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1. SANTRUMPU SARASAS
6 tipo Zzmogaus herpes virusas (HHV-6)

Adenovirusas (ADV)

Adenozino trifosfatas (ATF)

Adiponektinas (APN)

Akyvieji atminties T limfocitai (CD45R0")
Amerikos $irdies asociacija (ASA)

Apoptozés proteaze aktyvinantis veiksnys (APAF; apoptosis protease-activating factor)
Apoptoziniy baltymy inhibitoriai (ABI)

Aspartato aminotransferazé (AST)

Baltieji kraujo kiineliai (BKK)

Citomegalo virusas (CMV)

Dalinis aktyvinto tromboplastino laikas (DATL)
Desiniojo priesirdzio spaudimas (DPS)

Desiniojo skilvelio kardiomiopatija (DSK)

Didelio jautrumo C reaktyvusis baltymas (DjCRB)
Didelio jautrumo troponinas-T (DjTnT)

Didelio tankio lipoproteinai (DTL)

Dilataciné kardiomiopatija (AKMP)

Dominanti sritis (ROI; region of interest)
Endomiokardo biopsija (EMB)

Enterovirusas (EV)

Epsteino—Bar virusas (EBV)

Europos kardiology draugija (EKD)

Fas ligandas (FasL)

Galvijy serumo albuminas (BSA; bovine serum albumin)
Hematoksilinas ir eozinas (H&E)

Hemoglobinas Alc (HbAlc)

Hepatito C virusas (HCV)

Hipertrofiné kardiomiopatija (HK)

Implantuojamas $irdies defibriliatorius (ISD)



Imunofermentinés analizés metodas (ELISA; enzyme linked immunosorbent assay)
Indukuotos azoto oksido sintazés (iNOS; inducible nitric oxide synthase)
Interleukinas-1 (IL-1)

Interleukinas-1 beta (IL-1P)

Interleukinas-6 (IL-6)

Kairiojo skilvelio galinis diastolinis diametras (KSGDD)

Kairiojo skilvelio i§sttmimo frakcija (KSIF)

Kairysis skilvelis (KS)

Kars¢io-soko baltymas-60 (Hsp60; heat shock protein-60)

Koronariné $irdies liga (KSL)

Kreatino kinazés MB (CK-MB; creatine kinase MB)

Makrofagai (CD68")

Matriciné ribonukleoriigstis (mRNR)

Matrikso metaloproteinazé (MMP)

Matrikso metaloproteinazé-1 (MMP-1)

Matrikso metaloproteinazé-13 (MMP-13)

Matrikso metaloproteinazé-2 (MMP-2)

Matrikso metaloproteinazé-9 (MMP-9)

Mazo tankio lipoproteinai (MTL)

Metaloproteinazés audiniy inhibitorius (TIMP; tissue inhibitor of metalloproteinase-1)
Mitochondrijy iSorinés membranos pralaidumas (MIMP)

Natiiraliosios Iastelés-zudikés (NLZ)

Naviko nekrozés faktorius (TNF; tumor necrosis factor)

Naviko nekrozés faktorius alfa (TNF-a; tumor necrosis factor alpha)
Nesuklasifikuotos kardiomiopatijos riisys (NKR)

Niujorko $irdies asociacijos (NSA)

Parvovirusas B19 (PVB19)

Pirmo tipo kolagenas (Col I; Collagen type I)

Pirmo tipo kolageno 1-a grandiné (COL1A1)

Pirmo tipo kolageno C-galinis telobaltymas (ICTP; collagen I C-terminal telopeptide)
Pirmo tipo prokolageno C-galinis probaltymas (PICP; procollagen | C-terminal
propeptide)



Pirmo tipo prokolageno N-galinis probaltymas (PINP; procollagen | N-terminal
propeptide)

Plauciy hipertenzija (PH)

Plauciy kapiliary pleistinis spaudimas (PKPS)

Plauciy kraujagysliy pasiprieSinimas (PKP)

Plauting¢ arterija (PA)

Polimerazés grandininé reakcija (PGR)

Priesirdziy virpéjimas (PV)

Protrombino laikas (PL)

Raudonieji kraujo kiineliai (RKK)

Reaktyviosios deguonies formos (RDF)

Reliatyvis Sviesos vienetai (RLU; relative light units)

Restrikciné kardiomiopatija (RKMP)

Riebaly ruigsciy sintetazé (RRS)

Smegeny natriurezinis baltymas (BNP; brain natriuretic protein)

Spaudimas plautinéje arterijoje (SPA)

Su Fas receptoriumi susijes mirties domenas (FADD; Fas-associated death domain)
Su naviko nekrozes faktoriaus receptoriais susijes mirties domenas (TRADD; TNF
receptor-associated death domain)

Sirdies indeksas (SI)

Sirdies nepakankamumas (SN)

Sirdies resinchronizaciné terapija (SRT)

T-limfocitai (CD3")

Transformuojantis augimo faktorius beta 1 (TGF-p1)

Trecio prokolageno tipo C-galinis probaltymas (P11ICP; procollagen 111 C-terminal
propeptide)

Trecio tipo kolagenas (Col III; collagen type I11)

Trecio tipo prokolageno N-galinis probaltymas (PIINP; procollagen 111 N-terminal
propeptide)

Trombocity lgsteles (TL)

Uzlastelinis uzpildas (ULU)

Varicella zoster virusas (VZV)
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Viso stiklo vaizdas (VSV)
Zmogaus imunodeficito virusas (ZIV)
Zmogaus leukocity antigenas (ZLA)

Ziitj sukeliantis signalinis kompleksas (DISC; death-inducing signaling complex)
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2. IVADAS

2.1.Literatiiros apZvalga
Kardiomiopatijos — tai miokardo sutrikimai, kuriuose dominuoja struktiriniai ir

funkciniai Sirdies raumens pakitimai, galintys pasireikSti net jei nesergama iSemine
Sirdies liga, hipertenzija arba net jei néra Sirdies voZtuvy patologijos ar jgimty Sirdies
ligy. Pagal hemodinamines savybes kardiomiopatijos yra skirstomos ] penkis
morfologinius ir funkcinius fenotipus, kuriems biidingi genetiniai ir negenetiniai
mechanizmai: dilataciné (dKMP), hipertrofin¢, restrikcin¢ (rKMP), aritmogeniné deSinio
skilvelio (ARVC) ir neklasifikuotos kardiomiopatijos (nKMP) (Elliott, Andersson et al.
2008). Dilatacinés kardiomiopatijos pagrindiniai bruozai: kairiojo skilvelio kameros
i§siplétimas ir sutrikes miokardo susitraukin¢jimas. Sia kardiomiopatijos forma serga
tiek vaikai, tiek suaugusieji ir tokiems ligoniams daZniausiai reikalinga Sirdies
transplantacija (Magnani and Dec 2006; Maron, Towbin et al. 2006; Pankuweit, Ruppert
et al. 2013). Ligoniy, serganciy neiSemine dKMP, gydymas gali biiti ypa¢ sudétingas, o
ligos eiga — sunkiai nuspéjama. dKMP dazniau pasireiskia vyrams nei moterims ir
dazniausiai ja serga zmonés nuo 20-ies iki 60-ies mety amziaus (Robbins, Kumar et al.
dKMP klinikiné raiSka yra labai skirtinga: gali buti, kad pacientai neturés jokiy
simptomy ar ligos pozymiy, kitiems pacientams pasireisSkia simptomai nuo miokardo
infarkto pozymiy iki sunkios biuklés ar kardiogeninio Soko. Simptomai jprastai i§sivysto
palaipsniui; kai kurie i§ jy pacientams nepasireiSkia ménesius ir netgi metus, nors jau
buna iSsivystes kairiojo skilvelio issiplétimas. Ryskiausias dKMP simptomas — tai
kairiojo skilvelio sistolinis nepakankamumas, tacCiau taip pat gali pasireiksti ir
deSiniosios Sirdies pusés nepakankamumas, kuris biity ypa¢ prastos ligos eigos
prognozés zenklas (Towbin and Bowles 2002; Yoshikawa, Baba et al. 2009).
Uzdegiminé dKMP dazniausiai diagnozuojama naudojant endomiokardo biopsijas, tuo
tarpu nustatyti iming¢ Sios ligos fazg i§ specifiniy serologiniy Zymeny kol kas yra
sudétinga.

Nauji dKMP etiologijos tyrimy rezultatai parodé, kad virusiné infekcija, genetiniai

sutrikimai ir autoimuniniai mechanizmai yra pagrindinés Sios ligos priezastys (Fildes,
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Shaw et al. 2009; Yajima and Knowlton 2009; Watkins, Ashrafian et al. 2011). Nuo
1950 mety pradZios buvo atrasti bent trys skirtingi mechanizmai, kurie padéjo aiskinti
dKMP vystymasi. Siuo metu labiausiai pripaZintas potencialus mechanizmas, atrastas
1990-aisiais — tai laipsniska létiné Sirdies miocity destrukcija arba jy funkcijos
sutrikimas. Jis yra laikomas tiesiogine, taciau vélyva pradinés virusinés infekcijos ir
(arba) viruso sukelto imunologinio proceso pasekme. Nors virusiné infekcija yra
pripazinta pagrindine dKMP prieZastimi, Sirdis taip pat gali tapti pagrindiniu taikiniu
bakterijy, pirmuoniy ar parazity sukeltoms infekcijoms. Be to, Sirdis gali patirti ir
»atsitiktinius  pazeidimus®, sukeltus jvairiais toksinais, chemokinais, citokinais ar
kryzmiskai reaguojanciais antikiinais. Tai, kad miokardo uzdegimas ir virusiniai agentali
prisideda prie dKMP patogenezés, jrodo serganc¢iy dKMP pacienty rezultatai, susij¢ su
miokardo viruso genomy pakitimais (Kuhl, Pauschinger et al. 2005; Kuhl, Pauschinger
et al. 2005; Mahrholdt, Wagner et al. 2006; Elliott, Andersson et al. 2008). Infekcijos
sukeléjy, kurie galéty prisidéti prie uzdegiminés KMP vystymosi, jvairove priklauso nuo
geografinio regiono, paciento amziaus, taikomo skirtingo gydymo ir kity ligy. Infekcijos
sukél¢jar  pasizymi  stebétinu  specifiSkumu:  virusinés infekcijos, toksiniai ir
autoreaktyviis procesai pirmiausia paveikia miokardg ir perikardg (Maisch, Richter et al.,
2006).

Sirdis veikia sudétingo tinklo, sudaryto i3 jvairiy lasteliy ir uZlastelinio uzildo (ULU),
principu. Sirdies raumens lastelés (kardiomiocitai) egzistuoja trijy matmeny tinkle, kuris
susideda i§ endotelio lasteliy, kraujagysliy lygiyjy raumeny ir gausybés fibroblasty bei
laikinai gyvuojanciy imuniniy Iasteliy populiacijy. Kardiomiocity ir ULU rySiais
koordinuojamas Sirdies susitraukimas. Intersticinés fibrozés ir kraujagysliy fibrozés
issivystymas — ryskus Sirdies patologijos bruozas. Zidinin¢ fibroz¢, kuria sudaro pirmo ir
treCio tipo kolagenas, pasireiSkia ankstyvose KMP stadijose. Po kurio laiko fibrozé
padidéja ir pradeda tiesiogiai kenkti kardiomiocity funkcijai. Miokarde egzistuojantys
daug kolageno turintys regionai gali sutrikdyti kardiomiocity susitraukimo ir
atsipalaidavimo jungtj, padidinti miokardo standumg ir, savo ruoZztu, nuslopinti Sirdies
susitraukingjimg (Menon, Eidem et al. 2009). Skirtingos lasteliy zuties raisys, tokios kaip
apoptoze, nekrozé/onkozé, autofagija ir proteosominé degradacija, turi jtakos Sirdies
miocity netekimui, priklausan¢iam nuo Sirdies pazeidimo intensyvumo (Guerra, Leri et

al. 1999; Predmore, Wang et al. 2010; Vigliano, Cabeza Meckert et al. 2011). Daugelio
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multimerinivose kompleksuose egzistuojanciy baltymy koordinuotos pastangos ir
tarplgstelinés signalizacijos sudétingumas lemia, kad jei Sios sgveikos sutrinka —
pasireiSkia Sirdies veiklos sutrikimas (Harvey and Leinwand 2011). Nors funkciniu
pozitiriu Sirdis gali toleruoti kai kuriuos patologinius pazeidimus, taciau adaptacinis
atsakas, palaikantis Sirdies veiklg, galiausiai sutrinka ir i§ to kyla jvairiis funkciniai
kardiomiopatiniai sutrikimai.

Miokardo uzdegimas — pripazintas svarbiu priezastiniu veiksniu, atsakingu uz dKMP
progresavimg (Kawai 1999; Feldman and McNamara 2000; D'Ambrosio, Patti et al.
2001; Mason 2003; Pauschinger, Noutsias et al. 2006; Cooper, Baughman et al. 2007). |
ji leina autoimuninis, virusinis arba povirusinis uzdegimai — ¢ia kaip mediatorius veikia
lgytas ir jgimtas imuninis atsakas (citotoksiniai T limfocitai, natiiralios lgstelés-zudikes
(NLZ) ir makrofagai) (Maisch, Bauer et al. 1993; Caforio, Goldman et al. 1996;
Pankuweit, Portig et al. 1997). Miokardui kenkia vietinis uzdegimo mediatoriy poveikis:
indukuojama azoto oksido sintazé (iNOS) ir citokinai, kuriuos iSskiria infiltruoti
limfocitai, makrofagai ir (ar) endotelio lgstelés. Dar daugiau Sirdies sutrikimy kyla deél
tiesioginés antikiiny sgveikos su B- ir kitos riiSies plazminés membranos receptoriais,
sarkoplazminio tinklo, mitochondrine ir mikrosomine membranomis arba organelése
esanciais baltymais (Schultheiss, Kuhl et al. 1988; Limas, Limas et al. 1990; Wallukat,
Wollenberger et al. 1995; Pohlner, Portig et al. 1997). Galiausiai tam tikri toksinai
(alkoholis, antraciklinai, kokainas ir t.t.) gali pakenkti medZiagy judéjimui per
membrang, biocheminiams procesams ar sukelti tokiy matrikso baltymy kaip distrofinas,
lamininas ir kt. sutrikimg arba jy netekimg. IS pradziy sunku nustatyti miokardo
pazeidimus, taciau jie dazniausiai iSsivysto ] autoimuninj atsaka ir uZzdegiming dKMP
(Mason 2003). To priezastis yra tai, kad Sirdis nuolat patiria pouzdegiminius, virusinius,
oksidacinius, neurohormoninius stresinius signalus bei kitus mikro- ir makroaplinkos
veiksnius, kurie véliau pastiméja §irdj j létinj nepakankamuma (SN) (Maisch, Noutsias
et al. 2012). Létinio SN samprata pakito. Ankséiau létinis SN buvo laikomas paprasta
liga, 0 dabar — daugiasistemiu sutrikimu, kuris turi jtakos imuninei, raumeny ir kauly,
inksty ir kitoms organizmo sistemomes.

Pasitelkus histologinj, imunohistochemin;j ir kitus molekulinés biologijos ligy tyrimo
metodus, pagal pagrindinius patologinius mechanizmus buvo nustatyta, kurie konkreciy

ligy pogrupiai geriau reaguoja j tam tikrus gydymo biidus: imunomoduliacinj, imuniteto
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slopinimo ar antivirusinj (Frustaci, Chimenti et al. 2003; Kuhl, Pauschinger et al. 2003;
Maisch, Hufnagel et al. 2004; Maisch, Richter et al. 2006; Frustaci, Russo et al. 2009).
Sios jzvalgos yra bitinos siekiant i$plétoti naujus gydymo biidus, nukreiptus j etiologinj
gydyma. Nors gydant Sirdies nepakankamumg pasiekta didZiulé paZanga, vis dar yra
daug dKMP sergan¢iy pacienty, kuriems biudingas gydymui atsparus Sirdies
nepakankamumas. Jiems nepadeda jokie esami gydymo budai. Be abejonés, geriausia
uzdegiming dKMP gydyti tiksliai nustatant ir paSalinant pradines Sirdies paZeidimo
priezastis, o tai dazniausiai yra labai sudétinga. D¢l Sios priezasties ypac svarbu suprasti,
kokie molekuliniai mechanizmai veikia miokarditui progresuojant j uzdegiming dKMP.
Perpratus Siuos mechanizmus, palengvéty veiksmingesnio pazeisto miokardo gydymo
paieSkos. Naujausiy tyrimy duomenimis, imuniteto slopinimu grindziamas gydymas
turéjo teigiamg klinikinj poveikj 90 proc. pacienty, kuriems kardiotropiniy virusy
nustatymui naudojamo PGR tyrimo rezultatas buvo neigiamas (Wojnicz, Nowalany-
Kozielska et al. 2001; Maisch, Richter et al. 2006; Frustaci, Russo et al. 2009). Deja, iki
Siol néra bendro sutarimo d¢l specifiniy gydymo biidy, kurie papildyty jprastinj Sirdies

nepakankamumo gydymo metoda, naudos.
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2.2.Hipotezés
Létinés dKMP atveju molekuliniai mechanizmai gali jvairuoti, priklausomai nuo

toksiny poveikio intensyvumo ir kilmés. Skaitmeninis Sirdies fibrozés vertinimas yra

tikslesnis ir galéty pakeisti gydytojo patologo vertinima.

2.3.Tikslai

Nustatyti molekulinius mechanizmus, kurie dominuoja esant virusinei ir neaisSkios
kilmés uzdegiminei dKMP ir sukurti bei pritaikyti btida, kuris padéty atlikti kiekybinj

Sirdies fibrozés vertinima.

2.4.Uzdaviniai
1. Atlikti virusams teigiamy ir virusams neigiamy dKMP bioptaty ir serumy analize ir

18tirti:
1.1.uzdegimo proceso sukélimg ir miokardo lasteliy zities molekulinius
mechanizmus;
1.2. 8irdies fibrozg ir uzlgstelinj uzpilda reguliuvojanc¢ius molekulinius mechanizmus.
2. Atlikti uzdegimui teigiamy ir uzdegimui neigiamy pogrupiy biopsinés medZiagos ir
serumy analize ir i8tirti:
2.1. i8skiriamy uzdegiminiy citokiny kiekj ir jy infiltracijg ; miokarda;
2.2.vidinio apoptozinio kelio jtakg kardiomiocity mirciai;
2.3. 1Sorinio apoptozinio kelio jtakg kardiomiocity mir¢iai;
2.4. molekulinius mechanizmus, kurie reguliuoja Sirdies fibrozés vystymasi ir
uzlastelinio uzpildo pokycius.
3. Jvertinti skaitmeninés vaizdo analizés (Genie ir kolokalizacijos) ir vizualaus patologo

vertinimo tiksluma, matuojant Zmogaus miokardo bioptato fibroze.

2.5.Darbo mokslinis naujumas ir reiksmé
Nepaisant dKMP terapijoje naudojamy intervenciniy metody jtempty paiesky, $i liga

islieka pagrindiné jauny pacienty Sirdies nepakankamumo (SN) priezastis. Tokiais
atvejais galiausiai reikalinga Sirdies transplantacija. Dél mazo Sirdies donory skaiciaus
laukti transplantacijos tenka labai ilgai, todél daugelis pacienty mirSta esant paskutinei

SN stadijai taip ir nesulauke donoro Sirdies.
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PGR tyrimas padeda iSsiaiskinti, ar miokardas dKMP ligos metu yra uzsikrétes
virusu, o uzdegimo infiltratai, aptikti EMB metu, parodo, kad ligos kilmé yra
uzdegiminé. Vis délto duomeny, kurie jrodyty, kokie molekuliniai mechanizmai atlieka
pagrindinj vaidmenj skirtingy ruSiy dKMP patogenezeje, dar nepakanka. Todél
pagrindinis Sio darbo tikslas — tiksliau iStirti kokie molekuliniai mechanizmai dominuoja
tokiais atvejais, kai miokardo ir serumo méginiai yra virusams arba uzdegimui teigiami.
Daugelis gydytojy siekia nustatyti, kokie procesai ir molekuliniai mechanizmai
dominuoja dKMP raidoje ir kas padéty juos reguliuoti bei kontroliuoti. Taip pat labai
svarbi miokardo nepakankamumo biozymeny paieSka. Tik laiku aptike iSskiriamus
biologinius Zymenis, kurie sutapty su miokarde vykstanciais procesais, galésime
pagerinti ligos diagnostikos kokybe ir rasti tinkama gydyma, kuris padéty iSvengti
tolesniy destruktyviy dKMP procesy.

Dar vienas svarbus §io tyrimo uzdavinys — sukurti jrankj, kuris padéty atlikti
kiekybine Sirdies fibrozés analize ir metodika, leidziancig jvertinti EMB audiniy
imunohistocheminj dazyma. I§ tiesy, dazniausiai klinikinés analizés metu pasitaikanti
histomorfometriniy parametry interpretacija vis dar remiasi vien vizualiu gydytojo-
patologo vertinimu, kuris yra ne tik labai subjektyvus, bet ir varginantis. Be to, toks
vertinimas turi tradicinei patologijos metodikai budingy apribojimy (tokiy kaip: Zymi
variacija tarp skirtingy vertintojy, bei to paties vertintojo vertinimy, o taip pat ir Zemas
naSumas). Kadangi fibrozés laipsnio nustatymas yra labai svarbus dKMP diagnostikos
faktorius, tikslaus fibrozés vertinimui numatéme panaudoti skaitmeninius algoritmus,
kurie buvo validuoti pagal kriterijy standartus, gautus skaiiuojant interaktyviosios

stereologijos taskus.

2.6.Bendradarbiavimas
Mokslinis darbas buvo jgyvendintas bendradarbiaujant su Siomis mokslo

institucijomis:

1. Vilniaus universiteto Medicinos fakulteto Patologijos, teismo medicinos ir
farmakologijos katedra, Vilnius, Lietuva.

2. Valstybinio moksliniy tyrimy instituto Inovatyvios medicinos centro Kamieniniy

lasteliy biologijos skyriumi, Vilnius, Lietuva.
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3. Viesosios jstaigos Vilniaus universiteto ligoninés SantariSkiy kliniky filialu
Valstybiniu patologijos centru, Vilnius, Lietuva.

4. Vilniaus universiteto ligoninés SantarisSkiy kliniky Hematologijos, onkologijos ir
transfuziologijos centru, Vilnius, Lietuva.

5. Vilniaus universiteto Medicinos fakulteto Fiziologijos, biochemijos, mikrobiologijos
ir laboratorinés medicinos katedra, Vilnius, Lietuva.

6. Manheimo universitetinés ligoninés Integratyvios patofiziologijos katedra,
Manheimas, Vokietija.

7. Heidelbergo universiteto Manheimo medicinos fakultetu, Manheimas, Vokietija.

8. Gyseno ir Marburgo universitetinés ligoninés Kardiologijos katedra, Marburgas,
Voketija.

9. Normandijos universiteto Path-Image/BioTiCla, Kanai, Pranciizija.

10.Hull York medicinos mokyklos Kardiologijos katedros Castle Hill ligonine,

Cottingham, Jungtin¢ Karalysté.
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3. MEDZIAGOS IR METODAI

3.1.I§skiriami ir intramiokardiniai bioZymenys sergant dAKMP

3.1.1. Tiriamyjy atrankos Kriterijai

Tyrime dalyvavo 32 pacientai (25 vyrai ir 7 moterys, kuriy amZiaus vidurkis
43,14 + 11,86 metai), gydomi tretinio lygio sveikatos prieziliros centre. Visi méginiai
buvo surinkti nuo 2010 m. liepos iki 2013 m. vasario mén. Visiems pacientams buvo
jtariama dKMP ir po miokardito 1§sivys€iusi KMP.

Pacienty atrankos kriterijai: 1) naujai prasid¢jes dvi savaites trunkantis Sirdies
nepakankamumas (SN), kurio metu aptinkama: normalaus dydzio ir iSsiplétes kairysis
skilvelis (KS) ir hemodinamikos sutrikimas; 2) naujai prasidéjes nuo dviejy savaiciy iki
trijy ménesiy trunkantis SN, kurio metu matomas i$siplétes KS ir naujos skilvelinés
aritmijos, taip pat antro ar trecio laipsnio Sirdies blokados sutrikimai arba jei organizmas
vieng ar dvi savaites nereaguoja j jprastus gydymo metodus; 3) echokardiografiniai arba
angiografiniai bendros arba regioninés KS disfunkcijos jrodymai ir (arba) KS
iSsiplétimas, ir (arba) sumazéjusi sistoliné KS isstimimo frakcija iki maziau nei 45 %; 4)
Angiografinis vainikiniy Sirdies arterijy ligos atmetimas, kuris apibréZiamas kaip vienos
ar daugiau pagrindiniy Sirdies arterijy (50 % ar daugiau) proksimalinés stenozés
jrodymas.

I tyrimq nejtraukti pacientai: 1) jeigu ju SN priezastys buvo aiskios, tokios kaip
hipertenzija, didelés reikSmes vainikiniy Sirdies arterijy liga, Sirdies voztuvy ligos (nors
ir nepasireiSké¢ mitralinio voZtuvo nesandarumas), endokrininé liga, sunki inksty ligos
forma ar narkotiky bei alkoholio vartojimas; 2) jeigu jie sirgo Gimiu miokarditu ir juos
buvo iStikes miokardo infarktas; 3) jeigu rastiSkai nesutiko, kad jiems bty atlikta EMB.

Visi vyresni nei 16 mety pacientai (vyriausiam pacientui buvo 67 metai), kurie
atitiko prie§ tai minétus kriterijus buvo jtraukti j tyrimg. VirSutiné amziaus riba nebuvo
nustatyta.

Visiems tirtiems pacientams buvo atlikta vainikiniy arterijy angiografija,
deSiniosios Sirdies hemodinamikos jvertinimas ir endomiokardo biopsija. Visi pacientai

buvo gydomi jprastais gydymo metodais.
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3.1.2. Pagrindiniai medicininiai tyrimai
Buvo surinktos visy pacienty ligos istorijos. Taip pat atlikta nuosekli medicininé

apzitra bei tam tikri laboratoriniai tyrimai: skydliaukés funkcijos, serumo elektrolity
(natrio, kalio), didelio jautrumo C reaktyviojo baltymo (DjCRB), gliukozés,
hemoglobino Alc (HbAlc), cholesterolio, trigliceridy, didelio tankio lipoproteiny
(DTL), mazo tankio lipoproteiny (MTL), Sirdies fermenty: kreatino kinazés (CK),
kreatino kinazés MB (CK-MB), aspartato aminotransferazés (AST), didelio jautrumo
troponino-T (DjTnT), karbamido, kreatinino, S$lapimo rhigsties tyrimai, bei tokie
koaguliacijos tyrimai kaip protrombino laiko (PL), aktyvinto dalinio tromboplastino
laiko (ADATL), bendrasis kraujo tyrimas (hemoglobino, hematokrito kiekio, raudonyjy
kraujo kuneliy (RKK), baltyjy kraujo kiineliy (BKK) ir trombocity kiekio).

Konsultacijy metu visiems pacientams buvo atlikti antropometriniai ir
kraujospiidZzio matavimai, taip pat elektrokardiograma, echokardiografija, MRT, Holterio
monitoringas, spiroergometrija. Visi laboratoriniai tyrimai ir matavimai buvo atlikti

laikantis jprastinio klinikinio protokolo.

3.1.3. Sirdies kateterizacija ir endomiokardiné biopsija
Pries EMB tyrimg kiekvienam pacientui buvo atlikta vainikiniy arterijy

angiografija vainikiniy arterijy ligai nustatyti bei deSiniosios Sirdies kateterizacija Siems
hemodinamikos parametrams nustatyti: vidutiniam spaudimui plauciy arterijoje (PA),
plauciy kapiliary pleistiniam spaudimui (PKPS), plauciy kraujagysliy pasipriesinimui
(PKP) ir Sirdies indeksui (SI).

Desiniojo skilvelio EMB tyrimui buvo naudotas lankstus bioptomas, kuris buvo
jkistas j deSing Slaunies veng (Cooper, Baughman et al. 2007). Biopsija buvo atlikta
pacientams, kurie nesirgo iSemija bei Sirdies ir kraujagysliy sistemos ligomis (stenoze ir
okliuzija). Tyrimo méginiai buvo imami 1§ deSinés tarpskilvelinés pertvaros pusés ir
skirstomi ] tris skirtingus pertvaros lygmenis (virSutinj, vidurinj ir apatinj). Surinkti
Sirdies audinio méginiai buvo nedelsiant sudéti j Svarius megintuvélius, atidZiai suzymeéti
ir suregistruoti. Bent trys EMB meéginiai i§ skirtingy pertvaros lygmeny buvo i$siysti
histologiniam ir imunohistocheminiam jvertinimui. Kiti trys EMB meéginiai buvo
naudojami DNR ir RNR ekstrakcijai, kad biity atlikta viruso genomy amplifikacija. Du
EMB méginiai buvo jkelti j biobankg ir laikomi -70 °C temperatiiroje tolesniems

tyrimams. Biopsinio audinio méginiai buvo istirti per 24 valandas.
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Pries atlieckant matavimus, audinio méginiai buvo lizuojami 100-e mikrolitry
RIPA lizés buferio (Thermo Scientific Inc., JAV). Atsizvelgiant | gamintojo patarima,
tirpalas buvo papildytas proteaziy ir fosfataziy inhbitoriy tabletémis: 1 mM PMSF, 1
mM Na,VO, 25 mM NaF (Thermo Scientific Inc., JAV). Biopsijos méginiai buvo
sonikuoti Bandelin Sonopuls sonikatoriumi. 10 mV buvo sonikuota 2 kartus po 5 s ant
ledy. Méginiai buvo 30 minuciy palaikyti ant susmulkinto ledo, centrifuguojami 12,000g

%15 min, i8pilstyti ir véliau laikomi -70 °C temperatiiroje.

3.1.4. Kraujo méginiy émimas ir ruoSimas
Tuo pat metu, kai buvo atlickamas EMB tyrimas, i$ kiekvieno paciento buvo

paimti trys serumo méginiai ir jais pripildyti trys 8,5 ml talpos mégintuvéliai su serumo
atskyrikliu (SST Il) (BD Vacutainer®). Kad kraujas sukres$éty, mégintuvéliai buvo 30—
45 minutes (bet ne ilgiau nei 60 min) laikomi kambario temperatiiroje. Méginiai buvo 15
minu¢iy centrifuguojami gamintojo rekomenduotu grei¢iu (1,000-2,000 RCF).
VirSutinis sluoksnis buvo atsargiai nusiurbtas, jvertintas méginiy drumstumas ir méginiai
buvo perkelti j tinkamus wuzSaldyti mégintuvelius, suzyméti ir palikti -70 °C
temperatiroje.

Pries atlieckant matavimus, visi serumo méginiai buvo i§ Iéto atitirpdyti leduose,

centrifuguojami 12,000 RCF X 5 min ir prireikus atitinkamai atskiedziami.

3.1.5. Viruso genomo aptikimas endomiokardo bioptate
Genominés DNR ir visos RNR iSskyrimui i§ endomiokardo bioptato buvo

naudojamas ZR-Duet™ DNA/RNA Miniprep rinkinys (Zymo Research, Irvine, Kanada,
JAV). Pasitelkus atsitiktinai pasirinktus heksamerus ir First Strand cDNA Synthesis
rinkinj (Thermo Fisher, Vilnius, Lietuva), RNR (1 pg) buvo transkribuota j 20 ul
reakcijy tiirius ir po reakcijos praskiesta dejonizuotu vandeniu (iki 100 pl). Lizdinés
PGR pradmenys, padéje nustatyti adenovirusg (Allard, Albinsson et al. 2001), Herpes
simplex 1 ir 2 tipo virusus, Varicella zoster virusg, Epsteino—Bar virusg, citomegalo
virusg, parvovirusg B19, hepatito C virusg, enterovirusa, raudonukeés virusg (Mclver,
Jacques et al. 2005), zmogaus herpes virusg 6 (HHV-6 ir HHV-6B, GenBank prieigos nr.
NC001664.2 ir NC000898.1), Kirsten ziurkiy sarkomos 2 viruso onkogeno homologa
(KRAS GenBank prieigos nr. NM033360) ir ubikvitino C genus (UBS, (1 lentelé),
GenBank prieigos nr. NMO021009), buvo susintetinti ,,Metabion® (Martinsried,
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Vokietija). Tiesioginiai pradmenys antrojo PGR etapo metu buvo pazyméti 6-
karboksifluoresceinu FAM nuo 5° galo.
1 lentelé. Oligonukleotidai, panaudoti lizdinei PGR

Tikslas Pradmuo Seka Dydis
(bp)

HHV-6 HHV6-N1Fw ACCCGAGAGATGATTTTGCGTG 128
HHV6-N1Rev GCAGAAGACAGCAGCGAGATAG
HHV6-N2Fw CATAGCAACCTTTTCTAGCTTTGAC
HHV6-N2Rev TCTATAACATAAATGACCCCTGGGA

UBC UBC-N1Fw TTCTTTCCAGAGAGCCGAAC 150
UBC-N1Rev CCCATCTTCCAGCTGTTTTC
UBC-N2Fw TGGGTCGCAGTTCTTGTTTG
UBC-N1Rev CCTTCCTTATCTTGGATCTTTGCC

KRAS KRAS-N1Fw CTTTGGAGCAGGAACAATGTCT 160
KRAS-N2Fw AATCCAGACTGTGTTTCTCCCT

KRAS-N1Rev/N2Rev ~ TACACAAAGAAAGCCCTCCCC

Kaip apraso literatiros Saltiniai (Mclver, Jacques et al. 2005) visoms PGR atlikti
buvo naudojamas TProfessional Standard termocikleris (Biometra, Gotingenas,
Vokietija). KRAS ir UBC nustatymas buvo panaudotas nukleortigs¢iy ekstrakcijai
validuoti ir buvo atlickamas lygiagreciai atitinkama tvarka DNR ir RNR virusams.
Pirmas PGR etapas, skirtas DNR ir RNR virusams, buvo atliktas 50 ul reakcijos turyje, i
kurj jéjo Maxima Probe gPCR Master Mix (Fermentas), 0,2 uM kiekvieno pirmo etapo
galutinés koncentracijos méginys ir 10 ul/mikrolitry iSskirtos DNR ir kDNR tirpalo.
Kiekvienas reakcijos miSinys buvo papildytas Uracil-DNR glikozilaze (Fermentas), kad
bity iSvengta PGR kryzminés tarSos. DNR virusy padauginimo salygas sudaro: uracil-
DNR glikozilazés apdorojimas 50 °C temperatiiroje X 2 min; pradinis denatiiracijos
etapas 95 °C temperatiiroje x 10 min; 35 denatiiracijos ciklai 95 °C temperatiiroje x 30s,
pakaitinimas 55 °C x 30 s, pailginimas 72 °C temperattroje x 60 s; galutinis pailginimo
etapas buvo 72°C x 7 min. RNR virusy padauginimui reikalinga: uracil-DNR
glikozilazés apdorojimas 50 °C x 2 min; pradinis denatiiracijos etapas 95 °C
temperattroje x 10 min; 35 denattiracijos ciklai 95 °C temperattroje x 45 s, pakaitinimas
57 °C x 45 s, pailginimas 72 °C temperatiiroje x 60 s, galutinis pailginimo etapas buvo
72 °C x 7 min. Buvo testuojama kiekvienos pradmeny poros reakcija be DNR méginio
(neigiama kontrolé¢). Antrg karta PGR buvo atlikta su 50 pl reakcijos tiirio, 1 kurj jéjo
Maxima Hot Start PCR Master Mix (Fermentas), visy antro etapo pradmeny ir 2 pl

pirmo etapo produkto 0,2 uM galutinés koncentracijos. Virusy DNR padauginimo
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salygos buvo tokios pat kaip ir pirmame etape, iSskyrus tai, kad antrg karta nebuvo
uracil-DNR glikozilazés apdorojimo etapo. Virusy RNR padauginimo salygos: pradinis
denatiiracijos etapas 95 °C temperatiiroje X 10 min, 35 denaturacijos ciklai 95 °C
temperatiiroje x 20 s, pakaitinimas 57 °C temperatiiroje x 20, pailginimas 72 °C
temperatiiroje x 20s; galutinis pailginimo etapas 72 °C temperatiiroje x 7 min.
Ubikvitino C PGR nustatymas buvo naudojamas kontrolei ir buvo atliktas lygiagreciai
pagal virusy DNR tyrimo sglygas.

Galutiniai PGR produktai buvo 10 karty atskiesti ir analizuojami kapiliarinés
elektroforezés btdu su Genetic Analyzer 3130xl, PGR dydziams nustatyti naudojant
GeneScan™ 600 LIZ™ Size Standard ir Gene Mapper Software v4.1 (Applied
Biosystems, Fostersitis, Kanada, JAV). Jei rezultatas buvo teigiamas, i$ visy kraujo
méginiy iSskirtos genominés DNR arba RNR buvo testuojamos papildomai siekiant

atmesti kraujyje cirkuliuojanciy virusy sukeltg bioptato uzter§ima.

3.1.6. ELISA tyrimai
Apoptozinés ir kolageny sintezés/degradacijos baltymy kiekiai endomiokardo

bioptaty serumy méginiuose buvo matuojami specifiniais ELISA tyrimais. Buvo
vertinamos Sios molekulés: Bcl-2, kaspazé-9, kaspazé-8 (Novus Biologicals Europe,
Kembridzas, UK); Bax (Elabscience Biotechnology Co., Ltd, Kinija); kaspazé-3, TGF
B1, matrikso metaloproteinazé-9 (MMP9), matrikso metaloproteinazés audiniy
inhibitorius-1 (TIMP-1), APO1/Fas/CD95, Fas ligandas (FasL) (Invitrogen, Peislis, UK);
| tipo prokolageno terminalinis propeptidas, PICP (Bio-Medical Assay Co., Ltd., Kinija);
kar$¢io $oko baltymas-60 (Hsp60) (AssayPro, Sent Carlzas, Misiiris, USA).

Bendra baltymy koncentracija serumo ir bioptato meéginiuose buvo matuota
naudojant Lowry Protein Assay jrangg, kuri buvo pritaikyta pagal gamintojo
rekomendacijas (Thermo Scientific Inc., JAV). Absorbcija buvo iSmatuota naudojant
spektrofotometra (Asys UVM 340 Microplate Reader Didzioji Britanija — Biochrom
Ltd.), esant 750 nm bangos ilgiui. Siekiant iStirti tiksly bendrg baltymy koncentracijos
lygi, buvo naudota standartiné galvijy serumo albumino (BSA) kreivé. Bendra baltymy
koncentracija buvo iSreikSta pg/ml. Galutiné ieskomy baltymy koncentracija buvo

iSreikSta ng/mg bendro baltymo kiekiui.

23



3.1.7. Papildomi biocheminiai matavimai
Prouzdegiminiai citokinai TNFa, IL-6 ir IL-1p serumo méginiuose buvo nustatyti

kiectosios fazés ir chemiliuminescenciniais imunometriniais tyrimais, kuriems buvo
panaudotos IMMULITE/Immulite 1000 sistemos (Immulite, Siemens), pagal gamintojo
instrukcijas: katalogas Nr.: LKNFZ (50 testy), LKNF1 (100 testy); IL-6 (Katalogo Nr.:
LK6PZ (50 testy), LK6P1 (100 testy); IL-1B (Katalogo Nr.: LKL1Z (50 testy), LKL11
(100 testy).

Adiponektinui aptikti buvo atliktas Millipore Adiponektin tyrimas, atsizvelgiant j
gamintojo rekomendacijas (Millipore, JAV).

Miokardo nekrozés zymuo (didelio jautrumo troponinas-T (DjTnT)) serume buvo
iSmatuotas naudojant Elecsys 2010 analizatoriy (Roche Diagnostics, Indianapolis,
Indiana) ir iSreikStas pg/ml.

Smegeny natriurezinio peptido (BNP) Zmogaus plazmoje matavimas atliktas
dviejy etapy imunofermentinés analizés budu, naudojant CMIA technologija ir Chemiflex
protokolus. Méginiai buvo sumaiSyti su paramagnetinémis dalelémis, padengtomis
pirminiu antikiinu prie§ BNP. Po tam tikro laiko méginiai buvo nuplauti ir sumaiSyti su
akridinu pazymeétu antriniu antikiinu. Méginiai buvo inkubuojami, vél nuplauti ir uZpilti
chemoliuminescencija inicijuojanciu misiniu. Chemoluminescencija buvo pamatuota

Galektino-3 kiekis serumy méginiuose buvo apskaiCiuotas imunofermentinés
analizés metodu (ELISA), naudojant in vitro diagnostikos prietaisg su mikroplokstele

pagal gamintojo instrukcijas (BG Medicine, Inc.).

3.1.8. Endomiokardo bioptaty histologija ir imunohistochemija
EMB histologinés analizés méginiai buvo fiksuoti 10 % buferinio formalino

tirpale, tada jlieti j parafing. Méginiai supjaustyti 3 um storio segmentais ir naudojami
tyrimams. EBM dalis buvo dazoma hematoksilinu ir eozinu (H&E) pagal jprasto
histologinio vertinimo protokolg. Patyres patologas vertino: endokarda (tankj,
subendokardinius riebalus, fibrozg ir uzdegimg); intersticiumg (fibrozg, riebalus, edemos
ir uzdegimo bitkle) ir kraujo indus (dydj, uzdegimo, pazeidimo ir kraujagyslés spindzio
stenozeés pozymius). Pagal standartinj protokola EMB méginiy jungiamasis audinys buvo
nudazytas Masono trichromu (Masson trichrome), kad baty galima nustatyti fibrozés

dyd;. Keratinas ir raumeny skaidulos nusidazé raudonai, o kolagenas — mélynai.
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Imunohistocheminis dazymas buvo atliktas su tais paciais fiksuotais ir parafine
impregnuotais méginiais naudojant antikiinus: prie§ CD3 (DAKO Hamburgas, Vokietija),
pries CD45Ro (DAKO Hamburgas, Vokietija) ir pries CD68 (DAKO Hamburgas,
Vokietija), prie§ o lygiyjy raumeny akting (a-SMA) (Biocompare, JAV); pries MMP1
(Spring Bioscience Corp., JAV), pries-MMP2 (Leica Biosystems Newcastle Ltd,
Jungtiné Karalysté); prie§ MMP9 (Leica Biosystems Newcastle Ltd, Jungtiné Karalysté),
pries MMP13 (Novus Biologicals Europe, Cambridge, Jungtiné Karalysté), prie§ HLA-
DR (DAKO Hamburgas, Vokietija), pries PICP (EMD Millipore, Temecula, JAV).

3.1.9. Endomiokardo bioptaty histocheminio ir imunohistocheminio
daZymo vertinimas
UZdegiminiai infiltratai bioptatuose buvo imunohistochemiskai suskirstyti pagal

audiniy pjiivinvose esan¢iag CD3" (T limfocity), CD45Ro" (aktyviyjy atminties T
limfocity) ir CD68+ (makrofagy) raiSka. Specifiskai nusidaziusiy lgsteliy skaicius
kiekviename biopsijos meéginyje buvo jvertintas patyrusio patologo ir iSreikStas Igsteliy
skai¢iumi/mm?. Pagal Pasaulio sveikatos organizacijos ir Tarptautinés kardiology darbo
grupés bendruomenés ir federacijos iSleista kardiomiopatijy klasifikacijos dokumenta,
vienbranduoliai infiltratai (leukocitai, CD3" T limfocitai ar CD68" makrofagai), kuriy 1
mm? yra >14 (Richardson, McKenna et al. 1996; Mahrholdt, Wagner et al. 2006;
Kindermann, Kindermann et al. 2008).

Miokardo nekrozei nustatyti biopsijos méginiai buvo histochemiskai nudazyti
hematoksilinu ir eozinu (H&E). Normalios raumeninés skaidulos turéjo periferinius
branduolius, nepazeistg sarkolemg ir nefragmentuotus branduolius. Raumeniniy skaiduly
branduoliy piknoze¢, edema ir kapiliaruose prasidéjusi leukodiapedezé leido teigti, kad
Sios miokardo lastelés pasieké nekrozés stadijg. Patologas apskaiciavo nekroziniy
raumeniniy skaiduly kiekj ne maziau kaip trijuose vienas nuo kito nepriklausomuose
audiniy pjiiviuose.

Skaitmeninés eksperimentiniy stikly nuotraukos buvo gautos naudojant
ScanScope Digital Slide Scanner (Aperio, Vista, Kanada). Jos buvo padidintos 20 karty
ir archyvuotos tam skirtame Spectrum Server 11.1.0.751 (Aperio). Skenuoty nuotrauky
kokybés kontrolé ir kiti tyrimai buvo atlikti naudojant ImageScope V11.1.2.760 (Aperio)
ir WebScope V11.1.0.756 (Aperio).
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Genie algoritmas buvo naudojamas fibrozés masto matavimui, imuniniu badu
nudazyty lgsteliy suskai¢iavimui ir imunohistochemiskai nudazyty miokardo elementy
jvertinimui. Genie (GENetic Imagery Exploration; liet. Genetinis vaizdy tyrinéjimas
(Holland 1992)) yra struktiry atpazinimo algoritmas, kuris atskiria erdvines ir
morfologines ypatybes pagal vartotojo nustatytas struktiiras (klases). Algoritmas buvo
naudojamas visam stiklui, nekreipiant démesio 1 susiklojanciy audiniy sekcijas. Dél to
procesas tapo Visiskai automatinis. Siam tyrimui buvo sukurti specifiniai Genie
Klasifikatoriai:

1. Miokardo fibrozés identifikavimui buvo naudojamas bazinis audiniy atpazinimo
Genie klasifikatoriaus vl algoritmas. Buvo vertinamos visos fibrozés formos
(1skaitant intersticine ir perivaskuling). Kad fibroze pavykty geriau aptazinti, mes
naudojome tik erdvinj atpazinimo biidg ir atsisakéme vertinti morfologines
savybes. Siam tikslui Genie sistema buvo ,,i¥mokyta“ atskirti miokarda, fibrozinj
audinj ir stiklg (1 pav.). Bendras Sirdies fibrozés iSreikStumas procentais buvo
perskaiCiuotas atsizvelgiant | bendrg audinio plota analizuotuose vaizduose. Stiklo

buvo nepaisoma.

Py ‘ b, iy 5 i SN
RSN SNEOESSAR YN

pa Fibrozé ayékinas sitmninéje stiklo uotrakj, nuotrauka padidnta 10. (A)
originalus dazymas Masono trichromu, (B) Genie algoritmas
2. Genie Nuclear v9.0 algoritmas buvo naudojamas aktyvinty imuniniy lgsteliy
(HLA-DR) ir $irdies fibroblasty (a-SMA) miokardo audinyje suskai¢iavimui. Sis
algoritmas atskiria ir suskai¢iuoja imuniniu budu nudazytas teigiamas ir
neigiamas lasteles (2 pav.). Priklausomai nuo parametry, jis gali suzyméti
skirtingy dydziy ir formy lgsteles. Taigi, siekiant tiksliy analizés rezultaty,

skirtingiems imuniniy Igsteliy tipams buvo nustatyti skirtingi Nuclear v9.0
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parametrai. Atlikus analize, buvo pateiktas bendras imunoteigiamy lasteliy

skaicius audinio plote, kuris buvo pamatuotas ir iSreikstas lgsteliy sk./mm?.

A g N = e B

e ) Kt 1o s T Xl _

2 pav. Imunoteigiamy lasteliy paiyméjimﬁs sl;hitmeninéje stiklo nuotraukoje, nuotrauka
padidinta x20. (A) a-SMA daZymas, (B) Genie algoritmas

3. Imuniniu bidu nudazyty baltymy (MMP1, MMP2, MMP9, MMP13 ir PICP)
miokardo bioptatuose matavimui panaudotas Genie pikseliy skai¢iavimo
algoritmas. Pirmiausia skaitmeningje stiklo nuotraukoje buvo pazyméta dominanti
sritis (ROI) (miokardo biopsija), tada Sioje srityje buvo pritaikytas algoritmas.
Rezultatai buvo pateikti kaip bendras silpny, vidutinisky, stipriy teigiamy ir
neigiamy pikseliy kiekis (3 pav.). Kiekvienam baltymui silpny, vidutiniy ir stipriy
teigiamy pikseliy suma buvo skai¢iuojama kaip ,,teigiama®. Toliau rankiniu biidu

buvo apskaiciuotas teigiamy pikseliy kiekis procentas ir perskaiCiuotas bendram

audinio plotui.
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3 pav. Imuniniu biidu nudaZyto baltymo paZyméjimas skaitmeninéje stiklo nuotraukoje,
nuotrauka padidinta x20. (A) MMP2 daZymas, (B) Genie algoritmas
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3.2.Kiekybinis miokardo fibrozés vertinimas pasitelkiant skaitmening vaizdo
analize ir interaktyvigjq stereologijg

3.2.1. Eksperimento modelis

Tyrimui buvo naudota 38-iy pacienty (29 vyry, 9 motery, amziaus vidurkis: 42.3
+ 12.2 metai) endomiokardo biopsijy (EMB) medziaga, kuriems diagnozuota
uzdegiminé dKMP. Visi EMB meéginiai buvo surinkti nuo 2010 m. liepos iki 2013 m.
vasario. Prie§ EMB kiekvienam pacientui buvo atlikta vainikiniy arterijy angiografija,
kad 1§ tyrimo biity paSalinti pacientai, sergantys vainikiniy arterijy liga. DeSiniojo
skilvelio EMB paémimui buvo panaudotas lankstus bioptomas, kuris buvo jstumtas |
desing Slaunies veng (Cooper, Baughman et al. 2007). Ne maziau nei trys EMB méginiai
buvo jvertinti histologiskai. | tyrimg buvo jtraukti visi méginiai siekiant uZztikrinti
maksimaly fibrozeés diapazong.

Histologinés analizés méginiai buvo fiksuoti 10 % buferiniame formalino tirpale
ir jlieti | parafing. 3 um storio pjiiviai buvo naudojami viso tyrimo metu. Pjiiviai buvo
nudazyti Masono trichromu pagal jprasta protokolg. Viso stiklo vaizdai (VSV) buvo
iSgauti su 0,5 um raiska 1§ eksperimentiniy stikly naudojant skenerj (ScanScope XT,
Aperio Technologies, Vista, Kanada, JAV), kurio objektyvas didino 20 karty. VSV buvo
iSsaugoti Tiff formatu WSI serveryje (Spectrum 11.1.0.751, Aperio) (4 pav.). Visoms
tolesnéms analizéms atsitiktine tvarka buvo pasirinktas vienas stikly segmentas. Vaizdo

analizei buvo naudojami Aperio kolokalizacijos ir Genie algoritmai.

4 pav. Fibrozé skaitmeninéje skaidréje (originalus dazymas Masono trichromu)

3.2.2. Kolokalizacijos algoritmas
Kolokalizacijos procese naudojama spalvy dekonvoliucija (Ruifrok and Johnston

2001) padeda atskirti nudazytas audinio dalis, suklasifikuoti kiekvieng pikselj pagal
esamg nudazyty daliy kiekj. Kolokalizacijos procese kiekvienos nudazytos audinio dalies

riba yra nurodyta konkreCiai kiekvienai reikiamai nudazytai audinio daliai (pvz.,
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dazymas Masono trichromu). Algoritmu apskaiciuojamas viso audinio plotas, kuriame
aptinkami §Sie daZyto audinio deriniai: 1, 2, 3, 1+2, 143, 2+3, 1+2+3, arba né vieno (buvo
jitrauktos ne daugiau nei trys nudazyto audinio dalys). AStuoniomis spalvomis pazyméta
nuotrauka, skirta kolokalizuoty nudaZyty audinio daliy vizualizacijai, buvo gauta i§
algoritmo. Bendras Sirdies fibrozés ir biopsijos méginiy procentas buvo apskaiiuotas

pagal Siy dazymy deriniy sumas: 3, 2+3 ir 1+3 (5 pav.).

5 pav. Fibrozé skaitmeninéje skaidréje (kolokalizacijos algoritmas)

3.2.3. Genie algoritmas
Genie (GENetic Imagery Exploration; liet. Genetinis vaizdy tyrinéjimas (Holland

1992) yra struktiiry atpazinimo algoritmas, kuris atskiria erdvines ir morfologines
ypatybes pagal vartotojo nustatytas struktiras (klases). Stai taip buvo i$plétotas specialus
Genie klasifikatorius: 1. Sukurtas naujas Genie projektas ir ,,mokymo* rinkinys. 2. Prie
»mokymo* rinkinio prijungtos skaitmeninés skaidrés. 3. ,Mokymo* rinkinio
skaitmeninése stiklo plokStelése buvo nustatytos ir pazymétos dominancios grupes (6
pav.). 4. Mokymo montazas, sukurtas paleidziant Genie Training v1 algoritmg (1000
mokymo iteracijy rinkinj) ant vartotojo pasirinkty subregiony (algoritmas apskaiciavo,
kad mokymo tikslumas buvo 99,4 %). 5. Remiantis mokymo ,,makroprograma‘“, Genie
Classifier v1 algoritmas buvo panaudotas sukurti specifinj klasifikatoriy, kuris biity
testuojamas ir naudojamas (7 pav.). ISbandzius Kklasifikatoriy, pasirinktos struktiiry
analizés klasés, skirtos specifinéms uzduotims atlikti. Kad geriau pavykty aptikti Sirdies
fibroze, naudojome tik erdvinio atpazinimo budg ir i§jungéme morfologiniy ypatybiy
aptikimo funkcijg. Siam tyrimui Genie sistema buvo ,,i¥mokyta® atskirti miokarda,
fibroze ir stiklg (7 pav.). Istirtose nuotraukos bendras $irdies fibrozés skaicius procentais

buvo perskaiciuotas bendram audinio plotui. Stiklo buvo nepaisoma (8 pav.).
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6 pav. Genie mokymas ir naudojimas. Dominanciy grupiy riby apibréZimas ir paZyméjimas

7 pav. Genie mokymas ir naudojimas. Naujojo specifinio klasifikatoriaus testavimas ir
naudojimas

@59664

8 pav. Fibrozé, paZyméta skaitmeninéje skaidréje (Genie algoritmas)

3.2.4. Stereologija

Stereologija yra tarpdisciplining tyrimy sritis, skirta trijy matmeny struktiiry ttrio
apskai¢iavimui naudojant horizontalius struktiry pjuvius. Mes atlikome 3 pm audinio
pjiviy tyrimg, taigi stereologija buvo atlikta ne ant 2D plokStumos, bet ant jy
projekcijos. Tasky skaiciavimo tinklelis buvo naudojamas frakcijos ploto daliai
apskaiGiuoti (Baddeley 2005). Siame tyrime buvo naudojama Stereology toolkit 4.2.0 i§
ADCIS (Saint Contest, Pranciizija). Sis stereologijos modulis leido apibrézti dominandia

srity (ROI) ir tinklelj, kurie yra projektuojami ant virtualios skaidrés. Tuomet buvo
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pritaikytas lentelés tipas, tarpai tarp langeliy, Sablono dydis (9 pav.). Kad analizé biity
tiksli, rekomenduojama jtraukti 150-200 testo tasky (Weibel 1979; Gundersen ir Jensen
1987). Miokardo audinio ir Sirdies ploto daliai apskaiCiuoti buvo pasirinkta tasky
skai¢iavimo lentelé su 200 pikseliy intervalais ir 20 pikseliy dydzio 3ablonu. Sis
stereologijos tinklelio pritaikymas uztikrino minimaly 500 testo tasky kiek] maziausiuose
miokardo bioptatuose ir didesnj skai¢iavimy tikslumg. Dominancios struktaros: stiklas,
fibrozé, miokardas ir kitos (uzdegimas, nekroze, stiklo plotas miokarde) buvo stebétojo
pasirinktos rankiniu badu (10 pav.). Sirdies fibrozés lygis procentais buvo apskaigiuotas
naudojant tasky kiekj, nepaisant ,,stiklo“ ir ,.kity“ kategorijy. Sirdies fibrozés ploto dalis,
lygi tiirio daliai, buvo apskaiCiuota kaip santykis tarp testo dalies, pazymétos kaip
fibroze, ir visy testo tasky, jeinanciy 1 dominancig sritj (ROI), nepaisant ,,stiklo* ir ,,kity*
faktoriy. Rezultatai buvo iSreikSti procentais kartu su atitinkamu neapibréztumu,

apskai¢iuotu Weibelio metodu (Weibel 1979).

9 pav. Fibrozé paZyméta skaitmeninjeskaidrje, nudoj ant stereoloijos protokola. ImageScope
V11 vaizdas jtraukiant tinklelj (taSky skai¢iavimo lentelé su 200 pikseliy intervalais ir 20 pikseliy
dydzio $ablonu).

10 pav. Flbroze pazymeta skaltmnmeje skaidréje, naudojant stereologijos protokolq
Dominancios struktiiros (stiklas, fibrozé, miokardas, kitos) stebétojo paZymétos rankiniu biidu.
(A) Nuotrauka padidinta x10, (B) Nuotrauka padidinta x20
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3.2.5. Vizualus patologo vertinimas
Patyregs patologas, naudodamasis optiniu mikroskopu, procentais jvertino visos

Sirdies fibrozés lyg] méginiuose. Per dvi savaites buvo atlikti du kiekvieno pjuvio

vertinimai.
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3.3.Statistiné analizé
Darbe pateikiami duomeny vidurkiai ir standartinés vidurkio paklaidos (vidurkis

+ SEM). Visa statistiné duomeny analiz¢ buvo atlikta naudojant SPSS programin;j paketa
(versija 19.0 skirta Windows operacinei sistemai; SPSS Inc., Cikaga, IL, JAV) su

nustatytu 5 % reikSmingumo lygmeniu.

3.3.1. dKMP duomeny analizé
Normalus duomeny pasiskirstymas buvo patikrintas Sapiro—Vilko testu. Virusui

neigiamos, virusui teigiamos taip pat uzdegimui neigiamos ir uzdegimui teigiamos
pacienty grupiy parametry skirtumai buvo patikrinti Stjudento t testu arba Mano—Vitnio—
Vilkoksono rangy sumos testu (tikslesni paaiSkinimai pateikti legendose ir lenteliy
pavadinimuose). Palyginimui buvo panaudotas Pirsono koreliacijos koeficientas.

Kategoriniy kintamyjy palyginimui, kur tiko, buvo taikomas Pirsono chi kvadrato testas.

3.3.2. Fibrozés vertinimo duomeny analizé
Statistiniam duomeny palyginimui buvo panaudotas Pirsono koreliacijos

koeficientas, post hoc analizé (Vilkoksono Zzyméty rangy metodika su Bonferonio
pataisomis) ir taskinés diagramos (su susikirtimu ir nuolydziu). Prie§ bréziant taSkines
diagramas, buvo atlikta nattrali visy matavimy logaritminé trasnformacija, kad
duomenis bty galima tvarkyti pagal standartus. Buvo pasitelkta Bland—Altman statistiné
analizé siekiant patikrinti matavimo metody ir fibrozés atitikimg (Bland and Altman

1999), naudojant stereologijos vertinimg kaip X asies pamatinj metoda (Krouwer 2008).

3.4.Etikos principy laikymosi patvirtinimas
Tyrimg patvirtino Vilniaus regioninio biomedicininiy tyrimy etikos komitetas

(licencijos Nr. 158200-09-382-103). Visi pacientai pateiké rasytinius sutikimus, kad
duomenys apie kiekvieng jiems atliktg tyrimg buty jtraukti i §j darba.

Tyrimas atitinka principus, i§déstytus Helsinkio deklaracijoje.

33



4. REZULTATAI
4.1.Virusui teigiama dKMP pacienty tiriamoji grupé

4.1.1. Viruso genomo nustatymas endomiokardo bioptatuose

IS 32-iejy tyrime dalyvavusiy pacienty 14-ai (43.8 %) buvo nustatytas viruso
genomas. Buvo rastos §ios virusy rasys: parvovirusas B19 (PVB19) (n = 11; 34,4 %),
zmogaus herpes virusas 6 (HHV-6) (n = 4; 12,5 %), enterovirusas (EV) (n = 1; 3,1 %),
hepatito C virusas (HCV) (n = 1; 3,1 %), Epsteino—Bar virusas (EBV) (n = 1; 3,1 %),
Varicella zoster virusas (VZV) (n = 1; 3,1 %). 3-ims pacientams (9,38 %) buvo nustatyta
virusy koinfekcija: du EMB tyrimo méginiai rodé PVB19 ir HHV6, o vienas EMB
meginys rodé PVB19 ir HCV virusus. Vieno paciento tyrimy rezultatai rodé trigubg
infekcija: PVB19, HHV6 ir EV.

Visi pacientai buvo suskirstyti 1 dvi grupes: virusui neigiamg (n = 18) ir virusui

teigiamg (n = 14) pagal tai, ar EMB analizés metu buvo aptiktas viruso genomas.

4.1.2. Pagrindiniai klinikiniai parametrai
Antroje (2) lenteléje pateikti pagrindiniai tyrimo grupiy pacienty duomenys.

Nebuvo pastebéta jokiy ypatingy skirtumy tarp grupiy pacienty lyties, amziaus ir SN
simptomy pasiskirstymo.

Niujorko §irdies asociacijos (NSA) 1994 metais i§leista funkcine klasifikacija
apibidina SN kaip simptominj sindromg (Dolgin 1994). Dauguma miisy tyrime
dalyvavusiy priklaus¢ NYHA III klasei. 11 (61 %) pacienty buvo i§ virusui neigiamos
grupés ir 12 (85 %) — i§ virusui teigiamos grupés. Sunkiais SN simptomais (NYHA IV
klas¢) virusui neigiamoje grupéje skundési keli pacientai (i§ viso 6,33 %), 0 virusui
teigiamoje grupéje dar maziau (i§ viso 1, 7 %). Sis skirtumas buvo nereikimingas (p =
0,075).

Dviejy grupiy prieSirdziy virpéjimo (PV) ir kairiosios Hiso pluosto kojytés
blokados (KHPKB) elektrokardiografiniy rezultaty dazniai skyrési mazai (PV — 3 (17 %)
ir1 (7 %), p = 0,360; KHPKB - 5 (28 %) ir 2 (14 %), p = 0,360) ir netgi buvo mazesni
virusui teigiamoje pacienty grupg¢je.

Apskritai, pagrindiniai echokardiografijos parametrai rodé pozymius, biidingus

dKMP: sumazéjusiag kairiojo skilvelio iSstimimo frakcija (KSIF) ir kairiojo skilvelio
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iSsiplétimg. Palyginus abiejy grupiy rezultatus ryskiy skirtumy nepastebéta: KSIF 23,11
+ 1,6 % 1r 24,93 = 1,39 % (p = 0,413), kairiojo skilvelio galinis diastolinis diametras
(KSGDD) 6,87 + 0,24 cm ir 6,64 + 0,18 cm, Kairiojo skilvelio galinio diastolinio
diametro indeksas (KSGDDI) 3,66 +0,12 cm/m?ir 3,54 + 0,12 cm/m>.

2 lentelé. Pagrindiniai tyrimo grupiy pacienty duomenys

Klinikiniai duomenys  Virusui neigiama tyrimo Virusui teigiama tyrimo
grupé grupé
Pacienty Verté Pacienty Verté p verté
sk. sk.
Lytis (vyras/moteris) 18 16 (89 %) /2 (11 %) 14 9 (64 %) /5 (36 %) 0.095
AmzZius (metai) 18 45,11 £3,18 14 40,79 + 2,29 0,279
SNA
I 18 1 (6 %) 14 1 (7 %) 0,854%
i 18 11 (61 %) 14 12 (85 %) 0,125%
v 18 6 (33 %) 14 1 (7 %) 0,075%
Sirdies parametrai
KHPKB (%) 18 5 (28 %) 14 2 (14 %) 0,360
Nuolatinis PV (%) 18 3 (17 %) 14 1(7 %) 0,4197
KSIF (%) 18 23,11+ 1,6 14 24,93 + 1,39 0,413
KSGDD (cm) 18 6,87 £0,24 14 6,64 £0,18 0,460
KSGDD I (cm/m?) 13 3,66 £0,14 14 3,54 £0,12 0,522
Vid. Ao (mmHg) 11 91,73 +£3,26 10 84,6000 + 3,44 0,149
Vid. DPF (mmHg) 15 17,00 +2.22 11 9,00 £ 1,54 0,011*
Vid. PKPS (mmHg) 16 29,00 +2,62 12 17,75 £2,18 0,004*
Vid. SPA(mmHg) 16 40,19 +3,45 12 25,42 +£2.6 0,003*
SI (L/min/m?) 13 2,08 £0,2 8 2,41 £0,17 0,309

* ReikSmingumo lygis p < 0,05. T Chi kvadrato testas. Duomenys pateikti kaip vid. = SEM. Santrumpos:
NYHA — Niujorko Sirdies asociacijos funkcinio pajégumo klasé; KHPKB — kairiosios Hiso pluosto
kojytés blokada, PV — priesirdziy virpé¢jimas, KSIF — kairiojo skilvelio i§stimimo frakcija, KSGDD —
kairiojo skilvelio galinis diastolinis diametras, KSGDDI — kairiojo skilvelio galini diastolini diametro
indeksas; Ao — aortos, DPS — desSiniojo prieSirdzio spaudimas, PKPS — plauéiy kapiliary pleistinis
spaudimas, SPA — spaudimas plautinéje arterijoje, SI — 8irdies indeksas.

Pacientams buvo atlikta Sirdies kateterizacija, siekiant jvertinti hemodinamikos
sutrikimg, patvirtinti plautinés hipertenzijos (PH) diagnoz¢ bei nustatyti PH sunkuma
(PH nustatoma tuomet, kai vidutinis spaudimas plautingje arterijoje (SPA) biina 25
mmHg ramybés buisenoje) (Badesch, Champion et al. 2009). Taip pat buvo pamatuotas
vidutinis plauc¢iy kapiliary pleistinis spaudimas (VPKPS), Sis tyrimas reikalingas
diferencinei PH diagnostikai atlikti dél kairiosios Sirdies pusés nepakankamumo
(Simonneau, Robbins et al. 2009). Abiejose grupése Sie hemodinamikos parametrai buvo

padidéje ir tai jrodo, jog kairiosios Sirdies pusés nepakankamumas sukélé PH. Visgi
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hemodinamikos rodikliai (SPA PKPS, DPS) buvo daug aukStesni virusui neigiamoje
tyrimo grupéje (vidutinis SPA 40,19 + 3,45 ir 25,42 + 2,6, p = 0,003; vidutinis PKPS
29,00 + 2,62 ir 17,75 + 2,18, p = 0,004; vidutinis DPS 17,00 £ 2,22 ir 9,00 + 1,54, p =
0,011). Sis skirtumas parodo, kad virusui neigiamos grupés pacientai sirgo labiau
pazengusia PH forma, o Siais atvejais ligos prognozé biina prastesné (D'Alonzo, Barst et
al. 1991). Sirdies indeksas (SI) buvo sumaZéjes abiejose grupése ir tarp ju nebuvo didelio
skirtumo (2,08 + 0,2 vs 2,41 = 0,17, p = 0,309). Virusui teigiamos pacienty grupes
hemodinaminé situacija buvo geresné nei virusui neigiamos galbit dél mazesnés
miokardo fibrozés ir Zemesnio Sirdies susitraukimus regulivojanciy baltymy kiekio. Dél
nuolatinio viruso buvimo miokarde hemodinamikos rodikliai grei¢iausiai pradéty didéti
ir tai reikSty blogesne ligos prognoze.

Be to, atvirkstinis rySys tarp KSIF su DjCRB ir BNP (atitinkamai R= -0,803, p =
0,005; R =-0,630, p = 0,016) taip pat parodé, kad, jeigu miokardas yra uzkréstas virusu
ilgesnj laika, tai gali padidinti uzdegimo ir fibrozés tikimybe bei vélesni skilvelio
natriurezinio peptido issiskyrimg, kuris galéty iSderinti jprasting miokardo veiklg ir
sukelti Sirdies nepakankamuma (2 ir 4 lentel¢).

Abiejy grupiy pacientai buvo gydomi vienodai pagal rekomendacijas (3 lentelé)
(Dickstein, Cohen-Solal et al. 2008; Dickstein, Vardas et al. 2010; McMurray,
Adamopoulos et al. 2012). Palyginus abiem grupéms paskirtus vaistus, nebuvo pastebéta
jokiy ryskiy skirtumy.

3 lentelé. Iprastinis tyrimo grupiu gydymas (pagal Europos kardiology draugijos (EKD)
rekomendacijas)

Standartinis SN gydymas Virusui neigiama Virusui teigiama
grupé grupé

AKEF inhibitoriai 9 (50 %) 7 (50 %)

[ adrenoblokatoriai 16 (89 %) 13 (93 %)

Rusmené (priesirdziy virpéjimo atveju) 3 (17 %) 6 (43 %)

Diuretikai 18 (100 %) 14 (100 %)

Kraujo kre$¢jima slopinantys vaistai (priesirdziy 14 (78 %) 7 (50 %)

virpéjimas, i§stimimo frakcija < 40 %) 5 (28 %) 2 (14 %)

Antiaritminiai vaistai (III klasés: amiodaronas)

Intervencijos

Implantuojamas $irdies defibriliatorius (ISD) 0 (0 %) 0 (0 %)

Sirdies resinchronizacinis gydymas (SRG) 3 (17 %) 1(7 %)
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4.1.3. UZdegimo ir kardiomiocity Zuties jvertinimas virusui teigiamos ir
virusui neigiamos dKMP méginiuose
Manoma, kad intramiokardiné virusiné infekcija i§ esmés yra su uzdegimu susijes

procesas, kurio rezultatas — miokardo lgsteliy zatis. Visgi tyrimo duomenys rodo, jog
uzdegimo ir apoptozés lygis sumazgjo tiek serumo, tiek biopsijos méginiuose.
Uzdegiminiy citokiny IL-6 ir DjJCRB kiekio sumaZ¢jimas serume buvo statistiSkai
reikSmingas (11 pav.), o apoptoziniy Zymeny pokyciai buvo reikSmingi tik biopsijos

méginiy rezultatuose (12 ir 13 pav., p < 0,05).

LVII’USU\ neigiamas

— *
40 I virusui teigiamas

30

20

Serumo uzdegiminiai Zymenys

TNF-a IL-6 IL-1B  DJjCRB
(pgfmL) (pg/mL) (pg/mL) (ug/mL)

11 pav. UZdegiminiy Zymeny lygiai serume. ELISA tyrimo duomenys pateikiami kaip vid. +
SEM. Duomenys buvo laikomi reik§mingais, kai *p < 0,05
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12 pav. Apoptoziniy Zymeny lygiai serume. 13 pav. Apoptoziniy Zymeny lygiai bioptatuose.
ELISA tyrimo duomenys pateikiami kaip vid. £+ ELISA tyrimo duomenys pateikiami kaip vid. +
SEM SEM. Duomenys buvo laikomi reik§mingais,
kai *p < 0,05
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Uzdegiminiy infiltraty lygis CD3", CD45R0" ir CD68" virusui teigiamos pacienty

grupés bioptatuose taip pat sumaZz¢jo ir tai patvirtino, kad intramiokardinio uzdegimo

néra arba jis sumazéjo (14 pav.).

UZdegiminiai infiltratai bioptate (last./mm2)

A~}
9

~
T

10

5

o~

LVH’USU\ nelglamas

CD3

CD45RO CcDes8s

Cvirusui teigiamas

14 pav. UZdegiminiy infiltraty kiekis bioptatuose. IHC teigiamy lasteliy duomenys pateikiami
kaip vid. £ SEM i§ ne maziau kaip trijuy viena nuo kitos nepriklausomy lokalizaciju, jvertinti

patyrusio patologo

Be to, virusui teigiamuose serumo méginiuose taip pat buvo aptikta, kad miokardo

nekrozés zymens (didelio jautrumo Troponino-T (DjTnT)) Kiekis sumazéjo 2,6 karto — i$

to galima daryti iSvada, kad nekrozés nepastebéta (4 lentele¢). Ta pati patvirtino

histologin¢ bioptaty analizé, kurios metu audiniy méginiai buvo istirti [HC budu

naudojant hematoksiling ir eozing.

4 lentelé. Ivertinty baltymy duomeny santrauka virusui neigiamy ir virusui teigiamy dKMP

serumuose ir bioptatuose

Kintamieji

Virusui neigiama grupé

Virusui teigiama grupé

Pacienty erté Pacienty Verte p verteé
sk. sk.
ELISA baltymy tyrimai
serumuose
MMP9 (ng/mg baltymas) 18 1,4886 +0,0648 14 1,4320 + 0,0630 0,536
TIMP-1 (ng/mg baltymas) 18 6,1611 £0,2028 14 5,7538 +£0,2945 0,266
MMP-9/TIMP-1 18 0,2428 +£0,0084 14 0,2529 +0,0108 0,465
PICP (ng/mg baltymas) 18 0,1589 +0,0321 14 0,0792 +0,0180 0,039*
ICTP (ng/mg baltymas) 18 0,0177+£0,0023 14 0,0148 + 0,0033 0,495
PICP/ICTP 18 11,2537 +2,1036 14 8,6832 +3,9652 0,573
TGFBI (pg/mg baltymas ) 18 13,9515+ 1,9427 14 13,7339 +2,1101 0,940
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ELISA baltymuy tyrimai

bioptatuose

MMP-9 (ng/mg baltymai)
TIMP-1 (ng/mg baltymai)

MMP-9/TIMP-1

PICP (ng/mg baltymai)
ICTP (ng/mg baltymai)

PICP/ICTP

TGF-B1 (pg/mg baltymai)
Imuno- ir histocheminiai
baltymuy tyrimai bioptatuose

MMP-1 (%)
MMP-2 (%)
MMP-9 (%)
MMP-13 (%)
a-SMA (%)
HLA-DR (%)

Kiti tyrimai serumuose
Adiponektinas (pug/ml)

BNP (pg/ml)

DjCRB (pg/ml)
DjTnT (pg/ml)

Galektinas-3 (ng/ml)
Sirdies fibrozeé (%)

15
15
15
15
15
15

18
18

17
18
18
18

2,9149 £ 1,0740 13
9,6116  1,4578 13
0,3434 £0,0838 13
42779 +£2,3323 13
0,0733 £0,0337 13
14,6047 £ 6,3008 13
122,0955 + 82,6902 13
6,6747 £ 1,5248 14
2,8940+ 03412 14
10,9707 £ 42136 14
12,2860 £2,5354 14
24,1400 £ 4,6102 14
0,8253£0,21629 14
28,3389 +3,4627 14
1841,7944 + 14
341,4525

22,8118 £7,7080 10
74,0878 + 29,8031 13
12,8344 +0,8536 14
17,9724 £2,2076 14

1,3321 +£0,3952
5,8772 + 11,6243
0,4107 + 0,1461
1,0708 £ 0,5718
0,2636 +0,1184
3,4117+2,1170

0,089
0,266
0,694
0,312
0,196
0,154

34,3392 £ 29,0622 0,622;

14,6564 + 22,9998 0,022*

7,0350 + 3,9725
9,6871 +1,5709
12,6650 £2,6789
21,4821 +£2,5839
0,8886 +0,21432

15,0143 £2,7360
936,4786 +
260,1920

5,4170 = 2,0884
28,8277 +4,9154
11,0579 £ 1,0107
10,4818 + 1,6854

0,292
0,783
0,919
0,620
0,837

0,005*
0,044*

0,043*
0,151
0,190
0,012*

Duomenys pateikti kaip vid. £ SEM. * Duomenys laikomi reik§mingais kai p <0,05; ; Mano-Vitnio-Vilkoksono rangy
sumos testas. Santrumpos: Bcl-2 — B lasteliy limfoma 2 baltymas; Bax — su Bcl-2 susietas X baltymas; MMP — matrikso
metaloproteinazés; TIMP — matrikso metaloproteinazés audiniy inhibitoriai; PICP — I tipo prokolageno C-terminalinis
propeptidas; ICTP — | tipo prokolageno C-terminalinis telopeptidas; TNF-a — naviko nekrozés faktorius alfa; IL-1p —
interleukinas 1 beta; 1L-6 — interleukinas 6; DjCRB — didelio jautrumo C reaktyvusis baltymas; djTnT — didelio
jautrumo troponinas T; TGF-B1 — transformuojantis augimo faktorius f1; BNP — smegeny natriurezinis peptidas.

4.1.4. Virusy poveikis susitraukima reguliuojantiems miokardo audinio

baltymams

Uzdegimo, apoptozés ir nekrozés nebuvimas virusui teigiamos pacienty grupeés

miokarde paskatino iStirti fibroze ir susitraukimo ypatybes bei Siuos procesus

reguliuojan¢ius molekulinius mechanizmus (15 pav.).

Duomenys 4 lenteléje, 16 pav. ir 17 pav. rodo mazesnj fibrozés intensyvumag

virusui teigiamos grupés pacienty miokarde.
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15 pav. Kairiojo skilvelio uZzdegimo vaizdas EMB tyrime. Mikroskopinése nuotraukose matome
po vieng kiekviena grupe reprezentuojancio paciento nuotrauks. (A) virusui neigiama; (B)
virusui teigiama. Méginiy daZymui buvo naudojamas hematoksilinas ir eozinas. Nuotrauka
padidinta: x10

p=0.012*

- A~}
T s

Miokardo fibrozé (%)
3

o~

Virusui neigiamas Virusui teigiamas

16 pav. Fibrozés lygiai bioptatuose. Duomenys pateikiami kaip vid. £ SEM i§ ne maZiau nei
trijy vienas nuo kito nepriklausomy matavimy. Duomenys buvo laikomi reik§mingais, kai *p
<0,05

@102291 @59362
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17 pav. Fibrozé deSiniojo skilvelio EMB. Mikroskopinése nuotraukose matome po vieng kiekvieng
grupe reprezentuojancio paciento nuotrauka. (A) virusui neigiama (skaitmeniniu biidu
apskaiciuotas fibrozés lygis — 21,20 %); (B) virusui teigiama (skaitmeniniu biidu apskaiciuotas
fibrozés lygis — 9,79 %). Sirdies méginiai nudaZyti Masono trichromu (fibrozé paZyméta mélyna
spalva). Dideli kolageno kiekiai parodo auksta fibrozés lygj. Nuotrauka padidinta: x10
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Be to, | tipo kolageno biosintezés Zymuo bioptatuose — | tipo prokoalgeno C-
terminalinis propeptidas (PICP) sumaz¢jo 4 kartus, o I tipo kolageno degradacijos
zymuo — | tipo kolageno C-terminalinis telopeptidas (ICTP) padidéjo 3,6 karto (18 pav.,
19 pav. ir 20 pav.). ICTP poky¢iai miokardo audinyje nebuvo imunohistochemiskai
patvirtinti dél atitinkamy antikiiny trilkumo. Taip pat buvo nustatyta, kad virusui
teigiamuose bioptatuose miokardo fibrozé stipriai koreliavo su PICP/ICTP santykiu ir
bendru serumo uzdegimo Zymeniu DjCRB. IS to galima daryti 1§vada, kad uzdegimas ir

fibrozé atsiranda dél intramiokardinio viruso buvimo (21 pav.).

o
=)
|

257

n
=]

]
o
wn

|

o
5

o
1

|

!

o
w
1

PICP bioptate (%)
=y
|

ICTP bioptate (ng/mg baltymo)
5
1

51

e
1

0 T T 0.0
Virusui heigiamas Virusui teigiamas

Virusui teigiamas

Virusui neigiamas

18 pav. I tipo kolageno sintezés (I tipo 19 pav. Virusui neigiamy ir virusui teigiamy

prokolageno C-terminalinio propeptido; PICP)
bioZymens lygiai bioptatuose. Duomenys
pateikti kaip £ SEM i$ ne maziau kaip triju
vienas nuo kito nepriklausomy matavimy

serumy méginiy I tipo kolageno degradacijos (I
tipo prokolageno C-terminalinio telopeptido;
ICTP) bioZymens lygiai bioptatuose. Duomenys
pateikti kaip + SEM
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20 pav. I tipo kolageno sintezés (I tipo prokolageno C-terminalinio propeptido (PICP)) bioZymuo

desiniojo skilvelio EMB tyrime. Mikroskopinése nuotraukose matome po viena kiekviena grupe
reprezentuojancia paciento nuotrauka. (A) virusui neigiamos grupés paciento rezultatai
(skaitmeniniu biidu apskaiciuotas PICP — 13,70 %); (B) virusui teigiamos grupés paciento
rezultatai (skaitmeniniu biidu apskaiciuotas PICP — 16,43 %). Imunohistocheminis dazymas buvo
atliktas naudojant anti-PICP antikiinus (ruda spalva Zymi teigiama PICP daZymo rezultata).

Nuotrauka padidinta: x10
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21 pav. Papildomy Zymeny koreliacijos analizé virusui teigiamos grupés pacienty serumo
méginiuose. Kolageno sintezés/degradacijos biozymeny (PICP/ICTP) bioptatuose santykio
(ELISA tyrimas) koreliacija su Sirdies fibroze ir bendru uzdegiminiu bioZymeniu — didelio
jautrumo C reaktyviuoju baltymu (DjCRB) serume. Duomenys buvo laikomi reik§mingais, kai *p
< 0,05. Tiesinés regresijos linija pateikiama 95 % pasikliautinajame intervale. Regresijos
koeficientai (R?) pateikiami diagramose

[Ssamesné koreliacijos analize, pateikiama 5 lentel¢je rodo, kad I tipo kolageno
sintezés zymuo (PICP), taip pat kaip ir virusui teigiamy bioptaty MMP-9 lygis,
daugiausia buvo susij¢ su i$skiriamu uzdegiminiu citokinu IL-6. Be to, | tipo kolageno
apykaita ir MMP-9 aktyvacija labai priklausé nuo mitochondrijy iSorinés membranos
funkcionavimo: mitochondrijy iSorinés membranos pralaidumg stabilizuojantis baltymas
Hsp60 stipriai koreliavo su I tipo kolageno sintezés (PICP) ir degradacijos (ICTP)
serumo Zymenimis, matrikso metaloproteinaze-9 (MMP-9) ir uzdegimo zymeniu (IL-6)
(5 lentelé). Koreliacijos duomenys leidzia daryti iSvada, kad negydomas miokardo
virusas gali ateityje sukelti uzdegima, dél kurio padidés Hsp60 iSskyrimas ir MMP9
aktyvacija. Tyrimo duomenys parodé¢, kad 1étiné intramiokardo virusiné infekcija gali

inicijuoti procesus, sukelian¢ius Sirdies nepakankamumg.
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5 lentelé. I tipo kolageno apykaitos Zymeny koreliacija biopsijos ir serumo méginiuose

PICP ICTP MMP9 IL-6 djCRB
bioptate bioptate bioptate serume serume
ICTP bioptate 0,806**
MMP-9 bioptate 0,283 0,385
IL-6 serume 0,572* 0,489 0,584*
DjCRB serume 0,913** 0,933** 0,527 0,576
Hsp60 serume 0,641* 0,641* 0,646* 0,756** 0,591

2-tailed testo svarba: *p < 0,05; **p < 0,01. ReikSmingos koreliacijos paryskintos. Santrumpos: PICP — |
tipo prokolageno C-terminalinis propeptidas; ICTP — I tipo prokolageno C-terminalinis telopeptidas; MMP-9 —
matrikso metaloproteinazé-9; IL-6 — interleukinas-6; DjCRB — didelio jautrumo C reaktyvusis baltymas;
Hsp60 — karscio Soko baltymas-60.

4.1.5. ISskiriamy susitraukima reguliuojanciy baltymuy poky¢iai virusui
teigiamos tyrimo grupeés pacienty serume
Duomenys rodo, kad daugumos tirty intramiokardiniy apoptoziniy, uzdegiminiy ir

susitraukimg reguliuojanciy baltymy (TGF-f1, MMP-9, TIMP-1, djTnT, galektinas-3 ir
PICP/ICTP) kiekis serume virusui teigiamos tyrimo grupés pacienty sumazéjo (4
lentelé).

I tipo kolageno sintezés biozymens (PICP) kiekis serume sumaZzéjo reikSmingai
(22 pav.; p < 0,05). Visgi I tipo kolageno sintezés (PICP) kiekis biopsijos méginiuose
atvirk§¢iai proporcingai koreliavo su tuo paciu lygiu serume ir tai parodo, kad
besivystanti virusiné infekcija gali pazeisti miokardo laiduma (23 pav.).

Papildoma koreliacijos analiz¢ parodé¢, kad apoptozés Zymenys: vidinio kelio
(Bcl-2 ir kaspazé-9) ir iSorinio kelio (FasL ir kaspazé-8) taip pat yra labai glaudziai
susije su I tipo kolageno apytakos biozymeny iSsiskyrimu (24 pav. ir 25 pav.).
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22 pav. I kolageno tipo sintezés bioZymens (I
tipo prokolageno C-terminalnio propeptido;
PICP) lygiai virusui neigiamos ir virusui

teigiamos pacienty grupiy serumy méginiuose.
Duomenys pateikiami kaip vid. £ SEM ir buvo

laikomi reikSmingais, kai *p < 0,05

23 pav. Diagramoje pateikiama atvirksciai

proporcinga koreliacija tarp kolageno sintezés

bioZymens PICP (I tipo prokolageno C-

terminalinio propeptido) pasiskirstymo virusui

teigiamos pacienty grupés serumo ir biopsijos
méginiuose. Koreliacija buvo laikoma
reikSminga, jei p <0,05. Tiesinés regresijos
linija pateikiama 95 % pasikliautinajame
intervale. Regresijos koeficientai (R?)
pateikiami diagramose
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24 pav. Virusui teigiamos pacienty grupés
kontraktiliniy baltymu rezultaty koreliacijos
analizé. Koreliacijos tarp kolageno

sintezés/degradacijos biozymeny (PICP/ICTP)

serumuose santykis su vidinio apoptozés kelio
Zymenimis (Bcl-2 ir kaspazé-9) bioptatuose.
Koreliacija buvo laikoma reikSminga, jei p
<0,05. Tiesinés regresijos linija pateikiama 95
% pasikliautinajame intervale. Regresijos
koeficientai (R?) pateikiami diagramose
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25 pav. Virusui teigiamos pacienty grupés
kontraktiliniy baltymu rezultaty koreliacijos
analize. I tipo kolageno sintezés bioZymens
(PICP) koreliacija su iSorinio apoptozés
susidarymo kelio Zymenimis (Fas ligandu ir
kaspaze-8). Koreliacija buvo laikoma
reikSminga, jei p <0,05. Tiesinés regresijos
linija pateikiama 95 % pasikliautinajame
intervale. Regresijos koeficientai (R?)
pateikiami diagramose




Duomenys, pateikti 26 pav., rodo, kad serume taip pat sumaz¢jo tarplasteliniy, su
fibroze susijusiy, baltymy — Sirdies didelio jautrumo troponino-T (Sirdies DjTnT) ir
galektino-3 iSsiskyrimas. Be to, galektinas-3 stipriai koreliavo su makrofagy i$skiriamais

citokinais TNF-a ir IL-6 o tai rodo, kad dalis galektino-3 gali biiti makrofaguose (27
pav.).
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26 pav. Diagramoje pateikiami kontraktiliniy 27 pav. Diagramoje pateikiama koreliacija
baltymy (didelio jautrumo troponino-T serume tarp galektino-3 ir prouzdegiminiy
(DjTnT) ir galektino-3) lygmenys serumo citokiny: naviko nekrozés faktoriaus a (TNF-a)
méginiuose. Duomenys pateikiami kaip vid. £ ir interleukino-6 (IL-6). Koreliacija buvo
SEM laikoma reik§minga, kai p < 0,05. Tiesinés

regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) pateikiami diagramose

Mazesnio galektino-3 kiekio serume priezastis gali biiti mazesnis inflitruoty
mikrofagy kiekis tirtuose méginiuose (14 pav.). Vidulasteliniy baltymy atsiradimas
plazmoje, paprastai, zymi, kad Iasteliy ir kraujagysliy membrany vientisumas yra
pazeistas dél imaus miokardito. Misy duomenys rodo, kad virusiné infekcija tirtuose
meéginiuose yra létiné, o ne iminé ir ji nepazeidzia lasteliy membranos laidumo. Visgi
koreliacijos analizé parode¢, kad ilgiau trunkanti intramiokardo virusiné infekcija gali
sukelti uzdegimg, apoptozing kardiomiocity zutj ir fibroze, kurie veda prie Sirdies

nepakankamumo.

4.1.6. Kiti dKMP vystymasi reguliuojantys mechanizmai
Paskutiniy eksperimenty rezultatai parodé, kad virusui teigiamos tyrimo grupés

pacienty serume adipocitokino adiponektino ir BNP kiekis buvo daug (beveik 2 kartus)
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mazesnis, palyginus su virusui neigiamos grupés pacienty duomenimis (28 pav. ir 29

pav.; 3 lentelé).

p=0.005*

401

Adiponektinas serume (pg/ml)

1

0 T
Virusui neigiamas

Virusui teigiamas

5,000 p=0.044"

4,000

3,000

BNP serume (pg/mL)

2,000

1,000

0 —t-

Virusui neigiamas Virusui teigiamas

28 pav. Adiponektino kiekiai virusui neigiamos
ir virusui teigiamos grupiuy serumo méginiuose.
Duomenys pateikiami kaip vid. £ SEM ir buvo
laikomi reik§mingais, kai *p < 0,05

29 pav. Smegeny natriurezinio peptido B (BNP)
kiekiai virusui neigiamos ir virusui teigiamos
grupiy serumo méginiuose. Duomenys
patiekiami kaip vid. £ SEM ir buvo laikomi
reikSmingais, kai *p < 0,05

Koreliacijos analizé parodé, kad adiponektinas serume stipriai koreliavo su

pagrindiniu | tipo kolageno reguliatoriumi — transformuojanciu augimo faktoriumi — 1

(TGF-B1) (30 pav.), ir smegeny natriureziniu baltymu (BNP) (31 pav.).

50
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30 pav. Virusui teigiamos pacienty grupés
papildomy Zymeny koreliacijos analizé.
Adiponektino serume koreliacija su
transformuojanciu augimo faktoriumi p1
(TGF-g1). Koreliacija buvo laikoma
reikSminga, kai p < 0,05. Tiesinés regresijos
linija pateikiama 95 % pasikliautinajame
intervale. Regresijos koeficientai (R?)
pateikiami diagramose
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31 pav. Virusui teigiamos pacienty grupés
papildomy Zymeny koreliacijos analizé.
Adiponektino serume koreliacija su BNP
serume. Koreliacija buvo laikoma reik§minga,
kai p <0,05. Tiesinés regresijos linija
pateikiama 95 % pasikliautinajame intervale.
Regresijos koeficientai (R?) pateikiami
diagramose




Be to, serumo adiponektinas stipriai koreliavo su infiltruotais makrofagais
(CD68") (32 pav.), o BNP koreliavo su vidumiokardo T atminties lastelémis (CD45Ro")
ir T limfocitais (CD3") (33 pav.). TGF-B1 serume taip pat pasizyméjo stipria koreliacija
su intramiokardo makrofagais (CD68", R = 0,649; p = 0,022) ir MMP9 (R = 0,689; p =
0,009).
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32 pav. Virusui teigiamos pacienty grupés 33 pav. Virusui teigiamos pacienty grupés
papildomy Zymeny koreliacijos analizé. papildomy Zymeny koreliacijos analizé.
Adiponektino serume koreliacija su Sirdies BNP serume koreliacija su Sirdies bioptaty T
bioptaty infiltruotais markofagais (CD68"). Iastelémis (CD3") ir T atminties Iastelémis

Koreliacija buvo laikoma reikSminga, kai p < (CD45R0"). Koreliacija buvo laikoma

0,05. Tiesinés regresijos linija pateikiama 95 % reikSminga, kai p < 0,05. Tiesinés regresijos

pasikliautinajame intervale. Regresijos linija pateikiama 95 % pasikliautinajame

koeficientai (R?) pateikiami diagramose intervale. Regresijos koeficientai (R?)
pateikiami diagramose

Siame skyriuje pateikti duomenys parodo, kad dél jsisenéjusio virusy buvimo
padidéjes vidumiokardinis uzdegimo lygis padidina adiponektino kiekj ir BNP kiekj
serume. D¢l Sios priezasties aktyvinama TGF-B1, kolageno sinteze ir fibroz¢. Pagrindinis
I tipo kolageno sintezés reguliatorius TGF-B1 taip pat gali biiti tiesiogiai aktyvinamas
uzdegiminiais infiltratais, ypa¢ makrofagais. Tai rodo, kad d¢l Sirdyje jsisenéjusio viruso

buvimo gali padidéti uzdegimas ir i§sivystyti fibroze bei Sirdies nepakankamumas.
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4.2.UZdegimui teigiama dKMP pacienty tyrimo grupé

4.2.1. Uzdegiminiy infiltraty aptikimas endomiokardo bioptatuose

Ne tik ilgalaikis virusy buvimas miokarde gali sukelti uZdegiminius procesus.
Daugeliu atveju dKMP iSsivysto dél neaiskios kilmés uzdegiminiy procesy. Kadangi
tikslai nustatyti uzdegimo kilme yra siekiamybe, tac¢iau ne visada jgyvendinama, Sioje
darbo dalyje tyréme molekulinius mechanizmus dominuojancius neaiSkios kilmés
uzdegiming¢je KMB. UzZdegiminis vidumiokardinis procesas buvo nustatytas matuojant
uzdegiminius infiltratus. IS visy EMB tyrimo metu imunohistochemiskai jvertinty
uzdegiminiy lasteliy, daZniausiai buvo aptikti (11,28 = 1,21) T limfocitai (CD3"), toliau
— akyvieji atminties T limfocitai (CD45R0") (8,29 + 0,91) ir makrofagai (7,75 + 0,85).

Visi pacientai buvo paskirstyti j dvi grupes: uzdegimui neigiama (n = 10) ir
uzdegimui teigiama (n = 22) pagal Pasaulio sveikatos organizacijos, Tarptautinés
kardiology darbo grupés bendruomengs ir federacijos iSleista dokumenta, kuris apibrézia
ir suklasifikuoja rekomendacijas, kaip gydyti kardiomiopatijas (Richardson, McKenna et
al. 1996; Mahrholdt, Wagner et al. 2006; Kindermann, Kindermann et al. 2008).

4.2.2. Pagrindiniai klinikiniai parametrai
Lenteléje 6 galime matyti tyrimo grupiy pacienty pagrindinius duomenis. Nebuvo

pastebéta jokiy ypatingy skirtumy tarp tiriamuyjy lyties, amZiaus ir SN simptomy
pasiskirstymo grupése.

Niujorko irdies asociacijos (NSA) 1994 metais isleista funkciné klasifikacija
apibiidina SN kaip simptominj sindromg (Dolgin 1994). Dauguma tyrime dalyvavusiy
pacienty priklausé III klasei pagal NYHA: uzdegimui neigiamoje grupéje buvo 7 (70 %)
pacientai, uzdegimui teigiamoje grupéje 15 (68 %) pacienty. Taip pat buvo tokiy,
kuriems pasireigké rimti SN simptomai (NYHA IV klasé: atitinkamai 2 (20 %) ir 7 (32
%) pacientai).

Priesirdziy virpéjimas (PV) buvo daug labiau paplites uzdegimui neigiamoje
grupéje nei uzdegimui teigiamoje grupéje: atitinkamai 2 (20 %) ir 0 (0 %), p <0,001. Tai
grei¢iausiai yra dél to, kad uzdegimui teigiamoje grupéje fibrozés laipsnis yra mazesnis
(44 pav.). Isanalizavus EKG pagal kairiosios Hiso pluosto kojytés blokados (KHPKB)
paplitima, abi grupés mazai skyrési: 3 (30 %) ir 5 (22 %), p = 0,659.
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6 lentelé. Pagrindiniai tyrimo grupiy pacienty duomenys

Kintamieji UZdegimui neigiama grupé UZdegimui teigiama grupé
PacientyVerté Pacienty Verté p verté
sk. sk.

Lytis (vyras/moteris) 10 8 (80 %) / 2 (20 %) 22 17 (77 %) 1 5 (33 %) 0.863;,

AmZius (metai) 10 46,7 +£ 5,87 22 42,36 +2,07 0,389

NYHA

] 10 1 (10 %) 22 0 (0 %) 0,132;,
i 10 7 (70 %) 22 15 (68 %) 0,918;,
v 10 2 (20 %) 22 7 (32 %) 0,491,

Sirdies parametrai

KHPKB (%) 10 3 (30 %) 22 5 (22,7 %) 0,659,
Nuolatinis PV (%) 10 2 (20 %) 22 0 (0 %) 0,000;*
KSIF (%) 10 24,10 £ 2,28 22 23,05+ 1,35 0,678
KSGDD (cm) 10 6,89 +0,17 22 6,89 +£0,19 0,998
KSGDDI (cm/m?) 10 3,68 +0,21 22 3,71 £0,09 0,847
Vid. Ao (mmHg) 10 92,00 +3,95 22 86,06 +2,71 0,291
Vid. DPS (mmHg) 10 16,22 £3,19 22 11,44 £1,74 0,164
Vid PKPS (mmHg) 10 25,00 £2,79 22 23,45 £2,70 0,731
Vid. SPA (mmHg) 10 34,89 £4.33 22 32,95 £3,24 0,734
SI (L/min/m?) 10 2,38 +0,33 22 22 £0,14 0,573

Duomenys pateikti kaip vid. + SEM. * Duomenys laikomi reik§mingais, kai p < 0,05. ; Chi kvadrato
testas. Santrumpos: NYHA — Niujorko Sirdies asociacijos funkcinio pajégumo klas¢; KHPKB —
kairiosios Hiso pluosto kojytés blokada; PV — priesirdziy virpéjimas; KSIF — kairiojo skilvelio iSstimimo
frakcija; KSGDD - kairiojo skilvelio galinis diastolinis diametras; KSGDDI — kairiojo skilvelio galinio
diastolinio diametro indeksas; Ao — aortos; DPS — desiniojo priesirdzio spaudimas; PKPS — plauéiy
kapiliary pleistinis spaudimas; SPA — spaudimas plautinéje arterijoje, SI — Sirdies indeksas.

Apskritai, pagrindiniai echokardiografijos parametrai parod¢ biidingus dKMP
poZymius: sumazéjusig kairiojo skilvelio iSstimimo frakcijg (KSIF) ir kairiojo skilvelio
i$siplétimg. Palyginus abiejy grupiy rezultatus nepastebéta rySkiy skirtumy: KSIF 24,10
+ 2,2 % ir 23,05 £+ 1,3 %, kairiojo skilvelio galinis diastolinis diametras (KSGDD) 6,89 +
0,17 cm ir 6,89 + 0,19 cm, kairiojo skilvelio galinio diastolinio diametro indeksas
(KSGDDI) 3,68 + 0,21 c/m? ir 3,71 + 0,09 co/m°.

Pacientams buvo atlikta Sirdies kateterizacija, siekiant jvertinti hemodinamikos
sutrikimo lygj. Abiejy grupiy hemodinaminiai parametrai buvo panaSiis. Abiejose
grupése spaudimas plautin¢je arterijoje (SPA) buvo iSauges: 34,89 + 4,33 mmHg ir
32,95 + 3,24 mmHg, p = 0,734. Sie duomenys patvirtina plautinés hipertenzijos (PH)
diagnoz¢ — PH diagnozé patvirtinama, kai ramybés metu vid. SPA yra >25 mmHg
(Badesch, Champion et al. 2009). Abiejose grupése padidéjes vidutinis plauciy kapiliary
pleistinis spaudimas (VPKPS) (>15 mmHg): 25,00 + 2,79 mmHg ir 23,45 + 2,70 mmHg,

p = 0,731 rodo, kad sergama postkapiliarine hipertenzija, kurig sukélé kairiosios Sirdies
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pusés nepakankamumas (Simonneau, Robbins et al. 2009). Abicjose grupése padidéjes
vidutinis deSiniojo prieSirdZzio spaudimas (DPP), padidéjgs vidutinis SPA ir sumazéjes
sirdies indeksas (SI) rodo bloga ligos prognoze (D'Alonzo, Barst et al. 1991).

Abiejy grupiy pacientai buvo gydomi vienodai pagal rekomendacijas (7 lentel¢)
(Dickstein, Cohen-Solal et al. 2008; Dickstein, Vardas et al. 2010; McMurray,
Adamopoulos et al. 2012). Palyginus abiem grupéms paskirtus vaistus, jokiy reikSmingy
skirtumy nepastebéta.

7 lentelé. Iprastinis tyrimo grupiy gydymas (pagal Europos kardiologuy draugijos (EKD)
rekomendacijas)

Standartinis SN gydymas UZdegimui UZdegimui
neigiama grupé teigiama grupé
AKEF inhibitoriai 5 (50 %) 10 (46 %)
B-blokatoriai 10 (100 %) 19 (87 %)
Rusmené (priesirdziy virpéjimui gydyti) 2 (20 %) 7 (32 %)
Diuretikai 10 (100 %) 22 (100 %)
Kraujo kre$¢jimag slopinantys vaistai (priesirdziy 7 (70 %) 15 (68 %)
virpéjimas, i§stimimo frakcija <40 %) 1 (10 %) 5 (23 %)
Antiaritminiai vaistai (III klasés: amiodaronas)
Intervencijos
Implantuojamas $irdies defibriliatorius (ISD) 1 (10 %) 0 (0 %)
Sirdies resinchronizacinis gydymas (SRG) 1 (10 %) 3 (14 %)

4.2.3. UZdegiminiai dKMP Zymenys
Uzdegimo procesas buvo stebimas imunohistochemiskai nustatant CD3",

CD45Ro" ir CD68" ekspresija uzdegiminiuose infiltratuose. Taip pat buvo nustatyti
uzdegiminiai citokinai TNF-o, IL-6 ir IL-1B. Imunohistocheminiy mikroskopiniy
nuotrauky pavyzdziai rodo po viena CD3*, CD45R0" ir CD68" ekspresijos atvejj is
abiejy grupiy dKMP serganciy pacienty (34 pav., 35 pav. ir 36 pav.).

A B

185050 13690 e 194 VB a3 10361 5001 e g
—rAe a0 § E o u0 6§

34 pav. EMB tyrimo uZdegiminio infiltrato deSiniojo skilvelio vaizdas, kurj parodo CD3" Iastelés
(T limfocitai). (A) uzdegimui neigiama grupé (CD3" =3 lqst./mmz); (B) uzdegimui teigiama grupé
(CD3" =20 1ast./mm?). Imunohistocheminiam daZymui buvo naudojami anti-CD3" antikiinai.
Nuotrauka padidinta: x10
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35 pav. EMB tyrimo uZdegiminio infiltrato deSiniojo skilvelio vaizdas, kurj parodo CD45Ro+
lastelés (T atminties limfocitai). (A) uZdegimui neigiama grupé (CD45Ro+ = 3 last./mm°); (B)
uZdegimui teigiama grupé (CD45Ro+= 17 last./mm?). Imunohistocheminiam daZymui buvo
naudojami anti-CD45Ro+ antikiinai. Nuotrauka padidinta: x10
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36 pav. EMB tyrimo uZdegiminio infiltrato deSiniojo skilvelio vaizdas, iSreik$tas per CD68"
lasteles (makrofagus). (A) uZdegimui neigiama grupé (CD68" = 5 last./ mm®); (B) uZdegimui
teigiama grupé (CD68" = 20 last./mm®). Imunohistocheminiam daZymui buvo naudojami anti-
CD68 antikiinai. Nuotrauka padidinta: x10

Kiekybing citokiny ir infiltraty iSraiSka abiejose uzdegimui neigiamoje ir
uzdegimui teigiamoje pacienty grupése matome 37 pav. Daugiausia buvo aktyvinti
uzdegiminiai infiltratai: T-limfocitai (CD3") ir T atminties limfocitai (CD45Ro+)
(atitinkamai 2,38 karto ir 2,1 karto; p < 0,001 ir p < 0,01), o makrofagy veikla sustipréjo
tik 1,63 karto (38 pav.). Ryskus CD3" ir CD45Ro" padidéjimas uzdegiminés dKMP
miokarde taip pat leidzia daryti iSvada, kad padid¢jo miokardo ir mikrokraujagysliy

pralaidumas.
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37 pav. Uzdegimo Zymeny lygiai serume. 38 pav. Uzdegimo Zymeny lygiai biopsijos
ELISA tyrimo duomenys pateikti kaip vid. + méginiuose. Imunohistochemiskai teigiamai

SEM, surinkti i§ bent triju vienas kitam jtakos  nudaZzyty lasteliy tyrimo duomenys pateikti

neturéjusiy matavimy. Duomenys buvo laikomi kaip + SEM; jvertintos labai patyrusio patologo

reikSmingais, kai *p < 0.05 i$ bent trijy viena nuo kitos nepriklausomy
lokalizacijy. Duomenys buvo laikomi
reikSmingais, kai *p < 0,05, **p < 0,01 ir ***p <
0,001

Astuntoje (8) lenteléje pateikti duomenys rodo, kad specifiniy (interleukino-6 (IL-
6)) ir bendryjy (C reaktyviojo baltymo (DjCRB)) uzdegimo Zymeny aktyvumas buvo
didesnis uzdegiminés dKMP serumy méginiuose (atitinkamai 3,45, ir 2,76 karto).
Vidutinis citokino I1L-6 lygis uzdegiminés dKMP serumo méginiuose padidéjo tris kartus
(p < 0,05). Lyginant abiejy grupiy naviko nekrozés faktoriaus alfa (TNF-a) raiSkos
rezultatus paaiSkéjo, kad TNF-a lygis buvo du kartus padidéjes uzdegimui teigiamos
dKMP serumo méginiuose lyginant su neuzdegiminés kilmés dKMP. Kadangi TNF-a
yra Fas receptoriaus ligandas, tai paaiSkina, kodél uzdegimui teigiamos dKMP
méginiuose buvo Siek tiek aktyvinta kaspazé-8 (8 lentelé). Nebuvo pastebéta ryskiy

interleukino-1 beta (IL-1p) (dar vadinamo katabolinu) pakitimy serumo méginiuose.

4.2.4. Apoptoziniy biozymeny pokyciai uzdegiminés dKMP méginiuose
Koreliaciné uzdegiminiy citokiny ir kity iSskiriamy biozymeny analizé padéjo

atkreipti démesj ] apoptoziniy mechanizmy svarbg uZzdegiminés dKMP kontekste. 39

pav. vaizduojami duomenys iliustruoja reik§mingg CD3" ir IL-6 koreliacija.
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39 pav. Koreliacija tarp uZdegiminiy ir mitochondriju membranos destabilizacijos Zymeny
uzZdegimui teigiamoje pacienty grupéje. Skaiciuojant EMB lasteles nustatyta serume esanciy
uZdegiminiy citokiny IL-6 ir CD3" koreliacija. Koreliacija buvo laikoma reik§minga, kai p < 0,05.
Tiesinés regresijos linija pateikiama 95 % pasikliautinajame intervale. Regresijos koeficientai

(R? pateikiami diagramose

Be to, ryski koreliacija serumuose tarp IL-6 ir DJCRB, kurie atitinkamai reagavo

su mitochondriniu Saperoniniu baltymu Hsp60 ir proapoptoziniu Bax, leidZia manyti,

kad miokardo uzdegimas daugiausia paveikia mitochondrijy membrany vientisumg ir

aktyvina nuo Bax priklausoma apoptoziniy signaly kaskada (40 pav. ir 41pav.).
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40 pav. Koreliacija tarp uzdegiminiy ir
mitochondriju membranos destabilizacijos
Zymeny uZdegimui teigiamoje pacienty grupéje.
Cia vaizduojama koreliacija serumuose tarp
IL-6 ir mitochondrijos membranos, kuris
stabilizuoja Saperona Hsp60. Koreliacija buvo
laikoma reikSminga, kai p < 0,05. Tiesinés
regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) pateikti diagramose
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41 pav. Koreliacija tarp uzdegiminiy ir
mitochondriju membranos destabilizacijos
Zymeny uZdegimui teigiamoje pacienty
grupéje. Cia vaizduojama koreliacija
serumuose tarp didelio jautrumo C reaktyviojo
baltymo (DjCRB) ir Bax. Koreliacija buvo
laikoma reik§minga, kai p < 0,05. Tiesinés
regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) pateikti diagramose




Mitochondrijos membrang stabilizuojan¢iy baltymy Bcl-2 ir Hsp60 kiekis
uzdegimui teigiamuose serumuose atitinkamai padidéjo 1,86 ir 8,97 (p < 0,05) karto. Sie
rezultatai paremia teorijg, kad esant uzdegiminei dKMP padidéja mitochondrijy ir
miokardo Igsteliy plazminés membrany pralaidumas (8 lentel¢). Kartu uzdegiminiy
dKMP biopsijy rezultatai parod¢, kad Bcel-2 sumazéjo 1,34 karto, o Bax padidéjo 1,22
karto. Sie duomenys rodo, kad aktyvinosi nuo Bcl-2/Bax priklausanti apoptozés reakcijy
seka (8 lentelé). Tuo tarpu uzdegimine dKMP serganéiy pacienty serumo ir bioptato
méginiuose APO1/Fas/CD95 (pagrindinio iSorinés apoptozés reakcijy sekos
receptoriaus) lygis padidéjo tik Siek tiek, Fas ligando (FasL) lygis bioptatuose net
sumazg¢jo (8 lentele).

Duomenys, pateikti 42 pav., demonstruoja statistiSkai reikSmingg (p < 0,05)
kaspazés-9, -8 ir -3 padidéjimg serumuose. Kaspazés-9 lygio padidéjimas serume buvo
didziausias. Kaspaziy-9, -8, -3 raiskos padidéjimas endomiokardiniy biopsijy méginiuose
(43 pav.) nebuvo statistiskai reikSmingas dél duomeny jvairavimo. Vis délto uzdegimine
dKMP serganciy pacienty tyrimuose kaspazés-9 vertés vidurkis buvo 31 ir 118 karty
didesnis nei kaspazés-8 ar kaspazés-3. Tai rodo, kad vidinis apoptozinis kelias atlieka

didesnj vaidmenj uzdegiminés dKMP ligos vystymesi (43 pav.).
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42 pav. Kaspaziy -9, -8, -3 lygiai serumo 43 pav. Kaspaziy -9, -8, -3 lygiai EMB tyrimo
meéginiuose. Duomenys pateikti kaip vid. + meéginiuose. Duomenys pateikti kaip vid. +
SEM i$ bent trijy vienas nuo kito SEM i§ bent trijy vienas nuo kito
nepriklausan¢iy matavimy. Duomenys buvo nepriklausan¢iy matavimuy.

laikomi reik§mingais, kai *p < 0,05
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8 lentelé. Duomenu apie iSmatuotus bioZymenis santrauka

UZdegimui neigiama grupé

UZdegimui teigiama grupé

Kintamieji Pacienty Verté Pacienty Verté p Verté
sk. sk.
UZdegimo Zymenys serume
TNF-o (pg/ml) 8 7,9313 £0,5106 21 14,2819 + 5,0280 0,223
IL-6 (pg/ml) 8 3,3938 + 0,8554 21 11,4038 = 3,3614 0,031*
IL-1B (pg/ml) 8 5,0000 + 0,0000 21 4,7619 £ 0,2381 0,329
DjCRB (pg/ml) 8 7,6875 £ 5,0460 19 21,5563 £ 6,9633 0,066;
Apoptozés Zymenys serume
Bcl2 (ng/mg baltymas) 10 0,0288 + 0,0288 22 0,0536 + 0,0455 0,889;
Bax (ng/mg baltymas) 10 2,1527 £ 0,2400 22 2,3354 +0,1606 0,535
Kaspazé-9 (ng/mg baltymas) 10 0,0130 +0,0013 22 0,0808 + 0,0283 0,038*
Kaspazé-8 (ng/mg baltymas) 10 0,0010 £ 0,0001 22 0,0031 £+ 0,0009 0,043%;
Kaspazé-3 (ng/mg baltymas) 10 0,0029 + 0,0022 22 0,0105 + 0,0023 0,025*
APO1/Fas/CD95 (ng/mg baltymas) 10 0,0000 + 0,0000 22 0,0000 + 0,0000 0,857;
FasL (ng/mg baltymas) 10 0,0000 + 0,0000 22 0,0000 + 0,0000 N.A.
Hsp60 (ng/mg baltymas) 10 0,0419 +0,0253 22 0,3760 + 0,1468 0,035*
Apoptozés Zymenys bioptate
Bcl2 (ng/mg baltymas) 10 83,5523+ 26,2936 21 63,8790 + 17,2137 0,540
Bax (ng/mg baltymas) 10 5,6452 + 2,6905 21 6,8873 + 3,7924 0,724;
Kaspazé-9 (ng/mg baltymas) 10 29,6575 £ 12,5969 21 38,7122 £9,6108 0,950;
Kaspazé-8 (ng/mg baltymas) 10 0,9483 +0,1640 21 1,1611 +0,1962 0,413
Kaspazé-3 (ng/mg baltymas) 10 0,2503+ 0,0773 21 0,2586 + 0,0649 0,935
APO1/Fas/CD95 (ng/mg baltymas) 10 3,4651 + 0,6568 21 4,1921 £ 0,6607 0,443
FasL (ng/mg baltymas) 10 45550 + 1,3594 21 4,0588 + 1,1083 0,780
Hsp60 (ng/mg baltymas) 10 24,1262 £ 6,9102 21 19,2656+ 4,5617 0,565
Sirdies kontraktilumo Zymuo
serume
DjTnT (pg/mL) 8 35,4988 + 9,0908 20 66,4145 +26,9755 0,289
UZlgstelinio uZpildo degradacijos
Zymenys serume
MMP9 (ng/mg baltymas) 10 1,3867 + 0,0674 22 1,5261 £ 0,0508 0,115
TIMP-1 (ng/mg baltymas) 10 5,9610 £ 0,3597 22 6,1223 £0,1497 0,686
MMP-9/TIMP-1 10 0,2355+0,0090 22 0,2511 £ 0,0086 0,223
UZlastelinio uzpildo degradacijos
Zymenys bioptate
MMP-9 (ng/mg baltymas) 10 2,3698 + 1,1931 21 2,7630 + 0,9394 0,798
TIMP-1 (ng/mg baltymas) 10 9,4917 + 1,7605 21 7,8056 + 1,4029 0,462
MMP-9/TIMP-1 10 0,1931+0,0729 21 0,4760 + 0,1048 0,035*
Kiti matavimai
BNP (pg/ml) 10 1277,8500 + 428,5054 22 1603,2591 + 276,3777 0,532
Adiponektinas (pg/ml) 8 24,1000 + 3,5914 21 22,9048 + 3,5287 0,815
Galektinas-3 (ng/ml) 10 12,4670 + 1,9009 22 12,3895 + 0,8635 0,971
Sirdies fibrozé (%) 10 15,8447 +2,6319 22 14,5632 + 1,9258 0,699

Duomenys pateikti kaip + SEM. * Duomenys buvo laikomi reik§mingais, kai jy lygis p<0,05; ; Mano-Vitnio—
Vilkoksono rangy sumos testas. Santrumpos: TNF-a — naviko nekrozés faktorius a; IL-6 — interleukinas-6; IL-
1B — interleukinas 1pB; Bcl-2 — B Iasteliy limfomos 2 baltymas; Bax — su Bcl-2 susijes X baltymas; Hsp60 —
kar§¢io Soko baltymas-60; MMP-9 — matrikso metaloproteinazé-9; TIMP-1 — matrikso metaloproteinazés

audiniy inhibitorius-1; IL-1p — interleukinas-1 beta;

troponinas-T; DjCRB — didelio jautrumo C reaktyvusis baltymas, N.A. — negalimas.
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4.2.5. Nekrozés indukcija uZdegiminés dKMP méginiuose
UZzdegimui teigiamos pacienty grupés serumuose didelio jautrumo troponino-T

(DjTnT, pagrindinio struktirinio sarkomero baltymo, esancio Sirdyje) lygis buvo
dvigubai didesnis (8 lentel¢). DjTnT issiskyrimas i§ miokardo rodo, kad vyksta létiné
struktiirine ir funkciné miokardo degradacija, kuri sutapo su Zemesniu fibrozés lygiu

uzdegiminés dKMP bioptatuose (44 pav. ir 45 pav.).
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Uzdegimui neigiamas UZzdegimui teigiamas

44 pav. Sirdies fibrozé deSiniajame skilvelyje, EMB tyrimo rezultatai. Duomenys pateikti kaip
vid. = SEM i§ ne maZiau kaip triju vienas nuo kito nepriklausomy matavimy

45 pav. Mikroskopinése nuotraukose matome po vieng kiekvieng grupe reprezentuojancia
paciento nuotrauka. (A) uZdegimui neigiama (kiekybiskai jvertinta fibrozé — 20,34 %); (B)
uZdegimui teigiama (kiekybiskai jvertinta fibrozé — 18,65 %). Sirdies fibrozé nudaZyta Masono
trichromo daZu (kolagenas paZymétas mélyna spalva). Dideli kolageno kiekiai parodo auksa
fibrozés lygj. Nuotrauka padidinta: x10

Taip pat atlikus histologing analiz¢, miokardo biopsijos meéginiuose nekrozés
neaptikta (46 pav.). Tai leidzia daryti iSvadg, kad | serumg iSsiskiriantis DjTnT yra

susijes su létai besivystanciu skersaruoziy raumeny sutrikimu nei su nekrozés procesu.
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46 pav. Uzdegim

kiekviena grupe reprezentuojancia paciento nuotrauka. (A) uZdegimui neigiama; (B) uzdegimui
teigiama. DaZzymas hematoksilinu ir eozinu. Nuotrauka padidinta: x10

4.2.6. Apoptoziniy keliy saveika, prisidedanti prie uzdegiminés dKMP

vystymosi

47 pav. pateikti duomenys rodo, kad kaspaze-9, specifiné serumo cisteino-asparto

rugsties proteaze, dar zinoma kaip apoptoze sukelianti kaspazé, stipriai koreliuoja su

bendruoju uzdegimo Zymeniu DjCRB, taip patvirtindama, kad apoptozés vidinis kelias

jautriai reaguoja j uzdegima.
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47 pav. Kaspazeés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés méginiuose. Koreliacija tarp kaspazés-9
ir didelio jautrumo C reaktyviojo baltymo
(DjCRB) serumo méginiuose. Tiesinés
regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reik§mé (p < 0,05)
pateikiami diagramose
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48 pav. Kaspazés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés méginiuose. Koreliacija tarp kaspazés-9
ir matrikso metaloproteinazés-9 (MMP-9)
serumo méginiuose. Tiesinés regresijos linija
pateikiama 95 % pasikliautinajame intervale.
Regresijos koeficientai (R?) ir statistiné reik§meé
(p < 0,05) pateikiami diagramose




Koreliacija tarp kaspazés-9 ir MMP9 (48 pav.) rodo, kad kaspazé-9 gali biti

tiesiogiai aktyvinama MMP9 arba kity vidinio apoptozinio kelio tarpininky: Bcl-2 ir Bax

(49 pav. ir 50 pav. p <0,05).
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49 pav. Kaspazés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-9 ir B Igsteliy
limfomos 2 baltymo (Bcl-2) serumo méginiuose.
Tiesinés regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reikimé (p < 0,05)
pateikiami diagramose

50 pav. Kaspazés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-9 ir su Bcl-2 susijusio
X baltymo (Bax) serumo méginiuose. Tiesinés
regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reik§mé (p < 0,05)
pateikiami diagramose

51 pav. ir 52 pav. pateikiami duomenys taip pat rodo, kad ne tik apoptoze

inicijuojanti kaspazé-9 prisideda prie miokardo destrukcijos reguliavimo. Stipri

koreliacija (p < 0,05) tarp kaspazés-9 ir egzekucinés kaspazés-3 bei iSorin] apoptozés

kelig inicijuojancios kaspazés-8 leidzia manyti, kad vidinis ir iSorinis apoptoziniai keliai

tarpusavyje sgveikauja.

Nors kaspazés-8 aktyvinimas uzdegiminiuose KMP méginiuse nebuvo ypatingai

zenklus, koreliaciné analizé¢ su APO1/Fas/CD95 rodo, kad Sis kelias ir su juo susijes

receptorius, esant stipresniam uzdegimui, gali dalyvauti uzdegiminés dKMP vystymesi

(53 pav.). Svarbi koreliacija tarp kaspazés-8 ir Bax patvirtina, kad iSorinis ir vidinis

apoptoziniai keliai susikerta mitochondriniame lygmenyje ir Siame procese Bax atlieka

ypatingg vaidmenj (54 pav.).
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51 pav. Kaspazeés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-9 ir kaspazés-8
serumo méginiuose. Tiesinés regresijos linija
pateikiama 95 % pasikliautinajame intervale.
Regresijos koeficientai (R?) ir statistiné reik§mé
(p < 0,05) pateikiami diagramose

52 pav. Kaspazés-9 koreliacija su
biomolekulémis uZdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-9 ir kaspazés-3
serumo méginiuose. Tiesinés regresijos linija
pateikiama 95 % pasikliautinajame intervale.
Regresijos koeficientai (R?) ir statistiné reik§mé
(p < 0,05) pateikiami diagramose
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53 pav. Kaspazés-8 koreliacija su
biomolekulémis uzdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-8 ir Fas receptoriaus
(APO1/Fas/CD95) serumo méginiuose.
Tiesinés regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reik§mé (p < 0,05)
pateikiami diagramose

54 pav. Kaspazeés-8 koreliacija su
biomolekulémis uzdegimui teigiamos pacienty
grupés serumo méginiuose. Cia pateikiama
koreliacija tarp kaspazés-8 ir su Bcl-2 susietu
X baltymas (Bax) serumo méginiuose. Tiesinés
regresijos linija pateikiama 95 %
pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reik§mé (p < 0,05)
pateikiami diagramose

Koreliacija tarp kaspazés-8 ir MMP9 (55 pav.), panasiai kaip ir su kaspaze-9,
leidzia teigti, kad MMP9 taip pat prisideda prie tiesioginés prokaspazés-8 aktyvacijos.
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MMP?9 ir kaspaziy koreliacija taip pat gali buti aktyviai susijusi sSu miokardo pralaidumo

padidéjimu ir baltymy iSskyrimu j uZlasteling erdvg.

.02

.01

Kaspazé-8 serume (hg/mg
baltymo)
=4
|

o0 oo

.00 wo

1 .|25 1 .|50 1 .‘75 2.60 2.‘25
MMP9 serume (ng/mg baltymo)

55 pav. Kaspazés-8 koreliacija su biomolekulémis uzZdegimui teigiamos pacienty grupés serumo
méginiuose. Cia pateikiama koreliacija tarp kaspazés-8 ir matrikso metaloproteinazés-9 serumo
méginiuose. Tiesinés regresijos linija pateikiama 95 % pasikliautinajame intervale. Regresijos
koeficientai (R?) ir statistiné reikimé (p < 0,05) pateikti diagramose

4.2.7. Apoptoziniy bioZymeny raiska miokardo audinyje
Toliau buvo jdomu iStirti, ar apoptoziniy bioZymeny iSsiskyrimas j kraujg atspindi

panaSius procesus, vykstanCius ir uzdegimine dKMP sergancio paciento miokarde.
Kaspazés-9 aktyvinimas tiek Sirdies audinyje, tiek serume stipriai koreliavo su
uzdegiminémis lastelémis, ypa¢ su uzdegiminiais citokinais IL-6, o kaspaze-8 rySkiau
koreliavo su Bax ir kaspaze-3 (zr. 9 lentelg, kaspaziy-8 ir -9 koreliacijos). Egzekuciné
kaspaze-3 reikSmingai koreliavo su vidiniais (Bax, Bcl-2) ir iSoriniais (APO1/Fas/CD95
ir FasL) apoptoziniy keliy aktyvintojais (zr. 2 lenteléje kaspazés-3 koreliacijg). Panasiai
kaip serumuose, bioptatuose abicjy apoptozés aktyvavimo biudy dalyviai (Bcl-2, ir
APO1/Fas/CD95, FasL) reik§mingai koreliavo su MMP9 ir jo inhibitoriumi TIMP-1 (9
lentel¢). Taip pat buvo pastebéta stipri (p < 0,001) koreliacija tarp Bax pokyciy
bioptatuose ir serumuose (duomenys nepateikti). Galiausiai, sarkomerinis baltymas
DjTnT taip pat stipriai koreliavo su kaspaze-8, Bax ir kaspaze-3 tiek bioptatuose, tiek
uzdegimines dKMP pacienty serumuose. Tai leidZia daryti iSvada, kad kaspaziniy keliy
aktyvinimas taip pat prisideda prie nuo kaspaziy priklausomo DjTnT iSsiskyrimo (zr. 9

lenteléje DjTnt koreliacijg).
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9 lentelé. Apoptoziniu, nekroziniy ir uZdegiminiy bioZymeny koreliacija
Kaspazé-9 Kaspazé-8 Kaspazé-3 Bcl2 FasR FasL Bax
bioptate  bioptate  bioptate  bioptate bioptate bioptate  bioptate
Kaspazé-8 bioptate 0,303
Kaspazé-3 bioptate 0,063 0,436*

Bcl2 bioptate -0,202 0,175 0,486*
FasR bioptate -0,097 -0,074 0,526* 0,739**
FasL bioptate -0,046 0,007 0,442* 0,835** 0,907**

MMP-9 bioptate -0,229 0,024 0,419 0,764** 0,730** 0,824**
TIMP-1 bioptate -0,012 -0,205 0,213 0,517*  0,795** 0,722**

Bax bioptate 0,283 0,584**  0,678** 0,056 0,139 0,053
IL-6 serume 0,518* -0,016 -0,011 -0,262  -0,202 -0,154 0,131
DjTnT serume 0,434 0,598**  0,563* -0,125  -0,067 -0,165 0,954**

2-tailed testo svarba: *p < 0,05; **p < 0,01. ReikSmingos koreliacijos parySkintos. Santrumpos: IL-6 —
interleukinas-6; Bcl-2 — B lgsteliy limfomos 2 baltymas; FasR — Fas receptorius; FasL — Fas ligandas; MMP-
9 — matrikso metaloproteinazé-9; TIMP-1 — matrikso metaloproteinazés audiniy inhibitorius-1; Bax — su Bcl-
2 susijes X baltymas; Hsp60 — kars¢io Soko baltymas-60; DjTnT — didelio jautrumo troponinas-T.
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4.3.Kiekybinis miokardo fibrozés jvertinimas pasitelkiant skaitmenine vaizdo
analize ir interaktyvigjq stereologijq
IS viso 116-0s skaidriy analizei buvo panaudoti: skaitmeninis biidas, vizualus

gydotojo patologo vertinimas ir stereologijos metodas.

Fibrozés vidurkis, apskaiciuotas naudojant kolokalizacijos programing jranga, buvo
13,72 + 1,14 %. Jis buvo artimiausias stereologijos pagrindu apskaiciuotai pamatinei
vertei (RVS: 13,21 £ 1,42 %). Vidurkiy reik§més, kurios buvo gautos pasitelkus Genie
programing jrangg ir vizualy patologo vertinimg: pirmojo matavimo metu nuling savaite
(11,20 = 1,44 %) ir antrojo matavimo metu antrg savaite (10,76 = 1,61 %), parode
nedidele neigiamg vertinimo paklaida, susijusig su RVS. Visgi kolokalizacijos jrangos
diapazonas buvo zemiausias i§ visy tikrinty metody ir nuo jy skyrési apie 20 %. Genie
jrangos diapazonas buvo 88,22 %, o vizualus patologo vertinimas — 100 %. Sie rezultatai

lygintini su RVS diapazonu (96,50 %), duomenys pateikti 10 lenteléje.

10 lentelé. Sirdies fibrozés (%) vertinimo metody statistiniy duomeny santrauka

Stereologija Kolokalizacija Genie  Patologas Patologas
0 savaité 2 savaité

Steb¢jimy skaicius 116 116 116 116 116
Vidurkis 13,21 13,72 11,60 11,20 10,76
Mediana 8,70 11,12 7,39 5,00 5,00
Standartiné vidurkio paklaida 1,42 1,14 1,43 1,44 1,61
Diapazonas 96,50 73,79 88,22 100,00 100,00
Minimumas 0,00 1,57 0,05 0,00 0,00
Maksimumas 96,50 75,36 88,27 100,00 100,00

Tiek kolokalizacijos, tiek Genie metodai labai stipriai koreliavo su RVS Sirdies
fibrozés vertinimu (atitinkamai: R = 0,928 ir R = 0,946 (p < 0,001). Patologo vizualus
vertinimas taip pat stipriai koreliavo su RVS: R = 0,913 (p < 0,001) nuling savaitg ir R =
0,929 (p <0,001) antrg savaite (11 lentele).
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11 lentelé. Porinés koreliacijos tarp stereologijos, skaitmeniniy algoritmuy ir patologo vertinimo
(Pirsono koeficientai, p < 0,001, n = 116)

Stereologija Kolokalizacija Genie Patologas 0
savaité
Kolokalizacija 0,928
Genie 0,946 0,973
Patologas 0 savaité 0,913 0,839 0,841
Patologas 2 savaité 0,929 0,853 0,856 0,965

Frydmano testas atskleidé statistiSkai reikSmingus Sirdies fibrozés vertinimo metody
rezultaty skirtumus: y*(3) = 62,405, p = 0,000. Buvo taikoma post hoc analizé ir
Vilkoksono Zyméty rangy metodika su Bonferonio pataisomis (nustatytas reikSmingumo
lygis — p < 0,0125). Kolokalizacijos ir RVS rezultaty skirtumai buvo statistiSkai
nereikSmingi (Z = -2,259, p = 0,024), jy vidurkiy skirtumo reik§mé buvo 0,50 %. Visgi
post hoc analizé parodé svarbius skirtumus tarp Genie ir RVS (Z = -5,000, p = 0,000) bei
tarp patologo vertinimo vidurkio ir RVS (Z = -4,422, p = 0,000). Jy vidurkiy skirtumo
reik8mé buvo -1,61 % ir 2,24 %. Panasis reik§mingi rezultaty skirtumai buvo aptikti tarp
dviejy skaitmeniniy metody (Genie ir Kolokalizacijos): Z = -6,639, p = 0,000, su 2,11 %
dispersine paklaida (12 lentelé).

12 lentelé. Porinis Sirdies fibrozés (%) vertinimo metody palyginimas

Pory skirtumai zZ* p verte*
Vidurkis  Standartiné

vidurkio

paklaida
1-a pora Kolokalizacija — stereologija 0,50 0,56 -2,259 0,024
2-a pora Genie — stereologija -1,61 0,47 -5,000 0,000
3-a pora Patologo vert. vidurkis — 2,24 0,56 -4,422 0,000

stereologija

4-a pora Kolokalizacija — Genie 2,11 0,42 -6,639 0,000

* Skaic¢iavimai remiasi post hoc analize ir Vilkoksono Zyméty rangy metodika (su Bonferonio pataisomis,
nustatytas reikSmingumo lygis p <0,0125).

Paprastosios tiesinés regresijos modelio taSkinés diagramos parodé¢, kad Genie
programin¢ jranga yra naudingesné¢ negu kolokalizacijos jranga dél aiskiai geresniy
neapdoroty ir | logaritmus transformuoty R-kvadratu matavimy: 0,896 ir 0,804 (log)
palyginti su 0,861 ir 0,707 (log); nuolydis 0,956 ir 1,222 (log) palyginti su 0,745 ir 0,639
(log); susikirtimo taskas -1,033 ir -0,860 (log) palyginti su 3,875 ir 0,972 (log) (56 pav.
ir 57 pav.).
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56 pav. Paprastosios linijinés regresijos modeliai ir jy ataskaitinés reikSmés. Neapdoroti (A) ir i
logaritmus transformuoti matavimai (B) atlikti kolokalizacijos ir stereologijos biidu. Tiesinés
regresijos linija pateikiama 95 % pasikliautinajame intervale

100
a:E - 80
by =
o £
=] @
e N
2 2 o]
g =
3
g @ 40
o o
o
-l
20
o
4 T T T T T T T 0- T
-1 0 1 2 3 4 5 100
Log [Stereologija, fibrozé (%)] Stereologija, fibrozé (%)

57 pav. Paprastosios linijinés regresijos modeliai ir ju ataskaitinés reikSmés. Neapdoroti (A) ir i
logaritmus transformuoti (B) matavimai atlikti Genie ir stereologijos biidu. Tiesinés regresijos
linija pateikiama 95 % pasikliautinajame intervale

Patologo vertinimo ir RVS koreliacija buvo panasi: R-kvadratu 0,864 ir 0,684 (log),
nuolydis 0,994 ir 0,838 (log); susikirtimo taskas -2,155 ir 0,062 (log); stebétojo rezultaty
variacijos, palyginus nuling ir antrg savaites, buvo nedidelés: R-kvadratu 0,931 ir 0,824
(log), nuolydis 1,079 ir 0,939 (log), susikirtimo taskas -1,328 ir -0,020 (log). Stebétina,
kad abiejy skaitmeniniy metody rezultatai ne taip ryskiai, kaip tikétasi, koreliavo
tarpusavyje: R-kvadrato reiksmés (0,947 ir 0,794 (log)), bet aukstas susikirtimo taskas
(4,744 ir 1,500 (log)) ir nuolydis, kuris buvo toli nuo idealaus varianto (0,773 ir 0,486
(log)) (58 pav., 59 pav. ir 60 pav.).
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58 pav. Paprastosios linijinés regresijos modeliai ir ju ataskaitinés reik§més. Neapdoroti (A) ir j
logaritmus transformuoti (B) matavimai — patologo vertinimas ir stereologijos metodas. Tiesinés
regresijos linija pateikiama 95 % pasikliautinajame intervale
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59 pav. Paprastosios linijinés regresijos modeliai ir ju ataskaitinés reikSmés. Neapdoroti (A) ir i
logaritmus transformuoti (B) matavimai — ¢ia matomi patologo vertinimai nuline¢ savaite ir 2-3
savaite. Tiesinés regresijos linija pateikiama 95 % pasikliautinajame intervale
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60 pav. Paprastosios linijinés regresijos modeliai ir ju ataskaitinés reik§més. Neapdoroti (A) ir j
logaritmus transformuoti (B) matavimai atlikti kolokalizacijos ir Genie metodais. Tiesinés
regresijos linija pateikiama 95 % pasikliautinajame intervale

Bland—Altman statistiné analizé parodé, kad dvikrypté paklaida priklauso nuo
matavimy mastelio. Kolokalizacijos programiné jranga apskaiCiavo fibrozés plota su
teigiama vertinimo paklaida apatinéje RVS skal¢je, o virSutingje RVS skaléje — su

neigiama vertinimo paklaida (61 pav.).
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61 pav. Skirtingy metody vertinimo rezultaty skirtumai, kuriems atskleisti naudota Bland—
Altman statistiné analizé (A) ir histogramos (B). Kolokalizacijos ir stereologijos metodai.
Horizontali linija parodo skirtumy vidurkj, neperZengiant susitarimo riby (skirtumo vidurkis su
+ 2 standartiniu nuokrypiu)

Genie programinés jrangos ir patologo vertinimo vidurkio rezultatai buvo vienodesni,
iSskyrus nedidelg neigiamg vertinimo paklaidg vidurinéje skalés dalyje (62 pav. ir 63
pav.).
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62 pav. Skirtingy metody vertinimo rezultaty skirtumai, kuriems atskleisti naudota Bland—
Altman statistiné analizé (A) ir histogramos (B). Genie ir stereologijos metodai. Horizontali linija
parodo skirtumy vidurkij neperzengiant susitarimo riby (skirtumo vidurkis su = 2 standartiniu
nuokrypiu)
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63 pav. Skirtingy metody vertinimo rezultaty skirtumai, kuriems atskleisti naudota Bland—
Altman statistiné analizé (A) ir histogramos (B). Patologo vizualaus vertinimo vidurkis ir
stereologijos metodas. Horizontali linija parodo skirtumy vidurkij neperZengiant susitarimo riby
(skirtumo vidurkis su + 2 standartiniu nuokrypiu)

Pateiktos histogramos parodo kiekvieno brézinio skirtumy normalyjj skirstinj (61

pav., 62 pav. ir 63 pav.).
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5. REZULTATU APTARIMAS

5.1.Viruso sukeltos dKMP molekuliniai mechanizmai
Miokardo sutrikimai sukelia jvairiy Sirdies problemy, tod¢l, atsizvelgiant i sutrikimo

priezast] ir pazeidimo sritis, gydymui reikalingi skirtingi metodai. Miokarda daugiausia
sudaro miocitai, uzlgstelinis uzpildas (ULU) ir kapiliary mikrocirkuliacijos sistema.
Miocity veikla atsako uz miokardo jsitempimo ir susitraukimo reguliacija, o uzlgstelinio
uzpildo funkcija uZztikrina struktirinj Salia esan¢iy miocity ir miofilamenty vientisuma ir
mikrocirkuliacija. Kuris i§ Siy procesy — kardiomiocity zitis ar ULU degradacija —
stipriau pakenkia miokardo veiklai, daugiausia priklauso nuo vieno ar Kkito proceso
intensyvumo ir trukmes. Svarbu nustatyti, kuri 1§ pirmiau minéty miokardo daliy buvo
ilgg laikg pazeista (Janicki ir Brower 2002; Whelan, Kaplinskiy et al. 2010).

Siame darbe pateikti duomenys rodo, kad létinei virusinei dKMP néra badingas
miokardo uZzdegimas, fibrozé ar apoptozé. Sumazeéjes sarkomerinio baltymo DjTnT
kiekis serume, kuris taip pat yra ir nekrozinés lasteliy ztties zymuo (Bashey, Martinez-
Hernandez et al. 1992), patvirtina, kad virusinés dKMP metu nekrozinés kardiomiocity
zities taip pat néra. Visgi létiné vidumiokardiné virusiné infekcija néra tokia ,,nekalta®,
kaip atrodo i§ pirmo zvilgsnio. Duomenys rodo, kad kolageno sintezés/degradacijos
balansas (PICP/ICTP santykis) virusui teigiamuose bioptatuose sumaze¢jo 4,3 karto.
Kadangi 85-90 % miokardo sudaro | tipo kolagenas ir tik 10-15 % Il tipo kolagenas bei
kiti komponentai (Kociol, Pang et al. 2010; Whelan, Kaplinskiy et al. 2010), | tipo
kolageno apykaitos sutrikdymas tirtuose miokardo audiniuose gali buti vienas
svarbiausiy létinés virusinés dKMP iSsivystymo veiksniy. Bioptatuose sumazéjo ne tik I
tipo kolageno, bet Siek tiek (1,13 karto) ir vidulastelinis fibrozés zymens a-SMA Kiekis.
Teigiama koreliacija tarp I tipo kolageno sintezés ir bendro uzdegimo Zymens CRP
serume leidzia teigti, kad, jeigu miokarde ilga laika yra virusiné infekcija, ji gali
suaktyvinti uzdegimg ir fibroz¢. Remiantis rezultatais galima teigti, kad susitraukima
reguliuojanciy baltymy, ypac I tipo kolageno, degradacija létin¢je virusinéje dKMP yra
vyraujantis procesas lyginant su uzdegimu ir kardiomiocity ziitimi.

Vienas pagrindiniy veiksniy, kuris veikia I tipo kolageno sintez¢ miokarde, yra

transformuojantis augimo faktorius beta (TGF-B1), kuris atlieka pagrindinj vaidmenj
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Sirdies atsinaujinimo procese. TGF-B1 tarpininkauja kardiomiocity augimo, fibroblasty
aktyvavimo ir ULU kaupimo procesuose (Bujak ir Frangogiannis 2007). TGF-B1 yra
zinomas ne tik kaip fibrogeninis, bet ir kaip uzdegima malSinantis citokinas, todél jo
nuslopinimas galéty paveikti tiek kolageno sintezés procesa, tieck imuning sistemg ir
aktyvinti uzdegimag (Aukrust, Ueland et al. 1999; Sun, Zhang et al. 2000; Gorelik ir
Flavell 2002). Duomenys parodé, kad TGF-B1 sumazéjo 3,6 karto virusui teigiamuose
dKMP bioptatuose, o serume jo lygis beveik nepakito. TGF-B1 jtaka kolageno sintezei
yra sudétinga ir nevisiSkai iStyrinéta. Taip pat buvo pastebéta, kad TGF-B1 gali tiesiogiai
aktyvinti I tipo kolageno sintez¢ (Pan, Chen et al. 2013) ir netiesiogiai — kolageno
sintez¢ per SMAD baltymy fosforilinima, padid¢jusia endoglino raiSka, TIMP-1
stimuliacija, lizilo oksidazés aktyvavimg ir kitas signalines sistemas (Heldin, Miyazono
et al. 1997; Kwak, Kim et al. 2011; Voloshenyuk, Landesman et al. 2011; Kapur, Wilson
et al. 2012). Koreliacijos analizé parodé, kad uzsitgsusi virusiné miokardo infekcija, ypac
makrofagy infiltracija, aktyvina uzdegima, o tuo pa¢iu MMP-1, MMP-2 ir TGF-B1
aktyvumg. Panasts TGF-f1 molekuliniai mechanizmai, veikiantys | tipo kolageno
kaupimasi, buvo paminéti ir kity autoriy darbuose (Kobayashi, Kim et al. 2014). Be to,
MMP-9 i§skyrimas | serumg buvo reikSmingai susijgs su Hsp60 pasiSalinimu i$
miokardo (5 lentelé) ir tai parodé, kad negydoma virusiné infekcija gali aktyvinti MMP-
9 ir padidinti iSorinés mitochondrijy membranos pralaiduma, kuris sukelty mechaninj
miocity sutrikimg. Taip pat yra tikimybé¢, kad dalis MMP-9 yra mitochondrijy viduje ir
dél Sios priezasties yra iSskiriamas i§ viruso pazeisty mitochondrijy (Moshal, Tipparaju
et al. 2008).

Kaip ir TGF-B1, isskirtas galektinas-3 taip pat gali jtakoti I tipo kolageno gamyba.
Galektinas-3 yra beta-galaktozida suriSantis gyviininés kilmés lektinas ir daugiausia
aptinkamas makrofaguose, o jo ekspresija zmogaus Sirdyje yra ribota (Sharma, Pokharel
et al. 2004). Buvo parodyta, kad aktyvinti makrofagai iSskiria galekting-3, kuris aktyvina
fibroblasty proliferacija, kolageno kaupimasi ir prisideda prie Sirdies nepakankamumo
vystymosi (Sharma, Pokharel et al. 2004). Galektinas-3 taip pat gali aktyvinti fibroze,
padidindamas uzlastelinio fibrozés zymens o-SMA raiska, bei I tipo a-1 grandies
kolagena, kuris yra uzlgstelinés fibrozés zymuo (de Boer, VVoors et al. 2009). Lygia greta
galektinas-3 gali paveikti fibrozés vystymasi, prisidédamas prie TIMP-1 ir MMP-9

kiekio sumazinimo (de Boer, VVoors et al. 2009). Sumazéjusiy a-SMA, | tipo kolageno,
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TIMP-1 ir MMP-9 kiekiy virusui teigiamuose bioptatuose priezastis gali biiti sumazéjes
galektino-3 ir infiltruoty makrofagy lygis serume. Kita vertus, esant vidumiokardinei
virusinei infekcijai, MMP-1 ir MMP-2 aktyvacijos gali pakakti inicijuojant miokardo |
tipo kolageno sintezés/degradacijos pakitimus (prisijungiant prie ¢-2 grandies) (Gioia,
Fasciglione et al. 2010).

Dar vienas 1§ mechanizmy, netiesiogiai paveikianciy kolageno apykaita, galéty biti
susij¢ su miokardo apsaugos sistemomis. Viena jy yra imunoreguliacinis adiponektinas,
kurio vaidmuo esant skirtingoms toksinéms salygoms gali atrodyti paradoksalus.
Daugelis atlikty tyrimy parodé¢, kad per didelé adiponektino raiSka turi priesdiabetinj,
priesapoptozinj ir prieSuzdegiminj poveikj (Ouchi ir Walsh 2007; Jian, Su et al. 2013).
Taip pat buvo pastebéta, kad dideli adiponektino kiekai sumaZina miokardo infarkto, bet
padidina Sirdies nepakankamumo rizika, o hipoadiponektinemija buvo susieta su Sirdies
ir kraujagysliy ligomis (Kumada, Kihara et al. 2003; Pischon, Girman et al. 2004; Chen,
Rijzewijk et al. 2011). Taip pat buvo nustatyta, kad adiponektinas ir BNP pasizymi §irdj
apsauganciu poveikiu (Lyu, Zhao et al. 2014). Visgi beveik du kartus serume sumazéje
BNP ir adiponektino kiekiai bei jy koreliacija su uzdegimg slopinanciu citokinu TGF-p1
(R? = 0,459, p = 0,008) galéty reikti ne tik endotelio disfunkcija, bet ir sumaz¢&jusia
miokardo apsaugg. Nedidelis pagrindinio audiniy suderinamumo agenty II klasés HLA-
DR padidé¢jimas taip pat rod¢, kad buvo pazeistos virusinio miokardo endotelio 1astelés.
Kadangi uZdegiminiy infiltraty ir citokiny lygiai virusui teigiamame miokarde, palyginus
su virusui neigiamu miokardu, sumazéjo, todél Siek tiek padidéjes HLA-DR gali biti
tiesioginis virusy poveikis. Kita vertus, adiponektino ir BNP koreliacija su uzdegiminiais
infiltratais leidzia manyti, kad galbiit pasigamino per daug BNP ir adiponektino, nes dé¢l
miokardo virusineés infekcijos i8sivysté Sirdies nepakankamumas. PanaSi adiponektino,
BNP ir uzdegimo priklausomybé¢ esant Sirdies nepakankamumui buvo aptarta ir kity

autoriy darbuose (Bobbert, Scheibenbogen et al. 2011; Lindberg, Jensen et al. 2014).

5.2.Molekuliniai mechanizmai, dominuojantys esant uZdegiminei dKMP
Miokarditas yra pagrindiné jauno amziaus pacienty Sirdies nepakankamumo

priezastis (Maron ir Pelliccia 2006). Kai imuninei sistemai nepavyksta laiku pasalinti
infekcijos, prasideda létiné miokardo destrukcija ir apie 20 proc. miokarditu serganciy

Zmoniy i8sivysto létiné Sirdies liga, kuri skatina vystytis uzdegiming dKMP, o tuomet tik
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pusé pacienty iSgyvena ilgiau nei penkerius metus (Grogan, Redfield et al. 1995;
Schonberger ir Seidman 2001). Si sunki prognozé spartina detalius molekuliniy
mechanizmy, kurie sukelia uzdegimg ir dél to besivystancig uzdegiming dKMP bei
Sirdies nepakankamuma, tyrimus.

dKMP vystymasis yra nepaprastai sudétingas procesas, kurj sukelia neurohormony ir
prouzdegiminiy citokiny aktyvinimas. Pastebéta, kad uzdegimo mediatoriai atlieka ypac
svarby vaidmen; vystantis dKMP, kuri véliau progresuoja ] Sirdies nepakankamuma.
Buvo nustatyta, kad prouzdegiminiai citokinai, tokie kaip TNF-o, IL-6 ir IL-1p, gali
sinergiSkai veikti matricinés RNR (mRNR) ir baltymy lygmenyse ir sukelti Sirdies
susitraukimo ydas (Yamagishi, Inagaki et al. 2004; Carty, Heagerty et al. 2009). Kita
vertus, IL-6, dar vadinamas miokinu, aktyvina uzdegima slopinanciy reakcijy seka
(Wallenius, Wallenius et al. 2002; Febbraio, Rose-John et al. 2010). Sj dvejopa IL-6
poveikj paaiSkina skirtinga IL-6 veikimo trukmé: trumpas ir Gmus IL-6 Kiekio
padidéjimas turi teigiamg efekta, o létiné pertekliné IL-6 gamyba skatina audinio
peréjimg ] patologing biikle (Dovio ir Angeli 2001). Tyrimo duomenimis, uzdegiminés
dKMP serumuose IL-6 kiekis labai padidéjo (3,23 karto, p < 0,05), Siek tick maziau —
TNF-a kiekis (1.76 karto) ir labai menkai — IL-1B (0,88 karto). Kadangi uzdegiminé
dKMP progresuoja létiniu budu, pertekliné IL-6 gamyba tirtuose serumuose greic¢iau pati
sukélé uzdegiming dKMP negu buvo dKMP pasekmé. Be to, labai padidéjes IL-6 lygis
serume ir jo koreliacija su miokardo CD3" teigiamais T-limfocitais leidZia teigti, kad T-
limfocitai prisideda prie uzdegiminés dKMP apoptozés, o nedidelis infiltruoty
makrofagy padaugéjimas patvirtina, kad nesivysto nekrozé. Maza prointerleukino-1 beta
(IL-1B) aktyvacijg tirtuose serumuose gali paaiSkinti mazas miokardo uzdegimo
intensyvumas ir kaspazés aktyvacijos nebuvimas, o tai rodo, kad néra piroptozininés
kardiomiocity zities (Cookson ir Brennan 2001).

Neseniai buvo nustatyta stipri ir tiesioginé¢ IL-6 jtaka mitochondrijy veiklai: IL-6
slopina adipocity mitochondrijy membranos potencialg, ATF gamyba ir padidéjusj
vidulgsteliniy reaktyviyjy deguonies formy (RDF) lygj (Ji, Chen et al. 2011; White,
Dawson et al. 2013). Isskiriamas bendrasis uzdegiminis zymuo CRB, kaip ir IL-6,
koreliuoja su prasta KMP prognoze, Sirdies nepakankamumu ir mitochondriniu miocity
apoptoziniu keliu (Kaneko, Kanda et al. 1999; Yin, Chen et al. 2004; Yang, Wang et al.
2008). Sio tyrimo duomenys parodé, kad IL-6 ir CRB kiekiai uzdegimui teigiamuose
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dKMP serumuose buvo ne tik reikSmingai padidéje, bet ir stipriai koreliavo su vidinio
apoptozinio kelio biozymenimis Hsp60 ir Bax. Tai leidzia manyti, kad vidinio
apoptozinio kelio aktyvinami baltymai miokarde jautriau reaguoja j} uzdegimg nei
iSorinio apoptozinio kelio. Zemas Fas receptoriy, Fas ligando ir kaspazés-8 padidéjimo
lygis taip pat patvirtina, kad iSorinis apoptozinis kelias yra maziau svarbus uzdegiminés
dKMP vystymuisi.

Dauguma signaliniy keliy, tame tarpe ir apoptoziniai, gali sgveikauti tarpusavyje ir
pastimeéti miokardg link galutinés degradacijos. Buvo nustatyta, kad iSorinio apoptozinio
kelio aktyvinanti prokaspazé-8 skelia tik BH3 domeng turintj baltyma Bid, kuris, savo
ruoztu, aktyvina Bax, o S§is integruojasi 1 mitochondrijy membranas, padidina jos
pralaidumg ir citochromo c i8siskyrima (Chou, Li et al. 1999; Roucou, Montessuit et al.
2002). Kaip ir ankstesniuose tyrimuose, Sio tyrimo duomenys parodé, kad, vystantis
uzdegiminei dKMP, atsiranda stipri koreliacija tarp serumo kaspazés-8 ir Bax. Tai
leidZia teigti, kad Bax yra vienas i§ svarbiausiy vidinio ir iSorinio apoptoziniy keliy
sankirtos tasky. Kad ir kaip biity, apie 30 karty didesnis pradinis kaspazés-9 lygis negu
kaspazes-8 uzdegiminés dKMP bioptatuose leidZzia manyti, kad vidinis apoptozinis
kelias yra svarbesnis uzdegiminés dKMP vystymesi. Kity autoriy atlikti tyrimai taip pat
patvirtino, kad iSorinis apoptozinis kelias mazai jtakoja kardiomiocity zitj (Wollert,
Heineke et al. 2000).

Kartu su vidiniu apoptoziniu keliu buvo nustatyta, kad MMP-9 taip pat jautriai
reaguoja ] uzdegimg ir dalyvavima kardiomiopatijos patogenezéje (Fares, Gomes Jde et
al. 2013). MMP-9 aktyvacijos intensyvumas rodo Sirdies pazeidimy sunkumo lygj:
ankstyvas ir intensyvus MMP-9 aktyvinimas yra susij¢s su stipresniais Sirdies
sutrikimais. Siame darbe atlikti abiejy dKMP serganéiy pacienty grupiy (su uzdegimu ir
be) tyrimy rezultatai parodé, kad MMP-9/TIMP-1 santykis buvo Sick tiek padidéjes
bioptatuose (nuo 0,25 iki 0,35) ir serumuose (nuo 0,23 iki 0,25) uzdegimingje grupéje.
Nors MMP-9/TIMP-1 santykio padidéjimas uzdegiminés dKMP bioptatuose buvo labai
mazas ir ne visai reikSmingas, MMP-9/TIMP-1 reikSmingai koreliavo su abiejy
apoptoziniy keliy Zymenimis (Bcl-2, Fas receptoriumi ir Fas ligandu) (9 lentelé). Sie
duomenys rodo, kad MMP9 gali dalyvauti tiesioginiame vidinio ir iSorinio apoptoziniy
keliy aktyvinime. Papildomos MMP-9, kaspazés-9 ir kaspazés-8 koreliacijos tirtuose

serumuose patvirtino §j teiginj.
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Kartu su apoptoze mes tyréme ir nekrozinj miokardo Igsteliy Ziities btidg. Nustatéme,
kad nekroze, kaip pasyvus ir nuo ATF priklausomas procesas, yra labiau biidingas
miniam ir visuotiniam kardiomiocity pazeidimui negu létiniams procesams (Freude,
Masters et al. 2000). Kita lasteliy zities rusis, reguliuvojama nekrozé (taip pat zinoma
kaip nuo kaspazés priklausoma Zziitis, arba nekroptozé), btina nuslopinta aktyvintos
prokaspazés-8. Kadangi miisy tirtuose pavydziuose stebimas prokaspazés-8 aktyvinimas,
nekroptozés néra stebima. Panasiis rezultatai buvo gauti ir kity autoriy darbuose (Kaiser,
Upton et al. 2011). Kadangi histologiné méginiy analizé neparodé miokardo nekrozés ir
fibrozés, sarkomerinio baltymo DjTnT i8skyrimas serume buvo susietas su sumazg¢jusiu
miokardo susitraukimu. Visgi prie miofilamenty degradacijos ir neatitaisomy miokardo
pazeidimy gal¢jo prisidéti uzsitgses DJTNT iSsiskyrimas i§ miokardo. Koreliacine
analizé parod¢, kad DjTNT iSsiskyrimas yra susijes su kaspaziy aktyvinimu, nes iSskirtas
j serumg DjTnT uzdegiminés dKMP bioptatuose stipriai koreliavo su aportine kaskada:

kaspaze-8, Bax ir kaspaze-3.

5.3.Kiekybinis miokardo fibrozés vertinimas pasitelkiant skaitmenine vaizdo
analize ir interaktyvigjq stereologijg
Iki $iy dieny vizualus patologo vertinimas yra placiai suvokiamas kaip visuotiné tiesa

ir jis vis dar yra naudojamas kaip pirminis histomorfometriniy vertinimy metodas, nors
jau yra prieinami skaitmeniniai metodai. Daugybé bandymy ijtraukti skaitmeninius
metodus ] kliniking praktikg susidiiré su ta pacia teisingos validacijos problema —
skaitmenin¢ analiz¢ daZzniausiai yra lyginama su pusiau kiekybiniu vizualiu vertinimu, o
lyginimui su kriterijaus standartu reikia daug laiko atimanciy procediry.

Vieno ankstesniyjy Vasiljeviciaus ir kity autoriy tyrimy (Vasiljevic, Popovic et al.
2001), pagristy zmoniy endomiokardo biopsijomis, rezultatai buvo lyginami su pusiau
kiekybiniu vertinimu, pazeidimy skai¢iavimu (naudojant tinklelj) ir kompiuteriu
atlickamais metodais. Sis tyrimas buvo pirmasis, kuris atskleidé stiprig skirtingy Sirdies
fibrozés vertinimo metody koreliacijg, taCiau dél didelio paties tyréjo indélio |
kompiutering analizé Sis tyrimas buvo laikomas Siek tiek subjektyviu, ypa¢ dél to, kad
stereologijos taSky skai¢iavimo metodika nebuvo naudojama kaip RVS. Hadi ir kiti
autoriai (Hadi, Mouchaers et al. 2011) kiekybiskai jvertino Sirdies fibroz¢ pasitelke

ImageJ programing jrangg ir tradicinj poliarizacijos mikroskopijos biidg. Po vertinimo
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rezultatai buvo validuojami kaip kriterijy standartai naudojant stereologijos duomenis.
Kiek mums Zinoma, tai yra vienintelis Sirdies fibrozés tyrimas, kuriame panaudotos
stereologinés procediiros RVS gauti. Visgi validacija buvo atlikta labiau Ziurkiy, o ne
Zmoniy Sirdies audinio méginiams (analizés duomenys buvo patikrinti naudojant audinio
méginius, gautus po 78-eriy mety zmogaus skrodimo).

Siame tyrime vertinant zmogaus $irdies fibrozés laipsnj buvo isbandyti keli metodai,
kurie galéty biiti lengvai pritaikyti $iy dieny klinikinéje praktikoje. Stereologijos metodas
buvo testuojamas kaip labiausiai nepriklausomas ir objektyvus RVS, o Siek tick pakeista
Bland—Altman statistiné analizé — kaip statistinis jrankis, skirtas testuoto metodo ir RVS
suderinamumui pamatuoti.

Pradiniai duomenys buvo palankesni kolokalizacijos programinei jrangai: ji
demonstravo, artimiausig fibrozés vidurkio reikSme etalonui, lyginat su RVS, o 0,50 %
skirtumas buvo statistikai nereikimingas. Siaip ar taip, kolokalizacijos jranga
pasizymejo akivaizdziai mazesniu diapazonu — 20 % maZesniu nei RVS ir patologo
diapazonas ir 15 % mazesniu nei Genie jrangos. Sis trikumas galbiit neturi didelés
reikSmeés klinikine1 praktikai, nes diapazono ribotumas buvo pastebimas tik
auksStesniame intervale, o miokardo fibrozé retai pasiekia tokias dideles reikSmes.
Mazesniy reikSmiy rezultatai buvo priimtini. Tolesné analizé atskleidé Genie
programinés jrangos pranaSumus: aukstesne koreliacija su RVS, geresnes paprastosios
linijinés regresijos reikSmes, palyginti su etalonu, ir svarbiausia — vienodesnius Bland—
Altman analizés rezultatus. Kolokalizacijos programiné jranga rezultatus apskaiciavo su
teigiama paklaida apatinéje skalés dalyje ir su neigiama paklaida virSutinéje skalés
dalyje, o Genie programiné jranga — su nedidele neigiama vertinimo paklaida skalés
viduryje, taCiau Sie rezultatai vis tiek pralenké patologo vertinimo vidurkj. Nustebinti
galéty tai, kad abiejy skaitmeniniy algoritmy rezultatai buvo Siek tiek skirtingi. Nors abu
algoritmai matuoja ta pacia ypatybe, t. y. miokardo jungiamojo audinio proporcijas, jy
procesai yra pagristi kitokiais principais ir todel gali atsirasti matavimo klaidy.
Kolokalizacijos metodas klasifikuoja kiekvieng pikselj pagal jo spalvinius bruoZzus,
Genie jranga paremta daug sudétingesnio veikimo modelio atpazinimo sistema, kuri taip
pat apima erdvinius nuotraukos aspektus. Turbiit vienintelis i§ Genie jrangos trikumy

buvo 1,61 % RVS neigiama vertinimo paklaida. Apskritai Genie klasifikatorius buvo
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geriausias Siame tyrime. Jis buvo arCiausiai RVS, beveik tobulai koreliavo, turéjo
adekvaty diapazong ir tolygius rezultatus visose skalés vietose.

Galimi Genie jrangos trikumai atsiranda todél, kad sistemg reikia ,,iSmokyti
atpaZinti skirtingas struktiiras. Tai atimty daug laiko ir biity paremta ,,mokytojui*
budingu subjektyvumu. Dél S$ios priezasties Genie jranga jautriai reaguoja |
tarplaboratorines atkuriamumo problemas. Visgi §i jranga, pritaikyta klinikiniams
poreikiams, veikty visiS8kai automatiskai ir d¢l to bty taip pat efektyvi laiko atzvilgiu,
kaip ir kolokalizacijos programiné jranga. Genie jranga taip pat leidzia reguliuoti
algoritmg, todél jos techniné priezitira tampa lankstesné. Nors Sirdies fibrozés
matavimuose i§ klinikinés perspektyvos 2 % paklaida galéty biiti priimtina, §j algoritmg
reikéty geriau pritaikyti prie potencialiy skaidriy kokybés variacijy.

Buvo jrodyta, jog kolokalizacijos jranga taip pat yra visiSkai priimtinas Sirdies
fibrozés matavimo metodas. Klinikin¢je praktikoje Si jranga taip pat pridéty tikslumo ir
patikimumo, panasiai kaip ir Genie jrankis, nes Sirdies fibrozés reikSmés retai pasiekia
daugiau nei 40 %, ir Siek tiek per didelés vertés paskaiCiavimas apatingje skaléje biity
priimtinas. Kolokalizacijos sistema yra ne tokia sudétinga, ja papras€iau naudotis ir ja
kalibruoti, be to, ir pigiau kainuoja. Ji taip pat gali veikti visiSkai automatiskai: atlikti
operacijas nuo nuotrauky skenavimo iki galutiniy rezultaty per trumpa laika.
Kolokalizacijos algoritmas bet kuriuo proceso momentu yra maziau priklausomas nuo
tyréjo indélio (iSskyrus pradinius spalvy dekonvoliucijos nustatymus) ir dél to juo

lengviau naudotis.

5.4.Santrauka
Apibendrindami Siame tyrime pateiktus duomenis galime teigti, kad miokardito ir

dKMP gydymo strategijos turéty biiti atrandamos analizuojant imines, poimines ir
letines ligy fazes. Daugiausia Siuolaikiniy tyrimy yra sutelkta j @imius miokardo
pazeidimus. Nors létiniai miokardo pazeidimai turi maziau simptomy, bet jy tyrimas ir
gydymas yra sudétingesnis. Siame darbe tyrinéjome molekulinius mechanizmus, kurie
dominuoja: létinés virusinés dKMP raidoje dé¢l ilgo viruso iSsilaikymo iSsiplétusioje
Sirdyje ir neaisSkios kilmes létinés uzdegiminés dKMP. Neaiskios kilmés uzdegiminés
dKMP priezastys gali biiti labai jvairios, tokios kaip infekcinés, toksinés arba

autoimuninés. Zinoma, idealiausia dKMP gydymo pradzia bty Sirdies paZeidimus
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sukelianCiy priezasCiy pasalinimas, taCiau tai daznai yra sunkai jgyvendinama uzduotis.
Svarbiausia Siame darbe tai, kad abi tyrinétos létines dKMP rasys atskleide skirtingus
molekulinius mechanizmus, kurie nurodé daugiau dKMP gydymo biidy ir jy deriniy.

Kad ir kaip biity, pacientai, sergantys létine dKMP, dazniausiai gydomi pagal bendras
rekomendacijas nepaisant ligos etiologijos. Misy tyrimo duomenys parodé, kad jprastus
vaistus, skirtus létinet dKMP ir Sirdies nepakankamumui gydyti, tokius kaip [-
blokatoriai, angiotenzing konvertuojanc¢io fermento (AKF) inhibitoriai, angiotenzino
receptoriy blokatoriai ir kt., biity galima derinti su kitais medikamentais, pavyzdziui,
reguliuojanciais | tipo kolageno metabolizmg (jei sergama létine virusine dKMP) ir
mazinanciais apoptoze (jei sergama idiopatine 1étine uzdegimine dKMP). Artimiausioje
ateityje medikamentinis jvairiy létiniy dKMP gydymo budas turéty biiti kreipiamas i
progresuojancios dKMP molekuliniy mechanizmy tyrimus ir jy galimg reguliavima.
Technologiné ir moksliné pazanga leidzia pagerintt dAKMP reguliuojanciy procesy, tokiy
kaip fibroze¢ tyrimy kokybe¢. NuoSirdziai tikimes, kad miisy tyrimai padés ne tik geriau
suprasti molekulinius létinés dKMP progresavimo mechanizmus, bet ir atrasti naujus

gydymo biidus.
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6. ISVADOS

1.

Létiné virusiné dKMP nesukélé uzdegimo, fibrozés ir kardiomiocity Zities.
Esant virusui teigiamai dKMP, vyravo molekuliniai mechanizmai,
reguliuojantys miokardo susitraukimg, ypac de¢l pasikeitusios I tipo kolageno

apykaitos.

| tipo kolageno veiklos sutrikimui virusui teigiamuose dKMP bioptatuose
jtakos turéjo sumazéjes TGF-B1 lygis (3,55 karto) ir aktyvintos MMP-1 ir
MMP-2 (2,19 ir 2,43 karto). Sumazéj¢ galektino-3, adiponektino ir BNP lygiali
serume (1,16; 1,88 ir 1,97 karto) netiesiogiai mazino I tipo kolageno apykaita

ir silpnino bendrg miokardo atsparuma virusui.

Uzdegiminiame miokarde, palyginus su neuZzdegiminiu, buvo pastebétas
didziausias infiltruoty T limfocity (14,6 lasteliyymm?®) skaicius, kuris
reik§mingai koreliavo su 3,50 karto padidéjusia uzdegiminiy citokiny sekrecija,

ypac IL-6.

Létinis miokardo uzdegimas stipriai didino kaspaziy 9, -8, ir -3 (6,24; 3,10;
3,62 karto, (p<0,05)) iSsiskyrimg i serumg. ReikSmingas Hsp60 lygio serume
(8,97 karto) padidéjimas rodo mitochondrijy funkcijos sutrikimus ir tai, kad

uzdegiminés dKMP atveju svarbesnis yra vidinis apoptozinis kelias.

[Sorinis apoptozinis kelias (FasR, FasL ir kaspazé-8) yra papildomas, taciau ne
pagrindinis progresuojant uzdegiminei dKMP. Proapoptozinis Bax yra svarbus

vidinio ir iSorinio apoptoziniy keliy susikirtimo taskas.

Létinio miokardo uzdegimo metu nedidelis MMP-9/TIMP-1 santykio
padidéjimas tiek bioptatuose (nuo 0,19 iki 0,48, p<0.05), tiek serume (nuo 0,23
iki 0,25) bei du kartus padidéjusi DjTnT koncentracija serume susilpnino

fibrozés procesus.

Genie algoritmas yra labiau tinkamas fibrozés procesy jvertinimui. Siuo
metodu jvertinta fibroz¢ turi mazesnes skaitines reikSmes, taciau jos yra
priimtinos vertinant fibrozés laipsni miokardo bioptatuose tiek klinikinéms,

tiek moksliniy tyrimy reikméms.
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High-density lipoprotein (HDL)
High-sensitivity troponin T (hsTnT)
Human herpesvirus type 6 (HHV-6)
Human immunodeficiency virus (HIV)
Human leukocyte antigen (HLA)
Hypertrophic cardiomyopathy (HCM)
Implantable cardiac defibrillator (ICD)
Inducible nitric oxide synthase (iINOS)
Inhibitors of apoptosis proteins (1APS)
Interleukin-1 (IL-1)

Interleukin-6 (IL-6)

Left ventricle (LV)

Left ventricular ejection fraction (LVEF)
Left ventricular end-diastolic diameter (LVEDD)
Left ventricular end-diastolic diameter index (LVEDDI)
Low-density lipoprotein (LDL)
Macrophages (CD68")

Matrix metalloproteinase (MMP)

Matrix metalloproteinase-1 (MMP1)
Matrix metalloproteinase-13 (MMP13)
Matrix metalloproteinase-2 (MMP2)
Matrix metalloproteinase-9 (MMP9)
Messenger RNA (MRNA)

Mitochondrial outer membrane permeability (MoMP)
Natural killer cells (NK)
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New York Heart Association (NYHA)
Parvovirus B19 (PVB19)

Platelet cells (PT)

Polymerase chain reaction (PCR)

Procollagen I C-terminal propeptide (PICP)
Procollagen I N-terminal propeptide (PINP)
Procollagen 111 C-terminal propeptide (PIICP)
Procollagen I11 N-terminal propeptide (PI1IINP)
Pro-interleukin-1 beta (IL-1p)

Prothrombin time (PT)

Pulmonary artery (PA)

Pulmonary artery pressure (PAP)

Pulmonary capillary wedge pressure (PCWP)
Pulmonary hypertension (PH)

Pulmonary vascular resistance (PVR)

Reactive oxygen species (ROS)
Receptor-interacting protein (RIP)

Red blood cells (RBC)

Regions of interest (ROI)

Relative light units (RLU)

Restrictive cardiomyopathy (RCM)

Right atrial pressure (RAP)

Right ventricular cardiomyopathy (RVCM)
Tissue inhibitor of metalloproteinase-1 (TIMP1)
T-lymphocytes (CD3%)

TNF receptor-associated death domain (TRADD)
Transforming growth factor B1 (TGF-B1)
Tumor necrosis factor (TNF)

Tumor necrosis factor alpha (TNF-a)
Unclassified cardiomyopathy (UCM)
Varicella-zoster virus (VZV)

White blood cells (WBC)
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2. INTRODUCTION

2.1.Background
Cardiomyopathies constitute a group of myocardial disorders in which the structural

and functional abnormality of the heart muscle is the dominant feature (in the absence of
coronary artery disease, hypertension, valvular disease and congenital heart disease
sufficient to cause the observed myocardial abnormality). Cardiomyopathies are
classified into five morphological and functional phenotypes with distinct hemodynamic
properties that can be caused by genetic and non-genetic mechanisms: dilated (DCM),
hypertrophic (HCM), restrictive (RCM), arrhythmogenic right ventricular (ARVC) and
unclassified cardiomyopathies (UCM) (Elliott, Andersson et al. 2008). Dilated
cardiomyopathy, mainly characterized by left ventricular chamber enlargement and
impaired myocardial contractility, is the most common form of cardiomyopathy in both
adults and children and currently is the most frequent indication for heart transplantation
(Magnani and Dec 2006; Maron, Towbin et al. 2006; Pankuweit, Ruppert et al. 2013).
The management of patients with non-ischemic DCM can be extremely challenging with
a disease course, difficult to predict. DCM occurs more frequently in men than in
women, and is most common between the ages of 20 and 60 years (Robbins, Kumar et
al. 2010). The history and clinical features are often nonspecific. Clinical manifestation
of inflammatory cardiomyopathy varies, with a broad spectrum of symptoms ranging
from asymptomatic courses over presentations with signs of myocardial infarction to
devastating illness with cardiogenic shock. Symptoms usually develop gradually, and
some patients are asymptomatic despite left ventricular dilatation for months or even
years. The most striking symptoms of DCM are those of left ventricular systolic failure,
but right-sided heart failure may also occur and is associated with a particularly poor
prognosis (Towbin and Bowles 2002; Yoshikawa, Baba et al. 2009). The diagnosis of
inflammatory DCM cannot be established without endomyocardial biopsy. Practical and
specific serological markers are not available during the acute phase of the disease.

The recent progress in study on etiology of DCM has shown that viral infection,
genetic abnormalities and autoimmune mechanisms are the major causes (Fildes, Shaw
et al. 2009; Yajima and Knowlton 2009; Watkins, Ashrafian et al. 2011). Starting from

the early 1950s at least three distinct mechanisms were identified to explain the
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development of DCM. Currently the most accepted potential disease mechanism was
developed in 1990s. It encompasses a slow, chronic, and continuous destruction of
cardiac myocytes or impairment of myocyte function, which is considered as a direct,
albeit delayed, consequence of the initial viral infection and/or a virus-initiated
immunologic process. Although viral infection has been already identified as a main
cause of DCM, the heart can be also the primary target for bacterial, protozoa or parasitic
infection. Moreover, it could be involved in the “collateral damage” of infective
organisms (by toxins, chemokines or cytokines) and cross-reactive antibodies. A causal
involvement of myocardial inflammation and viral agents in the pathogenesis of DCM is
supported by the findings of myocardial viral genome persistence in DCM patients
(Kuhl, Pauschinger et al. 2005; Kuhl, Pauschinger et al. 2005; Mahrholdt, Wagner et al.
2006; Elliott, Andersson et al. 2008). The spectrum of the infectious agents that could be
involved in the inflammatory cardiomyopathy varies with the geographic region, the
patient’s age, application of different therapeutic procedures, and additional diseases.
Infective agents show a remarkable organotropicity: viral infections, toxic and auto-
reactive processes primarily affect the myocardium and the pericardium (Maisch, Richter
et al. 2006).

The heart relies on a complex network of cells to maintain appropriate function. The
contracting cells in the heart (cardiomyocytes) exist in a three-dimensional network of
endothelial cells, vascular smooth muscle, and an abundance of fibroblasts as well as
transient populations of immune cells. The connections of cardiomyocytes to the
extracellular matrix (ECM) transduce the force and coordinate the overall contraction of
the heart. The development of interstitial and perivascular fibrosis is a hallmark of
pathology in the heart. Focal fibrosis composed primarily of collagen types | and IlI,
occurs in the early stages of cardiomyopathy, but over time fibrosis increases and
directly compromises the function of cardiomyocytes. The presence of collagen-rich
regions in the myocardium cause disruption of excitation—contraction coupling between
cardiomyocyte and increased stiffness of the myocardium, which leads to decreased
contractility in the heart (Menon, Eidem et al. 2009). The different types of cell death,
such as apoptosis, necrosis/oncosis, autophagy and proteasome degradation are
contributing to the loss of cardiac myocytes depending on the intensity and origin of
heart damage (Guerra, Leri et al. 1999; Predmore, Wang et al. 2010; Vigliano, Cabeza
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Meckert et al. 2011). Given the complexity of the coordinated efforts of many proteins
existing in multimeric complexes, and also complexity of inter-cellular signaling,
dysfunction of heart occurs when these interactions are disrupted (Harvey and Leinwand
2011). Although the heart may functionally tolerate a variety of pathological insults,
adaptive responses that aim to maintain function eventually fail resulting in a wide range
of functional deficits or cardiomyopathy.

Myocardial inflammation has been identified as an important causal factor
responsible for the progression to DCM (Kawai 1999; Feldman and McNamara 2000;
D'Ambrosio, Patti et al. 2001; Mason 2003; Pauschinger, Noutsias et al. 2006; Cooper,
Baughman et al. 2007). This includes autoimmune, viral or post-viral inflammation,
mediated by the native and acquired immune response (cytotoxic T-lymphocytes, natural
killer (NK) cells and macrophages) (Maisch, Bauer et al. 1993; Caforio, Goldman et al.
1996; Pankuweit, Portig et al. 1997). The damage of myocardium is carried out by a
loco-regional effects of inflammatory mediators such as inducible nitric oxide synthase
(INOS) and cytokines released by the infiltrated lymphocytes, macrophages and/or
endothelial cells. The further heart damage is caused by direct interaction of the
antibodies against the B- and other plasma membrane receptors, myolemma,
mitochondrial and microsomal membrane or intra-organelle proteins (Schultheiss, Kuhl
et al. 1988; Limas, Limas et al. 1990; Wallukat, Wollenberger et al. 1995; Pohiner,
Portig et al. 1997). Finally, certain toxins (alcohol, anthracyclines, cocaine, etc.) might
impair the membrane transport mechanisms or biochemical processes also induce the
loss or dysfunction of the matrix proteins such as dystrophin, laminins, etc. Initial
myocardial insults are difficult to identify, however, they very often lead to an
autoimmune response and development of inflammatory DCM (Mason 2003). DCM is a
consequence of persistent heart exposure to various stress signals, including pro-
inflammatory, viral, oxidative, neuro-hormonal, and other micro- or macro-
environmental factors subsequently leading to chronic heart failure (CHF) (Maisch,
Noutsias et al. 2012). The understanding of CFH development has been changed from a
simplistic disease to a multisystem disorder affecting immune, musculoskeletal, renal,
and other systems.

The application of molecular-biological, histological and immunohistochemical

diagnostic techniques has identified the sub-groups of specific diseases which may better

91



respond to certain therapies such as immuno-modulation, immuno-suppression or
antiviral based on the underlying pathomechanisms (Frustaci, Chimenti et al. 2003;
Kuhl, Pauschinger et al. 2003; Maisch, Hufnagel et al. 2004; Maisch, Richter et al. 2006;
Frustaci, Russo et al. 2009). These new insights of the disease are mandatory allowing
developing novel etiology-directed treatment strategies. Although significant progress
has been achieved in the treatment of heart failure, as a result of cardiomyopathy, it is
still a matter of fact that there are many patients with refractory heart failure that do not
respond to available treatment. No doubt, that the best way to treat inflammatory DCM
is to identify exactly and then eliminate the causes initiating heart injury. Since this is
often a hard task, it is of high importance to understand the molecular mechanisms
behind myocarditis progressing to inflammatory DCM. This breakthrough could
facilitate the search of the better treatment for the injured myocardium. As a proof of it,
recent studies have provided evidence of a positive clinical impact of
iImmunosuppressive therapy in up to 90% of patients with negative cardiac PCR for the
main cardiotropic viruses (Wojnicz, Nowalany-Kozielska et al. 2001; Maisch, Richter et
al. 2006; Frustaci, Russo et al. 2009). Unfortunately, so far there are no unanimous
agreements about the benefit of specific treatment in addition to conventional anti-heart

failure therapy.
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2.2.Hypothesis
Molecular mechanisms ongoing in chronic dilated cardiomyopathy can differ

depending on the intensity and origin of toxic exposures. Digital evaluation of cardiac

fibrosis is more accurate and can replace the pathologist evaluation.

2.3.Aims
The aim of this study was to establish molecular mechanisms dominating in virus-

positive and idiopathic inflammatory dilated cardiomyopathy, and to develop and

validate a tool for cardiac fibrosis quantification.

2.4.0bjectives
. To analyze virus-positive and virus-negative DCM biopsies and serums and

investigate:

1.1. Induction of inflammation, fibrosis and molecular mechanisms of intra-
myocardial cell death.

1.2. Molecular mechanisms regulating extracellular matrix and fibrosis.

. To analyze biopsies and serums of inflammation-positive and inflammation-negative

sub groups and to:

2.1. Estimate the release of inflammatory cytokines and infiltration of inflammatory
cells in myocardium.

2.2. Investigate role of intrinsic apoptotic pathway in cardiomyocyte death.

2.3. Explore role of extrinsic apoptotic pathway in cardiomyocyte death.

2.4. Investigate molecular mechanisms regulating development of cardiac fibrosis and
changes of extracellular matrix.

. To evaluate the accuracy of digital image analysis (Genie and Colocalization) and the

pathologist’s visual scoring for the measurement of fibrosis in human myocardial

biopsies.

2.5.The novelty and significance
Despite intensive search for therapeutic interventions, DCM remains the major cause

of heart failure in the patients of relatively young age eventually leading to heart

transplantation. Limited availability of donor hearts results in long waiting of

transplantation. Many patients with end-stage of heart failure perish before a donor heart
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becomes available.

The common proof of presence of the virus in the DCM myocardium is PCR
analysis, whereas the inflammatory infiltrates in EMB supports the inflammatory origin
of the disease. However, the data about the molecular mechanisms playing a key role in
the pathogenesis of development of various origins of DCM are still missing. Therefore,
the main goal of this study was to investigate in more details the molecular mechanisms
in virus-positive and inflammatory-positive myocardiums. The identification of the
processes dominating in DCM development and also the ability to regulate and control
them is one of the main aims for clinicians. Additionally, the search of biomarkers for
early identification of myocardial failure is not of less importance. Only the timely
identification of secreted biomarkers being coincident with processes in the myocardium
will allow us to improve diagnosis and proper treatment of heart preventing further
destructive processes of DCM.

One more important objective of this study was to develop a tool to quantify the
cardiac fibrosis and also to evaluate the immunohistochemical stainings of the EMB. As
a matter of fact, so far the interpretation of histomorphometric parameters in most
clinical routine analysis and research studies is still primarily based on human visual
scoring, which is not only hugely subjective and involving a substantial workload on a
pathologist, but also has many limitations inherent to the traditional pathology (such as
significant intra- and inter-observer variation along with low efficiency). Consequently,
since the evaluation of fibrosis was important for the interpretation of DCM molecular
mechanisms, the digital algorithms for fibrosis estimation were validated against a

criterion standard obtained by point counting used in interactive stereology.

2.6.Cooperation
This study was conducted in cooperation with the following science institutions:

1. Vilnius University, Faculty of Medicine, Department of Pathology, Forensic
Medicine and Pharmacology, Vilnius, Lithuania.

2. State Research Institute, Center for Innovative Medicine, Dept. of Stem Cell Biology,
Vilnius, Lithuania.

3. National Center of Pathology, Affiliate of Vilnius University Hospital Santariskiu

Klinikos, Vilnius, Lithuania.
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9.

Vilnius University Hospital Santariskiu Klinikos; Hematology, Oncology and
Transfusion Medicine Center, Vilnius, Lithuania.

Vilnius University, Faculty of Medicine, Department of Physiology, Biochemistry,
Microbiology and Laboratory Medicine, Vilnius, Lithuania.

Universititsmedizin Mannheim, Department of Integrative Pathophysiology,
Mannheim, Germany.

University of Heidelberg, Medical Faculty Mannheim, Mannheim, Germany.
University Hospital Gielen & Marburg, Department of Cardiology, Marburg,
Germany.

University of Normandy, Path-Image/BioTiCla, Unicaen, Caen, France.

10.Hull York Medical School, Departament of Cardiology, Castle Hill Hospital,

Cottingham United Kingdom.
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3. MATERIALS AND METHODS
3.1. Secreted and intramyocardial biomarkers in DCM
3.1.1. Inclusion and Exclusion Criteria

Study subjects were 32 consecutive patients (25 males, 7 females, mean age 43.14 +
11.86 years), admitted to a tertiary referral Centre with clinically suspected DCM and
post-myocarditis cardiomyopathy during the time period of July, 2010 to February,
2013.

Inclusion criteria: 1) Newly-onset heart failure (HF) of two weeks’ duration
associated with a normal-sized or dilated left ventricle (LV) and hemodynamic
compromise; 2) Newly-onset HF of two weeks’ to three months’ duration associated
with a dilated LV and new ventricular arrhythmias, second- or third-degree heart block,
or failure to respond to usual care within one to two weeks; 3) Echocardiographic or
angiographic evidence of global or regional LV dysfunction and/or LV dilation and/or
LV reduced systolic LV ejection fraction less than 45 %; 4) Angiographic exclusion of
significant coronary artery disease, defined as evidence of a proximal stenosis of one or
more main coronary arteries of 50 % or greater, in one or more main coronary arteries.

Exclusion criteria: 1) Known causes of heart failure, such as hypertension,
significant coronary artery disease, valvular heart diseases, although not relative mitral
regurgitation, endocrine disease, significant renal disease or drug or alcohol abuse; 2)
Acute myocarditis and history of myocardial infarction; 3) Patients were excluded if they
did not give written informed consent to EMB.

All patients above the age of 16 years (the oldest patient was 67 years old) who met
the previously mentioned criteria were included in the study. There was no upper age
limit for inclusion.

All patients were subjected to coronary angiography, right heart haemodynamic
evaluation and endomyocardial biopsies. The same basic medical treatment scheme was

applied to all patients.

3.1.2. Basic medical examinations
All patients were interviewed about their medical history and underwent a careful

physical examination, as well as selected laboratory studies, including test of thyroid
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function, serum electrolytes (sodium, potassium), high sensitivity C-reactive protein
(hsCRP), glucose, hemoglobin Alc (HbAlc), cholesterol, triglyceride, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), cardiac enzymes: creatine kinase
(CK), creatine kinase MB (CK-MB), aspartate aminotransferase (AST), high-sensitivity
troponin T (hsTnT), urea, creatinine, uric acid, coagulation tests: prothrombin time (PT),
activated partial thromboplastin time (aPTT), blood count (hemoglobin, haematocrit,
red blood cells (RBC), white blood cells (WBC) and platelet (PT) count.

On admission, each patient underwent anthropometrical and blood pressure
measurement, as well as electrocardiography, echocardiography, MRI, Holter
monitoring and spiroergometry. All laboratory measurements were done according to the

routine clinical protocols.

3.1.3. Cardiac catheterization and endomyocardial biopsy
Before EMB, each patient underwent coronary angiography to exclude coronary

artery disease as well as right heart catheterization to assess haemodynamic parameters:
mean pulmonary artery (PA) pressure, pulmonary capillary wedge pressure (PCWP),
pulmonary vascular resistance (PVR) and cardiac index (Cl).

Right ventricular EMB was obtained using a flexible bioptome via the right
femoral vein (Cooper, Baughman et al. 2007). Biopsies were taken from the right inter-
ventricular septum at three different levels (upper, medial and lower) from patients with
confirmed absence of ischemia and cardiovascular pathology (stenosis and occlusion).
Collected heart tissue biopsies were immediately inserted into clean cryovials, carefully
labeled and registered. At least three EMBs from different septum levels were subjected
to conventional histological and immunohistochemical evaluation, three EMBs to DNA
and RNA extraction for the amplification of viral genomes and two EMBs were stored at
-70°C in a biobank as retained biosamples and further processed for appropriate studies.
Biopsy specimens were investigated within 24 hours.

Before measurements tissue samples were lysed in 100 pl of RIPA lysis buffer
(Thermo Scientific Inc., USA), supplemented with protease and phosphatase mini
inhibitor tablets, 1 mM PMSF, 1 mM Na2Vv0O4, 25 mM NaF according to the

manufacturer’s suggestion (Thermo Scientific Inc., USA). Biopsy samples were
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sonicated at 10 mV for 2 x 5 s on ice using a Bandelin Sonopuls sonicator, kept 30 min

on ice, centrifuged at 12,0009 for 15 min, aliquated and stored at -70°C.

3.1.4. Collection and preparation of blood samples
Three serum-separating (SST 1) 8.5ml tubes (BD Vacutainer®) were collected

for serum sampling from each patient at the same time as the EMB. Collected blood
tubes were kept at room temperature for 30-45 min (no longer than 60 min) to allow
clotting. Samples were centrifuged for 15 min at the manufacturer's recommended speed
(1,000-2,000 RCF). The upper layer was carefully aspirated, checked for turbidity,
aliquated into cryovials, labeled and stored at -70°C.

Before measurement, all serum samples were thawed on ice, centrifuged at 12,000

RCF for 5 min and, if necessary, appropriately diluted.

3.1.5. Detection of viral genome on endomyocardial biopsy
Genomic DNA and total RNA were extracted from endomyocardial biopsies

using ZR-Duet™ DNA/RNA Miniprep kit (Zymo Research, Irvine, CA, USA). RNA
(1 ng) was reversely transcribed in 20 ul reaction volumes using random hexamers and
First Strand cDNA Synthesis Kit (Thermo Fisher, Vilnius, Lithuania) according to the
vendor’s recommendations and diluted up to 100 pl with deionized water after reaction.
Nested PCR primers for the detection of adenovirus (Allard, Albinsson et al. 2001),
Herpes simplex viruses 1 and 2, varicella zoster virus, Epstein-Barr virus,
cytomegalovirus, parvovirus B19, hepatitis C virus, enterovirus, rubella virus (Mclver,
Jacques et al. 2005), human herpes virus 6 (HHV-6A and HHV-6B, GenBank accession
no. NC001664.2 and NCO000898.1, respectively), Kirsten rat sarcoma viral oncogene
homolog (KRAS, GenBank accession no. NM033360) and ubiquitin C (UBC, GenBank
accession no. NM021009) genes (Table 1) were synthesized by Metabion (Martinsried,
Germany). Forward primers of the second round PCR were labeled with 6-

carboxyfluorescein (FAM) at the 5’ end.
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Table 1 Oligonucleotides used in nested PCRs.

Target  Primer Sequence Size (bp)
HHV-6 HHV6-N1Fw ACCCGAGAGATGATTTTGCGTG 128
HHV6-N1Rev GCAGAAGACAGCAGCGAGATAG
HHV6-N2Fw CATAGCAACCTTTTCTAGCTTTGAC
HHV6-N2Rev TCTATAACATAAATGACCCCTGGGA
UBC UBC-N1Fw TTCTTTCCAGAGAGCCGAAC 150

UBC-N1Rev CCCATCTTCCAGCTGTTTTC
UBC-N2Fw TGGGTCGCAGTTCTTGTTTG
UBC-N1Rev CCTTCCTTATCTTGGATCTTTGCC
KRAS KRAS-N1Fw CTTTGGAGCAGGAACAATGTCT 160
KRAS-N2Fw AATCCAGACTGTGTTTCTCCCT

KRAS-N1Rev/N2Rev ~ TACACAAAGAAAGCCCTCCCC

All PCRs were run on a TProfessional Standard thermocycler (Biometra,
Gottingen, Germany) as described (Mclver, Jacques et al. 2005). KRAS and UBC
detection was used to validate extraction of nucleic acids and was performed in parallel
according to the conditions for DNA and RNR viruses, respectively. First round PCRs
for DNA and RNA viruses were performed in a 50 pl reaction volume containing
Maxima Probe qPCR Master Mix (Fermentas), 0.2 uM final concentration of each first-
round primer, and 10 ul extracted DNA or ¢cDNA solution. Uracil-DNA glycosylase
(Fermentas) was added into each reaction mix (0.4 units) to prevent PCR cross-
contamination. Amplification conditions for DNA viruses included uracil-DNA
glycosylase treatment at 50 °C for 2 min; initial denaturation step at 95 °C for 10 min; 35
cycles of denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, extension at 72 °C
for 60 s; the final extension step was 72 °C for 7 min. Amplification conditions for RNA
viruses included uracil-DNA glycosylase treatment at 50 °C for 2 min; initial
denaturation step at 95 °C for 10 min; 35 cycles of denaturation at 95 °C for 45,
annealing at 57 °C for 45 s, extension at 72 °C for 60 s; the final extension step was
72 °C for 7 min. Each primer pair was tested in a reaction setup without DNA sample
(negative template control). Second round PCRs were performed in a 50 pl reaction
volume containing Maxima Hot Start PCR Master Mix (Fermentas), 0.2 uM final
concentration of each second-round primer, and 2pul of first-round product.
Amplification conditions for DNA viruses were the same as for the first round except
excluded uracil-DNA glycosylase treatment step. Amplification conditions for RNA

viruses included initial denaturation step at 95 °C for 10 min; 35 cycles of denaturation
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at 95 °C for 20s, annealing at 57 °C for 20 s, extension at 72 °C for 20 s; the final
extension step was 72 °C for 7 min. Ubiquitin C PCR detection was used to validate
extraction and was performed in parallel according the conditions for DNA viruses.

Final PCR products were 10-fold diluted and analyzed by capillary
electrophoresis on a Genetic Analyzer 3130xl using GeneScan™ 600 LIZ™ Size
Standard and Gene Mapper Software v4.1 (Applied Biosystems, Foster City, CA, USA)
for sizing PCR fragments. In the case of positive result, the genomic DNA or RNR
specimens extracted from whole blood samples were tested to exclude biopsy

contamination with viruses circulating in the blood.

3.1.6. ELISA assays
Apoptotic and collagen synthesis/degradation protein levels in endomyocardial

biopsies and serum samples were measured by specific ELISA assays. The following
molecules were assessed: Bcl-2, Caspase-9, Caspase-8 (Novus Biologicals Europe,
Cambridge, UK); Bax (Elabscience Biotechnology Co., Ltd, China); Caspase-3, TGF p1,
matrix metalloproteinase-9 (MMP9), tissue inhibitor of metalloproteinase-1 (TIMP1),
APO1/Fas/CD95, Fas ligand (FasL) (Invitrogen, Paisley, UK); Procollagen | C-Terminal
Propeptide, PICP (Bio-Medical Assay Co., Ltd., China); Cross-linked Carboxy-terminal
telopeptide of type | collagen, ICTP (Shanghai BlueGene Biotech Co., Ltd, China); Heat
Shock Protein-60 HSP60 (AssayPro, Saint Charles, Missouri, USA).

Protein in serum and biopsy samples was measured using a modified Lowry
Protein Assay kit according to the manufacturer’s recommendations (Thermo scientific
Inc., USA). Absorbance was measured with a spectrophotometer (Asys UVM 340
Microplate Reader UK - Biochrom Ltd.) set at 750 nm. A bovine serum albumin (BSA)
standard curve was made to determine the protein concentration of each unknown
sample. Protein concentration was expresses as pug/ml. Final concentration of searching

molecules was expressed as ng/mg of protein.

3.1.7. Additional biochemical measurements
The pro-inflammatory cytokine TNFa, IL-6 and IL-1fB in serum samples were

assayed by solid-phase, chemoluminescent immunometric  assays using
IMMULITE/Immulite 1000 systems (Immulite, Siemens) according to manufactures
instructions: TNFa (Catalog No: LKNFZ (50 test), LKNF1 (100 tests); IL-6 (Catalog
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No: LK6PZ (50tests), LK6P1 (100 tests); IL-1p (Catalog No: LKL1Z (50 tests), LKL11
(100 tests).

Adiponectin  was measured by Millipore Adiponektin assay according
manufacturers’ recommendations (Milipore, USA).

The myocardial necrosis marker, a high-sensitivity troponin T (hsTnT) was
measured in serum using an Elecsys 2010 analyzer (Roche Diagnostics, Indianapolis,
Indiana) and expressed as pg/ml.

Brain natriuretic protein (BNP) was measured by a two-step immunoassay in
human plasma using CMIA technology and protocols referred as Chemiflex. Briefly,
sample and anti-BNP coated paramagnetic particles were combined. After incubation,
samples were washed and combined with an anti-BNP acridinium-labeled
conjugate. Samples were incubated, washed again and the chemoluminescence initiating
mixture was added. Resulting chemoluminescent reaction was measured as relative light
units (RLU) by a chemoluminometer.

Galectin-3 in serum samples was estimated using an in vitro diagnostic device of
enzyme linked immunosorbent assay (ELISA) on a micro plate according to the

manufacturers' instructions (BG Medicine, Inc.).

3.1.8. Histology and immunohistochemistry of endomyocardial biopsies
EMB samples for histological analysis were fixed in 10 % buffered formalin and

subsequently paraffin-embedded in a tissue processor. 3 um-thick sections were used
through the study. The EBM sections were stained with Haematoxylin and Eosin (H&E)
according to the standard protocol for the routine histological evaluation. The
experienced pathologist evaluated: endocardium (thickness, subendocardial fat, fibrosis
and inflammation); myocardium (muscle fibre number, size and damage); interstitium
(fibrosis, fat, edema and inflammation) and intramural vessels (size, signs of
inflammation, damage and luminal stenosis). To estimate the extent of fibrosis the EMB
specimens were stained with Masson's trichrome connective tissue stain according to a
standard protocol. Keratin and muscle fibers stained red, whereas collagen stained blue.
Immunohistochemical staining was performed on fixed, paraffin-embedded
material using antibodies: anti-CD3 (DAKO Hamburg, Germany), anti-CD45Ro (DAKO
Hamburg, Germany) and anti-CD68 (DAKO Hamburg, Germany), anti-a. smooth muscle
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actin (a-SMA) (Biocompare, USA); anti-MMPL1 (Spring Bioscience Corp., USA); anti-
MMP2 (Leica Biosystems Newcastle Ltd, UK); anti-MMP9 (Leica Biosystems
Newcastle Ltd, UK), anti-MMP13 (Novus Biologicals Europe, Cambridge, UK), anti-
HLA-DR (DAKO Hamburg, Germany), anti-PICP (EMD Millipore, Temecula, USA).

3.1.9. Evaluation of histochemical and immunohistochemical stainings
in endomyocardial biopsies
Inflammatory infiltrates in the biopsies were immunohistochemicaly classified on

tissue sections, according to expression of CD3™ (T lymphocytes), CD45Ro0" (active-
memory T lymphocytes) and CD68" (macrophages). The number of positively stained
cells in each biopsy sample was scored by a highly experienced pathologist and
expressed as number of positive cellsy/mm?. According to the World Health Organization
/ International Society and Federation of Cardiology Task Force on the Definition and
Classification of Cardiomyopathies, EMB were considered to be inflamed after
immunohistochemical detection of focal or diffuse mononuclear infiltrates with >14
leukocytes per 1 mm? (CD3" T lymphocytes and/or CD68" macrophages) in the
myocardium (Richardson, McKenna et al. 1996; Mahrholdt, Wagner et al. 2006;
Kindermann, Kindermann et al. 2008).

Additionally myocardial necrosis was estimated by routine histochemical staining
of fixed biopsy samples with Haematoxylin and Eosin (H&E). Normal myofibres had
peripheral nuclei, intact sarcolema and non-fragmented nuclei. Pyknosis of muscle fibers
nuclei, edema, and beginning of leuco-diapedesis from the capillaries suggested that
these myocardial cells reached the stage of necrosis. A pathologist scored the number of
necrotic myofibres on at least three independent tissue sections.

Digital images from the experimental glass slides were obtained using ScanScope
Digital Slide Scanner (Aperio, Vista, CA) at x20 magnification and archived on a
devoted Spectrum Server 11.1.0.751 (Aperio). Quality control of the scanned images and
all further analysis were performed using ImageScope V11.1.2.760 (Aperio) and
WebScope V11.1.0.756 (Aperio).

Genie algorithm was used to measure the extent of fibrosis, to calculate
immunostained cells and to evaluate the area of immunohistochemically stained
elements in the myocardium. Genie (GENetic Imagery Exploration (Holland 1992)) is a

pattern recognition algorithm that distinguishes spatial and morphological features based
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on structures (classes) provided by the user. The algorithm was run for the whole slide,
ignoring the number of overlapped tissue sections on it — making the process fully
automated. Specific Genie classifiers were developed for this study:

1. Myocardial fibrosis identification was made by using basic tissue recognition
Genie classifier v1 algorithm. Total cardiac fibrosis (including interstitial and
perivascular) was assessed. For better identification fibrosis, we used only spatial
recognition, disabling the detection of morphological features. For this purpose,
the Genie system was trained to distinguish the myocardium, fibrous tissue
(fibrosis) and glass (Fig. 1). Total cardiac fibrosis percentage was adjusted to a

total tissue area in the image analyzed, ignoring the glass.

staining, (B) Genie algorithm.

2. For counting activated immune cells (HLA-DR) and cardiac fibroblasts (a-SMA)
in myocardium tissue Genie Nuclear v9.0 algorithm was used. This algorithm
distinguishes and counts immunostained positive and negative cells (Fig. 2).
Depending on parameters it can mark different size and shape cells. Thus, in order
to get accurate analysis, for different immunocell types, different Nuclear v9.0
parameters were set. After analysis the results were shown as total amount of

immunopositive cells in the tissue area measured and expressed as cells/mm?.
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Fig. 2 Immunopositive cell mark-up ohwdrigitized slide at x20 magnification. (A) a-SMA staii'r'liing, ]
(B) Genie algorithm.

3. For measuring immunostained proteins (MMP1, MMP2, MMP9, MMP13 and
PICP) in myocardial biopsies Genie pixel counting Algorithm was used. Firstly
on digital slide the region of interest (myocardial biopsy) was marked and after
that the algorithm was ran in this area. The results were shown as total amount of
weak/ moderate/ strong positive and negative pixels (Fig. 3). For each protein a
sum of weak, moderate and strong positive pixels was calculated as “positive”.

After that the percentage of positive pixels were counted manually and adjusted to

a total tissue area.

‘u---— )

|
a0 |

Fig. 3 Immunostained protein mark-up bfnidigiti‘zed slide at x20 magnification. (A) MMP2 staining;
(B) Genie algorithm.
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3.2.Quantification of myocardial fibrosis by digital image analysis and
interactive stereology

3.2.1. Experimental model

The study was conducted on endomyocardial biopsy (EMB) material from 38
patients (29 males, 9 females, mean age 42.3 + 12.2 years) diagnosed with inflammatory
dilated cardiomyopathy. All EMB specimens were collected between July, 2010 and
February, 2013. Before EMB, each patient underwent coronary angiography to exclude
coronary artery disease. Right ventricular EMB was obtained using a flexible bioptome
via the right femoral vein (Cooper, Baughman et al. 2007). At least 3 EMBs were
subjected to histological evaluation. All specimens were included in the study to provide
a full range of fibrosis.

Tissue samples for histological analysis were fixed in 10 % neutral buffered
formalin with subsequent routine paraffin embedding. 3 um-thick sections were used
through the study. Sections were stained with Masson's trichrome according to a
standard protocol. Whole slide images (WSI) from the experimental glass slides were
obtained at a resolution of 0.5 pm using a digital microscopic scanner (ScanScope  XT,
Aperio Technologies, Vista, CA, USA) at a 20x objective magnification and stored in a
tiled Tiff format on a devoted WSI server (Spectrum 11.1.0.751, Aperio) (Fig. 4). One
section was later randomly chosen from the slide for all subsequent analyses. Aperio

Colocalization and Genie algorithms were used for image analysis.

Fig. 4 Fibrosis mark-up on digifiieid éli&zi(l\zagson trichrome origiinal staining).

3.2.2. Colocalization algorithm
Colocalization uses the color deconvolution (Ruifrok and Johnston 2001) to
separate the stains and classifies each pixel according to the number of stains present.

For Colocalization, the threshold for each stain is specified for a required stain (e.g.
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Masson’s trichrome) and the algorithm reports the percentage of total tissue area for
which each stain combination is detected: 1, 2, 3, 1+2, 1+3, 2+3, 1+2+3, or none (up to 3
stains are supported). The algorithm also provides an eight-color mark-up image for the
visualization of the colocalized stains. The total percentage of cardiac fibrosis in biopsy
samples was calculated according to the sums of the following stain combinations: 3,
2+3 and 1+3 (Fig. 5).

Fig. 5 Fibrosis mark-up oh digﬁlzed slide (Colocalization algorithm).

3.2.3. Genie algorithm
Genie (GENetic Imagery Exploration (Holland 1992)) is a pattern recognition

algorithm that distinguishes spatial and morphological features based on structures
(classes) provided by the user. A specific Genie classifier was developed as follows: 1.
New Genie project and training set created; 2. Digital slides added to a training set; 3.
The classes of interest defined and marked in the digital slides in the training set (Fig. 6);
4. Training montage created by running Genie Training v1 algorithm (1000 training
iterations set) on user-selected tissue sub-regions (the algorithm estimated the training
accuracy at 99.4 %); 5. Based on the training macro, Genie Classifier v1 algorithm was
used to create the specific Classifier to be tested and used (Fig. 7). After testing the
classifier the classes can then be selected for subsequent analysis using specific task
algorithms. For better identification of cardiac fibrosis, we used only spatial recognition,
disabling the detection of morphological features. For this study, the Genie system was
trained to distinguish the myocardium, fibrous tissue (fibrosis) and glass (Fig. 7). Total
cardiac fibrosis percentage was adjusted to a total tissue area in the image analyzed,

ignoring the glass (Fig. 8).
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Fig. 6 Training an

Fig. 7 Training and using of the Genie. Testing and using the new specific classifier.

WebScor @s9664
5555 5 1399 e 396 0D g 20
O B r IR EOS O wDO B

Fig. 8 Fibrosis mark-up on digitized slide (Genie algorithm).

3.2.4. Stereology
Stereology is an interdisciplinary field for volume estimation of three-dimensional

structures by their planar sections. We performed the study on tissue sections of 3 pm,
thus the stereology was performed on a projection rather than on ideal 2D plane. A point
counting grid was used to estimate the fraction area (Baddeley 2005). “Stereology toolkit
4.2.0” from ADCIS (Saint Contest, France) was used in this study. This stereology
module allows defining a ROl and a grid that overlay an area of a virtual slide. Then the

type, the spacing and the pattern size of the grid must be adjusted (Fig. 9). 150-200 test

107




points are recommended for acceptable analysis precision (Weibel 1979). The grid of
point counting, with the sampling interval of 200 pixels and a pattern size of 20 pixels
was chosen to evaluate the area fraction of myocardial tissue and cardiac fibrosis. These
adjustments of the stereology grid ensured a minimum of 500 test points in the smallest
myocardial biopsies and higher counting precision. The structures of interest: glass,
fibrosis, myocardium, other (including inflammation, necrosis, glass areas inside the
myocardium) were manually highlighted by the observer (Fig. 10). The total percentage
of cardiac fibrosis was counted using the number of points ignoring the “glass™ and
“other” category. The area fraction, equivalent to the volume fraction of cardiac fibrosis
was then estimated as the ratio between the number of test marked as fibrosis and the
total number of test points included in the ROI, points ignoring the “glass” and “other”
categories. The results were expressed as percentages together with the corresponding

uncertainty computed according to Weibel (Weibel 1979).

Sl

e 7 =

Fig. 9 Fibrosis mark-up on digitized slide uing Sterelog protocol. ImageScope V11 view
incorporating grid (sampling step of 200 pixels and size of the pattern 20 pixels).

D i

ig. L p on | de us ng ay otocol Strctresf interest glass,
fibrosis, myocardium, other) manually highlighted by observer. (A) View at x10 magnification, (B)
View at x20 magnification.
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3.2.5. Pathologist’s visual scoring
The extent of total cardiac fibrosis in the samples was also evaluated as a

percentage of the sample area by a highly-experienced pathologist using a light
microscope. Two evaluations were performed for each section with the time interval of

two weeks.
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3.3.Statistical analyses
Data are presented as the mean and standard error of mean (Mean + SEM). All

statistical analyses of data were performed using the SPSS package (version 19.0 for
Windows; SPSS Inc., Chicago, IL, USA) at 5 % significance level.

3.3.1. Analysis of DCM data
The normality of the data distribution was tested by the Shapiro-Wilk test.

Differences in parameters of virus-negative and virus-positive and also inflammation-
negative and inflammation-positive patient groups were tested by Student’s t test or the
Wilcoxon—Mann—Whitney rank sum nonparametric test (specified in figure legends and
table titles). For comparative purposes Pearson’s correlation coefficient was used.

Pearson's Chi-square test was used when appropriate to compare categorical variables.

3.3.2. Analysis of fibrosis quantification data
For the statistical comparison of data, the Pearson’s correlation coefficient,

Friedman’s test with post hoc (Wilcoxon signed-rank with a Bonferroni correction
applied) and scatter-dot graphs (with R? intercept and slope) were used. To enable a
standard approach to the data, a natural logarithmic transformation of all measurements
was performed before drawing scatted-dot plots. The agreement between fibrosis
measurement methods was tested with Bland-Altman plots (Bland and Altman 1999),
using the stereology estimation as a reference method for the X axis (Krouwer 2008). All
statistical analysis was performed using the SPSS package (version 19.0 for Windows;
SPSS Inc., Chicago, IL, USA) at 5 % significance level.

3.4.Ethical approval
The study was approved by the Vilnius Regional Biomedical Research Ethics

committee (License Nr.158200-09-382-103). All patients gave written informed consent
to include their data in the study for each investigational procedure.
The investigation conforms to the principles outlined in the Declaration of

Helsinki.
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4. RESULTS

4.1.Virus-positive DCM patient study group

4.1.1. Identification of viral genome in endomyocardial biopsy

From a total of 32 patient included in this study, viral genome was detected in the
myocardium of 14 subjects (43.8 %). The following virus species were detected:
parvovirus B19 (PVB19) (n = 11; 34.4 %), human herpes virus type 6 (HHV6) (n = 4;
12.5 %), enterovirus (EV) (n = 1; 3.1 %), hepatitis C virus (HCV) (n = 1; 3.1 %),
Epstein-Barr virus (EBV) (n = 1; 3.1 %), Varicella-zoster virus (VZV) (n = 1; 3.1 %).
Among the 3 (9.38 %) patients with double infections: co-detection of PVB19 and
HHV6 prevailed in 2 EMB samples, whereas 1 EMB sample had PVB19 and HCV co-
infection. There was one patient with triple infection with PVB19, HHV6 and EV.

All patients were subdivided into two groups: virus-negative (n = 18) and virus-

positive (n = 14) according to detection of virus genomes in the EMB analysis.

4.1.2. Basic clinical parameters
Patient baseline characteristics for the study groups are shown in Table 2. No

significant differences in distribution of sex, age and heart failure symptoms between
groups were observed.

Heart failure is described as the symptomatic syndrome, graded according to the
New York Heart Association (NYHA) functional classification (Dolgin 1994). Most of
the patients enrolled to the study had moderate NYHA 11l class symptoms (11 (61 %)
patients in virus negative group, 12 (85 %) patients in virus positive group). There were
more patients with severe symptoms of cardiac insufficiency (NYHA IV class) in virus
negative group (6 (33 %) patients) than in virus positive group (1 (7 %) patient),
however the difference was not significant (p = 0.075).

The prevalence of atrial fibrillation (AF) or left bundle branch block (LBBB) on
ECG did not significantly differ between the groups (AF 3 (17 %) versus 1 (7 %), p =
0.360; LBBB 5 (28 %) versus 2 (14 %), p = 0.360) and was even lower in virus-positive
patient group.

Generally, main parameters of echocardiography demonstrated characteristic

signs of DCM: reduced left ventricular ejection fraction (LVEF), dilatation of left
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ventricular. However, there were no significant differences in these parameters between
the groups: LVEF 23.11 £ 1.6 % versus 24.93 + 1.39 % (p = 0.413), left ventricular end-
diastolic diameter (LVEDD) 6.87 + 0.24 cm versus 6.64 = 0.18 cm, left ventricular end-
diastolic diameter index (LVEDDI) 3.66 +0.12 cm/m? versus 3.54 +0.12 cm/m?.

Table 2 Baseline characteristics of patients.

Variable Virus-negative group Virus-positive group
No. of Value No. of Value p
pts. pts. Value
Sex (male/female) 18 16 (89 %) /2 (11 %) 14 9 (64 %) /5 (36 %) 0.095
Age (years) 18 45.11+£3.18 14 40.79 £2.29 0.279
NYHA
I 18 1 (6 %) 14 1 (7 %) 0.854%
i 18 11 (61 %) 14 12 (85 %) 0.125%
v 18 6 (33 %) 14 1 (7 %) 0.075%
Cardiac parameters
LBBB (%) 18 5 (28 %) 14 2 (14 %) 0.3607
Permanent AF (%) 18 3 (17 %) 14 1 (7 %) 0.419%
LVEF (%) 18 23.11+1.6 14 2493 £1.39 0.413
LVEDD (cm) 18 6.87 £0.24 14 6.64 £0.18 0.460
LVEDDI (cm/m?) 13 3.66 +0.14 14 3.54 +0.12 0.522
Mean Ao (mmHg) 11 91.73 £3.26 10 84.6000 +3.44 0.149
Mean RAP (mmHg) 15 17.00 £2.22 11 9.00 £1.54 0.011*
Mean PCWP (mmHg) 16 29.00 £2.62 12 17.75 £2.18 0.004*
Mean PAP (mmHg) 16 40.19 +£3.45 12 2542 £2.6 0.003*
CI (L/min/m2) 13 2.08 £0.2 8 241 +£0.17 0.309

* Significant at p < 0.05 level. 1+ Chi-square test. Data are presented as means + SEM. Abbreviations: NYHA —
New York Heart Association functional class; LBBB — left bundle branch block; AF — atrial fibrillation; LVEF -
left ventricular ejection fraction; LVEDD — left ventricular end-diastolic diameter; LVEDDI — left ventricular end-
diastolic diameter index; Ao — aortic; RAP — right atrial pressure; PCWP — pulmonary capillary wedge pressure;
PAP — pulmonary artery pressure; Cl — cardiac index.

Cardiac catheterization was performed to evaluate hemodynamic impairment, to
confirm pulmonary hypertension (PH) diagnosis or to access severity of PH (PH is
confirmed when the mean pulmonary artery pressure (PAP) is >25 mmHg at rest
(Badesch, Champion et al. 2009), mean pulmonary capillary wedge pressure (PCWP) is
necessary for differential diagnosis of PH due left heart impairment (Simonneau,
Robbins et al. 2009). In both groups these hemodynamic parameters were elevated,
which confirms PH diagnosis due to left heart disease. However hemodynamic
parameters (PAP, PCWP, RAP) were significantly higher in virus negative group (mean
PAP 40.19 + 3.45 versus 25.42 £ 2.6, p = 0.003; mean PCWC 29.00 £ 2.62 versus 17.75
+ 2.18, p = 0.004; mean RAP 17.00 = 2.22 versus 9.00 + 1.54, p = 0.011). The difference

among the groups shows more advanced PH in virus negative group and is associated
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with worse prognosis (D'Alonzo, Barst et al. 1991). Cardiac index (Cl) was reduced in
both groups, although, did not differ significantly (2.08 + 0.2 versus 2.41 + 0.17, p =
0.309). The better hemodynamic situation in virus-positive patients compared to the
virus-negative ones might be explained by reduced myocardial fibrosis and decreased
levels of heart contraction regulating proteins. The persistent presences of virus in
myocardium can swift hemodynamic parameters to the expansion direction indicating
WOrse prognosis.

Additionally, the inverse correlation between LVEF with hsCRP and BNP (R= -
0.803, p = 0.005; R =-0.630, p = 0.016, respectively) also revealed that further presence
of virus in myocardium might increase inflammation, fibrosis and subsequent release of
ventricular natriuretic protein that may unbalance proper functioning of myocardium and
induce heart failure (Table 2 and Table 4).

Both patient groups received the same basic treatment according to guidelines
(Table 3) (Dickstein, Cohen-Solal et al. 2008; Dickstein, Vardas et al. 2010; McMurray,
Adamopoulos et al. 2012). No significant difference in prescribed medication was
observed between the groups.

Table 3 Basic treatment for the study patient groups (according ESC guidelines).

Conventional treatment of heart failure Virus-negative Virus-positive
group group
ACE inhibitors 9 (50 %) 7 (50 %)
B-blockers 16 (89 %) 13 (93 %)
Digitalis (in atrial fibrillation) 3 (17 %) 6 (43 %)
Diuretics 18 (100 %) 14 (100 %)
Anticoagulation (atrial fibrillation, EF < 40 %) 14 (78 %) 7 (50 %)
Antiarrhythmics (class I11: amiodarone) 5 (28 %) 2 (14 %)
Interventions
Implantable cardiac defibrillator (ICD) 0 (0 %) 0 (0 %)
Cardiac resynchronization therapy (CRT) 3 (17 %) 1 (7 %)

4.1.3. Estimation of inflammation and cardiomyocyte death in virus-
positive and virus-negative DCM samples
Intramyocardial viral infection has been suggested to be mainly an inflammatory-

related process leading to myocardial cell death. However, the data show that levels of
inflammation and apoptosis were reduced both in serum and biopsy samples. The

decrease of inflammatory cytokines IL-6 and hsCRP in sera was statistically significant
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(Fig. 11), whereas changes of apoptotic markers were significant only in biopsies (Fig.
12 and Fig. 13 p < 0.05).

L\Iirus negative
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Inflammatory markers in serum

TNF-a IL-6 IL-1B  hsCRP
(pgfmL) (pg/mL) (pgfml) (ng/mL)

Fig. 11 Levels of the inflammatory markers in serum. ELISA data are presented as means + SEM.
Data were considered significant at *p < 0.05.

150
£ 3 LV\rus negative > LV\rus negative
5 ICIVirus positive 2 ICIVirus positive
3 k)
0 _ Q.
EE 27 E£E 1007
nd wd
is £5 :
=R =] — [R=1]
EE ! EE
2D om °07
g€ klﬂ gE
Lo ] U
< < 0 —_—— e
-1 | % | | | | | | % | | | | I I
o~ [} © ] o] o [ ®» © O 0w J o
& 8 & 4 & 3 & 52 338332
2 2 8 o & 2 8 3 o % 2
8 @ 8 8 8 § &
O O O O O O w
o o
o o
< <
Fig. 12 Levels of the apoptotic markers in Fig. 13 Levels of the apoptotic markers in
serum. ELISA data are presented as means + biopsy. ELISA data are presented as means +
SEM. SEM. Data were considered significant at *p <

0.05.

The level of inflammatory infiltrates, CD3", CD45Ro" and CD68", in virus-
positive biopsies was also depressed, confirming the absence or low level of

intramyocardial inflammation (Fig. 14).
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Fig. 14 Levels of the inflammatory infiltrates in biopsy. Immunohistochemically positive stained
cell count data are presented as means + SEM from at least three independent locations by highly
experienced pathologist.

Additionally, the biomarker of myocardial necrosis, the high-sensitivity troponin
T (hsTnT), was also 2.6 fold down-regulated in virus positive serum samples, revealing
the absence of necrosis (Table 4). The absence of necrosis was also confirmed by

histological analysis of biopsies stained with hematoxylin and eosin.

Table 4 Summary data of estimated proteins in virus-negative and virus-positive DCM serums and
biopsies.

Virus-negative group Virus-positive group
Variable No. Value No. Value p Value
of pt. of pt.

ELISA assays of

proteins in serums

MMP9 (ng/mg protein) 18 1.4886 + 0.0648 14 1.4320+0.0630  0.536
TIMP1 (ng/mg protein) 18 6.1611 +0.2028 14 5.7538 +£0.2945 0.266

MMPO/TIMP1 18 0.2428 = 0.0084 14 0.2529 +£0.0108 0.465
PICP (ng/mg protein) 18 0.1589 + 0.0321 14 0.0792£0.0180  0.039*
ICTP (ng/mg protein) 18 0.0177 £ 0.0023 14 0.0148 £0.0033 0.495
PICP/ICTP 18 11.2537 £ 2.1036 14 8.6832 +3.9652 0.573
TGFB (pg/mg protein) 18 13.9515+1.9427 14  13.7339+2.1101  0.940

ELISA assays of

proteins in biopsies

MMP9 (ng/mg protein) 18 2.9149 £+ 1.0740 13 1.3321 +£0.3952 0.089;
TIMP1 (ng/mg protein) 18 9.6116 + 1.4578 13 5.8772 +£1.6243 0.266

MMP9/TIMP1 18 0.3434 +0.0838 13 0.4107 £ 0.1461 0.694
PICP (ng/mg protein) 18 4.2779 £2.3323 13 1.0708 £ 0.5718 0.312;
ICTP (ng/mg protein) 18 0.0733 £0.0337 13 0.2636 +0.1184 0.196;
PICP/ICTP 18 14.6047 + 6.3008 13 3.4117+£2.1170 0.154

TGF-B1 (pg/mg protein) 18 122.0955 + 82.6902 13 343392 £29.0622 0.622;
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Immuno- and
histochemical assays of
proteins in biopsies

MMP1 (%) 15 6.6747 +1.5248 14 14.6564 +22.9998 0.022*
MMP2 (%) 15 2.8940 £ 0.3412 14 7.0350 +3.9725 0.292
MMP9 (%) 15 10.9707 +4.2136 14 9.6871 + 1.5709 0.783
MMP13 (%) 15 12.2860 + 2.5354 14 12.6650 + 2.6789 0.919
a-SMA (%) 15 24.1400 + 4.6102 14 21.4821 +£2.5839 0.620
HLA-DR (%) 15 0.8253 +£0.21629 14 0.8886 +0.21432 0.837
Other determinations in
serums
Adiponectin (ug/mL) 18 28.3389 + 3.4627 14 15.0143 £ 2.7360 0.005*
BNP (pg/mL) 18 1841.7944 + 14 936.4786 + 0.044*
341.4525 260.1920
hsCRP (ug/mL) 17 22.8118 +7.7080 10 5.4170 +2.0884 0.043*
hsTnT (pg/mL) 18 74.0878 +£29.8031 13 28.8277 +4.9154 0.151
Galectin-3 (ng/mL) 18 12.8344 + 0.8536 14 11.0579 £ 1.0107 0.190
Cardiac fibrosis (%0) 18 17.9724 + 2.2076 14 10.4818 + 1.6854 0.012*

Data are presented as the mean + SEM. * Significant at 0.05 level; | Wilcoxon—Mann-Whitney rank sum
nonparametric test. Abbreviations: Bcl-2 — B-cell lymphoma 2 protein; Bax — Bcl-2—associated X protein; MMP —
matrix metalloproteinases; TIMP — tissue inhibitors of matrix metalloproteinases; PICP — type | procollagen
carboxy-terminal propeptide; ICTP — type | collagen carboxyterminal telopeptide; TNF-a — tumour necrosis factor-
alfa; IL-1p — interleukin 1 beta; IL-6 — interleukin 6; hsCRP — high sensitivity C-reactive protein; hsTnT — high
sensitivity troponin T; TGF-B1 - transforming growth factor $1; BNP — brain natriuretic protein.

4.1.4. Impact of virus on contraction proteins in myocardial tissue
The absence of inflammation (Fig. 15), apoptosis and necrosis in virus-positive

myocardium, stimulated to investigate contraction properties and proteins mostly

regulating it.

1
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Fig. 15 Inflammation representation in right ventricular EMB. Micrographs show one
representative picture from one patient of each group. (A) virus-negative; (B) virus-positive.
Hematoxylin and Eosin staining. Magnification: x10.

Data presented in Table 4, Fig. 16 and Fig. 17 show lower intensity of fibrosis in

virus-positive myocardium.
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Fig. 16 Levels of fibrosis in biopsies. Data are presented as means + SEM from at least three
independent measurements. Data were considered significant at *p < 0.05.

Fig. 17 F|br05|s in rlght ventrlcular EMB Mlcrographs show one representatlve plcture from one
patient of each group. (A) virus-negative patient (digitally quantified fibrosis — 21.20 %); (B) virus-
positive patient (digitally quantified fibrosis — 9.79 %). Masson trichrome staining for cardiac
fibrosis (collagen is colored blue). High amounts of collagen reflect a high level of fibrosis.
Magnification: x10.

Additionally, the carboxy-terminal propeptide of procollagen type | (PICP), a
marker of collagen | biosynthesis in biopsies was reduced four-fold, whereas carboxy-
terminal telopeptide of collagen type I (ICTP), a marker of collagen I degradation, was
increased 3.6 fold (Fig. 18, Fig. 19 and Fig. 20). Change of ICTP in myocardial tissue

was not confirmed immunohistochemicaly due to the absence of appropriate antibodies.
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Fig. 18 Levels of the collagen | synthesis (type |
procollagen carboxy-terminal propeptide
(PICP)) biomarker. Data are presented as
means = SEM from at least three independent
measurements.

Fig. 19 Levels of the collagen | degradation
(type I collagen carboxyterminal telopeptide;
ICTP) biomarker in virus-negative and virus-
positive serum samples. Data are presented as
means = SEM.
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Fig. 20 Collagen I synthesis (type I procollagen carboxy-_termina-l propeptide (

PICP)) b'iomérker |n

right ventricular EMB. Micrographs show one representative picture from one patient of each
group. (A) virus-negative patient (digitally quantified PICP — 13.70 %); (B) virus-positive patient
(digitally quantified PICP — 16.43 %). Immunohistochemical staining was performed using anti-
PICP antibodies (brown color represents a positive staining for PICP). Magnification: x10.

We also found that myocardial fibrosis in virus-positive biopsies significantly

correlated with the PICP/ICTP ratio and the general serum inflammatory marker hsCRP,

suggesting activation of inflammation and fibrosis in further presence of intramyocardial

virus (Fig. 21).
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Fig. 21 Correlation analysis of additional markers in virus-positive patient serum samples.
Correlation of collagen synthesis/degradation biomarkers (PICP/ICTP) ratio in biopsy (by ELISA)
with cardiac fibrosis and the general inflammatory biomarker high sensitivity C-reactive protein
(hsCRP) in serum. Correlation was significant at a level of p < 0.05. Linear regression line is
presented within 95 % confidence interval. Regression coefficients (R?) are shown in the graphs.

A more detailed correlation analysis, presented in Table 5, show that the marker
of collagen | synthesis (PICP) as well as MMP9 level in virus-positive biopsies were
mostly associated with secreted inflammatory cytokine IL-6. Moreover, the turnover of
collagen I, and MMP9 activation significantly depended on proper functioning of the
mitochondrial outer membranes: the release of mitochondrial outer membrane stabilizing
protein Hsp60 strongly correlated with serum markers of collagen | synthesis (PICP) and
degradation (ICTP), matrix metalloproteinase 9 (MMP9) and inflammation (IL-6) (Table
5). The correlation data suggest that further presence of virus in myocardium will
activate inflammation leading to increased release of Hsp60 and MMP9 activation. Our
data show that chronic intramyocardial viral infection is able to induce processes

initiating heart failure.

Table 5 Correlation of collagen I turnover markers in biopsy and serum samples.

PICP in ICTP in MMP9 in IL-6 in hsCRP in

biopsy biopsy biopsy serum serum
ICTP in biopsy 0.806**
MMP9 in biopsy 0.283 0.385
IL-6 in serum 0.572* 0.489 0.584*
hsCRP in serum 0.913** 0.933** 0.527 0.576
HSP60 in serum 0.641* 0.641* 0.646* 0.756**  0.591

Two tailed significance: *p < 0.05; **p < 0.01. Significant correlations are in bold phase type.
Abbreviations: PICP — type | procollagen carboxy-terminal propeptide; ICTP — type | collagen
carboxyterminal telopeptide; MMP9 — matrix metalloproteinase 9; IL-6 — interleukin-6; hsCRP — high
sensitivity C-reactive protein ; Hsp60 — heat shock protein 60.
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4.1.5. Changes of released contraction-regulating proteins in virus-

positive serums
The data show that the release of most tested intramyocardial apoptotic,

inflammatory, and contraction-regulating proteins such as TGF-f1, MMP9, TIMP1,
hsTnT, galectin-3 and PICP/ICTP in virus-positive serums were reduced Table 4.

The decrease of collagen | synthesis biomarker (PICP) in serum was even
significant (Fig. 22, p < 0.05). However, the level of collagen I synthesis (PICP) in
biopsy inversely correlated with its level in serum, showing that further presence of viral

infection will impair myocardial permeability (Fig. 23).
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Fig. 22 Levels of collagen | synthesis biomarker  Fig. 23 Inverse correlation between distribution
(type I procollagen carboxy-terminal of collagen synthesis biomarker PICP (type I
propeptide; PICP) in virus-negative and virus- procollagen carboxy-terminal propeptide) in

positive serum samples. Data are presented as virus-positive patient group serum and biopsy

means = SEM and considered to be significant at samples. Correlation was significant at a level

*p < 0.05. of p <0.05. Linear regression line is presented
within 95 % confidence interval. Regression
coefficients (R?) are shown in the graphs.

Additional correlation analysis showed that markers of apoptotic pathways, the
intrinsic (Bcl-2 and caspase-9) and the extrinsic (FasL and caspase-8) also were strongly

associated with the release of collagen I turnover biomarkers (Fig. 24 and Fig. 25).
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ratio in serum with the markers of intrinsic extrinsic apoptotic pathway (Fas ligand and
apoptotic pathway (BcL-2 and caspase-9) in caspase-8). Correlation was significant at a level
biopsies. Correlation was significant at a level of of p <0.05. Linear regression line is presented
p <0.05. Linear regression line is presented within 95% confidence interval. Regression
within 95% confidence interval. Regression coefficients (R?) are shown in the graphs.

coefficients (R?) are shown in the graphs.

Data in Fig. 26 show that release of intracellular fibrosis-related proteins cardiac
high-sensitivity troponin T (hsTnT) and galectin-3 into serum was also reduced.
Moreover, galectin-3 significantly correlated with macrophage-secreted cytokines TNF-
a and IL-6, suggesting possible its co-localization and secretion by infiltrated
macrophages (Fig. 27).

The lower level of infiltrated macrophages and secreted cytokines TNF-a and IL-
6 in tested samples can be a reason of lower serum level of galectin-3 (Fig. 14). The
detection of intracellular proteins in plasma indicates the loss of integrity of cell
membrane due to the acute myocardium and cardiovascular injuries. Considering this,
data show that viral infection in tested samples is not acute but chronic and does not
impair cell membrane permeability. However, the correlation analysis shows that
prolonged intramyocardial viral infection will activate inflammation, cardiomyocyte

apoptotic death and fibrosis leading to heart failure.
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Fig. 26 Levels of the contraction-regulating Fig. 27 Correlation of galectin-3 in serum with
proteins: cardiac high-sensitivity troponin T pro-inflammatory cytokines: tumor necrosis
(hsTnT) and galectin-3 in serum samples. Data  factor a (TNF-¢) and interleukin-6 (IL-6) in
are presented as means = SEM. serum. Correlation was significant at a level of

p < 0.05. Linear regression line is presented
within 95 % confidence interval. Regression
coefficients (R?) are shown in the graphs.

4.1.6. Other mechanisms regulating progression of viral DCM
In the last experiments, it was found that the serum levels of adipocytokine

adiponectin and BNP in virus-positive serums were significantly (almost two fold) lower

as compared to the virus-negative ones (Fig. 28 and Fig. 29; Table 3).
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Fig. 28 Levels of adiponectin in virus-negative Fig. 29 Levels of brain natriuretic protein B
and virus-positive serum samples. Data are (BNP) in virus-negative and virus-positive
presented as means £ SEM and considered to be serum samples. Data are presented as means =
significant at *p < 0.05. SEM and considered to be significant at *p <
0.05.
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A correlation analysis revealed that serum adiponectin significantly correlated

with main regulator of collagen I transformed growth factor- f1 (TGF-B1) (Fig. 30) and

brain natriuretic protein (BNP) (Fig. 31).
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Fig. 30 Correlation analysis of additional
markers in virus-positive patient serum
samples. Correlation between adiponectin and
transforming growth factor p1 (TGF- p1).

Correlation was significant at a level of p < 0.05.

Linear regression line is presented within 95 %
confidence interval. Regression coefficients (R?)
are shown in the graphs.

Fig. 31 Correlation analysis of additional
markers in virus-positive patient serum
samples. Correlation between adiponectin and
brain natriuretic protein B (BNP). Correlation
was significant at a level of p < 0.05. Linear
regression line is presented within 95 %
confidence interval. Regression coefficients (R?)
are shown in the graphs.

Additionally, serum adiponectin significantly correlated with macrophages
(CD68") (Fig. 32), whereas BNP correlated with memory T cells (CD45Ro0") and T
lymphocytes (CD3") (Fig. 33). Serum TGF-B1 also showed strong correlation with
intramyocardial macrophages (CD68", R = 0.649; p = 0.022) and MMP9 (R = 0.689; p =

0.009).
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Fig. 32 Correlation analysis of additional Fig. 33 Correlation analysis of additional
markers in virus-positive patient group. markers in virus-positive patient group.
Correlation between adiponectin in serum and Correlation of BNP in serum with T cells
infiltrated macrophages (CD68") in cardiac (CD3") and T memory cells (CD45R0") in
biopsy. Correlation was significant at a level of  cardiac biopsies. Correlation was significant at
p < 0.05. Linear regression line is presented a level of p < 0.05. Linear regression line is
within 95 % confidence interval. Regression presented within 95 % confidence interval.
coefficients (R?) are shown in the graphs. Regression coefficients (R?) are shown in the
graphs.

Data of this section shows that increased intramyocardial inflammations due to
sustained presence of viruses will upregulate levels of serum adiponectin and BNP
leading to further activation of TGF-B1, collagen synthesis and fibrosis. The main
collagen | synthesis regulator, TGF-B1, can be also activated directly by inflammation
infiltrates, particularly macrophages. The sustained presence of the virus in the heart will

increase inflammation leading to activation of fibrosis and heart failure.
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4.2.Inflammation-positive DCM patient study group

4.2.1. Detection of inflammatory infiltrate in endomyocardial biopsy

Not only can the persistent presence of virus influence the inflammatory
processes in myocardium. In most of the cases DCM is caused by inflammatory
processes of unknown origin. Since is always the goal to determine the origin of
inflammation, (which is not always achieved), in this part of our study we have explored
the molecular mechanisms dominating in the inflammatory DCM of unknown origin.
The inflammatory process in the myocardium was determined by the presence of
inflammatory infiltrates. From the immunohistochemically assessed inflammatory cells
in EMB T lymphocytes (CD3") was the most frequently detected cell (11.28 + 1.21),
followed by active-memory T lymphocytes (CD45R0") (8.29 + 0.91) and macrophages
(CD68%) (7.75 £ 0.85).

All patients were subdivided into two groups: inflammation-negative (n = 10) and
inflammation-positive (n = 22) according to the presence of inflammatory infiltrate
following the World Health Organization / International Society and Federation of
Cardiology Task Force on the Definition and Classification of Cardiomyopathies
recommendations (Richardson, McKenna et al. 1996; Mahrholdt, Wagner et al. 2006;

Kindermann, Kindermann et al. 2008).

4.2.2. Basic clinical parameters
Patient baseline characteristics for the study groups are shown in Table 6. No

significant differences in distribution of sex, age and heart failure symptoms between the
groups.

Heart failure is described as the symptomatic syndrome, graded according to the
New York Heart Association (NYHA) functional classification (Dolgin 1994). Most of
the patients enrolled to the study had moderate (NYHA 11l class 7 (70 %) patients in
inflammation negative group, 15 (68 %) patients in inflammation positive group) or
severe symptoms of cardiac insufficiency (NYHA 1V class 2 (20 %) patients versus 7
(32 %) patients).
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Table 6 Baseline characteristics of patients

Variable Inflammation-negative group Inflammation-positive group
No. of Value No. of Value p Value
pts. pts.
Sex (male/female) 10 8 (80 %) / 2 (2022 17 (77 %) / 5 (33 0.863;,
%) %)
Age (years) 10 46.7 + 5.87 22 42.36 +£2.07 0.389
NYHA
1 10 1 (10 %) 22 0 (0 %) 0.132
i 10 7 (70 %) 22 15 (68 %) 0.918;,
v 10 2 (20 %) 22 7 (32 %) 0.491,
Cardiac parameters
LBBB (%) 10 3 (30 %) 22 5 (22.7 %) 0.659;,
Permanent AF (%) 10 2 (20 %) 22 0 (0 %) 0.0004*
LVEF (%) 10 24.10+2.28 22 23.05+1.35 0.678
LVEDD (cm) 10 6.89 £0.17 22 6.89 £0.19 0.998
LVEDDI (cm/m?) 10 3.68 £0.21 22 3.71 £0.09 0.847
Mean Ao (mmHg) 10 92.00 +3.95 22 86.06 +2.71 0.291
Mean RAP (mmHg) 10 16.22 £3.19 22 1144 +1.74 0.164
Mean PCWP 10 25.00 +2.79 22 23.45 +£2.70 0.731
(mmHg)
Mean PAP (mmHg) 10 34.89 +£4.33 22 32.95 £3.24 0.734
Cl (L/min/m2) 10 2.38 £0.33 22 22 +£0.14 0.573

Data are presented as the means = SEM. * Significant at 0.05 level. ;, Chi-square test. Abbreviations: NYHA — New
York Heart Association functional class; LBBB — left bundle branch block; AF — atrial fibrillation; LVEF — left
ventricular ejection fraction; LVEDD - left ventricular end-diastolic diameter; LVEDDI — left ventricular end-
diastolic diameter index; Ao — aortic; RAP — right atrial pressure; PCWP — pulmonary capillary wedge pressure;
PAP — pulmonary artery pressure; Cl — cardiac index.

The prevalence of atrial fibrillation (AF) was significantly higher in inflammation
negative group compared to inflammation positive 2 (20 %) versus 0 (0 %) respectively,
p < 0.001, which might be explained by a lower degree of fibrosis (Fig. 44) in the former
group (Table 1). There was no significant difference noticed in the prevalence of left
bundle branch block on ECG among the groups 3 (30 %) versus 5 (22 %), p = 0.659.

Generally, main parameters of echocardiography demonstrated characteristic
signs of DCM: reduced left ventricular ejection fraction (LVEF), dilatation of left
ventricular. However, there were no significant differences in these parameters between
the groups: LVEF 24.10 + 2.2 % versus 23.05 £ 1.3 %, left ventricular end-diastolic
diameter (LVEDD) 6.89 + 0.17 cm versus 6.89 + 0.19 cm, left ventricular end-diastolic
diameter index (LVEDDI) 3.68 +0.21 cm/m? versus 3.71 + 0.09 cm/m®.

Cardiac catheterization was performed to access the severity of hemodynamic
impairment. Although, hemodynamic parameters did not differ significantly between the

groups, the average values of pulmonary artery pressure (PAP) in both groups: 34.89 +
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4.33 mmHg versus 32.95 + 3.24 mmHg, p = 0.734) were increased, which confirms
pulmonary hypertension (PH) diagnosis (PH is confirmed when the mean PAP is >25
mmHg at rest (Badesch, Champion et al. 2009)). Elevated mean pulmonary capillary
wedge pressure (PCWP) (>15 mmHg) among the groups 25.00 = 2.79 mmHg versus
23.45 + 2.70 mmHg, p = 0.731 shows post-capillary PH due to left heart impairment
(Simonneau, Robbins et al. 2009). Elevated mean right atrial pressure (RAP), elevated
mean PAP and decreased cardiac index (CI) in both groups indicate a worse prognosis
(D'Alonzo, Barst et al. 1991).

Both patient groups received the same basic treatment according to guidelines
(Table 7) (Dickstein, Cohen-Solal et al. 2008; Dickstein, Vardas et al. 2010; McMurray,
Adamopoulos et al. 2012). No significant difference in prescribed medication was
observed between the groups.

Table 7 Basic treatment for the study patient groups (according ESC guidelines).

Conventional treatment of heart failure Inflammation- Inflammation-
negative group positive group
ACE inhibitors 5 (50 %) 10 (46 %)
B-blockers 10 (100 %) 19 (87 %)
Digitalis (in atrial fibrillation) 2 (20 %) 7 (32 %)
Diuretics 10 (100 %) 22 (100 %)
Anticoagulation (atrial fibrillation, EF < 40 %) 7 (70 %) 15 (68 %)
Antiarrhythmics (class I11: amiodarone) 1 (10 %) 5 (23 %)
Interventions
Implantable cardiac defibrillator (ICD) 1 (10 %) 0 (0 %)
Cardiac resynchronization therapy (CRT) 1 (10 %) 3 (14 %)

4.2.3. Inflammatory markers in dilated cardiomyopathy
The inflammatory process was monitored by detecting CD3", CD45Ro" and

CD68" expression in inflammatory infiltrates by immunohistochemistry. In addition, we
determined the inflammatory cytokines TNF-a, IL-6 and IL-1B. Representative
immunohistochemical micrographs show expression of CD3", CD45Ro" and CD68"

from individual inflammatory DCM patients (Fig. 34, Fig. 35 and Fig. 36).

127



P A 0u®

Fig. 34 Inflammatory infiltrate in right ventricular EMB represented by CD3" cells (T
lymphocytes). (A) inflammation-negative (CD3" = 3 cell/mm?); (B) inflammation-positive (CD3" =
20 cell/mm?). Immunohistochemical staining was performed using anti-CD3 antibodies.
Magnification: x10.
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Fig. 35 Inflammatory infiltrate in right ventricu

lar

EMB by CD45Ro" cells (active-memory T

lymphocytes). (A) inflammation-negative (CD45Ro" = 3 cell/mm?); (B) inflammation-positive
(CD45R0" = 17 cell/mm?). Immunohistochemical staining was performed using anti-CD45Ro
antibodies. Magnification: x10.
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Fig. 36 Inflammatory infiltrate in right ventricular EMB by CD68" cells (macrophages). (A)
inflammation-negative (CD68" = 5 cell/mm?); (B) inflammation-positive (CD68* = 20cell/mm?).
Immunohistochemical staining was performed using anti-CD68 antibodies. Magnification: x10.

Total expression of cytokines in infiltrates from inflammatory-negative and

inflammatory-positive groups is shown in Fig. 37. The inflammatory infiltrates mostly
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upregulated in inflammatory DCM patients were: T-lymphocytes (CD3") and active
memory T-lymphocytes (CD45Ro") (2.38-fold and 2.1; p < 0.001 and p < 0.01,
respectively), whereas the macrophages (CD68") were only enhanced 1.63 fold (Fig. 38).
Significant accession of CD3" and CD45Ro" in inflammatory DCM myocardium also

suggests increased myocardial micro-vascular permeability.
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Fig. 37 Levels of the inflammatory markers in Fig. 38 Levels of the inflammatory infiltrates in

serum. ELISA data are presented as means + biopsy. Immunohistochemically positive stained

SEM from at least three independent cell count data are presented as means + SEM

measurements. Data were considered significant  from at least three independent locations,

at *p < 0.05. evaluated by highly experienced pathologist.
Data were considered significant at *p < 0.05,
**p < 0.01 and ***p < 0.001.

Data in Table 8 summarize the upregulation of specific and general inflammatory
markers interleukin-6 (IL-6) and high sensitivity C-reactive protein (hsCRP),
respectively, in inflammatory DCM serum samples (3.45, and 2.76 folds). The mean
value of the inflammatory cytokine IL-6 was three times increased in inflammatory
DCM serum samples (p < 0.05). The tumor necrosis factor alpha (TNF-a) level in
inflammatory-positive DCM serum samples was approximately two folds enhanced
compared to non-inflammatory DCM patients, suggesting its possible activation of
caspase-8 (Table 8). Interleukin-1beta (IL-1B), also known as catabolin, did not show

significant changes in serum samples.

4.2.4. Changes of apoptotic biomarkers in inflammatory DCM samples
Correlation analysis of inflammatory cytokines and other secreted biomarkers

pointed to importance of the intrinsic apoptotic mechanism in inflammatory DCM. Data

presented in Fig. 39 show significant correlation between CD3" and IL-6.
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Fig. 39 Correlation between inflammatory and mitochondrial membrane destabilization markers
in inflammation-positive patient group. Correlation between serum inflammatory cytokine IL-6
and CD3" cell count on EMB. Correlation was significant at a level of p < 0.05. Linear regression
line is presented within 95 % confidence interval. Regression coefficients (R?) are shown in the
graphs.

Moreover, significant correlation of IL-6 and hsCRP with the mitochondrial
chaperonic protein Hsp60 and pro-apoptotic Bax, respectively, in serums suggests that
myocardial inflammation mostly affected integrity of mitochondrial membranes and

activated Bax-dependent apoptotic pathway (Fig. 40 and Fig. 41).
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Fig. 40 Correlation between inflammatory and  Fig. 41 Correlation between inflammatory and
mitochondrial membrane destabilization mitochondrial membrane destabilization
markers in inflammation-positive patient group. markers in inflammation-positive patient group.
Correlation between IL-6 and mitochondrial Correlation between high sensitivity C-reactive
membrane stabilizing chaperone Hsp60 in protein (hsCRP) and Bax in serums.
serums. Correlation was significant at a level of  Correlation was significant at a level of p < 0.05.
p < 0.05. Linear regression line is presented Linear regression line is presented within 95 %
within 95 % confidence interval. Regression confidence interval. Regression coefficients (R?)
coefficients (R?) are shown in the graphs. are shown in the graphs.
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Additionally, the levels of the mitochondrial membrane stabilizing protein Bcl-2
and Hsp60 in inflammatory-positive serums were 1.86 and 8.97 (p < 0.05) folds higher,
respectively, supporting the theory of increased permeability of both outer mitochondrial
and myocardial cell plasma membranes in inflammatory DCM (Table 8). In parallel,
Bcl-2 in inflammatory DCM biopsies was depressed 1.34 fold, whereas Bax was 1.22
fold increased, revealing activation of the Bcl-2/Bax-dependent apoptotic pathway
(Table 8). Parallelly, the level of APO1/Fas/CD95 (FasR), a main receptor of the
extrinsic apoptotic pathway, was only slightly increased in serum and biopsy samples
from inflammatory DCM patients, whereas Fas ligand (FasL) in biopsies was even
down-regulated (Table 8).

Data presented in Fig. 42 demonstrate statistically significant (p < 0.05) increase
of caspase-9, -8 and -3 in serums with most prominent expression of caspase-9.
Increased expression of the same caspases in endomyocardial biopsy samples (Fig. 43)
was not statistically significant due to high variation. However, the basic mean value of
caspase-9 in inflammatory DCM patients was 31 and 118 folds higher compared to
caspase-8 and -3, respectively, additionally pointing on the higher role of intrinsic

apoptotic pathway in inflammatory DCM (Fig. 43).
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Fig. 42 Levels of pro-caspases-9, -8, and -3 in
serum samples. Data are presented as means *
SEM from at least three independent
measurements. Data were considered
significant at *p < 0.05.

Fig. 43 Levels of pro-caspases-9, -8, and -3 in
EMB samples. Data are presented as means *
SEM from at least three independent
measurements.
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Table 8 Summarized data of measured biomarkers.

Inflammation-negative group Inflammation-positive group

Variable No. of Value No. of Value p Value
pts. pts.
Markers of inflammation in
serum
TNF-o (pg/mL) 8 7.9313 £0.5106 21 14.2819 +5.0280 0.223
IL-6 (pg/mL) 8 3.3938 £ 0.8554 21 11.4038 £3.3614 0.031*
IL-1B (pg/mL) 8 5.0000 + 0.0000 21 4.7619 £ 0.2381 0.329
hsCRP (ug/mL) 8 7.6875 + 5.0460 19 21.5563 £ 6.9633 0.066;
Markers of apoptosis in serum
Bcl2 (ng/mg protein) 10 0.0288 + 0.0288 22 0.0536 + 0.0455 0.889;
Bax (ng/mg protein) 10 2.1527 £ 0.2400 22 2.3354 £ 0.1606 0.535
Caspase-9 (ng/mg protein) 10 0.0130 +0.0013 22 0.0808 +0.0283 0.038*
Caspase-8 (ng/mg protein) 10 0.0010 + 0.0001 22 0.0031 +0.0009 0.043%;
Caspase-3 (ng/mg protein) 10 0.0029 + 0.0022 22 0.0105 +0.0023 0.025*
APO1/Fas/CD95 (ng/mg protein) 10 0.0000 + 0.0000 22 0.0000 £ 0.0000 0.857;
FasL (ng/mg protein) 10 0.0000 + 0.0000 22 0.0000 £ 0.0000 N.A.
HSP60 (ng/mg protein) 10 0.0419 +0.0253 22 0.3760 + 0.1468 0.035*
Markers of apoptosis in biopsy
Bcl2 (ng/mg protein) 10 83.5523+26.2936 21 63.8790 £ 17.2137 0.540
Bax (ng/mg protein) 10 5.6452 £+ 2.6905 21 6.8873 £ 3.7924 0.724;
Caspase-9 (ng/mg protein) 10 29.6575 £ 12.5969 21 38.7122 £9.6108 0.950;
Caspase-8 (ng/mg protein) 10 0.9483 +0.1640 21 1.1611+0.1962 0.413
Caspase-3 (ng/mg protein) 10 0.2503+ 0.0773 21 0.2586 + 0.0649 0.935
APO1/Fas/CD95 (ng/mg protein) 10 3.4651 £ 0.6568 21 4.1921 £ 0.6607 0.443
FasL (ng/mg protein) 10 4.5550 + 1.3594 21 4.0588 +1.1083 0.780
HSP-60 (ng/mg protein) 10 24.1262 + 6.9102 21 19.2656+ 4.5617 0.565
Marker of heart tissue
contraction in serum
hsTnT (pg/mL) 8 35.4988 + 9.0908 20 66.4145 £26.9755  0.289
Markers of extracellular matrix
degradation in serum
MMP9 (ng/mg protein) 10 1.3867 £ 0.0674 22 1.5261 + 0.0508 0.115
TIMP1 (ng/mg protein) 10 5.9610 £ 0.3597 22 6.1223 £ 0.1497 0.686
MMP9/TIMP1 10 0.2355 £ 0.0090 22 0.2511 £ 0.0086 0.223
Markers of extracellular matrix
degradation in biopsy
MMP9 (ng/mg protein) 10 2.3698 + 1.1931 21 2.7630 + 0.9394 0.798
TIMP1 (ng/mg protein) 10 9.4917 + 1.7605 21 7.8056 + 1.4029 0.462
MMPY/TIMP1 10 0.1931 £0.0729 21 0.4760 + 0.1048 0.035*
Other measurements
BNP (pg/mL) 10 1277.8500 + 428.5054 22 1603.2591 £ 276.3777 0.532
Adiponectin (ug/mL) 8 24.1000 + 3.5914 21 22.9048 +3.5287 0.815
Galectin-3 (ng/mL) 10 12.4670 = 1.9009 22 12.3895 + 0.8635 0.971
Cardiac fibrosis (%) 10 15.8447 +2.6319 22 14.5632 + 1.9258 0.699

Data are presented as the means + SEM. * Significant at 0.05 level. ; Wilcoxon—Mann-Whitney rank sum
nonparametric test. Abbreviations: TNF-o—tumor necrosis factor o; IL-6 — interleukin-6; IL-1f —
interleukin 1f; Bcl-2 — B-cell lymphoma 2 protein; Bax — Bcl-2—associated X protein; Hsp60 — heat shock
protein 60; MMP9 — matrix metalloproteinase 9; TIMP1 — tissue inhibitor of matrix metalloproteinase 1;
IL-6 — interleukin 6; hs TnT — high
sensitivity troponin T; hsCRP — high sensitivity C-reactive protein, N.A. — not available.

TNF-a — tumor necrosis factor-alfa; IL-1p — interleukin 1 beta;
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4.2.5. Induction of necrosis in inflammatory DCM samples
The mean value of the high-sensitivity troponin T (hsTnT), a major structural

sarcomeric protein in the heart, was two folds upregulated in serums of inflammatory-
positive patient group (Table 8). The release of hsTnT from the myocardium revealed
chronic structural and functional degradation of myocardium that corresponded to a
decreased level of fibrosis in inflammatory DCM biopsies (Fig. 44 and Fig. 45).
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Fig. 44 Cardiac fibrosis in right ventricular EMB. Data are presented as means + SEM from at
least three independent measurements.
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Fig. 45 Micrographs show one representative picture from one patient of each group. (A)
inflammation-negative (quantified fibrosis — 20.34 %); (B) inflammation-positive (quantified
fibrosis — 18.65 %0). Masson trichrome staining for cardiac fibrosis (collagen is colored blue). High
amounts of collagen reflect a high level of fibrosis. Magnification: x10.

Additionally, there was no necrosis in the samples assayed by histological
analysis in myocardial biopsies (Fig. 46). The two fold of hsTnT upregulation in tested
inflammatory DCM serums suggests a steady hsTnT release and slow impairment of

striated muscle contraction rather than induction of necrosis in inflammatory DCM.
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Fig. 46 Inflammation representation in right ventricular EMB. Micrographs show one
representative picture from one patient of each group. (A) inflammation-negative; (B)
inflammation-positive. Hematoxylin and Eosin staining. Magnification: x10.

4.2.6. The interaction between apoptotic pathways supporting

progression of inflammatory DCM
Data in Fig. 47 demonstrate that caspase-9, a serum cysteine-aspartic acid specific

protease, named apoptosis-initiating caspase, strongly correlated with the general
inflammatory marker high sensitivity C-reactive protein (hsCRP) additionally

confirming sensitivity of intrinsic apoptotic pathway to inflammation.
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Fig. 47 Correlation of caspase-9 with Fig. 48 Correlation of caspase-9 with

biomolecules in inflammation-positive patient biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-9  group serum samples. Correlation of caspase-9
with high sensitivity C-reactive protein (hsCRP) with matrix metalloproteinase-9 (MMP-9) in

in serum samples. Linear regression line is serum samples. Linear regression line is
presented within 95 % confidence interval. presented within 95 % confidence interval.
Coefficients of regression (R? and statistical Coefficients of regression (R?) and statistical

significance (p < 0.05) are shown in the graphs.  significance (p < 0.05) are shown in the graphs.
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In parallel, the correlation between caspase-9 and MMP9 (Fig. 48) tells us that
caspase-9 might either be directly activated by the MMP9 or, alternatively, through other
mediators of intrinsic apoptotic pathways, such as Bcl-2 and Bax (Fig. 49 and Fig. 50; p
< 0.05).
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Fig. 49 Correlation of caspase-9 with Fig. 50 Correlation of caspase-9 with

biomolecules in inflammation-positive patient biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-9  group serum samples. Correlation of caspase-9
with B-cell lymphoma 2 protein (Bcl-2) in serum  with Bcl-2-associated X protein (Bax) in serum
samples. Linear regression line is presented samples. Linear regression line is presented
within 95 % confidence interval. Coefficients of  within 95 % confidence interval. Coefficients of
regression (R?) and statistical significance (p < regression (R?) and statistical significance (p <
0.05) are shown in the graphs. 0.05) are shown in the graphs.

Data in Fig. 51 and Fig. 52 also demonstrate that intrinsic apoptotic pathway-
initiating caspase-9 is not the only caspase participating in regulation of myocardium
destruction. A strong correlation (p < 0.05) between caspase-9 and executing caspase-3,
and extrinsic apoptotic pathway-initiating caspase-8 suggest an interaction between
intrinsic and extrinsic apoptotic pathways.

Furthermore, Fig. 53 shows a statistically significant correlation between main
players of extrinsic apoptotic pathway caspase-8 and the APO1/Fas/CD95 in
inflammatory DCM serums. The significant correlation between caspase-8 and Bax
additionally confirms the intersection of extrinsic and intrinsic pathways at

mitochondrial level with particular role of pro-apoptotic Bax in it (Fig. 54).
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Fig. 51 Correlation of caspase-9 with
biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-9
with Caspase-8 in serum samples. Linear
regression line is presented within 95 %
confidence interval. Coefficients of regression
(R?) and statistical significance (p < 0.05) are
shown in the graphs.

Fig. 52 Correlation of caspase-9 with
biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-9
with Caspase-3 in serum samples. Linear
regression line is presented within 95 %
confidence interval. Coefficients of regression
(R?) and statistical significance (p < 0.05) are
shown in the graphs.
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Fig. 53 Correlation between caspase-8 and
biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-8
with Fas receptor (APO1/Fas/CD95) in serum
samples. Linear regression line is presented
within 95 % confidence interval. Coefficients of
regression (R?) and statistical significance (p <
0.05) are shown in the graphs.

Fig. 54 Correlation between caspase-8 and
biomolecules in inflammation-positive patient
group serum samples. Correlation of caspase-8
with Bcl-2—-associated X protein (Bax) in serum
samples. Linear regression line is presented
within 95 % confidence interval. Coefficients of
regression (R?) and statistical significance (p <
0.05) are shown in the graphs.

Additionally, a correlation between caspase-8 and MMP9, similarly to caspase-9,
suggested an involvement of matrix metalloproteinases, in direct pro-caspases’

activation and/or in the relocation of proapoptotic proteins into the extracellular space

(Fig. 55).
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Fig. 55 Correlation between caspase-8 and biomolecules in inflammation-positive patient group
serum samples. Correlation of caspase-8 with matrix metalloproteinase-9 (MMP-9) in serum
samples. Linear regression line is presented within 95 % confidence interval. Coefficients of
regression (R?) and statistical significance (p < 0.05) are shown in the graphs.

4.2.7. The expression of apoptotic biomarkers in myocardial tissue
Next, it was investigated if secretion of apoptotic biomarkers to the blood reflects

similar processes in inflammatory DCM myocardium. Caspase-9 in heart tissue,
similarly to that in serum, had a high correlation with inflammation, particularly
inflammatory cytokine IL-6, whereas caspase-8 showed more prominent correlation with
Bax and caspase-3 (see caspase-8 and -9 correlations in Table 9). An executing caspase-
3 demonstrated a significant correlation with activators of both intrinsic (Bax, Bcl-2) and
extrinsic (APO1/Fas/CD95 and FasL) pathways (see caspase-3 correlation in Table 2).
Similarly to serums, members of both apoptotic pathways (Bcl-2, and APO1/Fas/CD95,
FasL) in biopsies had significant correlation with MMP9 and its inhibitor TIMP1 (Table
9). We also observed a strong (p < 0.001) correlation between changes of Bax in biopsies
and Bax in sera (data not shown). Finally, the sarcomeric protein hsTnT in inflammatory
DCM sera also strongly correlated with caspases-8, Bax and caspase-3 in biopsies,
suggesting the present apoptotic pathway to be mostly involved in caspase-regulated

release of hsTnT (see hsTnT correlation in Table 9).
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Table 9 Correlation of apoptotic, necrotic and inflammatory biomarkers.

Caspase 9 Caspase 8 Caspase 3 Bcl2in FasRin FasLin Baxin
in biopsy inbiopsy inbiopsy biopsy biopsy biopsy biopsy

Caspase 8 in 0.303

biopsy

Caspase 3 in 0.063 0.436*

biopsy

Bcl2 in biopsy  -0.202 0.175 0.486*

FasR in biopsy  -0.097 -0.074 0.526* 0.739**

FasL in biopsy  -0.046 0.007 0.442* 0.835** 0.907**

MMP9 in biopsy -0.229 0.024 0.419 0.764** 0.730** 0.824**

TIMP1 in biopsy -0.012 -0.205 0.213 0.517*  0.795** (.722**

Bax in biopsy 0.283 0.584**  0.678**  0.056 0.139 0.053

IL-6 in serum 0.518* -0.016 -0.011 -0.262  -0.202 -0.154 0.131

hsTnT inserum  0.434 0.598**  0.563* -0.125 -0.067 -0.165 0.954**

Two tailed significance: *p < 0.05; **p < 0.01. Significant correlations are in bold phase type.
Abbreviations: IL-6 — interleukin-6; Bcl-2 — B-cell lymphoma 2 protein; FasR—Fas receptor; FasL —
Fas ligand; MMP9 — matrix metalloproteinase 9; TIMP1 — tissue inhibitor of matrix metalloproteinase 1;
Bax — Bcl-2—associated X protein; Hsp60 — heat shock protein 60; hsTnT — high sensitivity troponin T.
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4.3.Quantification of myocardial fibrosis by digital image analysis and

interactive stereology
A total of 116 slides were analyzed digitally, by visual scoring and using stereology

grids.

The mean result of fibrosis obtained by Colocalization software was 13.72 + 1.14 %
being closest to the reference value of stereology (RVS: 13.21 + 1.42 %). The mean
values obtained by the Genie software (11.60 + 1.43 %) and the pathologist’s score at
week 0 (11.20 + 1.44 %) and week 2 (10.76 + 1.61 %) indicated a slight underestimation
relative to RVS. However, the range of Colocalization software was 73.79 % being the
lowest of all tested methods with a difference of around 20 %. The range of the Genie
software was 88.22 % and the pathologist’s score had the highest range of 100 %. These
results were comparable to the range of the RVS (96.50 %), Table 10.

Table 10 Summary statistics for cardiac fibrosis (%) evaluation methods.

Stereology Colocalization  Genie  Pathologist  Pathologist

week 0 week 2
Number of observations 116 116 116 116 116
Mean 13.21 13.72 11.60 11.20 10.76
Median 8.70 11.12 7.39 5.00 5.00
Std. Error of Mean 1.42 1.14 1.43 1.44 1.61
Range 96.50 73.79 88.22 100.00 100.00
Minimum 0.00 1.57 0.05 0.00 0.00
Maximum 96.50 75.36 88.27 100.00 100.00

Both the Colocalization and Genie methods correlated very strongly with the RVS
cardiac fibrosis estimates, yielding R = 0.928 and R = 0.946 (p < 0.001), respectively.
Similarly, the pathologist’s visual score strongly correlated with RVS: R = 0.913 (p <
0.001) at week 0 and R = 0.929 (p < 0.001) at week 2 (Table 11).

Table 11 Pairwise correlations between stereology, digital algorithms and pathologist score
(Pearson’s coefficients, p < 0.001, n = 116).

Stereology Colocalization  Genie Pathologist
week 0
Colocalization 0.928
Genie 0.946 0.973
Pathologist week 0 0.913 0.839 0.841
Pathologist week 2 0.929 0.853 0.856 0.965

Friedman’s test revealed statistically significant differences in the results of tested

cardiac fibrosis evaluation methods ¥*(3) = 62.405, p = 0.000. Post hoc analysis with
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Wilcoxon signed-rank tests with a Bonferroni correction (significance level set at p <
0.0125) was applied. The differences in the results of Colocalization versus RVS were
statistically insignificant (Z = -2.259, p = 0.024) with a mean difference value of 0.50 %.
However, post hoc analysis showed significant differences between the results of Genie
versus RVS (Z = -5.000, p = 0.000) and the pathologist’s mean score versus RVS (Z = -
4.422, p = 0.000) with mean difference values of: -1.61 % and 2.24 %. Similarly
significant difference of the results between both digital methods (Genie versus
Colocalization) was noted: Z = -6.639, p = 0.000 with a variance bias of 2.11 % (Table

12).
Table 12 Paired comparison of cardiac fibrosis (%) evaluation methods.
Paired Differences Z* p Value*
Mean Std. Error
Mean

Pair1  Colocalization — Stereology 0.50 0.56 -2.259 0.024
Pair2  Genie — Stereology -1.61 0.47 -5.000 0.000
Pair 3  Pathologist mean — Stereology 2.24 0.56 -4.422 0.000
Pair4  Colocalization — Genie 2.11 0.42 -6.639 0.000

* Based on post hoc analysis with Wilcoxon signed-rank tests (Bonferroni correction applied with
significance level set at p < 0.0125).

Single linear regression model plots demonstrated some advantage of Genie software
over the Colocalization software with noticeably better values in both original raw and
log-transformed measurements for R-square 0.896 and 0.804 (log) versus 0.861 and
0.707 (log); slope 0.956 and 1.222 (log) versus 0.745 and 0.639 (log); intercept -1.033
and -0.860 (log) versus 3.875 and 0.972 (log) (Fig. 56 and Fig. 57).
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Fig. 56 Single linear regression models with reference values. Original raw (A) and log-
transformed measurements (B) for Colocalization and Stereology. Linear regression line is
presented within 95 % confidence interval.
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The pathologist’s mean score correlation with RVS was similar: R-square 0.864 and
0.684 (log), slope 0.994 and 0.838 (log), intercept -2.155 and 0.062 (log); the inter-
observer variation at week 0 and week 2 was negligible: R-square 0.931 and 0.824 (log),
slope 1.079 and 0.939 (log), intercept -1.328 and -0.020 (log). Surprisingly, both digital
methods did not correlate as well as expected with still acceptable R-square values
(0.947 and 0.794 (log)), but high intercept (4.744 and 1.500 (log)) and slope far from
ideal (0.773 and 0.486 (log)) (Fig. 58, Fig. 59 and Fig. 60).
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Fig. 57 Single linear regression models with reference values. Original raw (A) and log-
transformed measurements (B) for Genie and Stereology. Linear regression line is presented
within 95 % confidence interval.
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Fig. 58 Single linear regression models with reference values. Original raw (A) and log-
transformed measurements (B) for Pathologist mean score and Stereology. Linear regression line
is presented within 95 % confidence interval.
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Fig. 59 Single linear regression models with reference values. Original raw (A) and log-
transformed measurements (B) for Pathologist score at week 0 and week 2. Linear regression line
is presented within 95% confidence interval.
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Fig. 60 Single linear regression models with reference values. Original raw (A) and log-
transformed measurements (B) for Colocalization and Genie. Linear regression line is presented
within 95 % confidence interval.

Bland-Altman plots showed a bidirectional bias dependent on the magnitude of the
measurement: Colocalization software overestimated the area fraction of fibrosis in the

lower end, and underestimated it in the higher end of the RVS scale (Fig. 61).
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Fig. 61 Bland-Altman plots (A) and histograms (B) of the method score differences. Colocalization
and Stereology. Horizontal line represents mean difference within limits of agreement, which are
defined as the mean difference + 2 standard deviations.

Meanwhile, Genie software as well as the pathologist’s mean score showed more
uniform results throughout the complete scale with a slight underestimation in the mid-
range for both (Fig. 62 and Fig. 63).
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Fig. 62 Bland-Altman plots (A) and histograms (B) of the method score differences. Genie and
Stereology. Horizontal line represents mean difference within limits of agreement, which are
defined as the mean difference + 2 standard deviations.

143




>
w

g
< 20 -
® 40
4 o
E.l o : .
g 10 e ) _
==
20 =]
g 5o e o © ° 30 |
© 0 N, =
[
= ) =3
g 0%:000: z
v 10 ° ° §
c o T 207
= 207 °
°
o
2
[-] o —
E 30 ° 10
[
o
40 T T T T T T
0 20 40 60 80 100 — _ g
0= T T 1 T T

Stereology fibrosis (%) a0 30 20 10 o 10 20

Pathologist mean - Stereclogy fibrosis (%)

Fig. 63 Bland-Altman plots (A) and histograms (B) of the method score differences. Pathologist
mean score and Stereology. Horizontal line represents mean difference within limits of agreement,
which are defined as the mean difference + 2 standard deviations.

Presented histograms indicate a normal distribution of the differences for each plot
(Fig. 61, Fig. 62 and Fig. 63).
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5. DISCUSSION

5.1.Molecular mechanisms of virus-induced DCM
The myocardium consists mainly of myocytes, extracellular matrix (ECM) and a

capillary microcirculation system, the impairment of which causes various heart
problems that demand different treatment strategies. A proper myocyte function is
responsible for myocardial tension and contractile functioning, whereas ECM function
ensures structural integrity of adjoining myocytes, myofilaments and microcirculation.
Which of these processes: cardiomyocyte death or ECM degradation impairs myocardial
functioning mostly depends on intensity and duration of the injury. It is important to
estimate which part of myocardium from previously mentioned is injured by persistent
presence of virus (Janicki and Brower 2002; Whelan, Kaplinskiy et al. 2010).

Data presented in this study show that persistent presence of vira (chronic viral
infection) in myocardial tissue do not initiate inflammation, fibrosis and apoptosis.
Decreased serum level of the sarcomeric protein hsTnT, a marker of necrotic cell death
(Bashey, Martinez-Hernandez et al. 1992), confirms the absence of necrotic
cardiomyocytic death as well. However, chronic viral infection may not be as innocent
as it seems because the collagen synthesis/degradation balance (PICP/ICTP ratio) in
virus-positive biopsies was found to be reduced 4.3 fold. Since the myocardium up to
85-90 % consists of collagen | and only up to 10-15 % of collagen Il and other
components (Kociol, Pang et al. 2010; Whelan, Kaplinskiy et al. 2010), the disturbance
of collagen I turnover in the tested myocardiums may be one of the most significant
factors in development of chronic viral DCM. In addition to the decrease of collagen |
turnover in biopsies, a-SMA, an intracellular fibrosis marker, was also slightly down-
regulated (1.13 fold). The positive correlation of collagen | synthesis with the general
inflammation marker CRP in serum suggests that the sustained presence of vira in the
myocardium may further upregulate inflammation and fibrosis. Based on the results, it
may be stated that degradation of contracting proteins, particularly collagen I, in a
persistently virus-infected myocardium overshadows induction of inflammation and

cardiomyocyte death.
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One of the main factors strongly implicating collagen | synthesis in myocardium is
transforming growth factor g1 (TGF-B1). TGF-B1 plays a key role in heart remodeling
trough mediating cardiomyocyte growth, fibroblast activation and ECM deposition
(Bujak and Frangogiannis 2007). The TGF-B1 is not only known as fibrogenic, but also
as an anti-inflammatory cytokine; therefore its suppression might affect both collagen
synthesis as well as the immune system and activate inflammation (Aukrust, Ueland et
al. 1999; Sun, Zhang et al. 2000; Gorelik and Flavell 2002). The data show that TGF-§1
was 3.6 fold down-regulated in virus-positive DCM biopsies, whereas in serums its level
was almost non-altered. The mechanism by which TGF-B1 affects collagen synthesis is
very complex and not fully known. It was also shown that TGF-f1 can directly activate
synthesis of collagen | (Pan, Chen et al. 2013). Additionally, TGF-f1 can activate
collagen synthesis indirectly through the phosphorylation of SMAD proteins, increased
endoglin expression, stimulation of TIMPL1, activation of lysyl oxidase and other
signaling systems (Heldin, Miyazono et al. 1997; Kwak, Kim et al. 2011; Voloshenyuk,
Landesman et al. 2011; Kapur, Wilson et al. 2012). The correlation analysis shows that
prolonged intramyocardial viral infection will activate inflammation, particularly
macrophage activity, with subsequent activation of MMP1, MMP2 and TGF-B1. Similar
molecular mechanisms of TGF-B1 activation and collagen I deposition has been shown
by other authors (Kobayashi, Kim et al. 2014). Moreover, the release of MMP9 to serum
was significantly associated with Hsp60 (Table 5), showing that untreated viral infection
might activate MMP9 and increase mitochondrial outer membrane permeability leading
to mechanical myocyte dysfunction. There is also a possibility that part of MMP9 is
located in and, therefore, released from virus-damaged mitochondria (Moshal, Tipparaju
et al. 2008).

In parallel to TGF-B1, secreted galectin-3 may also induce collagen | production.
Galectin-3 is a member of B-galactoside-binding animal lectins and is predominantly
located in macrophages, whereas its expression in human hearts is limited (Sharma,
Pokharel et al. 2004). It is shown that activated macrophages secrete cardiac galectin-3
that activates fibroblast proliferation, collagen deposition and contributes to the
development of heart failure (Sharma, Pokharel et al. 2004). Galectin-3 can also activate
fibrosis by increasing expression of o-SMA, an intracellular fibrosis marker, and

collagen I a-1 chain (COL1AL1), an extracellular fibrosis marker (de Boer, VVoors et al.
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2009). Parallely, galectin-3 might also affect fibrosis trough the down-regulation of
TIMP1 and MMP9 (de Boer, Voors et al. 2009). The depressed levels of a-SMA,
collagen I, TIMP1 and MMP9 observed in the virus-positive biopsies may be a result of
reduced serum level of galectin-3 and infiltrated macrophages. On the other hand,
activation of MMP1 and MMP2 by intramyocardial viral infection might be enough to
remodel myocardial collagen I trough binding to the ¢-2 chain (Gioia, Fasciglione et al.
2010).

The last ones of the tested mechanisms indirectly affecting collagen turnover might
be related to myocardial protecting systems. One of them is immunoregulator
adiponectin, the role of which under different toxic conditions seems to be quite
paradoxical. The majority of evidences show that over-expression of adiponectin has
anti-diabetic, anti-apoptotic and anti-inflammatory effects (Ouchi and Walsh 2007; Jian,
Su et al. 2013). It has been also indicated that high adiponectin levels lower the risk for
myocardial infarction but increases the risk for heart failure, whereas hypo-
adiponectinemia was connected to cardiovascular diseases (Kumada, Kihara et al. 2003;
Pischon, Girman et al. 2004; Chen, Rijzewijk et al. 2011). Additionally to adiponectin,
BNP was also shown to have a cardio-protective effect (Lyu, Zhao et al. 2014).
However, the significantly and almost two fold decreased serum levels of BNP and
adiponectin, and its correlation with anti-inflammatory cytokine TGF-B1 (R* = 0.459, p
= 0.008) might not only show some endothelial dysfunction but also the reduced
myocardial protection. Slight upregulation of major histocompatibility agent class 1l
HLA-DR also pointed on endothelial cell injury in viral myocardium. Since levels of
pro-inflammatory infiltrates and cytokines in virus-positive myocardium were reduced
compared to virus-negative ones, the slight HLA-DR upregulation might be a direct
effect of vira. On the other hand, correlation of adiponectin and BNP with pro-
inflammatory infiltrates suggests a possible BNP and adiponectin overproduction due to
persistent presence of intramyocardial viral infection leading to heart failure. Similar
dependence of adiponectin, BNP and inflammation in heart failure were also observed
by other authors (Bobbert, Scheibenbogen et al. 2011; Lindberg, Jensen et al. 2014).
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5.2.Molecular mechanisms dominating in inflammatory DCM
Myocarditis is a predominant cause of heart failure of young age patients (Maron and

Pelliccia 2006). When the immune system fails to eliminate infections in a timely
fashion, a chronic myocardial destruction starts. Thereby, approximately 20 % of
myocarditis-affected individuals develop a chronic heart disease leading to inflammatory
DCM and only half of the patients survive longer than 5 years (Grogan, Redfield et al.
1995; Schonberger and Seidman 2001). This severe prognosis urges detailed
investigations of the molecular mechanisms triggering progression of inflammation into
inflammatory DCM and heart failure.

The pathophysiology of DCM is an exceedingly complex process caused by
activation of neurohormones and pro-inflammatory cytokines. It is becoming apparent
that inflammatory mediators play a crucial role in the development of DCM,
subsequently progressing to heart failure. It is shown that the pro-inflammatory
cytokines, such as TNF-a, IL-6 and IL-1B, may act synergistically at both messenger
RNA (mRNA) and protein levels inducing cardiac contractile defects (Yamagishi,
Inagaki et al. 2004; Carty, Heagerty et al. 2009). On the other hand, IL-6 also referred to
as myokine, activates anti-inflammatory pathways (Wallenius, Wallenius et al. 2002;
Febbraio, Rose-John et al. 2010). This dual IL-6 effect might be explained by different
durations of IL-6 exposure: a short and acute IL-6 increase has a positive effect, whereas
chronic hyperproduction results in a pathological condition (Dovio and Angeli 2001).
Data of the study revealed a significant upregulation of IL-6 (3.23 fold, p < 0.05), much
less for TNF-a (1.76 fold) and none for IL-1pB (0.88 fold) in inflammatory DCM sera.
Since inflammatory DCM has a chronic way of progression, the significant over-
production of IL-6 in the tested sera may be a cause of inflammatory DCM rather than
its consequence. Additionally, the significantly increased serum level of IL-6 and its
correlation with myocardial CD3" suggest T-lymphocytes to be involved in
inflammatory DCM apoptosis, whereas only a slight increase of infiltrated macrophages
confirmed the absence of necrosis. The default of pro-interleukin-1 beta (IL-1p)
activation in the tested sera might be explained by the low intensity of myocardium
inflammation, absence of caspase-1 cleavage-activation and a pyroptotic way of

cardiomyocyte death (Cookson and Brennan 2001).
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Recently, a strong and direct influence of IL-6 was shown on mitochondrial function:
IL-6 inhibits adipocyte mitochondrial membrane potential, ATP production and
increased intracellular reactive oxygen species (ROS) level (Ji, Chen et al. 2011; White,
Dawson et al. 2013). Additionally, a general inflammatory biomarker secreted C-
reactive protein (CRP), similarly to IL-6, also correlates with poor DCM prognosis, heart
failure and mitochondrion-mediated myocyte apoptosis (Kaneko, Kanda et al. 1999; Yin,
Chen et al. 2004; Yang, Wang et al. 2008). Findings in this study showed that IL-6 and
CRP levels in inflammatory-positive DCM serums were not only significantly
upregulated but also significantly correlated with the secreted mitochondria-related
apoptotic biomarkers Hsp60 and Bax suggesting that the intrinsic apoptotic pathway in
myocardium is more sensitive to inflammation than the extrinsic one. The low level of
upregulations of the Fas receptor, Fas ligand and caspase-8 also confirmed that extrinsic
apoptotic pathway is less important in development of inflammatory DCM.

Many signaling pathways, including the intrinsic and extrinsic apoptotic ones, might
have mutual interaction leading to the synergistic implication on final myocardial
response. It was shown that the member of the extrinsic apoptotic pathway pro-caspase-8
might cleave the BH3 domain-only protein Bid, which in turn, activates Bax that
integrates to mitochondrial membranes, thereby releasing cytochrome C (Chou, Li et al.
1999; Roucou, Montessuit et al. 2002). In agreement with previous observations, data in
the present study show a significant correlation between caspase-8 and Bax in
inflammatory DCM sera, suggesting that Bax is one of the most important intersection
points between the intrinsic and extrinsic apoptotic pathways. However, the
approximately 30 folds higher initial level of caspase-9 compared to caspase-8 in
inflammatory DCM biopsies suggests the intrinsic apoptotic pathway to be leading in
inflammatory DCM. Similarly, other authors also have observed a low impact of the
extrinsic apoptotic pathway on cardiomyocyte death (Wollert, Heineke et al. 2000).

In addition to the intrinsic apoptotic pathway, MMP-9 was also found to be sensitive
to inflammation and to participating in the pathogenesis of cardiomyopathy (Fares,
Gomes Jde et al. 2013). The intensity of MMP9 activation also indicates the level of
heart damage: higher proteolytic MMP9 activity is related to more pronounced heart
damage. Data of this study show a slight increase of MMP9/TIMP1 ratios both in
biopsies (from 0.25 to 0.35) and in serums (from 0.23 to 0.25) of inflammatory DCM
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patients. Even if the increase of the MMP9/TIMPL1 ratio in inflammatory DCM biopsies
was mild and not fully significant, it significantly correlated with markers of both
apoptotic pathways (Bcl-2, Fas receptor and Fas ligand, Table 9) supporting the idea of
chronic remodeling of the mitochondrial outer membrane and activation of the extrinsic
apoptotic pathway. Additional correlation of MMP-9 with caspase-9 and -8 in the tested
serums confirmed previous statement.

In parallel to apoptosis, we investigated the necrotic way of myocardial cell death.
Necrosis, as a passive and adenosine triphosphate (ATP)-independent process, was
shown to be more characteristic to acute and global cardiomyocyte damage than to
chronic processes (Freude, Masters et al. 2000). Another way of cell death, a regulated
necrosis (also known as caspase-independent death or necroptosis), is suppressed by
activated pro-caspase-8 and therefore absent in tested samples similar to what has been
shown by others (Kaiser, Upton et al. 2011). Since histological analysis of the samples
did not show myocardial necrosis and fibrosis, the release of serum sarcomeric protein
hsTnT is related to decreased myocardium contraction. However, the myofilament
degradation and irreversible myocardium damage might be supported by prolonged
hsTnT leakage out of myocardium. Additionally, we suggest that the release of hsTnT is
a caspase-related process, as the secreted hsTnT significantly correlated with activation
of the apoptotic signaling cascade: caspases-8, Bax and caspase-3 in inflammatory DCM

biopsies.

5.3.Quantification of myocardial fibrosis by digital image analysis and

interactive stereology
To this day a pathologist’s visual score is widely accepted as ground truth and,

despite already available digital methods, it is still used as a primary method for
histomorphometric evaluations. Many attempts to incorporate digital methods into
clinical practice face the same issue of proper validation — the digital analysis data are
commonly compared to semi-quantitative visual evaluation, while most direct criterion
standard yet requires time-consuming procedures.

The early study of Vasiljevic et al. (Vasiljevic, Popovic et al. 2001) based on human
endomyocardial biopsies compared results of semi-quantitative scoring, point-lesion

counting (using a grid) to computer-assisted methods. This was the first study to
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demonstrate strong correlation of different cardiac fibrosis scoring methods, however,
due to considerable input by the investigator in computer analysis it still can be
considered as subjective to some degree. Particularly since a stereology test grid was not
used for RVS. Hadi et al. (Hadi, Mouchaers et al. 2011) quantified cardiac fibrosis by
automated analysis using ImageJ software and traditional polarization microscopy, with
subsequent validation of the results, using stereology data as criterion standard. To our
knowledge, it is the only study of cardiac fibrosis that applied stereology procedures to
obtain RVS; however, the validation was performed on rat cardiac rather than human
samples (the analysis was then tested on a post-mortem tissue samples from a 78 year
old man).

In this study, several methods were tested to evaluate the extent of human cardiac
fibrosis, which can be readily implemented in clinical practice today. Stereology was
used as the most independent and objective RVS available and a modified Bland-Altman
plot as the best statistical tool to measure agreement between the tested method and a
RVS.

The initial data were somewhat in favor of the Colocalization software: it
demonstrated the closest fibrosis mean value to a reference and resulting difference of
0.50 % was statistically insignificant. However, the Colocalization software had a
noticeably narrower variation, which was 20 % behind the RVS and the pathologist’s
range, and also 15 % behind the Genie software. This drawback may be not of great
importance in clinical practice, as the range limitation was only evident in the higher
range and myocardium fibrosis hardly reaches these values, whereas the lower range was
acceptable. Further analysis revealed the superiority of Genie software: the higher
correlation with RVS, the better values in single linear regression against the reference
and, most importantly, more uniform results in Bland Altman analysis. While the
Colocalization software was overestimating at the lower end and underestimating at the
higher end, Genie software was only slightly underestimating in a mid-range with the
results still exceeding those of the pathologist’s mean score. Of note, both digital
algorithms produced slightly different results, a fact that might appear surprising.
Despite both algorithms are aimed to measure the same feature, namely, the proportion
of connective tissue in the myocardium, they are still based on different principles and

may result in different measurement errors. While Colocalization classifies each pixel
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according to its color characteristics, the Genie software is based on a far more complex
pattern recognition system, which also refers to spatial aspects of the image. Probably,
the only relevant drawback of Genie was the underestimation bias of 1.61 % from the
RVS. Overall, the Genie classifier performed best in this study, being closest to the RVS,
with almost perfect correlation, adequate range and uniform results throughout the whole
scale.

Potential limitations of the Genie software are related to the necessity to train the
system to identify the various structures of interest, which is time-consuming and based
on the inherent subjectivity of the “human trainer”. This fact also makes the Genie
software sensitive to inter-laboratory reproducibility issues. However, after the
adaptation of Genie software to the clinical needs it can be run fully automated and as a
result it can be equally as time-efficient as the Colocalization software is. The Genie
software has the possibility of tuning the algorithm, which makes it more flexible in
practical maintenance. Even if 2 % is an acceptable error for cardiac fibrosis estimate in
clinical sense, this algorithm may require further adaptation to potential sources of slide
quality variation.

The Colocalization software has also proved to be a fully acceptable method for
cardiac fibrosis measurement. In clinical practice, the Colocalization software should
provide similar precision and accuracy as the Genie tool, because cardiac fibrosis values
are rarely exceeding 40 %, and a slight overestimation in the lower range may be
acceptable. The Colocalization software is less complex, simpler to use and calibrate,
and less expensive. Furthermore it can be run fully automated from image scanning to
the final results and it is very time efficient. The Colocalization algorithm is less
dependent on human investigator input at any point of the process (except initial settings

for color deconvolution), making it more transparent and manageable for users.

5.4.Summary
Finalizing data presented in this study we can state that therapeutic strategies for

myocarditis and dilated cardiomyopathy should be obtained through analysis of the
acute, subacute and chronic phases. Most of recent studies are concentrated on the
investigation of acute myocardial injuries, whereas chronic myocardial injuries are less

symptomatic but more complicated for investigation and treatment. In this study we
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investigated molecular mechanisms dominating in chronic viral cardiomyopathy due to
viral persistence in dilated heart without ongoing inflammation and chronic
inflammatory DCM. The aetiology of inflammatory DCM was assumed to be either
infectious, toxic or autoimmune. The most important thing is that both types of
investigated chronic DCM, showed different molecular mechanism suggesting more
options for further DCM treatment.

However, chronic DCM patients are usually treated according to general guidelines
regardless of their etiology. Our data suggest that conventional therapeutic agents for
chronic DCM and heart failure such as B-blockers, angiotensin-converting enzyme
(ACE) inhibitors, angio-tensin receptor blockers and other can be combined with others
such as collagen I metabolism regulating (in case of chronic viral DCM) and anti-
apoptotics (in case of idiopathic chronic inflammatory DCM). The foreseeable future
therapeutic approach for various types of chronic dilated cardiomyopathy should be
directed to control and regulation of molecular mechanisms progressing DCM. The
technological and scientific progress is also improving a quality of estimation of
myocardial functioning regulating processes such as fibrosis. We sincere hope that our
data contribute not only to a better understanding of molecular mechanism progressing

chronic DCM but also to new therapeutic options.
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6. CONCLUSIONS

1.

Chronic viral DCM did not induce inflammation, fibrosis and cardiomyocyte
death. Destruction of myocardial contraction, particularly trough changed
collagen I turnover, dominates in virus-positive DCM.

The improper functioning of collagen I in virus-positive biopsies is affected by
reduction of TGF-B1 (3.55 fold) and activation of MMP1 and MMP2 (2.19 and
2.43 fold). Decreased serum levels of galectin-3, adiponectin and BNP (1.16,
1.88 and 1.97 fold) indirectly down-regulated collagen | turnover and
diminished general resistance of viral myocardium.

Chronic inflammatory-positive myocardium compared to inflammatory-
negative showed the highest level of infiltrated T-lymphocytes (14.6 cell/mm?)
that significantly correlated with 3.50 fold augmented secretion of
inflammatory cytokines, particularly IL-6.

Chronic myocardial inflammation significantly increased the release of
caspase-9,-8, and-3 (6.24, 3.10, 3.62 folds, (p < 0.05)) into serum. Significant
increase of Hsp60 (8.97 fold) in serum showed the impairment of mitochondria
and also the importance of intrinsic apoptotic pathway in inflammatory DCM.
The extrinsic apoptotic pathway (FasR, FasL and caspase-8) was a supporter,
but not a main leader in the progression of chronic inflammatory DCM. The
pro-apoptotic Bax is an important intersection point for the extrinsic-and
intrinsic apoptotic pathways.

Slight increase of MMP9/TIMP1 ratios both in biopsies (from 0.19 to 0.48,
p<0.05) and in serums (from 0.23 to 0.25) and two fold increased release of
hsTnT into serum attenuated fibrosis in chronically-inflamed myocardium.

The Genie algorithm proved to be the method of choice with the single
drawback of a slight underestimation bias that can be acceptable for clinical

and research demands to quantify the extent of fibrosis in myocardial biopsies.
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