acta Neuropathol. 2015;130: 699-711.

Lathuiliére A, Laversenne V, Astolfo A, Kopetzki E, Jacobsen H, Stampanoni M, et al.
A subcutaneous cellular implant for passive immunization against amyloid-f reduces
brain amyloid and tau pathologies. Brain 2016;139: 1587-1604.

Lichtlen P, Mohajeri MH. Antibody-based approaches in Alzheimer’s research: safety,
pharmacokinetics, metabolism, and analytical tools. J Neurochem. 2008;104: 859-874.
Fuller JP, Stavenhagen JB, Christensen S, Kartberg F, Glennie MJ, Teeling JL.
Comparing the efficacy and neuroinflammatory potential of three anti-abeta antibodies.
Acta Neuropathol. 2015;130: 699-711.

Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, Guido T, et al. Immunization
with amyloid-beta attenuates Alzheimer-disease-like pathology in the PDAPP mouse.
Nature 1999;400: 173-7.

Bard F, Barbour R, Cannon C, Carretto R, Fox M, Games D, et al. Epitope and isotype
specificities of antibodies to beta -amyloid peptide for protection against Alzheimer’s
disease-like neuropathology. Proc Natl Acad Sci U S A. 2003;100: 2023-38.

Zago W, Buttini M, Comery TA, Nishioka C, Gardai SJ, Seubert P, et al. Neutralization
of Soluble, Synaptotoxic Amyloid Species by Antibodies Is Epitope Specific. J.
Neurosci. 2012; 32 (8): 2696-2702.

Asami-Odaka A, Obayashi-Adachi Y, Matsumoto Y, Takahashi H, Fukumoto H,
Horiguchi T, et al. Passive Immunization of the AB42(43) C-Terminal-Specific
Antibody BCO05 in a Mouse Model of Alzheimer’s Disease. Neurodegener Dis. 2005;2:
36-43.

Bard F, Cannon C, Barbour R, Burke RL, Games D, Grajeda H, et al. Peripherally
administered antibodies against amyloid beta-peptide enter the central nervous system
and reduce pathology in a mouse model of Alzheimer disease. Nat Med. 2000;6: 916—
9.

Boltz-Nitulescu G, Bazin H, Spiegelberg HL. Specificity of fc receptors for 1gG2a,
I1gG1/1gG2b, and IgE on rat macrophages. J Exp Med. 1981;154: 374-84.

Tutt AL, James S, Laversin SA, Tipton TRW, Ashton-Key M, French RR, et al.
Development and Characterization of Monoclonal Antibodies Specific for Mouse and
Human Fcy Receptors. J Immunol. 2015;195: 5503-16.

Fossati-Jimack L, loan-Facsinay A, Reininger L, Chicheportiche Y, Watanabe N, Saito
T, et al. Markedly different pathogenicity of four immunoglobulin G isotype-switch
variants of an antierythrocyte autoantibody is based on their capacity to interact in vivo
with the low-affinity Fcgamma receptor II1. J Exp Med. 2000;191: 1293-302.

Song X, Shapiro S, Goldman DL, Casadevall A, Scharff M, Lee SC. Fcgamma receptor
I- and II-mediated macrophage inflammatory protein lalpha induction in primary
human and murine microglia. Infect Immun. 2002;70: 5177-84.

Sears DW, Osman N, Tate B, McKenzie IF, Hogarth PM. Molecular cloning and expre-
ssion of the mouse high affinity Fc receptor for IgG. J Immunol. 1990;144: 371-8.
Weinshank RL, Luster AD, Ravetch J V. Function and regulation of a murine
macrophage-specific IgG Fc receptor, Fc gamma R-alpha. J Exp Med. 1988;167: 1909—
25.

Bruhns P. Properties of mouse and human IgG receptors and their contribution to
disease models. Blood 2012;119: 5640-9.

118



312.

313.

314.

315.

316.

317.
318.
319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

Nimmerjahn F, Ravetch J V. Fcy Receptors: Old Friends and New Family Members.
Immunity. 2006;24: 19-28.

Lull ME, Block ML. Microglial activation and chronic neurodegeneration.
Neurotherapeutics 2010;7: 354-365.

Stansley B, Post J, Hensley K. A comparative review of cell culture systems for the
study of microglial biology in Alzheimer’s disease. J Neuroinflammation. 2012;9: 577.
Orihuela R, McPherson CA, Harry GJ. Microglial M1/M2 polarization and metabolic
states. Br J Pharmacol. 2016;173: 649-665.

Aguzzi A, Falsig J. Prion propagation, toxicity and degradation. Nat Neurosci. 2012;15:
936-939.

Selkoe DJ. Alzheimer’s disease is a synaptic failure. Science 2002;298: 789-91.

Jahn R, Siidhof TC. Membrane Fusion and Exocytosis. Annu Rev Biochem. 1999;68:
863-911.

Bailey JA, Lahiri DK. Neuronal differentiation is accompanied by increased levels of
SNAP-25 protein in fetal rat primary cortical neurons: implications in neuronal
plasticity and Alzheimer’s disease. Ann N'Y Acad Sci. 2006;1086: 54-65.

Koffie RM, Hyman BT, Spires-Jones TL. Alzheimer’s disease: synapses gone cold.
Mol Neurodegener. 2011;6: 63.

Lambert MP, Barlow AK, Chromy BA, Edwards C, Freed R, Liosatos M, et al.
Diffusible, nonfibrillar ligands derived from Abetal-42 are potent central nervous
system neurotoxins. Proc Natl Acad Sci U S A. 1998;95: 6448-53.

Lacor PN, Buniel MC, Chang L, Fernandez SJ, Gong Y, Viola KL, et al. Synaptic
Targeting by Alzheimer’s-Related Amyloid B Oligomers. J Neurosci. 2004; 24 (45):
10191-10200.

Evans NA, Facci L, Owen DE, Soden PE, Burbidge SA, Prinjha RK, et al. Abeta(1-42)
reduces synapse number and inhibits neurite outgrowth in primary cortical and
hippocampal neurons: a quantitative analysis. J Neurosci Methods. 2008;175: 96—103.
Walsh DM, Selkoe DJ. A? Oligomers ? a decade of discovery. Neurochem. 2007;101:
1172-1184.

Karran E, De Strooper B. The amyloid cascade hypothesis: are we poised for success
or failure? J Neurochem. 2016; 139(2):237-252.

Weiner MW, Veitch DP, Aisen PS, Beckett LA, Cairns NJ, Green RC, et al. The
Alzheimer’s Disease Neuroimaging Initiative: a review of papers published since its
inception. Alzheimers Dement. 2012;8: S1-68.

Insel PS, Mattsson N, Donohue MC, Mackin RS, Aisen PS, Jack CR, et al. The
transitional association between B-amyloid pathology and regional brain atrophy.
Alzheimers Dement. 2015;11: 1171-9.

Hansson O, Zetterberg H, Buchhave P, Andreasson U, Londos E, Minthon L, et al.
Prediction of Alzheimer’s disease using the CSF Abeta42/Abeta40 ratio in patients with
mild cognitive impairment. Dement Geriatr Cogn Disord. 2007;23: 316-20.

Lewczuk P, Kornhuber J, Vanmechelen E, Peters O, Heuser I, Maier W, et al. Amyloid
B peptides in plasma in early diagnosis of Alzheimer’s disease: A multicenter study with
multiplexing. Exp Neurol. 2009;223: 366-370.

Spies PE, Slats D, Sjogren JIMC, Kremer BPH, Verhey FRJ, Olde Rikkert MGM, et al.
The Cerebrospinal Fluid Amyloid p42/40 Ratio in the Differentiation of Alzheimers
Disease from Non-Alzheimers Dementia. Curr Alzheimer Res. 2010;7: 470-476.
Sattlecker M, Kiddle SJ, Newhouse S, Proitsi P, Nelson S, Williams S, et al.
Alzheimer’s disease biomarker discovery using SOMAscan multiplexed protein
technology. Alzheimer’s Dement. 2014;10: 724-734.

119



332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

Lehmann S, Teunissen CE. Editorial: Biomarkers of Alzheimer’s Disease: The Present
and the Future. Front Neurol. 2016;7: 158.

Snyder HM, Carrillo MC, Grodstein F, Henriksen K, Jeromin A, Lovestone S, et al.
Developing novel blood-based biomarkers for Alzheimer’s disease. Alzheimers
Dement. 2014;10: 109-14.

Hampel H, Broich K, Hoessler Y, Pantel J. Biological markers for early detection and
pharmacological treatment of Alzheimer’s disease. Dialogues Clin Neurosci. 2009;11:
141-57.

Mayeux R, Honig LS, Tang M-X, Manly J, Stern Y, Schupf N, et al. Plasma A[beta]40
and A[beta]42 and Alzheimer’s disease: relation to age, mortality, and risk. Neurology
2003;61: 1185-90.

Pomara N, Willoughby LM, Sidtis JJ, Mehta PD. Selective reductions in plasma Abeta
1-42 in healthy elderly subjects during longitudinal follow-up: a preliminary report.
Am J Geriatr Psychiatry. 2005;13: 914-7.

Ritchie C, Smailagic N, Noel-Storr AH, Takwoingi Y, Flicker L, Mason SE, et al.
Plasma and cerebrospinal fluid amyloid beta for the diagnosis of Alzheimer’s disease
dementia and other dementias in people with mild cognitive impairment (MCI).
Cochrane Database of Systematic Reviews. 2014;6:1-90.

Andreasen N, Vanmechelen E, Van de Voorde A, Davidsson P, Hesse C, Tarvonen S,
et al. Cerebrospinal fluid tau protein as a biochemical marker for Alzheimer’s disease:
a community based follow up study. J Neurol Neurosurg Psychiatry. 1998;64: 298-305.
Pathological correlates of late-onset dementia in a multicentre, community-based
population in England and Wales. Lancet. 2001;357: 169-175.

Jicha GA, Abner EL, Schmitt FA, Kryscio RJ, Riley KP, Cooper GE, et al. Preclinical
AD Workgroup staging: pathological correlates and potential challenges. Neurobiol
Aging. 2012;33: 622.e1-622.¢e16.

Krédmer D, Minichiello L. Cell Culture of Primary Cerebellar Granule Cells. Methods
in Molecular Biology 2010; 633: 233-239.

Perez-Alcazar M, Culley G, Lyckenvik T, Mobarrez K, Bjorefeldt A, Wasling P, et al.
Human Cerebrospinal Fluid Promotes Neuronal Viability and Activity of Hippocampal
Neuronal Circuits In Vitro. Front Cell Neurosci. 2016;10: 54.

Yaka E, Egrilmez MY, Keskinoglu P, Cavdar Z, Genc S, Genc K, et al. Biological
markers in cerebrospinal fluid (CSF) and evaluation of in vitro effect of CSF on PC12
cell line viability in Alzheimer’s disease. Cell Biochem Funct. 2009;27: 395-401.

Bibl M, Mollenhauer B, Esselmann H, Lewczuk P, Klafki H-W, Sparbier K, et al. CSF
amyloid-B-peptides in Alzheimer’s disease, dementia with Lewy bodies and
Parkinson’s disease dementia. Brain 2006; 129(5):1177-87.

Sanchez-Mejias E, Navarro V, Jimenez S, Sanchez-Mico M, Sanchez-Varo R, Nufiez-
Diaz C, et al. Soluble phospho-tau from Alzheimer’s disease hippocampus drives
microglial degeneration. Acta Neuropathol. 2016;132: 897-916.

Luo W, Liu W, Hu X, Hanna M, Caravaca A, Paul SM. Microglial internalization and
degradation of pathological tau is enhanced by an anti-tau monoclonal antibody. Sci
Rep. 2015;5: 11161.

Jayasena T, Poljak A, Braidy N, Smythe G, Raftery M, Hill M, et al. Upregulation of
glycolytic enzymes, mitochondrial dysfunction and increased cytotoxicity in glial cells
treated with Alzheimer’s disease plasma. PLoS One. 2015;10: e0116092.

Triglia RP, Linscott WD. Titers of nine complement components, conglutinin and C3b-
inactivator in adult and fetal bovine sera. Mol Immunol. 1980;17: 741-8.

120



349.

350.

351.

352.

Agoropoulou C, Wing MG, Wood A. CD59 expression and complement susceptibility
of human neuronal cell line (NTera2). Neuroreport. 1996;7: 997-1004.

Haga S, Tkeda K, Sato M, Ishii T. Synthetic Alzheimer amyloid beta/A4 peptides
enhance production of complement C3 component by cultured microglial cells. Brain
Res. 1993;601: 88-94.

Rojo LE, Fernandez JA, Maccioni AA, Jimenez JM, Maccioni RB. Neuroinflammation:
Implications for the Pathogenesis and Molecular Diagnosis of Alzheimer’s Disease.
Arch Med Res. 2008;39: 1-16.

Morales I, Guzman-Martinez L, Cerda-Troncoso C, Farias GA, Maccioni RB.
Neuroinflammation in the pathogenesis of Alzheimer’s disease. A rational framework
for the search of novel therapeutic approaches. Front Cell Neurosci. 2014;8: 112.

121



MOKSLINES PUBLIKACIJOS

Leidiniuose referuojamuose Mokslinés informacijos instituto duomenuy
bazéje ISI Web of Science ir turinciuose citavimo rodiklj:

1.

Morkiiniené R., Zvirbliené¢ A., Dalgediené 1., Cizas P., Jankevidiiité S.,
Baliutyté¢ G., Jokubka R., Jankuncé M., ValinCius G., Borutait¢ V.
Antibodies bound to AP oligomers potentiate the neurotoxicity of AP by
activating microglia. Journal of Neurochemistry 2013; 126: 604-615 p.
Morkaniené R., Cizas P., Jankevi¢iiité S., Petrolis R., Arandargikaité O.,
Krisciukaitis A., Borutaité V. Small Ab1—42 Oligomer-Induced Membra-
ne Depolarization of Neuronal and Microglial Cells: Role of N-Methyl-D-
Aspartate Receptor. Journal of Neuroscience Research (JNR) 2015;
93:475-486 p.

Kitos publikacijos:

1.

v —

Borutaité V. ,,Mazi ir dideli beta amiloido oligomerai sukelia neurony
zutj skirtingais mechanizmais®. IV-0ji mokslin¢ Lietuvos Neuromoksly
Asociacijos (LNA) konferencija: 2012 m. gruodzio 7 d. Vilnius, Lietuva.

v —

antikiiny kompleksy su sintetiniais antigenais poveikio neurony—glijos
lasteliy kultiroms tyrimas®“, LSMU VI-o0ji nacionaliné¢ mokslin¢ dokto-
ranty konferencija ,,Mokslas — sveikatai“: 2013 m. balandzio 05 d.
Kaunas, Lictuva.

oy —

“Hypoxia and APi1-42 act synergistically inducing neuronal death”.
5% Conference on Advances in molecular mechanisms underlying neu-
rological disorders: 2013 m. birzelio 23-26 d., Bath, UK.

Jankevitiaté S., Morkianiené R., Cizas P., Borutaité V. ,,Effect of APi-42
antibody—antigen complexes on viability of neuronal—glial cell cultures”.
5th Conference on Advances in molecular mechanisms underlying
neurological disorders: 2013 m. birZelio 23-26 d., Bath, UK.

oy —

and AP1-42 on neuronal viability*. Fifth conference of Lithuanian Neuro-
science Association: 2013 m. gruodzio 67 d., Vilnius, Lithuania
Borutaité V., Zvirbliené¢ A., Dalgedien¢ 1., Jankevidiité S., Cizas P.,
Morkiiniené R. “Neurotoxic effects of immune complexes of antibodies
with oligomeric antigens”. Fifth conference of Lithuanian Neuroscience
Association: 2013 m. gruodzio 67 d., Vilnius, Lithuania.

122



10.

1.

12.

13.

14.

v —

antigen complexes kill neurons via activation of microglia”. Fifth
conference of Lithuanian Neuroscience Association: 2013 m. gruodzio
6-7 d., Vilnius, Lithuania

v —

Borutait¢ V. ,,MK-801 apsauginio poveikio prieS APi-42 oligomery
sukelta neurony Zzit] tyrimas“. VII nacionaliné doktoranty moksliné
konferencija ,,Mokslas — sveikatai“: 2014 m. balandzio 9 d., Kaunas,
Lithuania.

v —

Borutaité V. “Immune complexes of antibodies with AB oligomers cause
neuronal death in primary neuronal-glial culture by activating micro-
glia”. XIIIth International Conference of Lithuanian Biochemical So-
ciety “50™ anniversary of FEBS”, 2014 m. birzelio 17-20 d., Birstonas,
Lithuania.

v —

“Small APi42 oligomers increase intramicroglial Ca** in NMDAR-
sensitive manner”. XIII"" International Conference of Lithuanian Bioche-
mical Society “50™ anniversary of FEBS”, 2014 m. birzelio 17-20 d.,
Birstonas, Lithuania.

v —

Borutaité V. “MK-801 protective effect against AP1-42 oligomer-induced
neuronal death”. XIII" International Conference of Lithuanian Bioche-
mical Society “50" anniversary of FEBS”, Symposium “Young bio-
chemistry”, 2014 m. birZelio 17 d., BirStonas, Lithuania.

Borutaité V., Morkiiniené R., Zvirbliené A., Dalgedien¢ 1., Cizas P.,

v —

specific monoclonal antibodies induce neuronal loss via microglial
activation”. Glia: 11™ European meeting on Glial cell function in health
and disease, 2014 liepos 03—06 d., Berlin, Germany.

Jankeviéiaté S., Morkaniené R., CiZas P., Petrolis R., Kri§¢iukaitis A.,
Borutait¢ V. “Protective effect of MK-801 against small AB1-42
oligomer-induced neuronal death”. VI-oji moksliné Lietuvos Neuro-
moksly Asociacijos (LNA) konferencija: 2014 m. gruodzio 5 d., Vilnius,
Lietuva.

Jankeviiaté S., Morkiiniené R., Cizas P., Petrolis R., Kri§¢iukaitis A.,
Borutaité¢ V. “Protective effect of NMDA receptor antagonist MK-801
against small beta-amyloid(1-42) oligomer-induced neuronal death”.
12th International Conference on Alzheimer's and Parkinson's Diseases
and Related Neurological Disorders (AD/PD™ 2015) “Mechanisms,

123



15.

16.

17.

18.

19.

20.

21.

Clinical Strategies, and Promising Treatments of Neurodegenerative
Diseases”: 2015 m. kovo 18-22 d., Nica, Pranciizija.

oy —

Borutait¢ V. “Antibodies dramatically increase the neurotoxicity of
amyloid beta oligomers in primary neuronal-glial cultures by activating
microglia®“. 12" International Conference on Alzheimer's and Parkinson's
Diseases and Related Neurological Disorders (AD/PD™ 2015) “Mecha-
nisms, Clinical Strategies, and Promising Treatments of Neurodegene-
rative Diseases”: 2015 m. kovo 18-22 d., Nica, Pranciizija.

v —

»Multimeriniy antikino-antigeno kompleksy citotoksiSkumo tyrimai
smegeny lasteliy kultirose®, LSMU VIII-0ji nacionaliné moksliné
doktoranty konferencija ,,Mokslas — sveikatai“: 2015 m. balandzio 10 d.,
Kaunas, Lictuva.

v —

Petrikonis K., Borutaité¢ V. “Neurotoxic effects of biological fluids of
Alzheimer's disease patients' on cerebellar granule cell cultures”. Meeting
of the Federation of European Physiological Societies (FEPS) and the
Baltic Physiological Societies: 2015 rugpjicio 26-29 d., Kaunas, Lietu-
va. (Stendinis praneSimas. Geriausio jaunojo tyr¢jo stendinio praneSimo
apdovanojimas).

v —

Morkiiniené R., Borutaité, V. ,, Alzheimer's disease patients' cerebro-
spinal fluid induces neuronal death*: VII-oji mokslin¢ Lietuvos Neuro-
moksly Asociacijos (LNA) konferencija: 2015 m. lapkri¢io 27 d. Vilnius,
Lietuva. (Stendinis praneSimas. Geriausio stendinio prane§imo apdova-
nojimas).

v —

chondria derived ros mediate APi-«2 induced neurotoxicity in primary
neuronal cultures*: VII-oji moksliné Lietuvos Neuromoksly Asociacijos
(LNA) konferencija: 2015 m. lapkri¢io 27d. Vilnius, Lietuva.

v —

Petrikonis K., Borutaité, V. ,,Neurotoksinis Alzheimerio liga serganciyjy
pacienty biologiniy skysCiy poveikis pirminéms neurony-glijos lasteliy
kultiiroms®: Lietuvos mokslo akademijos (LMA) organizuojama jaunyjy
mokslininky konferencija ,,BIOATEITIS: gamtos ir gyvybés moksly
perspektyvos®: 2015 m. gruodzio 10 d., Vilnius, Lietuva.

v —

ros — ankstyvajai Alzheimerio ligos diagnostikai*: IX nacionalin¢ dokto-
ranty moksliné konferencija ,,Mokslas — sveikatai*: 2016 m. balandzio

124



22.

23.

24.

25.

26.

13 d., Kaunas. Lietuva. (Zodinis prane§imas. I-oji vieta Eksperimentinés
medicinos sekcijoje).

v —

“How amyloid beta damage brain cells in Alzheimer's disease?””: XIV-0ji
tarptautiné Lietuvos biochemiky draugijos (LBD) organizuojama moks-
liné konferencija: 2016 m. birzelio 27-30 d., Druskininkai, Lietuva.

v —

cell cultures — basis for developing early Alzheimer's disease diagnostic
methods”: XIV-oji tarptautiné Lietuvos biochemiky draugijos (LBD)
organizuojama moksliné konferencija: 2016 m. birzelio 27-30d.,
Druskininkai, Lietuva.

vt —

Morkiiniené R., Borutaité, V. “Neurotoxic effects of Alzheimer's disease
patients' cerebrospinal fluid on cerebellar granule cell cultures”: 10-0ji
Europos neuromoksly asociacijy federacijos moksliné konferencija:
2016 m. liepos 2-6 d., Kopenhaga, Danija.

nien¢ R. “Mitochondria-derived superoxide mediates APi-42 oligomer-
induced neurotoxicity in primary brain cell cultures”: VIII-oji tarptautiné
mokslin¢ Lietuvos Neuromoksly Asociacijos (LNA) organizuojama
konferencija: 2016 m. gruodzio 09 d. Vilnius, Lietuva.

v —

“Size dependent toxicity mechanisms of APi-42 aggregates in neuronal-
glial cell cultures”: 2-o0ji Baltijos Saliy fiziology draugijy moksliné
konferencija “New Frontiers in Neurophysiology and Neurology™:
2017 m. kovo 23-24 d., Kaunas, Lietuva.

125



Journal of

Neurochemistry JNC A

@ JOURNAL OF NEUROCHEMISTRY | 2013 | 126 | 604-615 doi: 10.1111/jnc.12332

ORIGINAL
ARTICLE

Antibodies bound to AP oligomers potentiate the
neurotoxicity of Ap by activating microglia

Ramune Morkuniene,*'t Aurelija Zvirbliene,} Indre Dalgediene,}
Paulius Cizas,*7 Silvija Jankeviciute,* Giedre Baliutyte,* Ramunas Jokubka,*
Marija Jankunec,§ Gintaras Valincius§ and Vilmante Borutaite*

*Institute of Neurosciences, Lithuanian University of Health Sciences, Kaunas, Lithuania
FDepartment of Biochemistry, Medical Academy, Lithuanian University of Health Sciences, Kaunas,
Lithuania

{Vilnius University, Institute of Biotechnology, Vilnius, Lithuania

ORIGINAL ARTICLE

§Vilnius University, Institute of Bioch

v, Vilnins, Lith

Abstract

Beta amyloid (Ap) oligomers are thought to contribute to the
pathogenesis of Alzheimer's disease. However, clinical trials
using Ap immunization were unsuccessful due to strong brain
inflammation, the mechanisms of which are poorly under-
stoad. In this study we tested whether monoclonal antibodies
to oligomeric AR would prevent the neurotoxicity of AR
oligomers in primary neuronal-glial cultures. However, sur-
prisingly, the antibodies dramatically increased the neurotox-
icity of Ap. Antibodies bound to monomeric Ap fragments
were non-toxic to cultured neurons, while antibodies to other
oligomeric proteins: hamster polyomavirus major capsid
protein, human metapneumovirus nucleocapsid protein, and
measles virus nucleocapsid protein, strongly potentiated the
neurotoxicity of their antigens. The neurotoxicity of antibody-

Alzheimer disease (AD) is the most common dementia
disorder in the elderly. There is substantial evidence that the
disease arises from the accumulation of amyloid-beta (Af)
peptide in the brain, which may form soluble oligomeric
species and insoluble AP fibrils. The AP oligomers have
been found to be the most toxic forms of AP peptide in
neuronal cultures and animal AD models (Lambert er al.
1998; Deshpande er al. 2006; Cizas et al. 2010). The levels
of soluble A} were found to be increased in brains from AD
patients and correlated highly with disease severity (Mclean
et al. 1999). Accordingly, AP has been suggested as a
potential therapeutic target in AD. A number of in vitro and
in vivo studies have indicated the beneficial effects of
immunotherapy for AD including immunization with Af} or
administration of AB antibodies. For example, Ap antibodies

oligomeric antigen complexes was abolished by removal of the
Fc region from the antibodies or by removal of microglia from
cultures, and was accompanied by inflammatery activation and
proliferation of the microglia in culture. In conclusion, we find that
immune complexes formed by Af oligomers or other oligomeric/
multimeric antigens and their specific antibodies can cause
death and loss of neurons in primary neurcnal-glial cultures via
Fc-dependent microglial activation. The results suggest that
therapies resulting in antibodies to oligomeric A} or oligomeric
brain virus proteins should be used with caution or with
suppression of microglial activation.

Keywords: Alzheimer's disease, antibodies, beta amyloid,
neurons, neurotoxicity, oligomers.

J. Neurochemn. (2013) 126, 604-615.

were shown to be effective in reducing the toxicity of AP
oligomers in cell cultures (Kayed er al. 2003), to prevent A
plaque formation and synaptic impairment in transgenic AD
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animal models (Schenk er al. 1999, Morgan et al. 2001;
Hillen et al. 2010} and to slow cognitive decline in human
AD patients (Hock e al. 2003).

Several mechanisms have been proposed to account for
the protective effects of AR antibodies. It has been
suggested that anti-Ap may act in the periphery to bind
plasma AP leading to an efflux of AR from the brain
(DeMattos er al. 2001) or if the antibodies cross the
blood-brain barrier (BBB), they may trigger Fe-receptor
mediated phagocytosis of AB (Bard er al. 2000), or they
may induce disaggregation of A fibrils (Solomon et al.
1996).

Despite possible beneficial effects. many of the clinical
trials of AP vaccines were terminated because of the
development of meningoencephalitis, an inflammatory reac-
tions in brain, in some AD patients (Nicoll er al. 2003;
Orgogozo et al. 2003). In addition, AR antibody-induced
encephalitis and vasogenic edema have been found to
develop in transgenic animal models of AD (Furlan et al.
2003; Minami ef @l 2010). The precise mechanism(s) by
which anti-Af antibodies induce neurotoxicity and/or neur-
oinflammation remain unclear.

The aim of this study was to elucidate whether complexes
of specific antibodies with AP aggregates may prevent or
cause neurotoxicity in mixed neuronal-glial cultures and
whether microglia are involved in this proces

We found that antibodies when in complexes with A or
other oligomeric/multimeric antigens exert strong toxic
effects on neuronal cells in vitro which are dependent on
microglial activation. Our study not only provides new
insight into the mechanism of possible Af neurotoxicity in
the presence of Af-specific antibodies in AD brain but may
also be important clinically in the development of better and
safer vaccines for AD treatment.

Materials and methods

Monaclonal antibodies, peptides, and reagents
Murine monoclonal antibody against N-terminal epitope of APy,
reactive both with AR sx and AB 4 (clone #11E12. subtype
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Preparation of synthetic Ap aggregates

Various AP, 4> forms (oligomers, monomers, fibrils) were generated
as described previously (Cizas er al. 2010), (see Figure S1). The
size and morphology of the preparations of AB, 4> oligomers and
fibrils were characterized by AFM as described (Cizas ef al. 2010).

Neuronal-glial cell culture
Primary mixed neuronal-glial cultures from rat cerebella (referred to
as CGC cultures below) were prepared from 7-8 days old male and
female Wistar rats, or from mouse cerebella from 4-6 days old
BALB/c both genders mice as described previously (Bal-Price and
Brown 2001). Rats and mice were bred and maintained at our
University animal house under controlled conditions. The proce-
dures used in this study were approved by The State Food and
Veterinary Service of the Republic of Lithuania in accordance with
European Convention for the protection of vertebrate animals used
for experimental and other purposes, and ARRIVE guidelines.
After 7 days in vitro cultures were used for experiments. In
average, the rat cultures contained 8.5 % 2.1% microglia, as
assessed by staining with isolectin GS-1B4, 7.3 + 4.9% astrocytes
and 84.2% cerebellar granule neurons, as assessed by cellular
morphology.

Treatment of CGC cultures and cell viability assay
For toxicity assays the cultures were treated for 24 h with full-length
monoclonal antibodies or the respective F(ab'), fragments (2 pg/mL)
with or without the corresponding antigens: A 42 or APy 0 (1 pM,
hereinafter concentration of oligomeric antigens is indicated as an
amount of peptide monomer per volume, or 4.5 pg/mL), VPI,
MTP-N, MeN proteins or synthetic peptides representing their
fragments (all at 2 pg/mL concentration). To allow formation of
antibody-antigen complexes antibodies were pre-incubated with the
respective antigens in culture medium for 10 min prior to the
treatment of CGC.
Lipopolysaccharide (LPS)
binding antibiotic polymyxin B (1000 U/mL). Solutions of antibody
complexes (antibody #11E12 + A 42 or anti-VPI + VPI1) were
pre-incubated with polymyxin B for 30 min at 37°C and then added
to CGCs at concentrations indicated above.

ion test was done with LPS-

For depletion of microglia, CGC cultures were incubated for 4 h
with 15 mM lysosomotropic reagent L-leucine-methyl-ester (LME)
which selectively removes microglia (Neniskyte er al. 2011). Then
medium was replaced with medium from sister cultures and further
incubati were performed as described above.

1gG2b), was 1 by hybridoma technology afier i

of BALB/c mice with AP, oligomers sized 1-2 nm (Dalgediene
et al. 2013). Monoclonal antibodies st recombinant oligomeric
proteins: hamster polyomavirus major capsid protein VP1 (clone
#6D11, 1gG2a), human metapneumovirus (MTP) nucleacapsid (N)
protein, (clone #4A2, [g(G2b), measles (Me) virus N protein (clone
#10F7, 1gG2b) were described previously (Zvirbliene ef al. 2006,
2007; Petraityte-Burneikiene er al. 2011). Monoclonal antibody
against APgo, subtype I1gGl, clone #G2- 13 was purchased from
Millipore (Temecula, CA, USA), rabbit polyclonal Ay 5 antibody
was from Abbiotec LLC (San Diego, CA, USA). The F(ab'),
fragments of monoclonal antibodies were prepared using Pierce™F
(ab"), Preparation Kit (Thermo Fisher Scientific, Rockford, IL,
USA) according to the manufacturer’s recommendations.

Peptides and reagents are described in Figure S1.

The viability of neurons in cultures after 24 h incubation was
assessed by propidium iodide (PI) and Hoechst 33342 staining using
a fluorescence microscope OLYMPUS IX7ISIF-3 (OLYMPUS
AMERICA INC., Melville, NY, USA) as described in Cizas er al.
2010. Cells were counted in at least five microscopic fields per well
(two wells per treatment). Data are expressed as percentage of
specific neuronal cells of the total number of neuronal cells per field.

Neuronal densities in CGC cultures were assessed by counting
neuronal cells in at least five microscopic fields/well and expressed
as an average number of neuronal cells per field.

ELISA for TNF-a
After indicated time of treatment with antibodies—antigens com-
plexes, the aliquots of culture media were collected from CGCs.
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TNF-o content in cell culture medium was determined using the
TNF-o (Rat) ELISA kit (IBL International GmbH, Hamburg,
Germany), assaying the samples according to manufacturer’s
protocol.

Statistical analysis

Data are expressed as mean + SE of 3-11 experiments on separate
parison between exy groups
was performed using Student’s ¢-test. A value of p < 0.05 was
considered statistically significant.

Results

Monoclonal antibody #11E12 increases the

neurotoxicity of Af}

We investigated the effect of antigen-antibody complexes
formed by A4 and its specific monoclonal antibody on
the viability of neurons in mixed neuronal-glial cultures. For
this, monoclonal antibody #11E12 (2 pg/mL) generated
against oligomeric forms of synthetic Ap,,> (Dalgediene
et al. 2013), was pre-incubated with different AB, 4, aggre-
gates — either large, non-toxic oligomers (with average size
of particles of 4-10 nm z-height) or AP,.4> monomers, or
APy fibrils (all at I pM concentration) — and then added to
cultures for 24 h. As shown in Fig. la, complexes of #11E12
antibody with AB,_4> oligomers caused strong increases in
both neuronal apoptosis (40%) and necrosis (49%) so that
only 11% of neurons remained viable. Similar decreases of
neuronal viability were observed when CGC cultures were
incubated with #11E12 antibody plus Af_4» monomers or
APy 42 fibrils: the neuronal viability decreased to 42%
(antibody + monomers) and to 35% (antibody + fibrils)
because of extensive apoptosis and necrosis (Fig. 1a). When
either antibody #11E12 or AP oligomers (Fig. la) were
added separately at the same concentrations, there was no
neuronal death. AP, monomers and fibrils added by
themselves were also non-toxic for CGC as we demonstrated
in our previous study (Cizas et al. 2010).

Complexes of  #11E12 + AB;4>  oligomers  or
#11E12 + APy fibrils were strongly neurotoxic even at
significantly lower concentrations of the antibody in CGC
cultures: the neuronal viability was 52 = 15% and
47 £ 19%, respectively, with 0.5 pg/mL of antibody, and
30 £ 14% when 0.2 pg/mL #11EI12 with 2 uM APy
oligomers was used. Vehicle without A, 4> added together
with #11E12 had no effect on cell viability (data not shown).

APy tends to aggregate quickly when added to aqueous
solutions (Snyder er al. 1994), We observed that 10 min
pre-incubation of Af;_4> monomers in Dulbecco’s modified
Eagle’s medium caused formation of various oligomeric
forms of AP,.s» (see Figure S2). This was confirmed by
AFM data showing that oligomers of various sizes were
formed immediately after addition of Af,4> monomers to
phosphate buffer, and remained nearly at the same aggrega-
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Fig. 1 Effect of complex of antibody #11E12 + beta amyloid (AB)
on neuronal cell viability and density in CGC cultures. (a) Effect of
antibody #11E12 + Ap.42 on neuronal cell viability; (b) effect of antibody
#11E12 + APy.ao on neuronal cell viability; (c) effect of antibody
#11E12 + ABj.q2 on the number of neurons; CGC cultures were
treated with monoclonal intact or fragmented antibody #11E12 (2 pg/
mL) and Ap.42 (oligomers, fibrils, or monomers) or APy .40 (cligomers or
monomers), at 1 uM, for 24 h. The neuronal viability was quantified by
nuclei morphology analysis by propidium iodide (Pl) and Hoechst
33342 staining. The total number of neurons (viable, necrotic, and
apoptotic) was quantified in five randomly chosen microscopic fields in
each well (two wells per treatment) and was taken as 100%. There were
133 + 10 neurons/field in contral group. Total number of cells counted
per treatment varied between 1000 and 1500. Ap420, Ap;.4z oligomers;
Apaz m, AP142 monomers; APazf, ABi.az fibrils; ABago, Ap1.4o Oligomers;
Afso M, AByso monomers; Fab, F(ab’), fragments; ***p < 0.001,
**p < 0.01, *p < 0.05 compared with control, n = 4-8.
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tion state during 24 h incubation (see Figure S3a—c¢). In
contrast, Afij_yo has been reported to have a substantially
lower rate of oligomerization/fibrilization (Snyder ef al.
1994) and we also detected that during 10 min 2h
incubation in Dulbecco’s modified Eagle’s medium A s
stayed mostly in monomeric form (see Figure S2). As the
epitope of monoclonal antibody #11EI12 is at the N-terminal
end of the AP molecule and this antibody forms complexes
with APy (Dalgediene er al. 2013), we investigated
whether toxicity of immune complexes depends on the
oligomerization status of the AP,_4. As can be seen in
Fig. 1b, complexes of #11E12 antibody + AP, 4, oligomers
were highly toxic and caused death of nearly all neurons in
the culture during 24 h incubation because of necrosis (68%)
and apoptosis (38%). though added alone Af; 4 oligomers
did not cause any significant neuronal death. In contrast, the
#11E12 antibody+Ap,.,, monomers had no effect on
neuronal viability in CGC (Fig. 1b) indicating that oligo-
meric/multimeric structure of A may be essential determi-
nant for neurotoxicity of complexes of the antibody with Af.

To test whether the cytotoxic effect of the antibody—antigen
complex is caused by the binding of the Fe domain of #11E12
antibody to the Fey receptors (FeyR) on microglia present in
cell cultures causing their activation, we generated the Flab”),
fragment of #11E12 antibody and tested the effect of F(ab’)»
(2 pg/mL) complex with A, 42 oligomers on the viability of
neurons in CGC cultures. As shown in Fig. la, 24 hexposure
of cells to F(ab’), #11E12 + AB,_;, oligomers did not cause
any significant cell death: the viability of neurons was very
similar to that of the control cells. This suggests that the Fc
region of the #11E12 antibody in complex with AP, 4, is
crucial for inducing neuronal death in neuronal-glial cultures.

Interestingly, as shown in Fig. lc, the exposure of cells to
#11E12 antibody + Ap,_;> oligomers not only induced cell
death but also dec
cultures. After 24 h exposure of CGC cultures to antibody
plus AR, oligomer complexes neuronal densities decreased
by 23% as compared with control cultures. Similarly, the
number of neurons decreased by 24% in cultures treated with
#11E12 + AB;4, monomers and by 18% in those treated
with #11E12 + AP, 4> fibrils as compared with the control
(Fig. lc). In contrast, immune complex of F(ab'), #11E12 +
AP _42 oligomers did not reduce neuronal density over 24 h.
The intact #1 1E12 antibody itself had no effect on cell number
in CGC culwres (Fig. 1c).

To rule out the possible effect of contamination with
bacterial LPS of the antibody or AP, 4, preparations causing
immune reaction and neurotoxicity (Rietschel et al. 1994),
we performed experiments in which antibody #11E12 and
A4 preparations were pre-incubated with 1000 U/mL
polymyxin B, a potent antibiotic that binds to and neutralizes
LPS (Cooperstock 1974). Polymyxin B did not prevent the
toxic effect of the complexes of #1 1 E12 antibody with AR, s>
oligomers: the percentage of viable cells was similar (14% and

ed the total number of neurons in CGC
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19%) in #11E12 + AB,_4» and #I1EI2 + AP, + poly-
myxin B groups and was statistically significantly lower than
in control cultures incubated without the immune complexes
(see Figure S4). This suggests that the neurotoxic effect of
#11E12 antibody + A, oligomers is not caused by LPS
contamination.

Complexes of other cligomeric proteins with the respective
antibodies reduce the viability of neurons in CGC cultures
To investigate whether complexes of other oligomeric
proteins bound to their specific antibodies are able to induce
similar neurotoxicity, we used monoclonal antibodies raised
against recombinant virus-like particles (VLPs) and nucleo-
capsid-like particles (NLPs) that represent highly ordered
oligomeric structures (Gedvilaite et al. 2000; Zvirbliene
et al. 2007). When CGC cultures were incubated with such
monoclonal antibody #6D11 raised against hamster polyo-
mavirus major capsid protein VP1 pre-incubated with AB; .42
oligomers or fibrils, no significant loss of neuronal viability
was detected (Fig. 2a), indicating that specific antibody
antigen interaction was necessary o cause neuronal death in
cell cultures. However, complexes of anti-VP1 #6D11 with
its target antigen VP1 protein forming VLPs decreased
neuronal viability to 37% compared to 80% viability of
control cultures (Fig. 2a). Polymyxin B did not change the
toxic effect of the immune complexes anti-VP1 and VPL
(Fig. 2a), indicating that there was no contribution of LPS to
neurotoxicity. Removal of the Fc region of the anti-VPIL
monoclonal antibody #6D11 reduced its toxicity: complexes
formed by the F(ab’), fragments plus VP1 did not cause any
significant cell death (Fig. 2a). Thus, the neurotoxicity of
anti-VP1 + VP1 required the Fc part of the IgG molecule.

In the next series of experiments, we used two other
monoclonal antibodies: #10F7 raised against the MeN protein
and antibody #4A2 raised against the MTP-N (both added at
concentrations of 2 pg/mL). Both proteins are self-assembled
to NLPs (Zvirbliene et al. 2007 Petraityte-Burneikiene et al.
2011). The complexes of anti-MTP-N + MTP-N and anti-
MeN + MeN reduced neuronal viability to 50% and 67%,
respectively, whereas complexes of the F(ab"), fragments of
the respective antibodies with their specific antigens [F(ab’),
anti-MTP-N + MTP-N and F(ab’), anu-MeN + MeN], did
not cause any significant neuronal death during a 24 h
incubation (Fig. 2a). The antibodies by themselves (without
antigens) were non-toxic (data not shown).

Neuronal loss was also observed in cultures treated with
the immune complexes formed by these antibodies and their
oligomeric antigens. After incubation of cultures with anti-
VPI + VPI, anti-MTP-N + MTP-N, and anti-MeN + MeN,
neuronal densities were reduced by 14, 14, and 22%,
respectively, compared with control cultures after 24 h
(Fig. 2b). And again, complexes of antigens with respective
F(ab’), fragments had no significant effect on neuronal
densities during 24 h incubations (Fig. 2b).
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Fig. 2 Effect of complexes of anti-VP1 + VP1, anti-MTP-N + MTP-N
and anti-MeN + MeN on neuronal cell viability and density in CGC
cultures. (a) Effect of antibody-antigen complexes on neuronal cell
viability; (b) Effect of antibody-antigen complexes on the number of
neurons; CGCs were treated with antibody-antigen complexes (anti-
VP1 + VP1, anti-MTP-N + MTP-N, anti-MeN + MeN), intact or frag-
mented antibodies F(ab'),, all at concentration 2 pg/mL for 24 h. In
addition, complexes of anti-VP1 plus Apy.42 oligomers or fibrils (1 )
were added to CGC cultures for 24 h. In anti-VP1 + VP1 + polymixin
B group, solutions of anti-VP1 and VP1 were pre-incubated with
polymyxin B as described in ‘Treatment of CGC cultures and cell
viability assay’ section. Neuronal viability and neuronal density were
assessed by fluorescent microscopy as described in Fig. 1. ABsz0,
ABy.4z oligomers; APazf, APz fibrils; pB, polymyxin B; Fab, F(ab')z:
MTPN, MTP-N; ***p < 0.001, **p < 0.01, *p < 0.05 compared with
control, n = 3-11.

Altogether, these results suggest that complexes of the

monoclonal antibody #11E12 with AP, of any state of

aggregation, as well as complexes of other monoclonal
antibodies with their specific oligomeric antigens (anti-VP1
#6DI11 + VP1, anti-MTP# 4A2 + MTP-N and anti MeN
#10F7 + MeN) exert strong neurotoxic effect on neuronal-
glial cultures and that the Fe region of these antigen-bound
antibodies is essential to cause neuronal death.
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Fig. 3 Complexes antibody #11E12 + AP, oligomers and anti-
VP1 + VP1 reduce the viability of mouse neurons. Primary neuronal-
glial cultures from mouse cerebella were prepared from 4-6 days old
BALB/c mouse. In average, the mouse cultures contained 13%
microglia, as assessed by staining with isolectin GS-1B4, 10%
astrocytes and 77% cerebellar granule neurons, as assessed by
cellular morphology. Mouse neuronal-glial cultures were treated with
#11E12 (2 pg/mL) + APy.4z oligomers (1 M) and anti-VP1 + VP1
(both at 2 ug/mL) for 24 h. Neuronal viability was measured as
described in Fig. 1. There were 105 + 18 neuronsffield in control
group. *p < 0.05 compared with control, n = 3-6.

Complexes of antibodies plus antigens reduce the

viability of mouse neurons

To test whether cross-species reactivity is not involved in
neurotoxicity when rat CGC cultures are treated with
immune complexes formed by mouse monoclonal antibodies,
we performed analogous experiments using primary neuronal-
glial cultures isolated from mouse cerebellum. Similar as in rat
cultures, we found the substantial decline of viability of mouse
neurons when CGC cultures were treated with both complexes
#11E12 antibody+AB;_4» oligomers and anti-VP1 + VPI (to
1.25% and 32.3%, respectively, compared to 66.8% neuronal
viability in control) (Fig. 3). The antibodies or antigens added
separately had no effect on neuronal viability (Fig. 3). This
indicates that mouse primary neurons are similarly sensitive to
mouse antibody + antigen complexes as rat primary neurons.

Complexes of #11E12 antibody plus synthetic peptides
representing monomeric AP fragments have no effect on
neuronal viability

To investigate more deeply whether the neurotoxicity of
antibody—antigen complexes was dependent on the oligo-
meric/multimeric structure of the antigen, we used short
peptides of A, protein representing the epitope of
monoclonal antibody #1 1E12. Based on the epitope mapping
studies, the binding site of #11E12 antibody was localized at
the amino (N)-terminus of A4, between amino acid (aa)
residues | and 6, and the strong interaction between the

© 2013 International Society for Neurochemistry, J. Newrochem. (2013) 126, 604-615

130



#11E12 antibody and A, 2 peptide was estimated with an
indirect ELISA (Dalgediene er al. 2013). Therefore, as a
model of the monomeric A} antigen we employed synthetic
peptides spanning the N-terminal sequence of ARyt APy
peptide and APyi.i3 peptide (aa 1-6 and aa 1-13 of AP,
respectively). Their monomeric state was confirmed by AFM
experiments — APy and AP, 3 in phosphate buffer did not
form any detectable regates (see Figure S3d and e). To
evaluate the cytotoxicity of immune complexes formed by
other monomeric antigens, we have used synthetic peptide
MeN0.452 representing the sment of MeN protein recog-
nized by the monoclonal antibody #10F7 (Zvirbliene et al.
2007). As shown in Fig. 4, complexes #11EI12 antibody +
APBie #11E12antibody + AB,.;;and anti-MeN + MeNgagas>
had no effecton neuronal viability, and neuronal densities were
not affected (data not shown).

These results confirm that oligomeric/multimeric structure

of antigen is an essential factor in neurotoxicity of ar
antibody complexes.

Antibody plus antigen-induced neurotoxicity is
microglia-dependent

To test whether #11E12 antibody plus Aj.42-induced
neuronal death was dependent on the presence of microglia,
we performed experiments on glial-neuronal cultres from
which microglial cells were selectively eliminated by
incubating them with LME. In these experiments, cell
ncubated with 15 mM LME for 4 h. This
n of microglial cells whereas neurons

cultures were pre-

resulted in destrucl

mained intact. Then the cultures were

and astrocytes
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Fig. 4 Effect of immune complexes formed by antibody + monomeric
peplide: #11E12 + APys, #11E12 + AB1.qs and anti-MeN + MeNaso.
452 0N neuronal viability in CGC cultures. CGC cultures were treated
with indicated complexes antibody + peptide fragment, all at concen-
tration 2 pg/mL for 24 h. Neuronal viability was measured as described
inFig. 1, n=6.
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s for further 24 h. As
cant loss of neuronal

exposed to #11E12 + AR, olig
shown in Fig. 5, there was no

viability over 24 h period in microglia-depleted cultures
treated with #11E12 + AB,.» compared with the control
cultures. This suggests that the #11E12 antibody + APju>-

induced

neuronal death in neuronal

a-dependent.

-glial cultures was

microg|

Complexes of #11E12 antibody plus Ap-42 stimulate
microglial proliferation in cultures

As shown in Fig. 6a, the complex of #I11EI12 + AP
oligomers increased the number of microglia in neuronal-
glial cultures from 9.8 cells/field in control to 13.6 cells/field
after 24 h. A similar effect was observed when cell cultures
were incubated with complexes of #11E12 + A, 4> mono-
mers or #11E12 + AR, fibrils: the number of microglia
was increased to 13.3 cells/field and 14.2 cells/field,
respectively (Fig. 6a). The complex of Flab®), #11EI2 +
AP oligomers had no effect on microglial proliferation
(Fig. 6a), indicating a requirement for the Fc region of the
antibody to induce microglial proliferation. AP oligo-
mers, monomers or fibrils in the absence of #11E12 antibody
did not change the number of microglia during 24 h
(Fig. 6a).

Microglial proliferation (up to 13.6 cells/field) was also
observed when neuronal-glial cultures were incubated with
anti-MeN + MeN complexes but not with F(ab’), anti-
MeN + MeN for 24 h (Fig. 6b). The other two antibodies,
anti-VP1 + VP1 and anti-MTP-N + MTP, intact and F
(ab’)s. had no statistically significant effect on microglial
proliferation over 24 h (Fig. 6b). All antibodies tested alone
or in complexes with short monomeric synthetic peptides
(AB1.6- ABy_13 and MeN.49.452) did not change the number of
microglia in cultures (data not shown).
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Fig. 5 The neurotoxicity of antibody #11E12 + Ap;_42 oligomers com-
plexes in neuronal-glial cultures is microglia dependent. CGCs were
pre-incubated with 156 mM vw-leucine-methyl-ester (LME) for 4 h and
then medium was replaced with medium from sister cultures. The LME-
pretreated CGC cultures were incubated with #11E12 (2 pg/mL) + Afiy.
a2 oligomers (1 pM), for 24 h. Viability of neurons in culture was
assessed as described in Fig. 1. ABs20, A4z oligomers; n = 3.
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Fig. 6 Effect of antibody-antigen complexes on microglia proliferation
in neuronal-glial cultures. (a) Effect of #11E12 + anti-AB;42; (b) effect
of anti-VP1 + VP1, anti-MTP-N + MTP-N, and anti-MeN + MeN;
CGCs were treated with antibody-antigen complexes for 24 h at the
same concentrations as indicated in Fig. 1. Microglial cells were
identified by using Isolectin GS-IB4 conjugated with AlexaFluor488
(7 ng/mL). Cells were counted in five microscopic fields per each well
(two wells per treatment). Afsz0, ABy.4z oligomers; APsz m, Apiaz
monomers; Afof, APy fibrils; Fab, F(ab'), of indicated antibody;
MTPN, MTP-N; **p < 0.01, *p < 0.05 compared with control, n = 4-8.

Complexes of antibodies with oligomeric/multimeric
antigens cause release of TNF-a

As the complexes of #11E12 antibody + ABj42 can cause
microglia-dependent neuronal death, loss of neurons and
proliferation of microglia, and taking into account that the Fc
region of #11E12 antibody is important to induce these
effects, we tested whether the antibody-antigen complexes
activated the microglia to release pro-inflammatory cy
kines. First, we measured TNF-o levels in the cell cultu
media collected after 1, 2, 4, 8, and 24 h incubation with
#11E12 + A4, oligomers. As shown in Fig. 7a, TNF-o
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Fig. 7 Effect of antigen-antibody complexes on TNF-u release in
CGC culture media. (a) Effect of Apy.42 oligomers + #11E12; (b) effect
of anti-VP1 + VP1, anti-MTP-N + MTP-N, and anti-MeN + MeN;
CGCs were treated with indicated antibody-antigen complexes at the
same concentration as described in Fig. 1. TNF-x level was measured
in cell culture medium collected after 1, 2, 4, 8, and 24 h incubation
with antibody #11E12 + Ap,.4, oligomers and after 24 h incubation
with anti-VP1 + VP1, anti-MTP-N + MTP-N, and anti-MeN + MeN.
**p < 0.01, *p < 0.05 compared with control, n = 3-7

was undetectable in control as well as after 1 to 8 h
incubation of cells with immune complexes, however, a
significant increase in TNF-o in culture medium (up to
98 + 26 pg/mL) was observed after 24 h incubation with
#I11E12 antibody + APz, In contrast, APz oligomers
alone (Fig. 7a) or #11E12 alone (data not shown) did not
induce production of TNF-o during 24 h period.

A much higher TNF-a concentration, 676 + 284 pg/mL.,
was detected in the medium of cells treated with anti-
VPI + VP1 complex for 24 h (Fig. 7b). The other two
investigated immune complexes, anti-MTP-N + MTP-N and
anti-MeN + MeN, moderately increased TNF-o0 level in
culture medium, to 74 £ 18 and 67 4 28 pg/mL, respec-
tively, after 24 h (Fig. 7b). VP1, MTP-N or MeN or their
antibodies alone did not induce production of TNF- o during
24 h (data not shown).
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Importantly, anti-inflammatory agent minocycline at
500 pM  concentration completely blocked the #11E12
antibody + APj_so-induced TNF-o release and partially
protected against immune complexes-induced neuronal death
(see Figure S5).

Effects of monoclonal anti-Af-42 of 1gG1 subtype and
rabbit polyclonal anti-Ap;_s> complexes on CGC cultures
The next series of experiments were performed to investigate
further the mechanism of the toxicity of antibody-antigen
complexes on cultured neurons. We used a commercial
mouse monoclonal antibody (anti-Af;, clone #G2-13) that
recognizes linear A 4> peptide at the carboxy (C) terminus
(Ida er al. 1996). According to the manufacturer’s informa-
tion, this antibody is of IgG1 subtype and therefore might
have different affinity to Fe receptors of rat macrophages as
compared to the antibody #11EI2 of IgG2b subtype
(Nimmerjahn and Ravetch 2006). The second control
antibody used in our experiments was rabbit polyclonal
antibody specific o ABy_4> sequence but lacking specificity
to rat Fe receptors. Similar to experiments described
above, we treated CGC cultures with complexes anti-Afy»
# G2-13 + AP,.42 oligomers or with rabbit polyclonal anti-
ABi.g2 + APz oligomers for 24 h and measured neuronal
viability, number of neurons and microglia, and TNF-x level.
As shown in Fig. 8, the anti-AP,, #G2-13 + AP, 4, oligo-
mers decreased neuronal viability from 89% (control culture)
to 61%. As expected, the immune complexes of rabbit
polyclonal anti-Af; 42 + AR 42 oligomers did not influence
neuronal viability. None of the antibodies added separately
had an effect on cell viability after 24 h (Fig. 8). The number
of neurons and microglia cells, and medium TNF-u level did
not change after incubation of cultures with complexes anti-
APy #G2-13 + AP,y oligomers and rabbit polyclonal anti-
ABig2 + APj.az oligomers for 24 h (data not shown). These
data suggest that neurotoxicity of immune complexes of
antibodies with AP, _s, oligomers does not strongly depend
on the isotype of immunoglobulin involved, but does depend
on the specific interaction of the complexes with Fe receptors
on the competent cells.

Discussion

In this study we show that antigen-antibody complexes
formed by AP, 4, and specific monoclonal antibodies of [gG
isotype can cause death and loss of neurons in primary
neuronal-glial cultures by a mechanism that involves
microglial activation by the Fc region of antibody-antigen
complexes. This conclusion is supported by our findings that
the neurotoxic effects of immune complexes were abolished
by the removal of microglia from cultures or by removal of
the Fe region of #11E12 monoclonal antibody, suggesting
that activation of microglial FeyR was required for microglial
inflammation and neuronal death. These effects were seen
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Fig. 8 Effects of anti-Afyz #G2-13 + APy, oligomers and rabbit
polyclonal anti-ABy.42 + AB.a2 oligomers on neuronal cell viability in
CGC culture. CGCs were treated with anti-Afs, #G2-13 (2 pug/mL) +
Apy.q2 oligomers (1 pM) or with rabbit polyclonal anti-AByaz (2 pg/
mL) + APsaz oligomers (1 uM) for 24 h. Neuronal viability was
measured as described in Fig. 1. AB4z0, AB4z oligomers; *p < 0.05
compared with control, n = 3-6.

not only with the antibody raised against AB_y» but also with
other antibodies raised against recombinant oligomeric
antigens — VLPs and NLPs — when they were bound to
their target antigens. The neurotoxicity of the antibodies was
lost when the same antibodies were applied in complexes
with short peptides that do not form oligomeric structures.
Therefore, our study demonstrates for the first time that the
multimeric  structure  of antigen—antibody complexes is
essential to causing neurotoxicity in mixed neuronal-glial
cultures.

Understanding this mechanism may have important impli-
cations for developing new strategies for prevention and
treatment of AD. The antibody-based immunotherapy to treat
AD either via the immunization with Ap or by the use of AR
antibodies have shown controversial results in many pre-
clinical and clinical studies, however, why the treatment
complications such as meningoencephalitis (Nicoll ef al.
2003; Orgogozo et al. 2003; Ferrer et al. 2004) does occur in
some immunization cases is unclear. The immune response
mechanism based on T-cell activation has been suggested
which may initiate toxic events (Orgogozo er al. 2003).
Passive immunization does not involve T-cell activation,
however, significant microglia activation and Fc receptor
dependent-phagocytosis was observed in AD patients (Nicoll
et al. 2003; Ferrer et af. 2004) and in AD transg mice
(Bard er al. 2000; Wilcock et al. 2004). Furthermore, auto-
antibodies to AR were significantly elevated in AD patients
and in serum of APP transgenic mice, which have been
shown to enhance the neurotoxicity of Ap (Nath et al. 2003).
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Our data are in agreement with these findings and suggest
that the neurotoxic effect may result from the interaction of
oligomeric complexes of AP with antibodies causing Fc
receptor mediated activation of microglia. The involvement
of microglia in antibody-mediated removal of A[} aggregates
in primary cultures was recently documented for anti-Af
antibodies (Mohajeri er al. 2006) and human intravenous
immunoglobulin IVIG, which contained naturally occurring
auto-antibodies, including antibodies against AP peptides
(Magga et al. 2010). It was shown that peripheral adminis-
tration of IVIG (Magga et al. 2010) or anti-Af antibod
(Koenigsknecht-Talboo and Landreth 2005) caused their
penetration into mouse brain tissue and binding to Af
deposits together with co-localization of microglia. This
suggests that peripheral antibodies indeed may cross BBB
and interact with the AP aggregates and may activate
microglia cells. Recently, it has been shown that immune
complexes formed in mice brain parenchyma induced a
neuroinflammatory response and behavioral changes through
recruitment and activation of microglia via FeyR (Teeling
et al. 2012). Activated microglia, via production of reactive
oxygen species and other inflammatory mediators, may be
sufficient to induce neuronal death (Brown and Neher 2010)
and neuronal loss (Neniskyte ez al. 2011).

We have previously determined that the epitope of
#11E12 antibody was localized at the N-terminus of AR,
42, between amino acid residues 1 and 6, and that #11E12
antibody reacted with the peptide representing the N
terminal sequence (aa 1-13) (Dalgediene er al. 2013).
However, the complexes of #11E12 antibody plus A6 or
#11E12 antibody plus AP ;3 were not toxic to cultured
neurons. This indicates that neurotoxicity of the antibody—
antigen complex is depended on the structure of antigen.
Multimeric antigens may bind multiple antibodies, which
may bring together multiple FeyR and thereby activate
them to induce inflammation. Whereas monomeric antigens
may bind single antibodies recruiting single FcyR resulting
in minimal inflammation. Therefore, development of short
AR immunogens that target monomeric AP may be a
promising approach for AD treatment.

We also showed that the cytotoxic effects of antibody—
antigen complexes disappeared when microglia cells were
removed from the culture or when the Fc part of the
antibody was cleaved off, indicating the involvement of
microglia FcyR. These data are consistent with results
obtained with deglycosylated anti-AP, which were shown
to reduce microglia phagocytosis and cytokine production
because of reduced affinity to FeyR in primary cultured
microglia (Takata er al. 2007). In addition, deglycosylated
anti-Af (Carty er al. 2006) or F(ab’), fragments (Tamura
et al. 2005) were able to suppress the microhemorrhages
in AD mice. In accordance, our data showed that
minocycline, which is known to inhibit microglial activa-
tion in animal models of neurodegenerative diseases (Fan

et al. 2007), was neuroprotective against anti-Af + AP
induced release of TNF-o and neuronal death.

Rodent microglia cells have four types of FeyR (Ravetch
and Kinet 1991; Nimmerjahn er al. 2005). The 1gG subclass
specificities of mouse and rat phagocytic cells FcyR are
likely to be more similar to each other (Song et al. 1990).
FeyRII lack phagocytic activity (Takai ez al. 1994), however,
FeyRI, FeyRIII, and FeyRIV exhibit affinity to mouse IgG
(Fossati-Jimack et al. 2000; Nimmerjahn et al. 2005). All
three subtypes of 1gG were able to reduce A deposits in
mouse microglia cultures (Bard er al. 2003). Moreover, the
deleterious effects of anti-Ap in AD mice also have been
obtained with different IgG subtypes: microhemorrhage with
12G2a (Schroeter et al. 2008), encephalomyelitis with 1gG1,
IgG2a (Furlan et al. 2003), and 1gG2b (Carty e al. 2006),
microglia activation with 1gG1 (Wilcock er al. 2004). We
used primary rat and mouse cultures and found cytotoxic
effects of different mouse IgG subtype complexes, 1gG2b
(nnli-l\[i clone #11E12, anti-MTP-N, clone #4A2 and anti-
MeN, #10F7), IgG2a (anti-VP1.clone #6D11), and IgGl
(anti-A 42, clone #G2-13) indicating that neurotoxic effect
was not animal species dependent as mouse antibody
complexes were similarly toxic to rat as well as 0 mouse
neurons. However, the capacity of FeyR to bind various IgG
subtypes may be different, the high-affinity FcyRI is capable
to bind preferentially IgG2a (Sears er al. 1990), the low-
affinity FeyRIII binds 1gG1, 1gG2a, and 1gG2b (Weinshank
er al. 1988), and a recently identified high-affinity FcyRIV
binds IgG2a and IgG2b (Nimmerjahn er al. 2005; Bruhns
2012). These divergent activities might have contribution to
antibody-mediated cytotoxicity (Nimmerjahn and Ravetch
2006). Indeed, our study suggests that rat microlia FcyR can
bind oligomeric antigen-antibody of different mouse 1gG
isotypes and initiate the sequence of toxic reactions at
different level. In contrast, the complexes of polyclonal
rabbit anti-ABs> were non-toxic to cultured neurons suggest-
ing that rat microglia do not recognize rabbit antibodies
possibly because of a low affinity for rat FeyR.

We used two different monoclonal AP, 4 antibodies, the
clone #11E12, that targeted N-terminal epitope and clone
#(G2-13, that targeted the C-terminus, and both in complexes
with AB;_» oligomers induced death of neurons in cultures
indicating that the epitope position does not play any role in
oligomeric antigen—antibody complex-induced cytotoxicity.
Our results are in agreement with those obtained in passive
immunization studies where microhemorrhage appearance
and microglia activation followed treatment with N-terminal
AP antibodies (Racke er al. 2005) as well as after C-terminal
AP antibodies (Carty et al. 2006).

We did not find any significant differences in induction of
neuronal death when either AP,y oligomers, fibrils, and
monomers  bound to the specific monoclonal  anti-
body #11E12 were used most likely because of rapid
oligomerization/fibrilization of A4, monomers in aqueous

© 2013 International Society for Neurochemistry, J. Newrochem. (2013) 126, 604-615

134



solutions. However, our data revealed the difference in
toxicity caused by complexes of #11EI2 antibody with
monomeric and oligomeric forms of AP _y. The aggregation
of ABj.40 monomers has been shown to be slow in aqueous
media (hours to days) in contrast to rapid aggregation
(minutes) of APy _4» (Snyder et al. 1994), therefore, the AP,
4p Monomeric preparation were likely to be in the monomeric
state during experiments and therefore did not cause
neurotoxicity when complexed with antibodies.

Our data also demonstrate that various oligomeric
proteins when complexed with specific antibodies such as
the antibodies raised against recombinant VLPs and NLPs
can induce microglial Fe-receptor dependent death of
cultured neurons. In contrast, complexes of short linear
epitope MeNjyg452 bound to anti-MeN were non-toxic to
neurons. This confirms the finding that antigen oligomeric
conformation of immune complexes is crucial in causing
cell death in vitro. Such mechanism may be involved in
neuroinflaimmatory responses caused by various viral infec-
tions particularly in the cases of disruption of BBB leading
to penetration of viral oligomeric proteins and virus-specific
antibodies into brain. Human polyomaviruses include the JC
virus that infects the brain causing progressive multifocal
leukoencephalopathy (PML) accompanied by brain inflam-
mation and neuronal loss. Measles virus can also infect the
brain causing acute encephalitis or more rarely subacute
sclerosing panencephalitis, driven by brain inflammation
and neuronal loss (Hayashi er al. 2002). If endogenous
antibodies to oligomeric viral proteins enter the brain, they
might cause neuroinflammation and neurctoxicity by the
mechanism described here. and if so pathology might be
limited by inhibiting microglial activation e.g. with mino-
cycline.

The data presented here demonstrate that oligomeric/
multimeric antigens complexed with their specific antibod-
ies can exert cytotoxic effects on primary neurons by
Fe-dependent microglia activation. Thus, if these antibodies
cross the BBB and bind their oligomeric/multimeric anti-
gens in the brain, they may induce microglia activation and

neurotoxicity by this mechanism. Elucidation of the detailed
mechanism of antibody-antigen complex-mediated neuro-
inflammation may help limit the neurotoxicity and poten-
tially increase the effectiveness of immunotherapy for AD.
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Although it is well documented that soluble beta amyloid
(AB) oligomers are critical factors in the pathogenesis of
Alzheimer’s disease (AD) by causing synaptic dysfunction
and neuronal death, the primary mechanisms by which
AP oligomers trigger neurodegeneration are not entirely
understood. We sought to investigate whether toxic small
AB+_42 oligomers induce changes in plasma membrane
potential of cultured neurons and glial cells in rat cerebel-
lar granule cell cultures leading to neuronal death and
whether these effects are sensitive to the N-methyl-D-
aspartate receptor (NMDA-R) antagonist MK801. We
found that small ABs_4> oligomers induced rapid, pro-
tracted membrane depolarization of both neurons and
microglia, whereas there was no change in membrane
potential of astrocytes. MK801 did not modulate AB-
induced neuronal depolarization. In contrast, ABq_4»
oligomer-induced decrease in plasma membrane poten-
tial of microglia was prevented by MK801. Small AB1_42
oligomers significantly elevated extracellular glutamate
and caused neuronal necrosis, and both were prevented
by MK801. Also, small AB1_42 oligomers decreased resist-
ance of isolated brain mitochondria to calcium-induced
opening of mitochondrial permeability transition pore. In
conclusion, the results suggest that the primary effect of
toxic small AR oligomers on neurons is rapid, NMDA-R-
independent plasma membrane depolarization, which
leads to neuronal death. AR oligomers-induced depolari-
zation of microglial cells is NMDA-R dependent. © 2014
Wiley Periodicals, Inc.

Key words: Ap oligomers; membrane potential; cell
death; NMDA receptors; mitochondria

Beta amyloid (AB) is a peptide generated from large
transmembrane amyloid precursor protein after multiple
proteolytic cleavages (Glenner and Wong, 1984). Imbal-
ance between A production and clearance leads to accu-
mulation and aggregation of A, which was considered to
be a crucial event in pathogenesis of Alzheimer’s disease
(AD; Selkoe, 1991; Hardy and Higgins, 1992). Recent
evidence suggests that small soluble AR oligomers are the
most neurotoxic species (Lambert et al.,, 1998; Walsh

© 2014 Wiley Periodicals, Inc.

et al., 2002) and that toxicity of A strongly depends on
the size of AR oligomeric particles, such that the most
toxic species that induce rapid neuronal dysfunction and
death were found to be dimers—hexamers (Ono et al.,
2009; Cizas et al., 2010). Various mechanisms have been
proposed to be involved in AP oligomer-induced neuro-
nal death, including destabilization of cellular CaZt
homeostasis (Demuro et al., 2005) and activation of sig-
nalling protein kinases such as GSK-3@ (Koh et al.,
2008), c-Jun (Ma et al, 2009), CAMKK2-AMPK
(Mairet-Coello et al., 2013). However, the primary tar-
gets of AP oligomers and the sequence of toxic events
have not yet been determined definitively. The fact that
AP originates from a transmembrane protein points to a
possible interaction of A with cellular membranes. The
interaction of AB with artificial phospholipid membranes
has been previously investigated. We and other have
reported that highly neurotoxic small AB;_ 4, oligomers
but not larger aggregates or monomers were able to bind
to phospholipid vesicles whose composition mimics those
of neuronal membranes (Hung et al., 2008; Cizas et al.,
2010). It has also been demonstrated that heterogeneous
preparations of A oligomers may permeabilize such
membranes by 1) formation of A pores or channels in
lipid bilayers (Arispe et al, 1993; Lin et al., 2001;
Demuro et al., 2011) or 2) by inducing phospholipid
membrane bilayer thinning and increased permeation
without formation of channels or pores (Kayed et al.,
2004; Sokolov et al., 2006; Valincius et al., 2008). It has
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been also suggested that oligomeric forms of AR may per-
meabilize cellular membranes by direct activation of vari-
ous membrane receptors such as a7nAChR (Chen et al.,
2006), mGluR5 (Renner et al, 2010), AMPA and
NMDA (Shankar et al., 2()()8;!f&lbcrdi et al., 2010; Ferre-
ira et al.,, 2012), leading to Ca™ " influx into cells. The dis-
ruption of membrane integrity may lead to plasma
membrane depolarization, which may be deleterious for
neuronal functions. It has been previously reported that
high micromolar (20 pM) concentration of ARy
oligomers induced membrane depolarization in neuronal
hNT and PC12 cell lines (Blanchard et al., 2002) and in
cultured astrocytes (Harkany et al., 2000). However, these
types of cells do not form synapses and do not exhibit
excitability. Tt has also been demonstrated that ABas 35
species caused a  dose-dependent decrease of resting
plasma membrane potential of excitable skeletal muscle
cells (Mukhamedyarov et al., 2009), although these cells
are not neuronal and in that study relatively less informa-
tion was available regarding the size and aggregation state
of AB species. Therefore, despite intensive mnvestigations,
the effects of toxic small AP oligomers on the membrane
potential of primary neurons, which are electrically excit-
able cells, remains poorly understood. There is also lim-
ited knowledge regarding the effects AP oligomers on
membrane potential of microglial cells that can actually
promote neuronal cell death (Maezawa et al., 2011) or
phagocytosis of viable neurons (Neniskyte et al., 2011).

In this study we sought to investigate the effects of
highly neurotoxic small AR 4 oligomers at low micro-
molar concentration (1 pM) on membrane potential of
neurons and glia cells in primary mixed neuronal/glial
cerebellar granule cell cultures and pure neuronal and
microglia cultures and whether these effects are related to
participation of NMDA receptors (NMDA-R), which are
known to contribute to membrane conductance as well as
to excitotoxicity and neuronal degeneration in AD. We
found that AB;_;» oligomers induced early and long-
lasting membrane depolarization of neurons and micro-
glial, however, only microglial depolarization was pre-
vented by the NMDA-R blocker MKS801. ARy 4
oligomers also caused elevation of extracellular glutamate
and neuronal death, and both were prevented by MK801.
Our data suggest that ABy—4» oligomers induce rapid,
NMDA-R -independent depolarization of neurons. In
contrast, microglial NMDA-R. might be rapidly activated
by small AR, ., oligomers leading to microglial depolari-
zation, although the detailed mechanism and consequen-
ces remain to be established.

MATERIALS AND METHODS

Materials

Synthetic AB; 4> was from American Peptide, isolectin
GS-1B4 conjugated with Alexa Fluord488 from Invitrogen
(Carlsbad, CA), glucose from Roth, penicillin-streptomycin
from Biochrom (Berlin, Germany), Versene from Gibco (Peter-
borough, United Kingdom), Amplex red glutamic acid/gluta-
mate oxidase assay kit from Invitrogen UK., and calcium

green-5N from Molecular Probes/Invitrogen (Eugene, OR).
All other materials were purchased from Sigma-Aldrich (St
Louis, MO).

Preparation of Small Ap,_s, Oligomers

Small AR, oligomers of 1-3 nm z-height as measured
by atomic force microscopy (AFM) were generated as described
by Cizas et al. (2010). Briefly, oligomers were prepared by dis-
solving 1 mg peptide in 400 pl 1.1.1.3.3.3-hexafluoro-2-propa-
nol (HFIP) for 30-60 min at room temperature (R'T). One
hundred microliters of the resulting seedless solution was added
to 900 pl H>O in a siliconized Eppendorf tube. After 10-20
min of incubation at RT, the samples were centrifuged for 15
min at 12,000 rpm, the supernatant was transferred to a new sil-
iconized tube, and HFIP was evaporated keeping open vial for
several hours. Then samples were incubated for 16 hr at 20°C.
Vehicle was prepared in the same way as oligomeric forms but
without APy_4. The average size of ARy 4> oligomers ranged
between 1 and 3 nm z-height as measured by AFM (Cizas
et al.,, 2010).

Primary Neuronal-Glial, Pure Neuronal, and Pure
Microglial Culture Preparation

Primary neuronal-glial cultures from rat cerebellum
(referred to as CGC eultures below) were prepared from 7-8-
day-old Wistar rats as described by Bal-Price and Brown
(2001). The procedures used in this study were approved by
The State Food and Veterinary Service of the Republic of Lith-
uania in accordance with the European Convention for the
protection of vertebrate animals used for experimental and
other purposes. The rats were bred and maintained at the Lith-
uanian University of Health Sciences animal house under con-
trolled conditions.

Cells were grown for 7 days in vitro (DIV) before expo-
sure to AB. The neuronal-glial culture contained 79.7 % neu-
rons and 7.1 % astrocytes as assessed by cellular morphology
and 13.2 % microglia as assessed by staining with isolectin GS-
[B4 conjugated with Alexa Fluor488. Pure neuronal CGC cul-
tures were prepared from 7-8-day-old Wistar rats as described
above, and 10 uM cytosine arabinoside was added within 48 hr
of plating to prevent glial cell proliferation. Cells were grown
for 7 DIV before exposure to AB. The cultures contained 0.7
% microglial cells, as assessed by staining with isolectin GS-1B4,
and 2.2 % astrocytes, as assessed by cellular morphology. Corti-
cal neurons were prepared from 1-day-old Wistar rats as
described in Supporting Information Figure 1.

Primary pure microghial cultures from rat cerebral cortices
were prepared from 7-8-day-old Wistar rats as described by
Jekabsone et al. (2006), with some modifications. Briefly, rats
of both genders were euthanized with CO, and decapitated.
Then the brain was removed and placed in a Petri dish contain-
ing 4°C phosphate-buffered saline (PBS) supplemented with
13 mM glucose and 1% penicillin-streptomycin. The tissue was
dissociated in a Versene solution (1:5,000) and centrifuged at
270g for 5 min (Eppendorf 5810R). Cells were plated in 25-
cm” flasks coated with 0.0005 % poly-L-lysine. Cultured cells
were maintained in DMEM supplemented with 10% FBS and
1% penicillin-streptomycin in a humidified 37°C incubator
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Fig. 1. Processing of the images of the cells. Pixel values of the raw image (C) and of the image

after preprocessing (D). Profile of unevenness of background illumination clear
left graph is removed on the right (every sixteenth line and ev

y noticeable in the
y fourth pixel in it shown for

clarity). A: Raw image. B: Image with subtracted general profile. C: Convex surface with peaks
representing fluorescent cells. D: Corrected image with peaks.

with 5% CO,. Four days after initial seeding, one-half of the
medium was replaced with fresh, warm culture medium. After
10-14 DIV of initial seeding, microglia were removed by bash-
ing flask, centrifuged, and plated into the 24-well tissue culture
plates at 15 X 10* cells/em® for 24 hours after plating; these
cultures were used for experiments. The purity of the cultures
was 95%.

Fluorescence-Based Plastma Membrane Potential
Measurements

Membrane potential of cells was monitored with the flu-
orescent dye bis-(1,3-dibutylbarbituric acid)-trimethine oxanol
(DIBAC4(3)), an anionic lipophilic molecule that is distributed
between the extracellular space and the cell eytosol according
to the electrical plasma membrane potential difference. The
DIiBAC4(3) enters the cell upon depolarization and binds to
intracellular components, leading to an increase in the fluores-
cence intensity. The fluorescence measurement was carried out
according to a method previously reported (Jekabsone et al.,
2007), with a minor modification. CGC, cortical neuronal, or
pure microglial cultures were pretreated with small AR,
oligomers (1 pM) = MK801 (10 uM) or = NBQX (10 uM) for
30 min, 1, 2, or 4 hr. After incubation, DMEM was removed
from cultures, fresh medium with 3 pM DiBAC4(3) was added,
and cells were incubated for 10 min. The ability of the dye to

Journal of Neuroscience Re

respond to plasma membrane potential changes was tested by
acute additions of 60 mM KCI to untreated cultures to depolar-
ize cells rapidly. Plates with cells were kept in the incubator,
and measurements of fluorescence were made at indicated times
after which cells were returned back to the incubator as quickly
as possible. Pictures of at least three randomly selected fields per
well were taken with a fluorescence microscope (Olympus
IX71S1F-3) with 450-490-nm bandpass filters for excitation
and 515-565-nm bandpass for observation of emission, by
means of a digital camera (Olympus SP-510UZ).
Transportation and remounting of the container caused
significant differences in levels of absolute illumination in the
image, due to which estimates of the intensity of fluorescence
in absolute values were incomparable between each other.
Unevenness of background illumination was the second issue
causing significant distortions in estimation of fluorescence of
the cells. It was eliminated by subtraction of its profile from the
initial array of the pixel values of the picture. A profile of the
image illumination was obtained by means of spatial filtering of
the image by means of “opening,” a mathematical morphology
procedure (Boomgard and Balen, 1992), using a circle structural
element larger than any of the cells. The sample result of the
method is shown in Figure 1. Pixel values of the raw image
(Fig. 1A) form a convex surface with numerous small peaks
representing fluorescent cells (Fig. 1C). Space filtering deter-
mines the general profile of this surface, which is subtracted
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0 50

100 250 300

Fig. 2. Example of evaluation of fluorescence of the cell by best fit of
the histogram of pixel values with Gaussian functions. Higher peak on
the left represents background illumination (areas with no cells), and
fluorescent cell is represented by smaller peak on the right. Mean val-
ues {arrows) of Gaussian functions {dotted lines) are the estimates of
background illumination and fluorescence intensity, respectively.
Peaks representing areas with different fluorescence. A: Image of fluo-
rescent cell.

from it. The result of the procedure is an array of pixel values
forming a flat surface with small peaks representing fluorescence
of cells in standardized values (Fig. 1D). An image corrected in
this way is shown in Figure 1B.

Image histograms of pixel values usually consisted of sev-
eral peaks, the largest most left of which usually represented
pixel values of dark areas containing no cells (see example in
Fig. 2A). Standardization of absolute pixel values among all the
pictures was prrf‘(mned by aligmnent of their hlst(‘lgram%
according to this peak. Adjustment of the whole pixel values
range was made by comparing distance between peaks of histo-
grams representing dark areas containing no cells and peaks rep-
resenting maximally fuorescent (totally depolarized) cells by
acute addition of KCI (highest peak on the histogram).

Pixels of ordinary fluorescent cells should form a peak on
the histogram. Fluorescence of the whole area covered by one
cell could be unevenly fluorescent because of the complex mor-
phology of the cell itself. The peak representing such a cell will
have a complex shape. However, in THE histogram of the
image with many cells, the peaks overlap with each other, usu-
ally resulting in one peak, which was best fitted with A Gaus-
sian function. The mean of such functions represented average
intensity of fluorescence and was considered as a fluorescence
measure, a parameter reflecting tansmembrane potential. An
illustration of the method is given in Figure 2B.

Measurement of Glutamate Content in Cell Culture
Medium

Extracellular glutamate was measured with the commer-
cially available Amplex red glutamic acid/glutamate oxidase
assay kit (Invitrogen U.K.) according to manufacturer’s proto-
col. CGC or pure microglial cultures were pretreated with
ABq_4o oligomers for the indicated times. After incubation, 50-
ul aliquots of culture medium were taken and mixed with
working solution of 100 pM Amplex red reagent containing

0.25 U/ml horseradish peroxidase, 0.08 U/ml L-glutamate oxi-
dase, 0.5 U/ml L-glutamate—pyruvate transaminase, and 200
UM L-alanine and were incubated for 30 min at 37°C, pro-
tected from light. The fluorescence was measured in a fluores-
cence microplate reader (Fluoroskan Ascent; Thermo
Scientific) using excitation in the range of 530-560 nm and
emission at 590 nm. Glutamate concentrations of the test sam-
ples were calculated with an L-glutamic acid standard curve.

Cell Viability Assay

The viability of neurons in CGCs was assessed by propi-
dium iodide (PI) and Hoechst 33342 staining in a fluorescence
microscope (Olympus IX71S1F-3) as described by Cizas et al.
(2010). CGC cultures were treated with 1 pM of small AB; 4
oligomers (1-3 nm) in the presence/absence of 10 pM MK801
for 24 hr. Cells were counted in at least five microscopic fields
per well (two wells per treatment). Data are expressed as per-
centage of specific neuronal cells of the total number of neuro-
nal cells per field.

Measurement of Tumor Necrosis Factor-o

After the indicated time for treatment with AP,_
42 £ MKS801, the aliquots of pure microglial culture media
were collected. Tumor necrosis factor-ac (TNF-ot) content in
culture medium was determined with a TNF-a (rat) ELISA kit,
assaying the samples according to the manufacturer’s protocol.

Isolation of Rat Brain Mitochondria

Rat brain mitochondria were isolated from the total brain
of adult Wistar rats by a differential centrifugation method.
After removal, brains were placed in isolation media, which
contained 225 mM mannitol, 75 mM sucrose, 5 mM HEPES
buffer, 1 mM EGTA (pH 7.4), and homogenized with a glass-
Teflon homogenizer. After two centrifugation procedures (5
min X 2,000g, 9 min X 12,000g), the pellet of mitochondria
was suspended in isolation medium, and total mitochondrial
protein was determinate by the modified Biuret method (Gor-
nal etal,, 1949).

Measurement of Mitochondrial Calcium Retention
Capacity

Mitochondrial calcium retention capacity (CRC) of brain
mitochondria was determined fluorimetrically with calcium
green-5N  (excitation at 506 nm, emission at 535 nm) in
medium (200 mM sucrose, 10 mM Tris-HCL, 1 mM KH,PO,,
10 pM EGTA, 0.3 mM pyruvate plus 0.3 mM malate, pH 7.4)
by measuring the point at which pulse-loaded caleium was
released from mitochondria. Calibration of the signal was
achieved by the addition of known amounts of CaCl,. Experi-
ments were started by the addition of 0.05 mg/ml of mitochon-
dria, and then pulses of 125 nM CaCl, were applied that caused
the increase of extramitochondrial fluorescence. As mitochon-
dria take up caleium, the fluorescence signal decreases. Calcium
ions were continually loaded into mitochondria (by about 2-
min intervals) until a large increase of extramitochondrial cal-
cium fluorescence was observed, which indicated the release of
stored calcium from opening of the mitochondrial permeability
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Fig. 3. Small AB;_;, oligomers induce depolarization of neurons and
microglia in CGC cultures. DiBAC4(3) fluorescence images of normal
(A), ABj_4-oligomer-treated (C), and AB;_4>-oligomer + MK801-
treated cells (E); brightfield images of the same fields of normal (B),
ABj_s-oligomer-treated (D), and AB,_4» oligomer + MKS801-treated
cells (F). G: Relative fluorescence intensity of neurons in C H:
Relative fluorescence intensity of microglia in CGCs. CGCs were
treated with 1 pM AB;_4> oligomers or with vehicle for 0.5, 1, 2, or
4 hr with or without 10 pM MKS801 and then loaded with

transition pore (mPTP). In experiments with AB;_,2, mito-
chondria were preincubated for 2 min with 0.5-2 uM AB; 4
oligomers. In some experiments, 0.2 ptM cyclosporine A (CsA)
was used.

Statistical Analysis

Data are expressed as mean = SE of four to eight experi-
ments on separate CGC  cultures. Statistical comparison
between experimental groups was performed by a one-way
ANOVA followed by a Tukey’s or LSD post hoc test using
SPSS 20.0 software. P< 0.05 was considered significant.

RESULTS
Small AB;_s> Oligomers Induce Rapid
Depolarization of Neurons and Microglia
We investigated whether small neurotoxic AR 4o
oligomers cause plasma membrane depolarization of cells
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DIiBAC4(3). Pictures were taken with a fluorescence microscope
(Olympus IX71S1F-3). The arrows represent a few microglial cells in
CGCs. Advanced methods of image processing, including mathemati-
cal morphology and structural analysis, were applied to obtain the
quantitative estimates of fluorescence of cell membranes (see Materials
and Methods). *P < 0.05 com d with con #p<0.05 compared
with AB-treated cells. Means = SE of five to eight experiments on
separate CGC cultures are presented. Scale bar = 100 pm

in primary neuronal-glial (CGC cultures) and pure
microglial cultures. CGC cultures were exposed to 1 pM
ARy for 0.5, 1, 2, and 4 hr, and membrane potential
was monitored by using the fluorescent dye DiIBAC4(3)
(Jekabsone et al., 2007). As can be seen in Figure 3A, the
control, untreated CGCs did not exhibit any significant
fluorescence, indicating that cells under these conditions
are hyperpolarized. Figure 3B is a brightfield image of the
same field of control cells. However, fluorescence was
highly increased when cells were treated with AB;_y»
oligomers for 60 min (Fig. 1C), indicating plasma mem-
brane depolarization of neurons and microglia (a few
microglial cells are indicated by arrows in Fig. 3C,D).
MKB801, a high-affinity NMDA channel blocker (10
uM), did not significantly alter APB_4> oligomer-induced
neuronal membrane depolarization during 60 min of
incubation (Fig. 3E; Fig. 3F is a brightfield image of the
same field of the AB_y» + MK801 group), suggesting
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that NMDA-R were not involved in carly neuronal
depolarization by AP,_,» oligomers. Figure 3G summa-
rizes the data on neuronal relative fluorescence levels
(representing depolarization of the plasma membranes)
measured after exposure of CGCs to APy 4o oligo-
mers = MK801 for 0—4 hr. A time-dependent increase of
fluorescence in neurons was observed during 30-60 min
incubation of CGCs with AB;_y,: from 18.4 units in con-
trol to 45 units after 30 min and to 60 units after 60 min
of incubation (Fig. 3G). Neuronal fluorescence remained
at about the same level for another 2-4 hours in the pres-
ence of AP_4» oligomers (Fig. 3G). This indicates that,
under exposure to toxic AP oligomers, neuronal plasma
membrane  depolarization  occurred  rapidly  within
approximately 1 hr and stayed at that level for at least 4 hr
of incubation. MK801 did not modulate AB-induced
neuronal depolarization during 30 min to 2 hr (Fig. 3G).
We additionally tested various concentrations of MK801
(1, 50, and 100 uM) on AB;_4s-induced neuronal mem-
brane depolarization in CGCs during 1 hr of treatment.
However, MK801 at any concentration tested did not
protect neurons against depolarization caused by small
ARy 42 oligomers (fluorescence levels stayed at 40-60
fluorescence units; data not shown). The preparation of
small ARy 4> oligomers involves the solvent HFIP, which
in further steps is evaporated; however, because even
trace amounts of HFIP in AB;_» solutions (if not fully
evaporated during preparation of oligomers) might affect
the properties of biological membranes (Capone et al.,
2009; Lioudyno et al., 2012), we performed additional
control experiments in which CGCs were treated with
solutions prepared in exactly the same way as AR
oligomers but in the absence of peptides. As shown in
Figure 3G, the vehicle (control group) had no effect on
relative fluorescence of neurons during 0.5-4 hr of
incubation.

Small AB;_,, oligomer-induced depolarization of
microglial plasma membrane in CGC cultures was greater
and faster than neuronal depolarization: by 30 min from
the start of incubation with AR, _4» oligomers, the rela-
tive fluorescence of microglial cells had increased from 61
units to 128 units and remained at a similar level for 4 hr
(Fig. 3H). In contrast to the case for neuronal cells,
NMDA-R  antagonist MK801 significantly reduced
microglial fluorescence during 30—60 min of incubation
with AP 4> oligomers (the relative fluorescence was
92  and 101  units, respectively, in  micro-
glia + ARy + MKSO1 group) and completely pre-
vented the AP;_j-induced depolarization of microglia
after 2 and 4 hr of treatment (Fig. 3H). A representative
image of fluorescence of microglial cells in CGC affected
by AB;_42 + MK801 1s shown mn Figure 3E. The vehicle
had no effect on microglial membrane potential (Fig. 3H,
control group). AP;_4» oligomers had no significant
effect on astrocyte membrane potential during 0.5—4 hr of
incubation (data not shown).

To determine whether the AB-induced depolariza-
tion is CGC neuron specific, we performed experiments
evaluating the action of AR, 4 oligomers = MK801 on

membrane potential of cultured primary cortical neurons
during 0—4 hr of incubation. Similarly to CGCs, 1 uM
AR 42 oligomers were able to increase fluorescence of
cortical neurons from 27 * 1.7 units in control to
41 +0.7, 36 = 4.8, 44 £ 0.8, and 48 * 3.5 units after 0.5,
1, 2, and 4 hr of incubation, respectively. MK801 had no
statistically significant effect on AP j_y»-induced neuronal
membrane depolarization during 0.5-4 hr (sce Supp.
Info. Fig. 1). These data indicate that AB,_;» oligomers
may depolarize neurons isolated from different parts of
brain and that NMDA-R did not participate in the neu-
ronal depolarization caused by A 4.

AR _>-induced neuronal membrane depolarization
in mixed CGC cultures, where neurons are surrounded
by glial cells, may be indirect and related to the factors
released by microglia and/or astrocytes (Jung et al., 2012;
Talantova et al., 2013). Therefore, we tested the effects of
AB;_42 oligomers on pure CGC cultures, in which the
number of glial cells was decreased to 2.9%. We found
that the effect of ARy 4» oligomers on neuronal mem-
brane potential in pure CGCs in principal was similar to
that observed in mixed CGC cultures: the level of fluo-
rescence had risen from 18 £1.2 units in control to
29 = 1.7 units after 1 hr and remained at the same level
during 2—4 hr, whereas MK801 had no effect on ARy 45
oligomer-induced neuronal membrane depolarization (see
Supp. Info. Fig. 2). These data indicate that AP
oligomers can directly affect neuronal membrane potential
and that the NMDA-R was not involved.

Alternatively, we studied ARy _,» oligomer-induced
microglial membrane potential fluorescence in pure pri-
mary microglial culture and obtained similar results: the
exposure to small AB_4» oligomers only slightly increased
the fluorescence during 1 and 2 hr of treatment (from 66
units in control to 80 and 68 units, respectively; Fig. 4A),
however, 4 hr of incubation forced membrane potential
fluorescence to 159 units, indicating depolarization of
microglia membrane with AR, (Fig. 4A,D). MK801
climinated AB; 4> oligomer-induced membrane depola-
rization after 4 hr in pure microglial culture (Fig. 4A,E).
MKS801 by itself did not change dye fluorescence during
0—4 hr of incubation (Fig. 4A,C).

Depolarization of neuronal and microglial mem-
branes was not sensitive to the AMPA/kainate receptor
antagonist NBQX (10 puM) in CGCs treated with AB_y»
oligomers for 0—4 hr (Fig. 5), suggesting that AMPA/kai-
nate receptors are not involved in AB;_j oligomer-
induced depolarization of neurons and microglia. NBQX
by itself had no eftect on dye fluorescence during 0—4 hr
of incubation (data not shown).

AP Oligomers Induce Release of Glutamate From
Neurons

Plasma membrane depolarization may lead to the
release of glutamate (Zheng et al., 2000; Vale et al., 2006;
Godfrey et al., 2012) and neuronal death (Babot et al.,
2005). Therefore, we measured the level of glutamate in
CGC culture medium after treatment with AR,
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Fig. 4. Small AB_» oligomers induce MK801-dependent membrane
depolarization of microgha in pure microghal cultures. A: Relanve
fluorescence intensity of microglia; representative DIBAC4(3) fluores-
cence images of normal (B), MK801-treated (C), ABi_4» oligomer-
treated (D), and AB;_y oligomer + MK801-treated (E) cells. Primary
pure microglial cultures were treated with 1 pM AR, 4 oligomers

oligomers. Figure 6A shows that after 1 hr exposure of
CGCs to ABj_4» glutamate concentration in culture
medium iner d to 1.48 £ 0.27 uM compared with the
initial 0.69 pM concentration in untreated cells. Longer
incubation of CGCs with AB,_ 4, oligomers induced fur-
ther elevation of extracellular glutamate concentration up
to 3.4 uM after 4 hr of incubation. However, when
MK801 was added prior to ABy_42 oligomers, the extrac-
ellular glutamate concentration remained at the control
level (Fig. 6A), indicating that NMDA-R may be
involved in the extracellular glutamate dysregulation in
CGC cultures treated with ARy oligomers. In contrast
to mixed CGC cultures, extracellular glutamate concen-
tration did not change when pure microglial cultures
were treated with ARy 4, oligomers for 1, 2, or 4 hr and
stayed at 2.0-2.78 pM in all experimental groups (Fig
6B). This suggests that glutamate was released from neu-
rons rather than from microglial cells in an NMDA-R-
dependent manner.

Small Ap Oligomer-Induced Neuronal Death Is
Prevented by MK801

Neuronal membrane depolarization caused a release
of glutamate, which may, in tum, activate NMDA-R.
This may lead to influx of Ca>", which may further con-
tribute to plasma membrane depolarization or have other
effects inside the neurons leading to cell death. We tested
whether suppression of NMDA-R by MK801 can protect
neurons against A, 4> oligomer-induced cell death. In
these experiments, CGCs were treated with 1 pM AR
oligomers for 24 hr in the presence/absence of 10 uM
MKS801. As shown in Figure 7, neuronal viability in
CGCs was reduced from 88% in control to 51% in the
AB;_4> oligomer-treated group. However, addition of
MKS801 to cultures completely prevented ARy
oligomer-induced neuronal death (viability of neurons in
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and with or without 10 pM MKS801 and then loaded with
DiBAC4(3). The cells were viewed and images were taken with a flu-
orescence microseope as described for Figure 3. *P< 0.05 compared
with control; #P < 0.05 compared with AB-treated cells. Means = SE
of five to nine experiments on separate microglial cultures are pre-
sented. Scale ba 100 pm.
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Fig. 5. AMPA receptors do not affect AB;_y oligomer-induced mem-
brane depolarization in CGC culture. CGCs were treated with 1 pM
AP 14z oligomers or with vehicle for 1, 2, or 4 hr with or without 10
pM NBQX and then loaded with DiIBAC4(3).
with a fluorescence microscope as described for Figure 3. *P < 0.05
compared with control; Means = SE of three experiments on separate

C

Pictures were taken

> cultures are presented.

the AB 4> + MKS801 group was 82%). Microglial cells
and astrocytes remained viable during treatment of CGC
cultures with small AB,_» oligomers (see Supp. Info. Fig.
3). The data suggest that activation of NMDA-R. may be
involved in AB;_4» oligomer-induced neuronal death.

Small AP Oligomers Did Not Induce Release of
TNF-a in Pure Microglial Cultures

Small AR, 4, oligomers can cause rapid neuronal
and microglial depolarization and later neuronal death, so
we tested whether ABy_,> oligomers might activate the
microglia to release  proinflammatory  cytokines and
whether the level of cytokines may be modulated by
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Fig. 6. Small AB,_,> oligomers increase the level of glutamate in
CGC culture medium. A: Gluamate level in CGC culture medium
B: Glutamate level in pure microglal culture medium; CGC or pure
microglial cultures were pretreated with 1 pM AB;_; oligomers for
1, 2, or 4 hr =10 pM MEKS801. Then, medium of both cultures was
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Fig. 7. MKS801 prevents ABj_4> oligomer-induced neuronal death in
CGC cultures. CGCs were exposed to 1 pM AB;_s» oligomers with
or without 10 pM MKS801 for 24 hr. Cell death was quantified by
assessing nuclei morphology after staining with propidium iodide and
Hoechst 33342 (See Supp. Info. Fig 3). *P< 0.05 compared with
control; *P<0.05 compared with AB-treated cells. Means = SE of
four experiments on separate C cultures are presented.

MKB801. We measured TNF-at level in pure microglia cell
culture media collected after 1, 2, 4, and 24 hr of incuba-
tion with ABj_4» oligomers. Incubaton of cells with
ARy 42 oligomers did not change the total level of TNF-
a in microglia cell cultures: TNEF-a level varied between
31 and 48 pg/ml in control and AB,_4» oligomers group
(Fig. 8). MK801 also had no effect on the amount of this
cytokine in culture medium of microglia affected by small
ABy_4, oligomers after 1, 2, 4, or 24 hr (Fig. 8).

Small APB,_4> Oligomers Decrease the Capacity of
Isolated Brain Mitochondria To Retain Calcium

To characterize further the possible mechanism of
neuronal death caused by small AR, ,» oligomers, we
analyzed the capacity of isolated brain mitochondria to
retain calcium in the presence of AR 4. Mitochondrial

B "
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41 —A— control

Glutamate, uM
~

1 2 3
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collected, and concentration of glutamate was measured by using an
Amplex red glutamic acid/glutamate oxidase assay kit. *P < 0.05 com-
pared with control; “p<ons compared with AR-treated cells. Mea
s * SE five to eight experiments on separate cultures are presented.
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Fig. 8. Small AR oligomers did not induce release of TNF-a in pure
microglial cultures. Pure microglial cultures were treated with 1 uM
AB g oligomers for 1, 2, 4, or 24 hr£10 pM MKS801. Then,
medium of the cultures was collected and TNF-a¢ content was me:
ured with a TNF-a (rat) ELISA kit. Means = SE of three to six sepa-
rate L‘xpcn'mcnts are pn:\cntcd,

CRC was investigated fluorimetrically by measuring the
amount of Ca®" that can be sequestered by mitochondria
before opening the mPTP. As can be seen in Figure 9A,
treatment of brain mitochondria with AB;_y» oligomers
caused a gradual decrease of CRC in a concentration-
dependent manner, from 100% in control to 74% at 1
HM ARy oligomers and to 64% at 2 uM AB_p. How-
ever, in mitochondria treated with 1 uM AB,_4; and the
mPTP blocker CsA, the CRC was the same as in normal
mitochondria (Fig. 9B). This indicates that small AR, 4
oligomers may cause opening of the mPTP at lower con-
centration of calcium compared with untreated brain
mitochondria.

DISCUSSION

We used CGC cultures, which allowed comparing the
effect of small AB_,> oligomers on various types of cells
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Fig. 9. Small AB,_4> oligomers decrease the capacity of isolated brain
mitochondria to reain calcium. A: Dependence of mitochondrial
CRC on the concentration of AR 4 oligomers. B: Effect of 1 uM
AR 4> oligomers plus/minus 0.2 pM cyclosporine A on mitochon-
drial CRC. Mitochondrial CRC was determined fluorimetrically by

in the same culture, neurons, microgha, and astrocytes.
The main novel finding from this study was that these
cells exhibited different responses to treatment with small
AR oligomers; there was no change in membrane poten-
tal of astrocytes, whereas plasma membrane of neurons
and microglia was rapidly depolarized but by different
mechanisms. AP, 4, oligomer-induced neuronal mem-
brane depolarization was insensitive to MKS801 and
NBQX, indicating that NMDA-R and AMPA-R are not
involved in this pathway. Meanwhile, depolarization of
membranes of microglial cells was substantially prevented
in the presence of MK801 (but not NBQX), suggesting
that it was mediated by NMDA-R.. Treatment with AB_
42 oligomers resulted in extracellular accumulation of glu-
tamate, which was observed only in mixed neuronal—glial
and not pure microglial cultures, suggesting that microglia
did not release glutamate. MK801 eliminated accumula-
tion of glutamate and preserved neuronal viability during
24 hr of treatment in CGC cultures. Therefore, we
assume that NMDA-R activation in neuronal cells fol-
lows ABy_y» oligomer-induced membrane depolarization,
initiating the excitotoxic cascade leading to neuronal
death. This is in line with previous findings showing that
AR oligomers can induce NMDA-R-dependent Ca®?
influx (Alberdi et al, 2010; Ferreira et al., 2012) and
NMDA-R -dependent oxidative stress (De Felice et al.,
2007; Decker et al, 2010). We observed an initial
increase of extracellular glutamate concentration after 1 hr
of incubation with AB;_;> oligomers, and this increase
might be a result of rapid membrane depolarization
because depolarizing agents can cause glutamate efflux
from neuronal cells after 10-30 min of incubation
(Zheng et al., 2000; Vale et al., 2006; Godfrey et al.,
2012). Further increase of extracellular glutamate, which
peaked at 4 hr of incubation with AP oligomers, may be
due to inhibition of neuronal glutamate transporters (Li
et al., 2009).

Small AB; 4> oligomers caused MK801/NBQX-
independent membrane depolarization of both cerebellar
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using calcium green-3N as described in Materials and Methods. Cca?
retention capacity (CRC) of control mitochondria was 3.92 £ 0.0521
nmml/mF protein and was equated to 100%. *P<0.05 compared to
control; "P<0.05 compared with AB-treated cells, Means + SE of
four to six separate experiments are presented.

and cortical neurons, suggesting that this is a common
mechanism of neuronal depolarization by Af3_> oligom-
ers. We observed that the action of APy oligomers on
neuronal membrane potential was direct and not related
to the intermediates released by glia, which in fact may
participate and modulate membrane permeability (Jung
et al., 2012; Talantova et al., 2013), inasmuch as AR, 4
oligomer-induced neuronal depolarization was similar in
both mixed and pure CGC cultures. Our data support the
idea that small AB, 4> oligomers might directly interact
with membrane phospholipids, likely forming AR pores
(Lin et al., 2001; Demuro et al., 2011) or destabilizing

g
phospholipid bilayers (Kayed et al., 2004) and thus dis-
rupting the electrical  potential  across  neuronal
membranes.

An important and novel result of our study is eluci-
dation of a strong depolarizing effect of small AR, 4
oligomers on microglial membrane and that the ARy 4o-
induced microglial depolarization was completely blocked
by MKB801. These data suggest that NMDA-R are
involved in microglial depolarization eclicited by small
AP,_j> oligomers. Note that AB,_;» oligomer-induced
depolarization of microglia was observed i pure micro-
glial cultures in the absence of glutamate. As a noncompe-
titive NMDA-R  antagonist, MKS801 can block
conductance of agonist-activated, open NMDA channels
(Kemp et al., 1987); we suppose that small AR oligomers
rather than glutamate can rapidly activate microglial
NMDA-R, leading to enhancement of Ca®' influx and
membrane depolarization. The presence of NMDA-R in
microglial cells in the developing and mature brain has
been recently reported (Murugan et al,, 2011; Kaindl
et al., 2012), but their involvement in small AR oligomer-
induced microglial depolarization is demonstrated here
for the first time.

We found that fluorescence of DiBAC4(3)-loaded
control microglial cells was about three times higher than
that of neuronal cells, which indicates that microglial
membrane potential was normally lower than neuronal
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Fig. 10. Proposed scheme by which small ABy— 4 oligomers induce
neuronal death. Small AR 4> oligomers induce neuronal depolariza-
uon and elevavon of extracellular glutamate, which may lead to
NMDA-R activation, increase in intracellular Ca®* concentration,
and neuronal death. Elevation of extracellular glutamate and neuronal
death can be prevented by MK801. Also, AB oligomers may be taken
up by neurons and may cause opening of mPTP, which may lead to
mitochondrial dysfunction and cell death. Also, small AR, oligom-
ers induce depolarization of microglial cells, which can be blocked by
MKS801 and may cause deleterious microglial activation.

membrane potental. It has been previously reported that
the resting membrane potential of microglial cells is about
—40 to —45 mV (Newell and Schlichter, 2005) and that
neuronal NMDA-R are functionally active at membrane
potential of ib()llt —40 mV as a result of a voltage-
dependent ng * block (Mayer et al., 1984). Thcrcfou
the lower initial membrane putultl.ll of microglia may
promote rapid NMDA-R_ activation in response to ABj_
42 oligomers. AB,_y> oligomer-induced microglial depola-
rization seems not to be mediated by AMPA receptors.
Although small AB;_» oligomers induced microglial
membrane depolarization, this did not cause microglial
death during prolonged incubation of cells with ARy 4
oligomers. Whether microglial depolarization and partici-
pation of NMDA-R contribute to neuronal death is not
entirely clear. Recently, it has been shown that activation
of microglial NMDA-R by NMDA or by endotoxin LPS
triggered inflammation and neuronal cell death in the
brain (Kaindl et al., 2012). Small AB,_, oligomers can
directly induce neuronal death (Cizas et al., 2010), but
neuroinflammatory activated microglia might contribute
to phagocytosis of neurons and promote further damage
to the ARj_-affected brain. However, we did not
observe production of proinflammatory TNF-« following
treatment with small AB;_» oligomers, at least during 24
hr of incubation. On the other hand, microglia can
become overactivated through the generation of reactive
oxygen and nitrogen species in response to small AR5
oligomers (Maezawa et al., 2011) or through production
of other types of proinflammatory cytokines, such as
interleukin-lat or interferon-y (Lindberg et al., 2005).
Therefore, the nature of microglial activation and

NMDA-R participation in response to ABy_4» should be
further investigated.

Plasma membrane depolarization and NMDA- R
activation may lead to clevation of intracellular Ca
(Demuro et al., 2005; Ferreira et al., 2012), which in turn
may lead to mitochondrial dysfunction. In this study, we
showed that small AB olla,omm sensitized isolated brain
mitochondria to Ca™ -induced opening of mPTP (meas-
ured as CR.C). This indicates that small A, > oligomers
may cause opening of mPTP and depolarization of the
mitochondrial inner membrane at lower intracellular cal-
cium concentrations compared with normal, nontreated
mitochondria. We have recently demonstrated that small
AB oligomers may be endocytosed into cultured cells
(Cizas et al., 2011), so it is likely that they could promote
opening of mPTP in AB,_4» oligomer-treated neurons,
which may lead to mitochondrial dysfunction and cell
death.

Taken together, our data show that the initial event
in small ABy_» oligomer-induced toxicity is depolariza-
tion of both neuronal and microglial plasma membranes,
but by different mechanisms. AR 4> oligomer—neuronal
membrane interaction induces NMDA-R-independent

neuronal depolarization, which leads to NMDA-R-
dependent release of glutamate in CGC cultures. ARy
oligomer—microglial interaction leads to NMDA-R-

dependent microglial plasma membrane depolarization.
Small A oligomers may be taken up by neurons, and this
may lead to impaired capacity of mitochondria to accu-
mulate calcium, causing opening of mPTP and subse-
quent neuronal death. Hence, pharmacological inhibition
of NMDA-R and mPTP can protect neurons from small
ABi_yz oligomer-induced damage in AD (Fig. 10).
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SUMMARY

1. INTRODUCTION

Alzheimer disease (AD) is one of the most common dementia disorders
in the elderly. According to the main hypothesis on AD, gradual and chronic
imbalance in the production and clearance of amyloid beta (AP) leads to
gradual accumulation and aggregation of the peptide in the brain, initiating a
neurodegenerative cascade. Worldwide, life expectancy of older people
continues to rise so dementia is becoming one of the major health problems
[1]. Recent data show that about fifty million people in the world are living
with dementia and this number will almost double every twenty years [2].
Because the rapidly increasing prevalence of dementia and AD, effective
diagnostic and treatment tools are becoming an important research priorities.
AP is considered to be one of the main factors in the brain which plays the
central role in disease pathology [3, 4, 59], however, the primary molecular
mechanisms by which AP oligomers trigger neurodegeneration are not
entirely understood. Synaptic and non-synaptic neuronal changes, as well as
other non-neuronal cell functional and structural variations can occur at
almost the same time as AD develops. This suggest that AB may directly
affect neurons and cause synaptic damage or neuronal death, and act indi-
rectly through the activation of microglial cells [6, 7]. Neurotoxic effects of
AP peptides and inflammatory processes are thought to contribute and be
ralated to possible interaction of A with cellular membranes. For this reason
much attention is paid to neuroinflammatory processes and amyloid
interaction with other cells. Misfolded and aggregated A proteins, binding
to pattern recognition receptors on microglia, may trigger an innate immune
response characterised by release of inflammatory mediators and may
contribute to AD progression [8, 9]. However, little is known about the me-
chanisms through which different aggregate forms of AP are cytotoxic and
can disrupt various biochemical processes. For this reason there are no effec-
tive pharmacotherapeutic options for prevention and treatment of AD. Treat-
ment methods based on immunization using antibodies against AP peptide are
considered as one of the most effective and promising treatments for AD.
Many in vitro and in vivo AP immunotherapies resulted in reduction of AB
accumulation and have been shown to lower cerebral AP levels and improve
cognition in animal models of AD. Despite possible beneficial effects descri-
bed in extensive animal studies, many of the clinical trials using Ap immu-
nization were terminated due to unexpected toxicity and the development of
inflammatory reactions in brain in some patients. The precise underlying
causes why immunotherapies exert inflammation and neurotoxic effects
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remain unclear. Little is known about molecular mechanisms of AP and
microglia interactions in triggering neuronal death.

AIM AND OBJECTIVES
The aim of the study

The aim of the study was to investigate the molecular mechanisms of
amyloid beta neurotoxicity that may be implicated in the pathogenesis of
Alzheimer's disease.

Objectives and tasks of the study

1. To investigate effects of small APi-42 oligomers on membrane
potential and viability of cerebellar granule cells and whether these
effects are mediated by NMDA receptors.

2. To investigate whether immune complexes of specific antibodies
with various APi-42 aggregates induce neuronal death and by which
mechanism.

3. To determine effects of immune complexes of anti-Ap and various
APi1-42 aggregates in synaptic densities.

4. To investigate effects of AD patients' blood sera and cerebrospinal
fluids on viability of cerebellar granule cells in cultures and compare
them with the effects of samples of patients with other dementias and
cognitively healthy persons.

Scientific novelty and practical value

In this study, for the first time it was shown that small AB1-42 oligomers
(1-3 nm) can induce rapid NMDA receptor—independent neuronal depolari-
zation and NMDA receptor—dependent release of glutamate in CGC cultures
leading to excitotoxic neuronal death. We demonstrated that A1-42 oligomers
can directly affect neuronal membrane potential and that the NMDA receptors
were not involved in the initiation of this process. An important and novel
result of our study is elucidation of a strong depolarizing effect of small AB1-42
oligomers on microglial membrane. We determined that ABi-42 oligomers
induced depolarization of microglial plasma membrane was associated with
activation of NMDA receptors.

This study for the first time has shown increased toxicity of AB1-42 oligo-
mers when complexed with AP antibodies. Our research revealed that
multimeric antibody—antigen complexes cause neuronal death in mixed
neuronal—glial cultures which is dependent on activation of Fc receptors in
microglial cells. It was demonstrated that immune complexes cause not only
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neuronal death but also a decline in neuronal cell density and proliferation of
microglia. For the first time it has been shown that oligomeric/multimeric
structure of antigen is essential factor in neurotoxicity of antibody—antigen
complexes. This study determined the relationship between size and agrega-
tion states of APi-42 in antibody—antigen complexes and revealed incubation
time importance causing synaptotoxicity on CGCs. Our study revealed that
biological fluids from patients with AD but not other dementia patients and
cognitively healthy individuals exhibit neurotoxic effects on primary
neuronal-glial cultures.

These novel results suggest that various AP aggregates may cause
neuronal death via multiple mechanisms. Elucidation of the detailed mecha-
nism of antibody—antigen complex-mediated neuroinflammation indicates
that combination of immunotherapy with anti-inflammatory agents might be
a future strategy for the effective treatment of AD. This can be used as a basis
for development of diagnostic methods for early diagnostics of Alzheimer*‘s
disease.

2. METHODS

The procedures used in this study are approved by the European Conven-
tion for the protection of vertebrate animals used for experimental and other
purposes and according to the Republic of Lithuania law on the care, keeping
and use of animals.

In order to perform the study with patients biological fluids (blood
serum — BS and cerebrospinal fluid — CSF), permission were obtained from
Kaunas Regional Research Ethics Committee (2011-12-12, No. P1-71/2010).
Biological materials were obtained from Department of Neurology, Hospital
of LUHS Kaunas Clinics (PSemeneckien¢ G., GruSauskien¢ E. MD and prof.
PhD. Petrikonis K. (MD.).

Monoclonal antibodies anti-Af, anti-VP1, anti-MeNP, anti-MTP develo-
ped by dr. A. Zvirbliené and collegues at the Institute of Biotechnology,
Vilnius University.

Dissertation has been prepared at the laboratory of Biochemistry, Neuro-
science institute, Medical Academy, Lithuanian University of Health Scien-
ces and “Santaka“ valley centre for the Advanced Pharmaceutical and Health
Technologies during the period of 2012-2016.

All reagents were purchased from Sigma-Aldrich unless otherwise stated.
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Primary neuronal—-glial, pure microglial and pure neuronal culture
preparation

Cerebellar granule cell culture preparation

Primary neuronal-glial cultures from rat cerebella (referred to as CGC
cultures below) were prepared from 5-7 days old Wistar rats pups (both
genders). All procedures were performed under sterile conditions. Rats were
euthanized with increasing concentrations of CO2 and decapitated. Then
brains were removed and placed in a Petri dish containing 4° C phosphate
buffered saline (PBS) supplemented with 13 mM glucose and 1% penicillin-
streptomycin. Cerebella were dissected out and put in another small Petri dish
with sterile PBS. Brains were cleaned of meninges and blood vessels and cut
into smaller cubes (0.5 mm®). The minced tissue was into a falcon tube
containing about 7 ml of Versene solution (1:5,000; Gibco, UK) and
incubated at 37° C for 5 min (Thermo Scientific, USA). After incubation, the
tissue was triturated with a sterile 2 mm and 1 mm diameter Pasteur pipettes
and suspension of dissociated/separated cells was collected in a separate
falcon tube with cell culture growth medium DMEM GlutaMAX (Gibco, UK)
supplemented with heat-inactivated 5% horse serum, 5% fetal calf serum,
38 mM glucose, 25 mM KCL, and 1% penicillin-streptomycin. Tissue were
triturated in Versene solution. The cells suspension was centrifuged at
270 x g, 5 min (Eppendorf 5810R, Canada) and plated at 1 000 000 cells/ml
in 24-well plates, coated with 0.0001% poly-L-lysine. Cells were maintained
at 37° C in a humidified atmosphere containing 5% COz. The trypan blue dye
exclusion test was used to determine the number of viable cells present in a
cell suspension after cell isolation procedures. Cells were grown in vitro for
4-7 days. In average, the CGC cultures contained 8.5 + 2.1% microglia, 7.3 +
4.9% astrocytes and 84.2% cerebellar granule neurons, as assessed by cellular
morphology.

Preparation of pure microglial cultures

Primary pure microglial cultures were prepared from cerebral cortices of
5-7 days old Wistar rats pups (both genders). All procedures were performed
under sterile conditions as described previously in CGC preparation, with
some modifications described below. Rats were euthanized with CO2 and
decapitated. Then the brain was removed and placed in a Petri dish containing
4° C PBS supplemented with 13 mM glucose and 1% penicillin-streptomycin.
The brain was cleaned of meninges and blood vessels, transferred to another
Petri dish with cold PBS and cut up into smaller pieces. The tissue was
dissociated in a Versene solution (1:5,000) and centrifuged at 290 x g, 5 min.
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Cells were plated in 25 cm? flasks coated with 0.0005% poly-L-lysine.
Cultured cells were maintained in DMEM GlutaMAX supplemented with
10% FBS and 1% penicillin-streptomycin in a humidified 37° C incubator
with 5% COz. Four days after initial seeding one half of the medium was
replaced with fresh warm culture medium. Microglia were used for experi-
ments after 10-14 days of initial seeding.

Preparation of pure neuronal cultures from cerebellum

Primary pure neuronal cultures were prepared from cerebella of 5-7 days
old Wistar rats pups (both genders). All procedures were performed under
sterile conditions as described previously in CGC preparation with some
modifications described below. The suspension of cells was centrifuged at
270 x g, 5 min (Eppendorf 5810R, Canada) and plated at 1 000 000 cells/ml
in 24-well plates coated with 0.0001% poly-L-lysine.

Cytosine-d-arabinoside (10 pM Ara-C) was added to cultures 48 hours
after plating to inhibit non-neuronal cell proliferation. Cells were grown in
vitro for 28 days.

Preparation of ABi_4> monomers, oligomers and fibrils

Synthetic APi-42 peptides were from Bachem (Switzerland) and Ameri-
can Peptide (California, USA). The size and morphology of the preparations
of APi-42 peptides were characterized by AFM as described [52].

Monomers were prepared by dissolving 1 mg of APi42 in 400 ul
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) at room temperature. After remo-
val of HFIP by evaporation ABi-42 was resuspended in DMSO at a concent-
ration of 0.5 mM.

Soluble oligomers were prepared by dissolving 1 mg of peptide in 400 pl
HFIP for 30—60 min at room temperature. 100 pl of the resulting seedless
solution was added to 900 ul H20 in a siliconized Eppendorf tube. After 10—
20 min incubation at room temperature, the samples were centrifuged for
15 min at 12,000 rpm, the supernatant was transferred to a new siliconized
tube and HFIP was evaporated. Samples were incubated in open vials for 24 h
at 20° C (protocol I). To generate larger oligomers, typically 4-10 nm in
diameter (according to analysis by atomic force micrscopy), the supernatant
was transferred to a non-siliconized Eppendorf tube after the centrifugation
and was gently purged with nitrogen (protocol II). Fibrils were formed by
protocol in which the aqueous peptide solution obtained after evaporation of
HFIP was incubated for 7 days at room temperature. Solutions of peptides
were stored at —20° C.
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Antibodies used in the study and treatments

Murine monoclonal antibody against N- terminal epitope of APi-42, reacti-
ve both with ABi1-42 and APi-4o (clone #11E12, subtype 1gG2b) were used in
assays [235]. The following monoclonal antibodies were used: antibodies
against recombinant oligomeric proteins — hamster polyomavirus major capsid
protein VP1 (clone #6D11, I[gG2a), human metapneumovirus (MTP) nucleo-
capsid (N) protein, (clone #4A2, IgG2b), measles (Me) virus N protein (clone
#10F7, IgG2b) [236-238]. Commercial monoclonal antibody anti-Afi-42
(clone#G2-13, subtype IgG1) was purchased from Millipore (USA) and com-
mercial rabbit polyclonal antibody anti-AP1-42 was from Abbiotec LLC (USA).

For toxicity assays the cultures were treated with full-length monoclonal
antibodies or the respective (Fab)2 fragments (2 pg/ml) with or without the
corresponding antigens: APi-42 or ABi-40 (1 pM, hereinafter concentration of
oligomeric antigens is indicated as an amount of peptide monomer per
volume, or 4.5 pg/ml), VP1, MTP-N, MeN proteins or synthetic peptides
synthetic peptides APi-6, APi-13, MeNa4o-452 representing their fragments (all
at 2 pg/ml concentration). To allow formation of antibody—antigen complexes
antibodies were pre-incubated with the respective antigens in culture medium
for 10—15 min prior to the treatment of CGC. Then solutions were transferred
on cell cultures and incubated for 24 h with antibodies with or without the
corresponding antigens. 28-day-old (long-term) CGC cultures were treated
for 24 h with monoclonal antibodies (4 pg/ml) with or without the
corresponding antigen AP1-42 (1 uM).

Assessment of cell viability

The viability of neurons in cultures was assessed by propidium iodide
(PI, 7 uM) and Hoechst 33342 (Hoechst 33342, 4 pg/ml) staining using a
fluorescence microscope OLYMPUS I[X71S1F-3 (OLYMPUS AMERICA
INC., USA), 20 x magnification. Microglial cells were additionally identified
by using Isolectin GS-IB4 conjugated with AlexaFluor488 (7 ng/ml). Neuro-
nal cells were distinguished from glial cells according to their characteristic
shape and nuclear morphology: PI-positive cells were classified as necrotic,
cells showing nuclear shrinkage or fragmentation were classified as chro-
matin condensed/fragmented (apoptotic) and Pl-negative cells with weak
Hoechst-staining were considered to be viable. Cells were counted in at least
five microscopic fields per well (two wells per treatment). Data visualization
was carried out using the integrated microscope OLYMPUS IX71S1F-3
camera. Experimental data fluorescence analyses were performed using the
software ImageJ and ImageProExpress 6.3 programs.
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Immunofluorescence analysis

Effect of immune complexes on synaptic protein synapsin changes were
assessed by immunofluorescence method. For toxicity assays the CGCs were
treated for 24 h with monoclonal anti-Af antibodies (1 pg/ml) and various
APi1-42 agregates (1 uM). Guideline procedure for immunofluorescence
staining of cell cultures: after incubation cells were fixed with 4% parafor-
maldehyde for 20 min at room temperature and washed in PBS three times for
15 min each wash. Cell membranes were permeabilized with 0.1% Triton
X-100 for 5 min at room temperature and washed in PBS three times for
15 min each wash. Subsequently, the cells were incubated at room temperatu-
re for 1 h in filtered blocking buffer (10% BSA). After incubation cells were
incubated with primary antibody anti-SNAP-25 (4bcam, USA) for 1 h at
room temperature in dark and then with secondary antibody Alexa Fluor 555
(Abcam, USA) for 30 min at room temperature in dark. After multiple
staining cells were washed in PBS three times for 15 min each wash. Cells
were visualized under a fluorescence microscope OLYMPUS IX71SIF-3.

Fluorescence-based plasma membrane potential measurements

Membrane potential of cells was monitored with the fluorescent dye
bis-(1,3-dibutylbarbituric acid)-trimethine oxanol (DiBAC4(3)), an anionic
lipophilic molecule that is distributed between the extracellular space and the
cell cytosol according to the electrical plasma membrane potential difference.
The DiBAC4(3) enters the cell upon depolarization and binds to intracellular
components, leading to an increase in the fluorescence intensity. Cell cultures
(CGC, cortical neuronal or pure microglial cultures) were pretreated with
small ABi-42 oligomers (1 uM) with or without 10 uM MK-801 or 10 uM
NBQX. After incubation cell culture media were removed from cultures,
fresh medium with 3 uM DiBAC4(3) was added and cells were incubated for
10 min. Plates with cells were kept in the incubator and measurements of
fluorescence were made at indicated times after which cells were returned
back to the incubator as quickly as possible. Pictures of at least three
randomly selected fields per well were taken with a fluorescence microscope
(OlympusIX71S1F-3). Advanced methods of image processing, including
mathematical morphology and structural analysis, were applied to obtain the
quantitative estimates of fluorescence of cell membranes. All mathematical
calculations were made at the laboratory of Biophysics and Bioinformatics of
Neuroscience Institute of Medical Academy of Lithuanian University of
Health Sciences (PhD. R. Petrolis).
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Measurement of glutamate content in cell culture medium

Extracellular glutamate was measured spectrophotometrically with the
commercially available Amplex red glutamic acid/glutamate oxidaseassay kit
(Invitrogen, U.K.) according to manufacturer’s protocol. CGC or pure
microglial cultures were pretreated with APi-42 oligomers for the indicated
times. After incubation 50 pl aliquots of culture medium were taken and
mixed with working solution of 100 mM Amplex red reagent and were
incubated for 30 min at 37° C, protected from light. The fluorescence was
measured in a fluorescence microplate reader (Fluoroskan Ascent, Thermo
Scientific, USA) using excitation in the range of 530-560 nm and emission at
590 nm. Glutamate concentrations of the test samples were calculated with
an L-glutamic acid standard curve.

Measurement of TNF-a

After the indicated time for treatment the aliquots of cell culture media
were collected. Tumor necrosis factor-a (TNF-a) content in culture medium
was determined with a TNF-a (rat) ELISA kit (/BL International GmbH,
Germany), assaying the samples according to the manufacturer’s protocol.

Assessment of effects of biological fluids of Alzheimer's disease
patients' on cerebellar granule cell cultures

Patients and study design

Blood serum (BS) and cerebrospinal fluid (CSF) samples from 55
patients were taken. Main groups consisted of 19 patients without cognitive
impairment (with zero degree of dementia, HP), 25 patients with Alzheimer's
disease (DAT) and 11 patients with other dementia (OD) who revealed
symptoms of cognitive diseases during the period of observation (from 6 to
24 months). AD group consisted of individuals with 15 mild/early-stage
(E-DAT) and 10 moderate-stage (M-DAT) of dementia of the Alzheimer's
Type. Patients were grouped according to severity of dementia and age of
onset (55-85 year). Cognitive status was assessed by Mini-Mental State
Examination (MMSE), Clock Drawing Test (CDT), Trail Making Test part A
(TMT-A) and Blessed dementia scale. For more accurate diagnosis, screening
for pseudo-dementia, all demented patients were tested with shorter version
of Geriatric Depression Scale (GDS). All clinical investigations were carried
out by PSemeneckiené G., GruSauskiené E., MD and prof. PhD Petrikonis K.
at the Department of Neurology of the Hospital of Lithuanian University of
Health Sciences (MD.). Samples of biological fluids were centrifuged at 5000
rpm for 15 min. CGC cultures were treated with 100 pl and 200 pl of BS and
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CSF, and placed in 400 pl and 300 pl cell culture media (ratio 1:5 and 1:2,5).
CGCs were incubated with BS and CSF for 24 hours. Viability of neurons in
CGC cultures after 24 h incubation was assessed by propidium iodide (PI)
and Hoechst 33342 staining as described above. Neuronal densities and
number of microglia in CGC cultures were assessed by counting neuronal and
microglial cells in at least five microscopic fields/well and expressed as an
average number of neuronal and microglial cells per field.

Statistical Analysis

Statistical comparison between experimental groups was performed
using Student’s t-test and one-way ANOVA followed by a Tukey’s or LSD
post hoc test. A value of p <0.05 was considered statistically significant. The
statistical package SPSS v.17 (SPSS Inc., Chicago, IL, USA) and SigmaPlot
2011 (Systat Software Inc, UK) was used for data analysis.

3. RESULTS

3.1. Effect of small AB;_4; oligomers on membrane potential
of cultured brain

In this study we investigated whether small ABi42 oligomers induce
plasma membrane depolarization of cells in primary neuronal—glial and pure
microglial cultures. CGC cultures were exposed to 1 uM APi42 for, and
membrane potential was monitored after 0.5—4 hours of incubation by using
the fluorescent dye DiBAC4(3). The dye enters depolarized cells where it
binds to intracellular proteins or membranes and exhibits enhanced fluo-
rescence. We found that APi-42 oligomers caused rapid plasma membrane
depolarization in both neurons and microglia but by different mechanisms. A
time-dependent increase of fluorescence in neurons was observed during
30-60 min incubation of CGCs with APi42 (Fig. 3.1.1 A). Neuronal
fluorescence remained at about the same level for another 2—4 hours in the
presence of APi-42 oligomers. This indicates that under exposure to toxic
small ABi-42 oligomers, neuronal plasma membrane depolarization occurred
rapidly within approximately 1 hour and stayed at that level for at least 4
hours of incubation. MK-801 did not modulate APi-42-induced neuronal
depolarization during 30 min to 2 hours (Fig. 3.1.1 A). In the control group,
there was no change in relative fluorescence of neurons during 0.5—4 h of
incubation. Small APi42 oligomers-induced depolarization of microglial
plasma membrane in CGC cultures was greater and faster than neuronal
depolarization: by 30 min from the start of incubation with AB1-42 oligomers,
the relative fluorescence of microglial cells had increased from 61 units to
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128 units and remained at a similar level for 4 h (Fig. 3.1.1 B). In contrast
to neurons, MK-801 significantly reduced microglial fluorescence during
30-60 min of incubation and completely prevented the APi42-induced
depolarization of microglia after 2 and 4 h of treatment.
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Fig. 3.1.1. Effect of MK-801 on neuronal and microglial membrane
potential in small Afi-42 oligomer-treated CGC cultures
(A) — relative fluorescence intensity of neurons in CGC cultures; (B) — relative fluorescence
intensity of microglia in CGC cultures. CGCs were treated with 1 uM Af;_4, oligomers for
0—4 h with or without 10 uM MK-801 and then loaded with DiBAC4(3). Fluorescence

intensity expressed in relative fluorescence units (r.f.u.). * — p<0.05 compared with control,
# — p<0.05 compared with A;_4-treated cells, n=5-8.

To determine whether the APi42-induced depolarization is specific for
CGC neurons, we performed experiments evaluating the action of APi-42
oligomers with or without MK-801 on membrane potential of cultured primary
cortical and neuronal cultures form cerebellum. Similarly to CGCs, ABi-42
oligomers were able to increase fluorescence of neurons. MK-801 had no
statistically significant effect on APi-42-induced neuronal membrane depola-
rization during 0.5—4 hours. Results indicate that ABi1-42 oligomers may directly
affect neuronal membrane potential and depolarize neurons and that NMDA-R
did not participate in the neuronal depolarization caused by APi142. Similar
results were obtained in small APi-42 oligomer- treated pure microglial culture:
the exposure to small ABi-42 oligomers only slightly increased the fluorescence
during 1 and 2 hours of treatment (Fig. 3.1.2), however, 4 hours of incubation
forced membrane potential fluorescence to 159 units, indicating depolarization
of microglia membrane with APi-42. MK-801 eliminated ABi-42 oligomer-
induced membrane depolarization after 4 hours in pure microglial culture.
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Fig. 3.1.2. Effect of MK-801 on microglia membrane potential in small
Api-42 oligomer-treated pure microglial culture

Microglial cultures were treated with 1 uM AB;_4> oligomers with or without 10 uM MK-801
and then loaded with DiIBAC4(3). Fluorescence intensity expressed in relative fluorescence
units (r. f. u.). * — p<0.05 compared with control, # — p<0.05 compared with AB;_4, treated
cells, n=5-9.

We showed that depolarization of neuronal and microglial membranes
was not sensitive to the AMPA/kainate receptor antagonist NBQX (10 uM)
in CGCs treated with small ABi-42 oligomers for 0—4 hours (Fig. 3.1.3),
suggesting that AMPA/kainate receptors are not involved in AB1-42 oligomer-
induced depolarization of neurons and microglia.
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Fig. 3.1.3. Effect of NBOX on microglia and neuron membrane potential
in small AP1-42 oligomer-treated CGC culture
CGCs were treated with 1 pM Ap;_4; oligomers in the presence/absence of 10 uM NBQX

and then loaded with DiBAC4(3). Fluorescence intensity expressed in relative fluorescence
units (r. f. u.). ¥ — p<0.05 compared with control, n=3.

Measuring glutamate levels in pure microglial culture media we found
that during 0.5—4 hours incubation of cells with APi-42 oligomers there was
no significant release of glutamate, while in CGC cultures Ai-42 oligomers
increased glutamate level and this was prevented by MK-801 (Fig. 3.1.4).
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Fig. 3.1.4. Small AB1-42 oligomers increase levels of glutamate
in CGC culture medium
(A) — glutamate level in CGC culture medium; (B) — glutamate level in pure microglial culture
medium. Cell cultures were treated with 1 uM A4 oligomers with or without 10 pM

MK-801. * — p<0.05 compared with control, # — p<0.05 compared with AP 4, treated cells,
n=5-8.

We also found that MK-801 preserved neuronal viability and protected
CGC from APi-42-induced neurotoxicity during 24 h incubation (Fig. 3.1.5).
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Fig. 3.1.5. Effect of MK-801 on neuronal viability in small Af1-42
oligomer-treated CGC cultures

CGCs were treated with 1 pM A4 oligomers for 24 h with or without 10 pM MK-801.
* — p<0.05 compared with control group; #— p<0.05 compared with AP _4,-treated cells, n=4.
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To assess whether APi-42 oligomers activate microglia we measured
TNF-a level in pure microglia cell culture media collected after 1-24 hours
of incubation with small APi-42 oligomers. We found that incubation of cells
with AP1-42 oligomers did not change the total level of TNF-a in microglia
cell cultures (Fig. 3.1.6). MK-801 also had no effect on the amount of this
cytokine in culture medium of microglia affected by small ABi-42 oligomers.
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Fig. 3.1.6. Small APi-42 oligomers did not induce release of TNF-o. in pure
microglial cultures

Cell cultures were treated with 1 uM Afi_4; oligomers in the presence/absence of 10 pM
MK-801. n=3-6.

(Detailed information is presented in research paper [247], p. 138).

3.1. Investigation of neurotoxic effects of immune complexes
formed by antibodies and A4

We investigated effects of antigen—antibody complexes formed by APi-42
and its specific monoclonal antibody on viability of neurons in CGC cultures.
Monoclonal anti-Af #11E12 antibody (2 pg/ml) generated against oligomeric
forms of synthetic APi142 [235], was pre-incubated with various APi-42
aggregates — either large, non-toxic oligomers, monomers, or fibrils (1 pM) —
and then added to cultures for 24 hours. As shown in Fig. 3.2.1, complexes of
anti-Af antibody with APi42 oligomers, caused strong increases in both
neuronal apoptosis and necrosis so that only 11% of neurons remained viable.
Similar decreases of neuronal viability were observed when CGC cultures
were incubated with immune complexes formed by APi-42 monomers or
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fibrils. When either antibody anti-Af or APi-42 oligomers were added
separately at the same concentrations, there was no neuronal death.
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Fig. 3.2.1. Effect of anti-Ap plus various Af1-42 aggregates on viability of
neurons in CGC cultures

CGC were treated with monoclonal intact or fragmented antibodies 2 pg/ml anti-AB#11E12
and 1 uM APi_4 (oligomers or fibrils, or monomers) for 24 h. Control — CGC cultures;
AP1-420 — AP 42 oligomers; APi1-42 m— ABi_4 monomers; APi1-4zf— AP fibrils; APr420+
anti-Ap(Fab)2 — fragmented anti-Af #11E12 plus AP 4 oligomer complex. White
column — viable neurons (%), black — necrosis (%), grey— apoptosis (%). *** — p<0.001,
** — p<0.01, * — p<0.05 compared with control, n=4-8.

In order to test whether the toxic effect of antibody-antigen complex is
related to Fc fragment of anti-Af, we generated fragmented anti-Af (Fab
antibody), containing 2 Fab domains, without Fc region, and tested effect of
complexes of anti-AB(Fab)2 plus ABi-42 oligomers on viability of CGCs. As
shown in Fig. 3.2.1, 24 h exposure of CGC to anti-AB (Fab)2 + ABi-42
oligomers complex did not cause any significant cell death. This suggests that
the Fc region of the antibody in complexes with ABi1-42 is crucial for inducing
neuronal death in neuronal—glial cultures.

As shown in Fig. 3.2.2, the exposure of cells to full lenght anti-Ap +
AP142 agregates not only induced cell death but also decreased the total
number of neurons in CGC cultures.
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Fig. 3.2.2. Effect of anti-Af + Afi1-42 on neuronal density in CGC cultures

CGC were treated with monoclonal intact (black columns) or fragmented (grey column)
antibodies 2 pg/ml anti-AB #11E12and 1 uM A4 (oligomers or fibrils, or monomers) for
24 h. White columns: Control — CGC culture; anti-Ap#11E12 — monoclonal antibody
anti-Af (clone #11E12). After treatment, the total number of viable, necrotic and apoptotic
neurons was quantified in five randomly chosen microscopic fields in each well (two wells
per treatment). Experimental groups described in Fig. 3.2.1 (p. 164). ** — p<0.01, compared
with control, n=4-8.

In contrast, anti-AB(Fab)2 + APi-42 oligomers did not reduce neuronal
density over 24 h. The intact anti-Ap itself had no effect on cell number in
CGC cultures.

As the epitope of monoclonal antibody anti-AP #11E12 is at the N-ter-
minal end of the AP molecule and this antibody forms complexes with AB1-40
[235], we investigated whether toxicity of immune complexes depends on the
oligomerization status of APi-—40. As can be seen in Fig. 3.2.3, complexes of
anti-AP + APi-40 oligomers were highly toxic and caused death of nearly all
neurons in the culture during 24 h incubation because of necrosis and
apoptosis. Added alone APi-40 oligomers did not cause any significant neuro-
nal death. Anti-Af + APi-40 monomers had no effect on neuronal viability in
CGC.
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Fig. 3.2.3. Effect of anti-Ap + Afi-40 aggregates on neuronal viability
in CGC cultures

CGC were treated with 2 ug/ml anti-AB #11E12 and 1 pM Api_4 (0ligomers or monomers).
AP1-40 0 — AP oligomers, ABi1-40 m — ABj_40 monomers. White column — viable neurons
(%), black — necrosis (%), grey — apoptosis (%). *** — p<0.001, ** — p<0.01, compared
with control, n=4-8.

To investigate more deeply whether the neurotoxicity of antibody—
antigen complexes was dependent on the oligomeric/multimeric structure of
the antigen, we used short peptides of AP protein representing the epitope of
monoclonal antibody anti-Ap. As a model of the monomeric AP antigen we
employed synthetic peptides spanning the N-terminal sequence of Afi42:
APBi1-6 peptide and Ai-13 peptide (aa 1-6 and aa 1-13 of AP, respectively). To
evaluate cytotoxicity of immune complexes formed by other monomeric
antigens, we used synthetic peptide MeNa4o.452 representing the fragment of
MeN protein recognized by the monoclonal antibody anti-MeNP#10F7
[237]. As shown in Fig. 3.2.4 A, all immune complexes with short linear
peptides (anti-AB + APi-6, anti-AP + APi-13 and anti-MeN + MeNu4o-452) had
no effect on neuronal viability. These complexes also had no effect on number
of microglia in cultures (Fig. 3.2.4 B).

Together, these data indicate that oligomeric/multimeric structure of
antigen is an essential factor in neurotoxicity of antigen—antibody complexes.
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Fig. 3.2.4. Effects of anti-Ap plus synthetic APi-42 peptides fragment
on CGC cultures

(A) — neuronal viability (%); (B) — number of microglia. CGC were treated with 2 pg/ml
anti-AB#11E12+ Ai.sor with APi.13 complexes and with 2 pg/ml anti-MeNP + MeNP44o.452
for 24 h. Microglial cells were identified by using Isolectin GS-IB4 conjugated with
AlexaFluor488 (7 ng/ml). Cells were counted in five microscopic fields per each well (two
wells per treatment). n=6.

To investigate whether complexes of other oligomeric proteins bound to
their specific antibodies are able to induce similar neurotoxicity, we used
monoclonal antibodies raised against recombinant virus-like particles (VLPs)
and nucleocapsid-like particles (NLPs) that represent highly ordered oligo-
meric structures [248, 237]. When CGC cultures were treated with mono-
clonal antibodies raised against hamster polyomavirus major capsid protein
VPI (anti-VP1#6D11) plus APi-42 oligomers and fibrils, no significant loss
of neuronal viability was detected (Fig. 3.2.5). This indicates that specific
antibody—antigen interaction is necessary to cause neuronal death in cell
cultures. However, complexes of anti-VP1 #6D11 with its target antigen VP1
protein decreased significantly neuronal viability.
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Fig. 3.2.5. Effects of anti-VP1 + Afi-4, anti-VP1 + VPI and other
oligomeric protein complexes on neuronal viability in CGC cultures

CGC were treated with antibody-antigen complexes with monoclonal intact or fragmented
antibodies at concentration 2 pg/ml for 24 h. Anti-VP1+VP1 — monoclonal antibody raised
against hamster polyomavirus major capsid protein VP1 with its target antigen VPI;
anti-MTP-N+MTP-N — human metapneumovirus (MTP) nucleocapsid (N) protein with its
target antigen MTP; anti-Me-NP+MeNP — measles (Me) virus N protein with its target
antigen MeNP. ABi1420 — AP 4, oligomers, APi1a2 f — AP fibrils. Black column —
non-fragmented immune complexes, grey — fragmented (Fab)2 immune complexes.
**% _ p<0.001, ** — p<0.01, * — p<0.05 compared with control, n=3-11.

Removal of the Fc region of the anti-VP1 monoclonal antibody reduced
its toxicity: anti-VP1(Fab)2 + VP1 did not cause any significant cell death
(Fig. 3.2.5). We used two other monoclonal antibodies: anti-MeNP#10F7
raised against the MeNP protein and antibody anti-MTP#4A2 raised against
the MTP-N. The complexes of anti-MTP-N + MTP-N and anti-MeNP +
MeNP reduced neuronal viability to 50% and 67%, respectively, whereas
complexes of the (Fab)2 fragments of the respective antibodies with their
specific antigens did not cause any significant neuronal death during 24 hours
incubation (Fig. 3.2.5).

We found that immune complexes with anti-VP1 + VP1, anti-MTP-N +
MTP-N and anti-MeNP + MeNP, reduced neuronal density in CGCs
(Fig. 3.2.6). Complexes of antigens with respective (Fab)2 fragments had no
significant effect on neuronal densities during 24 h incubations (Fig. 3.2.6).
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Fig. 3.2.6. Effect of anti-VPI + VPI, anti-MTP-N + MTP-N and
anti-MeN + MeN on neuronal density in CGC cultures

CGC were treated as described in Fig. 3.2.5 (p. 168). Number of neurons was determined as
described in Fig. 3.2.2. (p. 165). ** — p<0.01, * — p<0.05 compared with control, n=3—11.

These results suggest that immune complexes formed by antibodies and
multimeric proteins exert strong neurotoxic effect on neuronal—glial cultures
and that the Fc region of these antigen-bound antibodies is essential to cause
neuronal death.

To test whether cross-species reactivity is not involved in neurotoxicity
when rat CGC cultures are treated with immune complexes formed by mouse
monoclonal antibodies, we performed analogous experiments using primary
neuronal—glial cultures isolated from mouse cerebellum. Similar as in rat
cultures, we found the substantial decline of viability of mouse neurons when
CGC cultures were treated with both anti-Af + APi-42 oligomers and
anti-VP1 + VP1 (Fig. 3.2.7). The antibodies or antigens added separately had
no effect on neuronal viability. This indicates that primary mouse neurons are
similarly sensitive to mouse antibody plus antigen complexes as primary rat
neurons.
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Fig. 3.2.7. Effect of anti-Af+ Af1-420ligomer and anti-VPI + VPI
complexes on neuronal viability in mouse CGC cultures

CGC were treated with 2 ng/ml anti-Ap#11E12 with or without 1uM A4 oligomers and
with 2 pg/ml anti-VP1 + VP1 for 24 h. * — p<0.05 compared with control, n=3-6.

The next series of experiments were performed to investigate further the
mechanism of the toxicity of antibody—antigen complexes on cultured
neurons. We used a commercial mouse monoclonal antibody (anti-Afi-42,
clone #G2-13) that recognizes linear APi1-42 peptide at the carboxyl C-
terminus. This antibody is of IgG1 subtype and therefore might have different
affinity to Fc receptors of rat macrophages as compared to the antibody
anti-AP #11E12 of IgG2b subtype. The second control antibody used in our
experiments was rabbit polyclonal antibody specific to APBi1-42 sequence but
lacking specificity to rat Fc receptors. Similar to experiments described
above, we treated CGC cultures with complexes anti-AB1-42#G2-13 + ABi-42
oligomers or with rabbit polyclonal anti-APi1-42 + AB1-42 oligomers for 24 h.
As shown in Fig. 3.2.8, anti-APi-42# G2-13 + APi1-42 oligomers decreased
neuronal viability from 89% (control group) to 61%.
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Fig. 3.2.8. Effects of anti-Af1-42 #G2-13 + Afi1-42 and rabbit polyclonal
anti-AP1-42 + AP1-42 on neuronal viability in CGC cultures

CGC were treated with 2 pg/ml anti-AB;_4; clone #G2-13 with 1uM A4, oligomers (black
columns) or with rabbit polyclonal 2 pg/ml anti-ABi4, + 1uM A4, oligomers (grey
columns) for 24 h. White column — control group. * — p<0.05 compared with control, n=3-6.

Immune complexes of rabbit polyclonal anti-AB1-42 + APi-42 oligomers
did not influence neuronal viability. None of the antibodies added separately
had effect on cell viability after 24 h (Fig. 3.2.8). These data suggest that
neurotoxicity of immune complexes does not depend on the isotype of
antibody, but does depend on the specific interaction of the complexes with
Fc receptors on the competent cells.

We found that incubation of CGC with anti-Ap + AB1-42 for 24 h stimu-
lated microglial proliferation. As shown in Fig. 3.2.9 A, anti-AB plus AP1-42
oligomers increased the number of microglia cells from 9.8 in control to 13.6
per microscopic field. Similar effect was observed when CGC were incubated
with anti-Ap + APi-42 monomers or fibrils for 24 hours, (Fig. 3.2.9 A).
Importantly, complex of fragmented anti-AB(Fab)2 + AB1-42 oligomers had
no effect on microglial proliferation.
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Fig. 3.2.9. Effect of antibody—antigen complexes on microglia proliferation
in CGC cultures

(A) —effect of anti-AB #11E12 + AB;.4; aggregate complexes. CGC were treated with various
APi_4 aggregates for 24 h with or without anti-AB;_4», intact and fragmented (Fab)2, at
concentrations indicated in Fig. 3.2.1 (p. 164). (B) — effect of anti-VP1 + VP1, anti-MTP-N
+ MTP-N, and anti-MeNP + MeNP complexes. CGC were treated with immune complexes,
intact and fragmented (Fab)2, at concentrations indicated in Fig. 3.2.5. (p. 168). ** — p<0.01,
* — p<0.05 compared with control, n=4-8.
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Proliferation of microglia was also observed when CGC were incubated
with ant-MeNP + MeNP complex for 24 h (Fig. 3.2.9 B). Contrary to intact
anti-MeNP, anti-MeNP(Fab)2 + MeNP did not have any effect on the number
of cells. However, anti-VP1 + VP1 and anti-MTP-N + MTP, intact and frag-
mented forms, had no statistically significant effect on microglial prolifera-
tion (Fig. 3.2.9 B).

We tested whether the neurotoxic action of antibody—antigen complexes
on CGC was related to possible activation of microglia and release of infla-
mmatory cytokines. After treatment with anti-AB + APi42 oligomers
significant increase in TNF-a in CGC culture medium (98+26 pg/ml) was
observed. The extremely high TNF-o amount (676 £284 pg/ml), was detected
in medium of CGC cultures treated with anti-VP1 + VP1 complex,
anti-MTP-N + MTP-N and anti-MeNP + MeNP, moderately increased TNF-a
level in culture medium, to 74+18 and 67428 pg/ml, respectively.
Anti-inflammatory agent minocycline completely blocked anti-Af +
APi42-induced TNF-o release and partially protected against immune
complexes-induced neuronal death (detailed information is presented in
research paper [250], p. 126).

3.2.1. Effect of antibody—antigen complexes on neuronal cell
viability on long-term cerebellum cell cultures

Experiments showed that after 24 hours incubation, effects of immune
complexes formed by APi-42 oligomers on CGCs have changed, i.e. anti-Ap
+ APi-42 oligomers had much smaller effects on neuronal cell viability.
Meanwhile, the effects of anti-AP + APi1-42 complexes on proliferation of
microglia cells remain unchanged. This would suggest that presence of glial
cells may influence changes of immune complex neurotoxicity. It is known
that neurons in long-term CGC cultures, as compared to short-term CGC
cultures, are more sensitive to various pathogens [251]. Therefore, we
investigated effects of complexes of anti-Ap + APi-42 oligomers on neuronal
viability in 28 days in vitro (DIV) CGC cultures. In some experiments CGC
cultures were supplemented with 10% microglia. We found that APi42
oligomers as well as anti-A antibodies added separately were non-toxic to
28 DIV CGC neurons after 24 h (Fig. 3.2.1.1). Significant reduction of
neuronal viability was observed in CGC cultures incubated with complexes
of anti-Ap + APi-42 oligomers without extra 10% microglia cells: there was
no significant loss of neuronal viability over 24 h periods in CGC cultures
with added 10% microglia cells.
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Fig. 3.2.1.1. Effect of anti-Ap + Af1-42 complex on neuronal viability
in 28 DIV CGC cultures

28 DIV CGC, with and without 10% additional microglia cells, were treated with 4 pg/ml
anti-Af and 1uM A4 oligomers for 24 h. Control — 28 DIV CGC culture (white column);
AP1-420 — A4 oligomer or anti-AB #11E12 (black column); grey column present anti-Af
+ APBi-42 complexes. * —p < 0.05 compared with control; n=2-5.

These result indicate that decrease of anti-AP + AP1-42 oligomers toxicity
may be associated with a large number of microglia in CGCs, so microglia
can effectively and quickly remove damaged or dead neuronal cells. We were
interested whether affected microglia release soluble factors that can induce
neuronal death or a physical contact between affected microglia and neurons
is necessary to cause neuronal death. For that pure microglial cultures were
pre-incubated with complexes for 24 h and then media were transferred to
neurons from cerebellum and incubated for another 24 h (group I). In another
group (group 2), pre-incubated with complexes media from pure microglial
cells were transferred to neurons from cerebellum supplemented with 10%
microglia. Neurons from cerebellum supplemented with 10% microglia
(group 2) had a tendency to decrease neuronal viability by necrosis after 24 h.
Group 1 did not cause any significant cell death. There were no statistically
significant difference between the groups with or without added microglia.
Altogether, these results suggest that toxic anti-Ap + APi1-42 effect on primary
cerebellum cultures depends on interaction between microglia and neurons
and may be related with other factors.
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3.2.2. Effect of anti-Ap + AB1-42 complexes on neuronal synaptic
densities in CGC cultures

Loss of synapses is an early and invariant feature of AD [252]. It has been
reported that post-synaptic actions of AP oligomers result in the loss of
functional glutamate receptors and lead to impairments of axonal transport
regulation, degeneration of axons and degradation of dendritic spines [253].
Further experiments were designed to determine whether antibody—antigen
complexes induce synaptotoxicity and synaptic loss in cerebellar cells.
Primary CGC cultures were treated with anti-Ap #11E12 + AB1-42 oligomers
for 2—6 h. Effects of antibody—antigen complex were examined by immune-
fluorescence staining of synapsin which reflects synaptic structures/distribu-
tion in neurons. To examine whether anti-Ap + ABi-42 oligomers-mediated
toxicity contribute to the changes in synaptic protein levels we measured
SNAP-25 — related fluorescence intensity in CGC cultures. Cells were fixed
and immunostained using antibodies against synaptosomal-associated synap-
tic protein 25 (SNAP-25) known as the neuron-specific, pre-synaptic protein
specifically localized in neuronal processes (neurites) [144].

As shown in Fig. 3.2.2.1 A, there were no change in SNAP-25 — related
fluorescence during 6 h incubation of CGC cultures with anti-Ap + AP1-42
oligomer. It shows that complexes of ABi-42 oligomers with anti-Af during
2—6 hours incubation did not affect expression and distribution of SNAP-25.
However, after 6 h there was a tendency for a decrease in SNAP-25 staining
and loss of neurites (Fig. 3.2.2.1 B). This short-term incubation period
(6 hours) was chosen for further investigations to determine changes of
SNAP-25 fluorescence intensity as primary indicator of neurite degeneration
and neuronal cell damage, defining synaptotoxic effects of immune comple-
xes in CGC cultures.
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Fig. 3.2.2.1. Effect of anti-Ap + AP1-420n SNAP-25 distribution
in CGC cultures

(A) — SNAP-25 -relative fluorescence intensity after incubation with 1 pg/ml anti-Ap#11E12
and 1 uM APi_4 oligomer. (B) — distribution of neuron-specific protein SNAP-25 in neurites
after incubation with 1 pg/ml anti-Af #11E12 and 1 uM APi4 oligomer. Fluorescence
intensity expressed in relative fluorescence units (r.f. u.) in standardized (0.02 mm?)
microscope field. Microscope images of immunofluorescence stained CGC cells, x20
microscope objective, magnification — 200 times, scale bar, 50 pm; n = 3.

We found that after 6 h CGCs treatment with immune complex there was
statistically significant increase of SNAP-25-related fluorescence intensity
compared to control group (Fig. 3.2.2.2). The highest increase in fluorescence
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intensity was observed after treatment with immune complexes formed by small
AP1-42 oligomers (1-3 nm) and APi-42 fibrils (> 6 nm). Large APi1-42 oligomers
(4-6 nm) also had a tendency to increase fluorescence intensity however, there
were no significant differences of SNAP-25 — related fluorescence intensity
among anti-Af and various APi1-42 aggregate groups after 6 hours period.
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Fig. 3.2.2.2. Effect of anti-Af + Afi-42 aggregate complexes on
SNAP-25-related fluorescence intensity

CGC were treated with 1 pg/ml anti-AB #11E12 with 1 uM A4, aggregates (small and large
oligomers and fibrils). 1-3 nm — small A;_4, oligomers; 4-6 nm — large Ai_4, oligomers;
>6 nm — A4 fibrils. Black columns — short-term (6 hour) incubation period; grey columns —
long-term (24 hours) incubation period; white column — control CGCs group. Fluorescence
intensity expressed in relative fluorescence units (r. f. u.). *** —p <0.001 — compared with
control; #t# — p < 0.001, # — p < 0.01 — compared with immune complex groups after 6 h
incubation, n=3.

CGC treatment with complexes of anti-Af and small AB1-42 oligomers for
24 h caused a decrease of SNAP-25-related fluorescence intensity (Fig. 3.2.2.2).
However, large APi-42 oligomer and Api-42 fibril complexes with anti-Af had
no effects on CGCs after 24 hours. SNAP-25 -related fluorescence intensity of
mentioned immune complexes group did not differ from the control and stayed
at the same level. Comparison of SNAP-25 -related fluorescence intensity
among all groups of immune complexes after 6 and 24 hours incubation
showed statistically significant difference in SNAP-25 level. Our results show
that decrease of SNAP-25-related fluorescence intensity reflect toxic effects of
immune complexes on neurites and anti-Af + APi1-42-induced toxicity are
depended on size of AP particles, i. e., synaptotoxicity of immune complexes
increases with decrease in the size of APi1-42. These findings are in line with the
results showing that after short- and long-term (6 and 24 hours) incubation,
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small 1-3 nm APi-42 oligomers are the most toxic aggregates which induce
SNAP-25 degradation and structural changes of CGCs neurites (Fig. 3.2.2.3 A).
Similar but slightly weaker effects were seen with complexes of anti-Af3 and
large (4-6 nm) AP1-42 oligomers (Fig. 3.2.2.3 B).

Control

Fig. 3.2.2.3. Effect of anti-Ap + AP1-42 complexes on distribution of
SNAP-25 in CGC cultures

CGC were treated as described in Fig. 3.2.2.2 (p. 177). Fluorescence microscopy images after
immunofluorescence staining, 2D, X20 microscope objective, magnification — 200 times,
scale bar, 100 um, n = 3. Neurites were labeled with neuron-specific protein SNAP-25.
Control — CGC culture. CGC culture treated with anti-Af #11E12 and small 1-3 nm AB_4
oligomers (A), large 4-6 nm A;_4, oligomers (B) and >6 nm A4, fibrils (C) for 6 and 24
hours. Cell nucleus were counterstained with Hoechst 33342 (the blue color), microglia were
visualized by using Isolectin GS-IB4 conjugated with AlexaFluor488 (green color),
SNAP-25 staining was on neuronal processes (neurites) (red color).
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3.3. Effect of patients’ biological fluids on CGC cultures

Biological fluids from patients contain various compounds that are
thought to be toxic including AP and Tau which are also considered as
potential biomarkers for AD. However, little is known whether such fluids
can directly cause neurotoxic effects on cells in culture. However, there is no
research specifically on the effect of biological fluid's on neuronal cells
viability. We investigated whether blood serum (BS) and cerebrospinal fluid
(CSF) from patients with dementia can cause neurotoxic effects on CGC
cultures. For this study 55 samples from patients were taken. Patients were
divided into four experimental groups: 19 elderly patients without cognitive
impairment (cognitively healthy patients with zero degree of dementia (HP),
25 Alzheimer’s disease patients (AD) which were subdivided into 15
mild/early stage (E-DAT) patients and 10 moderate stage (M-DAT) patients;
and 11 patients who were admitted to the Neurology department with initial
diagnosis of AD, but further investigation revealed other type of dementia
(OD). Neuronal—-glial cells were treated with 100 ul and 200ul BS and CSF.
The appropriate volume of CGC medium (400 pl and 300 pl, respectively)
was replaced with mentioned volume of biological fluids and incubated for
24 h at dilution 1:5 and 1:2,5.

As shown in Fig. 3.3.1 B, 1:2,5 BS of E-DAT, M-DAT and OD have no
effect on cell viability as those used in 1:5 group (Fig. 3.3.1 A).
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Fig. 3.3.1. Effect of patient’s biological fluids on neuronal cell viability
in CGC cultures
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(A) — effect of BS and CSF (at dilution 1:5) on neuronal cell viability in CGC cultures. (B) —
effect of BS and CSF (at dilution 1:2.5) on neuronal cell viability in CGC cultures. Black
columns — treated CGC culture; white column — untreated CGC culture (control). * —p < 0.05
versus control group (CGC culture); » — p < 0.05 versus cognitively healthy patients (HP);
# —p < 0.05 versus early stage of Alzheimer's disease (E-DAT); +—p < 0.05 versus OD group.

We found that BS (at both dilutions) in all groups had significant
stimulating effects on cell viability vs. control group, except HP sera at 1:2.5
dilution (Fig. 3.3.1 B). Increase in neuronal viability in the presence of
patients’ BS was related to decreased necrosis though these effects of patients
BS on necrotic neuronal death were not statistically significant (Fig. 3.3.2).
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CSFs in HP, E-DAT and OD groups had no effect on neuronal viability at
both dilutions. However, in M-DAT group CSF significantly reduced
neuronal viability by 25% and 14% compared to control group at 1:2.5 and
1:5 dilution, respectively (Fig. 3.3.1). This decrease on neuronal viability was
caused by strong increase of neuronal necrosis (Fig. 3.3.2). CSFs of other
patients’ groups had no effect on viability or necrosis of neurons at both
dilutions (Figs. 3.3.1 and 3.3.2). Levels of neuronal apoptosis were the same
in all experimental groups (Fig. 3.3.2).
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Fig. 3.3.2. Effects of patients’ biological fluids on neuronal cell death

A more complete description indicated above (Fig. 3.3.1, p. 180). Black columns - necrotic
cell death; grey columns — apoptotic cell death. * — p < 0.05 versus control group (CGC
culture); » — p < 0.05 versus cognitively healthy patients (HP); # — p < 0.05 versus early stage
of Alzheimer's disease (E-DAT); + — p < 0.05 versus OD group.

181



We also analyzed effects of BS and CSF on density of neurons (viable plus
apoptotic plus necrotic neurons) after 24 h incubation. As shown in Fig. 3.3.3,
BS and CSFs in dementia groups — E-DAT, M-DAT and OD, except HP,
caused reduction of neuronal densities in cultures though statistically signify-
cant effect compared to control was observed only in E-DAT group. HP sera
and CSFs had no effect on neuronal numbers in CGC cultures.

200 - Blood serum, 1:2.5 Cerebrospinal fluid, 1:2.5
[ [ |

150 4

100 +

50 1
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Fig. 3.3.3. Effect of patients’ biological fluids on the number of neurons
in CGC cultures

CGC cultures were treated with biological fluids as indicated above (Fig. 3.3.1, p. 180).
Density of neuronal cells was observed counting viable plus apoptotic plus necrotic neurons
after 24 h incubation. * — p < 0.05 versus control group (CGC culture).

These data suggest that BS stimulates neuronal viability and protects
from neuronal death while CSF may be involved in processes which cause
cytotoxic effects and therefore could be considered as potential determinant
to distinguish Alzheimer’s disease from other dementias.

We also investigated effects of patients’ fluids on microglial prolifera-
tion. Biological fluids in HP group exhibited tendency (BS at both dilutions
or CSF at 1;5 dilution) or significantly stimulated (CSF at 1:2.5 dilution)
microglial proliferation. BS and CSFs of OD patients had no effect on
microglial numbers in CGC cultures (Fig. 3.3.4). The incubation of CGCs
with BS in E-DAT group inhibited (at 1:5 dilution) or showed tendency of
inhibition (BS at 1:2.5) of microglial proliferation. The strongest microglia
proliferation-inhibiting effect was observed in M-DAT group where both BS
and CSFs at both dilutions significantly reduced numbers of microglia in
CGC cultures (Fig. 3.3.4). These data suggest that biological fluids from
moderate stage AD patients affect not only neuronal viability but also
suppress microglial proliferation.
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Fig. 3.3.4. Effect of patients’s biological fluids on microglia proliferation

(A) — effect of BS on the number of microglia in CGCs; (B) — effect of CSF on the number
of microglia in CGCs; CGC cultures were treated with biological fluids as indicated above
(Fig. 3.3.1, p. 180). Microglial cells were identified by using Isolectin GS-IB4 conjugated
with Alexa Fluor 488 (7 ng/ml). * — p < 0.05 versus control group; » — p < 0.05 versus
cognitively healthy patients (HP).

CONCLUSIONS

1. Small APi-42 oligomers directly induce rapid NMDA receptor—
independent neuronal depolarization in cerebellar and cortical neu-
ronal cell cultures and NMDA receptor—dependent release of gluta-
mate into media leading to neuronal death. Small AB1-42 oligomers
induce rapid and NMDA receptor—dependent microglial plasma
membrane depolarization in cerebellar and cortical microglial cell
cultures.

2. Immune complexes formed by AP oligomers or other multimeric
antigens and their specific antibodies cause loss and death of neurons
accompanied by proliferation of the microglia in cerebellar granule
cell cultures. Interaction of Fc domains of antibodies with microglial
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cells is necessary to cause neurotoxicity of complexes of antibody
with multimeric antigens.

Immune complexes formed by small APi142 oligomers with
antibodies cause decrease in synaptic densities and neuritic damage
in cerebellar granule cell cultures.

Cerebrospinal fluids from patients with AD but not cognitively
healthy individuals and other dementia patients exhibit neurotoxic
and microglial proliferation inhibiting effects in cerebellar granule
cell cultures. The strongest neurotoxic, neuronal viability reducing
effect was observed in moderate stage AD patients group whereas
neuronal loss was exhibited in cultures treated with biological fluids
of demented patients.
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	Ląstelių plazminės membranos potencialo vertinimas po inkubacijų su tiriamomis medžiagomis buvo atliekamas fluorescencinės mikroskopijos metodu (mikroskopas OLYMPUS IX71S1F-3), naudojant trimetin oksanolio DiBAC4(3) dažus. Membranos įtampai įvertinti ...
	The viability of neurons in cultures was assessed by propidium iodide (PI, 7 μM) and Hoechst 33342 (Hoechst 33342, 4 μg/ml) staining using a ﬂuorescence microscope OLYMPUS IX71S1F-3 (OLYMPUS AMERICA INC., USA), 20 × magnification. Microglial cells wer...
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