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SOUHRN

Cilem experimentalni prace bylo zhodnoceni vlivu imunosuprese pomoci takrolimu
na rejekci kryokonzervovanych aortdlnich alloStépti na potkanim modelu, ktery byl
nastaven tak, aby simuloval techniky a postupy pouzivané¢ v klinickém programu
transplantace kryokonzervovanych tepennych allostepii.

Kryokonzervované allo§tépy abdomindlni aorty jsme transplantovali mezi kmeny
potkani Brown-Norway a Lewis. Imunosupresi pomoci takrolimu v davce 0,2 mg/kg/den
jsme podavali intramuskularné od 1. (skupina TAC1), respektive od 7. (skupina TAC7) do
30. pooperacniho dne. Neimunosuprimované skupiny po isogenni (ISO) a allogenni (ALO)
transplantaci slouzily jako kontrola. Tticaty den po transplantaci jsme $tépy explantovali,
histologicky a imunohistochemicky jsme zhodnotili destrukci cévni stény a infiltraci
imunokompetentnimi bunikami. Déle jsme hodnotili koncentraci donor specifickych anti-
MHC protilatek v periferni krvi.

Cévni stény allostépi v obou imunosuprimovanych skupinach nejevily 30.
pooperacni den zadné znadmky destrukce a nebyla v nich zaznamenana 74dné depozita
imunoglobulinu G. Adventicialni infiltrace MHC II pozitivnimi butikami byla ve skupiné
ALO signifikantné vyssi neZ u obou imunosuprimovanych skupin (ALO 20,7+6,7, TACI
5,945,5, TAC7 6,1+5,1, P <0,001). Koncentrace anti-MHC protilatek 1. a II. tfidy byla v
allogenni skupiné signifikantn€ vyssi, neZ v obou imunosuprimovanych skupinach (ALO -
anti-MHC 1 46,9+19,4 %, anti-MHC 1165,8+11,9 %, TACI - anti-MHC I 102,4+4,2 %, p
<0,001, anti-MHC II 102.6+6,0 %, TAC7 - anti-MHC I 79,9+3,3 %, p < 0,001, anti-MHC
11 80,9+2,7 %).

Imunosuprese pomoci takrolimu zabrdnila akutni bufikami 1 protilatkami
zprostifedkované rejekci kryokonzervovanych aortalnich allo§tépti, nehledé€ na to, zda byla

podavéna od 1. pooperacniho dne nebo s odstupem 7 dnd.

Klic¢ova slova: arterialni allo$tép, kryokonzervace, protilatkova imunitni odpoveéd’, bunééna

imunitni odpoveéd, takrolimus, protilatky anti-MHC 1. tfidy, protilatky anti-MHC II. tfidy



SUMMARY

The aim of our study was to simulate in rats all aspects and techniques used in our
new clinical program of cryopreserved alloarterial transplantation and investigate the
influence of two immunosuppressive protocols with tacrolimus on acute rejection of these
allografts.

Cryopreserved abdominal aortic grafts were transplanted between Brown-Norway
and Lewis rats. Tacrolimus (0,2 mg/kg daily) was administered from day 1 to day 30
(TAC1) or from day 7 to day 30 (TAC7), respectively. No immunosuppressed isogeneic
(ISO) and allogeneic (ALO) rats combination served as control. Aortal wall destruction
and infiltration by immunocompetent cells (MHC II+ cells of recipient origin) was studied
on day 30 after transplantation. Flow cytometry was used for the analysis of day 30 sera
for the presence of donor specific anti-MHC class I and II antibodies.

The aortal allografts in both immunosuppressed groups showed regular morphology
of aortal wall with no depositions of immunoglobulin G on day 30. The adventitial
infiltration of non-immunosuppressed aortal allografts by MHC class II positive cells of
recipient origin was significantly higher (ALO 20,7+6,7 cells, P <0,001) compared to both
immunosuppressed groups (TAC1 5,9+5,5 cells, TAC7 6,1+£5,1 cells). Anti-MHC
antibodies class I and II level in peripheral blood was significantly higher in group ALO
compared to both immunosuppressed groups on day 30. after transplantation (ALO - anti-
MHC 1 46,9+19,4 %, anti-MHC 1165,8+11,9 %, TACI - anti-MHC 1 102,4+4,2 %, p
<0,001, anti-MHC II 102.646,0 %, TAC7 - anti-MHC I 79,9+3,3 %, p < 0,001, anti-MHC
11 80,9+2,7 %).

Both immunosuppressed protocols with tacrolimus (administration from day 1 or
from day 7 following transplantation) were able to suppress acute cell — and antibody-
mediated rejection of cryopreserved abdominal aortic allografts processed in accordance

with our new standardized clinical protocol.

Key words: arterial allograft, cryoconservation, antibody-mediated rejection, cell-mediated

rejection, tacrolimus, anti-MHC class I antibody, anti-MHC class II antibody



SEZNAM POUZITYCH ZKRATEK

ABO - ABO systém krevnich skupin

ALO - allogenni experimentalni skupina

BN - potkani kmene Brown-Norway

CD4+ - clusters of differentiation 4+ buiiky (pomocné T-lymfocyty)
CD8+ - clusters of differentiation 8+ bunky (cytotoxické T-lymfocyty)
ISO - isogenni experimentalni skupina

TACI - od 1. dne imunosuprimovana experimentalni skupina

TAC7 - od 7. dne imunosuprimovana experimentalni skupina

anti-MHC -anti-major histocompatibility complex (protilatky proti hlavnimu

histokompatibilnimu systému)

MHC - major histocompatibility complex (hlavni histokompatibilni systém)
FTY720 - fingolimod (sphingosine-1-phosphate receptor modulator)
FR260330 - inhibitor NO syntazy

anti-HLA - protilatky proti hlavnimu histokompatibilnimu systému
IgG - imunoglobuliny G

IL-2 - interleukin 2

TGF-B - transforming growth faktor beta

LEW - potkani kmene Lewis

KST - Koordina¢ni stfedisko transplantaci

SUKL - Statni Gstav pro kontrolu 1é¢iv

EU - Evropska unie

1. LF UK - 1. 1ékatska fakulta Univerzity Karlovy

Iy - mezinarodni jednotka (international unit)

CIT - ¢as studené ischemie (cold ischemic time)

DMSO - dimethyl sulfoxid

SRN - Spolkové republika Némecko

UK - United Kingdom

PBS - fosfatovy pufr

FBS - fetalni bovinni sérum

POD - pooperacni den
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1. UVOD

1.1. Historie allotransplantace tepennych §tépt

S tepennymi Sté€py se v cévni chirurgii setkavame jiz od jejich ranych pocatkl. Ve
svych experimentéalnich pracich je popsal jeden ze zakladateli cévni chirurgie Alexis
Carrel, ktery je pouzival pfi pokusech s cévnim stehem (Carrel A, 1912) a pozdé&ji za svou
praci v roce 1912 ziskal Nobelovu cenu za fyziologii a medicinu. Po druhé svétové valce
pak byly tepenné $té€py vyuzivany v klinické praxi jako nahrady cévniho fecisté. Byly
zaroven zkoumany zpisoby odbéru, uchovavani a vlastnich transplantaci (Gross RE et al.,
1949). V roce 1951 pak Charles Dubost ve Francii provedl prvni uspésnou resekci a
nahradu vyduté btisni aorty allogenni tepnou a popsal vysledky po pétimési¢nim sledovani
(Dubost C. et al., 1952).

Postupem casu se pouziti tepennych $tépti rozsitilo v Evropé i ve Spojenych statech
americkych a zdélo se, ze zastupuji optimalni biologickou cévni nahradu (Szilagyi DE et
al., 1957). Po tomto prvotnim rozmachu s uspokojivymi kratkodobymi vysledky vSak
vyslo najevo, ze pouziti tepennych $tépli ma sva specifika vcetné komplikaci, které se se
zaCaly objevovat pozdéji ve stftednédobém a dlouhodobém sledovéni. Pravé po delsi dobé
od transplantace zacala sténa $tépli degenerovat a u vétSiny z nich doSlo k uzavéru nebo
dilataci s naslednou rupturou. Takové komplikace Casto vedly ke ztraté koncetiny nebo
dokonce k umrti pacienta. Na konci Sedesatych let byly publikovany vysledky studii na
veétSich souborech pacientii, kde byla uvadéna pétiletd priichodnost aortoilickych
rekonstrukci 40% az 56% v ptipadé¢ femoropoplitedlni oblasti pouze 7% az 26%. V
nekterych ptfipadech musela byt rekonstrukce cCastecné nebo zcela nahrazena cévni
protézou prave pro jeji dilataci, kterd s sebou ptinésela riziko ruptury s moznymi fatalnimi
nasledky (Meade JW et al., 1966; Szilagyi DE et al. 1970). Tyto neuspokojivé vysledky

byly i tehdy spojovany s imunologickou reakci. Degenerativni zmény §tépt byly piicitany
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rejekei Stépu zplsobené imunogenicitou tepennych allostépti a jejich pouzivani bylo na
ustupu.

Tento trend podpofil dalsi vyvoj a Cetnost pouzivani cévnich protéz. Jedna se o
cévni nahrady, které jsou z cizorodého materidlu jako je dakron nebo polytetrafluoretylen.
Um¢lé cévni protézy meély ve srovnani se Spatnou dlouhodobou prichodnosti tepennych
Stépt vysledky podstatné lepsi. Jejich dostupnost navic nebyla zavisla na vhodném darci,
tak jak tomu je u alostépu.

Pétileta pruchodnost se u cévnich protéz odviji pfevazné od hemodynamickych a
anatomickych poméra v cévnim tecisti. V ptipadé aortoilickych rekonstrukei (Prager M. et
al., 2001) se pohybuje mezi 89% az 92%, v piipadé femoropoplitedlnich rekonstrukei
(AbuRahma AF et al., 1999; Johnson WC, Lee KK, 2000; Klinkert P. et al., 2003) je mezi
38% az 68%. Vysledky pouzivani allostépt tak nemohly konkurovat cévnim protézdm a
témef se prestaly pouZivat.

Paradoxné rychly rozmach pouZivani cévnich protéz vSak vedl opét k
znovuzavedeni tepennych S$t€pli do klinické praxe. V piipad¢ infek¢énich komplikaci
cévnich protéz, které patii mezi velmi zdvazné a vyzaduji specifickou lécbu, se totiz
ukdazalo, Ze pfti jejich feSeni maji allostépy nezastupitelné misto (Camiade C. et al., 2001;
Hannon RJ et al., 1996).

Dals8i vyznamnou roli si allo$tépy vydobyly na poli chirurgické revaskularizace
bércovych tepen v piipadé nedostatku autolognich $téptl. Zilni alloitépy at’ jiz chladem

konzervované nebo kryokonzervované jsou v téchto situacich vhodnym Stépem volby.
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1.2. Imunogenicita tepennych §tépi

Z tady experimentalnich praci i klinickych studii je zfejmé, ze alloStépy vykazuji
silny imunogenni potencial (Matia L. et al., 2007; Mirelli M. et al., 1999). Hlavni podstatou
této imunogenicity je exprese antigenti hlavniho histokompatibilniho systému I. tiidy
(MHC 1), ke které dochazi na bunkéach hladkych svalli v cévni sténé tepennych Stépu.
Imunitni reakce je patrna ve vSech vrstvach cévni stény. Prvotni zmény lze pozorovat v
intimalni vrstveé, kterd je tvofena endotelovymi bunkami. Pivodni darcovské endotelové
buiiky jsou v prvnich dnech po transplantaci poskozeny vlivem ischemie a reperfuze,
mechanicky pti odbéru $tépu, jeho konzervaci a naslednou transplantaci. Toto poskozeni
tedy neni zptisobené imunitni reakci a darcovské endotelové buiiky v prvnim tydnu po
transplantaci regeneruji. Po této fazi nasleduje dalsi nekréza endotelovych bunék, tentokrat
jiz na podkladé celularni imunitni odpovédi organismu. Mikroskopicky lze pozorovat
nekréozu bunék s adhezi makrofagi. Darcovské endotelové buiniky jsou imunitnim
systémem piijemce znieny koncem tietiho tydne po transplantaci. V tomto obdobi se také
zacinaji na vnitinim povrchu $t€pu objevovat endotelové burniky hostitele, které nasledné
pokryji souvislou vrstvou celou plochu vnitini stény alloStépu (Plissonnier D. et al., 1995;
Azuma N. et al., 1999).

V ptipad¢ podavani imunosuprese v dostateCnych davkach bylo pozorovéno, Ze
darcovské endotelové bunky po prvotnim neimunologickém poSkozeni dale regeneruji a
re-endotelizace lumina tepny pokracuje az do uplného piekryti vnitiniho povrchu §tépu. V
tomto piipadé se vSak jedna o darcovské endotelové buiky. Pokud je imunosuprese
vysazena dochazi k rychlé destrukci endotelovych bunék s naslednou intimalni proliferaci

(Azuma N. et al., 1999).
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Imunitni reakce postihuje také svalové buniky v tunica media. Na rozdil od
intimalni vrstvy a adventicie je v medialni vrstvé pfitomno jen minimalni mnozstvi
invadujicich imunokompetentnich bunék. V prvnim az druhém tydnu se vSak v této vrstvé
objevuji Cetnd deposita imunoglobulini. Svalové buiiky jsou poskozeny a nakonec
nekrotizuji a koncem tfetitho tydne po transplantaci z medialni vrstvy Gplné vymizi
(Plissonnier D. et al., 1995).

V kontrastu s malou infiltraci medialni vrstvy cévni stény S$tépu je v tunica
adventitia podobné jako v tunica intima pfitomno velké mnozstvi imunokompetentnich
bun¢k. Tato intersticidlni infiltrace mononuklearnimi bunkami vytvaii charakteristické
prstence v okoli adventicidlnich vasa vasorum a je patrna v prvnich dvou tydnech od
transplantace. V dal§im prubéhu tato infiltrace ustavd a je v korelaci s nekrézou a
vymizenim svalovych buné€k a tim i antigenid hlavniho histokompatibilniho systému I. tiidy
(MHC I). Tato korelace je analogicka téz s poklesem zanétlivé infiltrace v tunica intima
(Plissonnier D. et al., 1995).

Vysledkem imunologické reakce je po Sesti mésicich fibrotizace tunica adventitia,
tunica media je bez svalovych bunék a neointima je tvofena endotelovymi builkami
ptijemcovského plivodu.

DalS§im projevem imunitni reakce proti antigenlim transplantovaného Stépu je
vzestup protilatek proti hlavnimu histokompatibilnimu systému (anti-MHC), které lze
detekovat v periferni krvi pfijemce. Bylo zjiSt€no, Ze meéfenim koncentrace téchto

protilatek 1ze posuzovat intenzitu rejekce (Mirelli M. et al., 1999; Costa AN et al., 1997).
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1.3. Imunosuprese po transplantaci tepennych $tépl v experimentu

Soucasné se studiem imunogenicity alloStépt jako takové, byl v experimentech
zjistovan i vliv imunosupresivni terapie na jejich destrukci imunitnimi procesy. Na
zvitecich modelech byly k potlaceni imunitni odpovédi piijemct pouzity rGzné
imunosupresivni  1éky. Jejich pouziti bylo Uuzce spjato s vyvojem novych
imunosupresivnich preparati pouzivanych v transplantaéni medicin€. Imunosupresivni
protokoly s azathioprinem (Vickery CM et al., 1965), azathioprinem a prednisonem (Todd
IA, Boctor ZN 1966), 6-merkaptopurinem (Williams GM et al., 1975), cyklosporinem A
(Schmitz-Rixen T. et al., 1988), sirolimem (Gregory CR et al., 1993), cyklosporinem s
methylprednisolonem a azathioprinem (Lemstrom K. et al., 1994), mykofenolat mofetilem
(Hullett DA et al., 1996), takrolimem (Azuma N. et al., 1999) 15-deoxyspergualinem
(Lacha J. et al., 2000), cyklosporin A a FTY720 (Nikolova Z. et al., 2000), takrolimem a
FR260330 (Ouyang J. et al.,, 2005) byly experimentdln¢ pouzivany ve studiich od
Sedesatych let.

Nejlepsi vysledky byly pozorovany pii pouziti kombinace cyklosporinu A a
mykofenolat mofetilu. Wagner et al. (Wagner E. et al., 1995) zjistil 100% prichodnost
femoralnich aloStépti 20 tydnid po jejich transplantaci do femoralni tepny u pst. Imunitni
reakce byla vyrazné sniZzena pouZitim této imunosupresivni kombinace a aloSté€py tak
nebyly imunitnim systémem piijemcti destruovany. AvSak samotny cyklosporin A v davce
10 mg/kg/den nebo samotny mykofenolat mofetil v davce 20 mg/kg/den nezlepSily
celkovou prichodnost allostépi.

I ptes prokdzanou imunogenicitu tepennych allostépt, jeji ovlivnéni podavanim
imunosuprese se zlepSenim priichodnosti rekonstrukci vSak nedoslo k vétSimu rozmachu

pouzivani imunosupresivnich 1ékd po transplantaci allo$tépi. Vedlejsi ucinky
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imunosupresivnich 1é¢iv a vysoké riziko podévani imunosuprese pacientim s aktivni
infekci v pfipadé implantace alloStépu pfi infekci cévni protézy tak vedly k provedeni
dalsich studii, tentokrdt sopozdénym podavanim imunosuprese. Podstata tohoto
opozdéného podavani imunosuprese tkvi v tom, ze nckolik dni po transplantaci, kdy
imunosuprese neni podavana, imunitni systém nestihne $t€p destruovat a zaroven neni
omezena jeho funkce v dobé, kdy je potieba, aby napomohl v 1é¢b¢ aktivni infekce.

Matia et al. (Matia 1. et al., 2007) provedl experimentalni studii, ve které byly
transplantovany chladem konzervované stépy abdominalni aorty z potkanti kmene Brown-
Norway potkanim kmene Lewis. Takrolimus byl podavan intramuskuldrné v denni davce
0,2 mg/kg od 7. do 30. dne po transplantaci (koncentrace takrolimu v periferni krvi
prijemcti byla 4,9 + 0,6 pg/l). Tento imunosupresivni protokol vedl k inhibici infiltrace
stény allostépu imunokompetentnimi buiikami hostitelského ptivodu, inhibici nekrézy
bunék hladkého svalstva v tunica media a v neposledni fad€ vedl i k inhibici adventicidlni
infiltrace CD4 a CDS8 pozitivnimi buiitkami. Navic byla prok4zéna inhibice produkce
protilatek proti hlavnimu histokompatibilnimu systému (anti-MHC I tfidy a anti-MHC 11
ttidy). Zasadnim kone¢nym vysledkem pouziti tohoto protokolu pak bylo zabranéni

destrukce cévni stény allo$tépu imunitni reakci piijemce.

1.4. Imunosuprese v klinické praxi

Navzdory experimentdlné prokdzané imunogenicité cévnich $té€pil a pozitivnhimu
vlivu imunosupresivni 1écby na rejekéni zmény, neni podavani imunosuprese po
transplantaci allo$tépt cévnimi chirurgy vSeobecné akceptovana. Obzvlast u pacientll s
infekei cévni protézy je podavani imunosuprese po transplantaci cévniho $tépu at’ jiz

chladem konzervovaného nebo kryokonzervovaného spojeno s rizikem zéavaznych
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komplikaci zptisobenych aktivni infekci a soucasné poddvanou imunosupresi. Na druhé
stran¢ rizika vznikla rejekéni reakcei jako jsou ruptura $tépu s krvacenim nebo tromboticky
uzaver s kritickou koncetinovou ischemii jsou silnym argumentem podporujici podavani
imunosuprese.

Pupka et al. v roce 2011 publikoval komplexni praci, kde popisuje pouZiti
imunosuprese u pacientll po nadhrad¢ infikované cévni protézy v aortalni pozici allostépem
(Pupka A. et al., 2011). V této prospektivni srovnavaci studii z jednoho pracovist¢ byla
jedna skupina pacientd (24 pacientll) 1é¢ena imunosupresivy, konkrétné cyklosporinem A.
Druhd skupina pacientd (26 pacientd) neméla kvali vlastnimu rozhodnuti Zzédnou
imunosupresi. Treti skupina (27 pacientll) zahrnovala pacienty, u nichz nebyl chladem
konzervovany tepenny allostép k dispozici (zadny darce) nebo pacienti s transplantaci
Stépu od mrtvého darce nesouhlasili. Tito pacienti byli 1é€eni implantaci protézy potazené
stiibrem, ktera ma ve srovnani s protézou bez stfibra antibakteridlni ucinky.
Imunosupresivni protokol byl zaloZzen na podavani cyklosporinu A v dennich davkéch 1-3
mg na kg télesné hmotnosti. Cilova koncentrace v séru se v této studii pohybovala mezi
140-150 mg/l. Lék byl podan aZz do konce studie s tim, Ze primérna doba sledovani byla
22,8 meésice. VysSe popisované zavazné komplikace jako trombdza Stépu (12%), ruptura
Stépu (12%), ruptura St€pu se smrti pacienta (8%) a aneuryzmatické zmény Stépu (8%)
byly pozorovany pouze u skupiny pacientll, ktera nebyla lé€ena imunosupresivy. V této
studii nebyly popsany zadné nezadouci ucinky imunosuprese.

Mirelli et al. prezentoval v roce 2005 studii se tficeti pacienty, kteti podstoupili
ABO-kompatibilni transplantaci tepenného alloSt€pu. Devét pacientl po transplantaci
uzivalo imunosupresivni 1é¢bu cyklosporinem A v denni davce 1-3 mg/kg, ostatni pacienti

imunosupresi nedostavali (Mirelli M. et al., 2005). Autofi popisuji piekvapivé imunitni
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odpovéd’ u obou skupin pacientli a to navzdory imunosupresivni 1€¢bé. Ve srovnani s 21
neimunosupresivnimi pacienty vSak byla imunitni odpovéd u pacienti 1é¢enych
cyklosporinem A mén¢ vyrazna a opozdénd. Klinicky nebyly zaznamenany zadné rozdily
mezi pacienty léCenymi cyklosporinem nebo bez n¢j a zadny pacient nemél znamky
rekurentni infekce v pozdnim sledovani.

Sebesta a kol. popsal v roce 2011 dobré klinické vysledky u 23 pacienti, kterym
byla allostépem nahrazena infikovana aorto-femoralni proteticka rekonstrukce a nasledné
byli 1é¢eni imunosupresi cyklosporinem A. V tomto souboru byla vyslednd koncentrace
imunosupresiva v séru 50-150 mg/I (Sebesta P. et al., 2011). U sledovanych pacientti byly
popsany dobré sttednédobé vysledky provedenych rekonstruketi.

Mirelli et. al. také v roce 1999 popsal imunitni odpovéd’ na tepenné allostépy
pouzité u deseti pacientll s infekci rekonstrukci v aortoilické oblasti. Ve studii popisuje
silnou anti-HLA protildtkami zprostfedkovanou odpovéd, kterou shledal podobnou
chronické rejekci. Tato reakce byla pozorovana 1 pies imunosupresi za pouZiti
cyklosporinu A v denni davce 1-3 mg/kg (Mirelli M. et al., 1999). Stejny tym pak na
zaklad¢ o rok starsi studie vydal doporuceni, ze by pacienti po aortdlni allotransplantace
meli mit indukovanou imunologickou toleranci poddvanim imunosupresivnich 1€ki
(Scolari MP et al., 1998). Toto doporuceni bylo podloZeno zjisténim nesouladu indukce
tvorby specifickych IgG protilatek proti HLA I. tfidy a HLA II. tfidy 1, 3, 6, a 12 mésict
po transplantaci.

Z provedenych experimentl a studii je zfejmé, Ze ¢asné podavani imunosupresivnich 1€kt
po transplantaci allo$tépl s sebou nese rizika ze zhorSeni probihajici infekce a zaroven
absence této 1écby zvysuje rizika z Casné degenerace rekonstrukce. Na zakladé zkuSenosti s

opozdénym poddvanim imunosuprese tak zacala nékterd evropskd centra pouzivat
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imunosupresivni protokol skladajici se z peroralné podavaného takrolimu od 7. dne po
transplantaci. Podéva se po celou dobu, po kterou je allostép priichodny a pravidelné se
kontroluje jeho koncentrace v krvi, kterd je udrzovana v rozmezi od 4 do 7 pg/l. Primérna
pocatecni denni davka je 6 mg/den podavana perordln¢, udrzovaci denni davka je 2 mg za

den (Spacek M. et al., 2018).

1.5. Imunosupresivum takrolimus

Jako vhodnd alternativa bé&zné pouzivanych imunosupresiv se v transplantaci
cévnich allostépt jevi takrolimus. Tento moderni imunosupresivni preparat je odvozen od
makrolidovych antibiotik. Byl objeven a izolovan v roce 1984 z hub rodu Streptomyces
tsukubaensis. V dnesni dob¢ je bézné pouzivan k imunosupresivni terapii po transplantaci
jater a ledvin. Stejné€ jako cyklosporin A patfi do skupiny kalcineurinovych inhibitort,
které zabranuji aktivaci imunitniho systému tim, Ze inhibuji aktivitu enzymu kalcineurinu
(Dumont FJ, 2000). M4 selektivni G¢inek na T lymfocyty zaloZeny na inhibici aktivace T
lymfocytl cestou ristového faktoru IL-2 (interleukin 2) (Faivre L et al., 2001). Dal§im
dalezitym ucinkem je také interference s TGF-f (transforming growth factor beta) v cévni
sténé §tépl, ¢imZ zabranuje akceleraci fibrotizace transplantovanych S$tépil, coz je v
ptipadé cévnich allostépli zasadni (Wang T. et al., 1994). Je 10-100krat uc¢innéjs$i nez
cyklosporin A (Goto T. et al.,, 1991). V klinické praxi po transplantaci ledvin vedlo
pouzivani takrolimu k signifikantnimu sniZeni rizika selhdni §tépu bez zvySeni incidence
nezadoucich ucinkd v souvislosti s dlouhodobou imunosupresivni terapii ve srovnani s
cyklosporinem A (Vincenti F. et al., 2002). Navic bylo potvrzeno, ze takrolimus,
intramuskularné podavany v denni davce 5 mg/kg/den (cilové koncentrace nebyly ve studii

sledovany), dokaze vylepsit viabilitu darcovskych bunék 1 cévni integritu v
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kryokonzervovanych aortalnich hrudnich Stépech transplantovanych mezi potkany kment

Brown-Norway a Lewis (Kiji T. et al., 2003).

1.6. Allotransplantace chladem konzervovanych tepennych Stépi

Rozmach pouzivani cévnich protéz v 80. a 90. letech minulého stoleti s sebou
ptinesl nékteré specifické komplikace, mezi které patii infekce. Ty se sice vyskytuji pouze
v 1% az 6% ptipadi, jejich nasledky jsou vSak spojeny az s 50% rizikem amputace
koncetiny a v piipadé aortoilickych rekonstrukci az se 70% rizikem umrti (Hannon RJ et
al., 1996). Lécba téchto infekénich komplikaci spociva v cilené antibiotické terapii,
odstranéni infikované protézy a zajisténi krevniho zdsobeni novou rekonstrukci. To lze
realizovat novou, extraanatomickou rekonstrukei, kdy je bypass veden mimo anatomicky
pribéh cév. Muze tak byt ulozen ve zdravé, infekci nedotéené tkani, kdy je riziko opétovné
infekce cévni protézy relativné malé. Tento typ rekonstrukce vSak neni u velké Casti
nemocnych mozny a nova rekonstrukce musi probihat anatomicky, v mistech, kde byla
ulozena infikovana protéza. I ptres dikladné odstranéni infikované protézy a okolnich tkéani
je nova rekonstrukce uloZzena v infikovaném terénu a je vystavena vysokému riziku
reinfekce. V takovém piipadé€ je nutné k rekonstrukci pouzit odolny material, ktery se i v
podminkach infikovaného terénu muize vhojit. V soucasnosti maji takové vlastnosti
biologické nahrady bud’ autologni (pacientovy vlastni) nebo od darce, tzv. alloStépy.
Biologické néhrady umoziuji fyziologicky pribéh obrannych mechanisml organismu i
prostup antibiotik do okolnich tkéni s redlnou moznosti vyhojeni infekce. Tepenné §tépy se
ukdzaly v tomto piipad€¢ jako vhodné feSeni (Camiade C. et al., 2001; Chiesa R. et al.

1998) a dalsi experimentalni prace potvrdily odolnost tepennych allo§tépli vici infekcei
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(Knosalla C. et al., 1998; Litzler PY et al., 1999), ktera je vysvétlovana pravé biologickou
povahou téchto $tépti.

V otazce feSeni infekci cévnich protéz maji tepenné Sté€py nezastupitelnou pozici a
v mnoha pfipadech lze s jejich pouzitim provést koncetinu nebo Zzivot zachranujici
rekonstrukci cévniho fecisté. 1 pies stidle probihajici vyzkum a nezodpovézené otazky
tykajici se imunogenicity tepennych Stépli a jejim piipadném ovlivnénim
imunosupresivnimi l1éky jsou v soucasnosti allostépy v indikaci infekce cévnich protéz
pouzivany na vét§iné pracovist’ cévni chirurgie.

Dalsi skupinou pacientli, u kterych je indikované pouziti tepennych $tépt tvofi
nemocni, ktefi potiebuji chirurgicky revaskularizaéni vykon dolnich koncetin a zaroven jiz
maji spotfebované vlastni zilni §t€py po predchozich operacich (Prager M. et al., 2002).
Cévni protézy maji v pfipad¢ distalnich bypasst na bércové tepny pftili§ maly krevni pratok
a dochézi v nich casto k trombdze. Prisvit perifernich tepen v téchto lokalizacich je navic
Casto pfili§ maly a je tak ve velkém nepoméru s cévni protézou. Chladem konzervované
tepenné allostépy byly pro infrainguindlni rekonstrukce pouzivany jiz od pocatka cévni
rekonstrukéni chirurgie v 50. letech minulého stoleti, nicméné byly pozdéji opoustény z
divodt aneurysmatickych degenerativnich zmén a uzaveéri (Barner HB et al., 1966).
Znovuzavedeni do klinické praxe zafalo v nékterych cévné — chirurgickych centrech ve
Francii v devadesatych letech minulého stoleti. Jedna z nejobséahlejsich studii publikovana
v roce 2000 Albertinim et al. popisuje skupinu 148 pacientli s kritickou koncetinovou
ischemii, ktefi byli 1é¢eni implantaci chladem konzervovaného tepenného allostépu. Tito
nemocni ovSem nebyli pooperacné 1é€eni zadnymi imunosupresivnimi léky a zarovei u
nich byla popsdna S$patnd dlouhodobd prichodnost rekonstrukci s degenerativnimi

zménami $tépll (Albertini JN et al., 2000).
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1.7. Allotransplantace kryokonzervovanych tepennych $tépi

Jednou z hlavnich nevyhod chladem konzervovanych tepennych allostépt je jejich
omezena dostupnost. V ptipadé, Ze je pacient at’ jiz z divodu infekce cévni protézy nebo z
divodu kritické koncetinové ischemie indikovan k vykonu s pouzitim chladem
konzervovaného alloStépu, je zafazen na Cekaci listinu a operace je provedena az kdyz se
naskytne vhodny darce ve smyslu ABO kompatibility a anatomicky vyhovujiciho $tépu ve
smyslu délky a prisvitu.

Stépy uréené ke kryokonzervaci jsou odebirany v ramci multiorganovych odbérd.
Déle jsou pak ulozeny do transportniho média a odeslany do kryobanky, hluboce
zamrazeny a ulozeny v parach tekutého dusiku. Takto ulozené kryokonzervované allostépy
1ze dlouhodobé skladovat, kdykoliv rozmrazit a pouzit, coz je v porovnani s chladem
konzervovanymi allostépy jejich hlavni vyhoda. Jejich relativni nevyhodou je vyssi cena,
ktera se odviji od procesu odbéru a dal§iho zpracovani.

Vyuziti kryokonzervovanych allostépt je stejné jako u chladem konzervovanych
allostépti indikovano prevazné u infekénich komplikaci cévnich protéz a u pacientd s
kritickou koncetinovou ischemii, kteti nemaji vlastni resp. autologni $tép (Matia L. et al.,
2010) Hartranft v praci publikované v roce 2014 popisuje smiSeny soubor 53 pacientl s
kritickou koncetinovou ischemii, perifernimi defekty, infekci cévni protézy a
klaudikacemi, ktetfi byli 1éCeni transplantaci kryokonzervované velké safény od darce
(Hartranft CA et al., 2014). Obdobné jako v Albertiniho souboru (Albertini JN et al., 2000)
ani tito pacienti nebyli pooperacné 1éceni imunosupresivnimi Iéky a zaroven u nich byla

popsana Spatna dlouhodoba prichodnost bypasst s degenerativnimi zmé&nami $tépu.
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1.8. Soudasny stav klinického pouZiti kryokonzervovanych tepennych $tépi v Ceské
republice

Program vyuzivani kryokonzervovanych cévnich allostépti byl v Ceské Republice
zahdjen v roce 2011. Mezi divody, které zvyseni zdjmu o kryokonzervované allostépy v
této dob¢ zapficCinily, patii nepochybné rozmach pouzivani cévnich protéz a tim padem i
nariist poctu pacientli s infekénimi komplikacemi. Zaroven se zvysil pocet pacientl s
kritickou koncetinovou ischemii, kteti jiz maji spotfebovany autologni S$tépy a zaroven u
nich nelze pouzit cévni protéza z diivodu vysokého rizika infekce, $patného vytokového
traktu nebo kombinace obou téchto divodu.

Pro ob¢ tyto skupiny pacientl je feSenim implantace allostépu, ktery musi spliovat
nékolik kritérii a to ABO kompatibilitu, anatomicky vhodné rozméry a bezprostiedni
dostupnost. V pfipadé¢ chladem konzervovanych S$tépi jsou pacienti indikovani k
implantaci zafazeni na celorepublikovy waiting list, ktery je uloZzen a aktualizovan v
Koordinaénim stiedisku transplantaci (KST) v Praze. Cekaci doba na chladem
konzervovany alloStép je primérné 2-3 tydny, coz pro nékteré pacienty milze znamenat
ztratu koncetiny nebo vznik komplikaci bezprostiedné ohrozujicich jejich Zivot.

Pravé cekaci doba byla hlavnim impulzem pro vznik programu
"Kryokonzervovanych cévnich allostépli", do kterého jsou zapojena velka cévné-
chirurgicka a transplantacni centra v Praze, Brn¢ a tkanové banka v Hradci Kralové. Cévni
Stépy jsou odebirdny v rdmci multiorgdnovych odbérl, nésledné jsou v konzervacnim
roztoku transportovany do kryobanky, kde jsou uloZeny v parach tekutého dusiku. V
pfipad¢ potieby jsou pak uvolnény a pfevezeny v transportnim boxu do ptisluSného centra.

Béhem celého procesu musi byt dodrzovany ptisné zakonné smérnice a normy, které jsou
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pravideln& kontrolovany Statnim tGstavem pro kontrolu 16¢iv (SUKL) (Spadek M. et al.,
2019).
Dalsim z divodid zavedeni programu kryokonzervovanych allostépti byly zmény v
legislativé. V roce 2004 vstoupila v platnost Smérnice Evropského parlamentu a Rady (EU
Directive 2004/23/EC), kterd ma zajistovat vysokou kvalitu a bezpecnost tkdni a bun¢k,
pouzivanych pro transplantace u lidi. Tato zména zdkonu vedla k zastaveni pouzivani
allostépt v mnoha evropskych zemich véetné Francie i Némecka (Fellmer P. et al., 2011;
Kieffer E. et al. 2004). V Ceské republice upravuje nakladani s tkanémi a tudiz i cévnimi
Stépy zakon €. 285/2002 Sb. ktery umoziuje pouziti Cerstvych $té€pi v rezimu transplantace
organti do 48 hodin od odbéru (Spadek M. et al., 2018).

Po transplantacich jak chladem konzervovanych, tak i kryokonzervovanych
allo§tépti je na vétsing pracovist v Ceské republice pouzivana imunosupresivni terapie a
dosavadni vysledky ve smyslu stfednédobé prichodnosti a zachrany koncetin jsou

ptiznivé.

2. HYPOTEZA

Imunosupresivni  terapie po transplantaci alloStépli neni 1 pfes fadu
experimentalnich a klinickych studii na fadé pracoviSt’ stile akceptovana. Obzvlast
pacienti s infekci cévni protézy jsou ¢asto ve velmi vazném stavu se septickymi projevy. Je
pochopitelné, ze podadvani imunosuprese v takové chvili mize celkovy stav i prognézu
pacientl jesté zhordit. Rada pracovidt z téchto déivodi imunosupresi po transplantaci
tepennych allos$tépli viibec nepodavd. Moderni imunosupresivni protokoly s opozdénym
podavanim imunosupresivnich 1ékii vSak davaji mozZnost razantni lécby infekce v

bezprostiednim pooperacnim obdobi bez alterace vlastnich imunitnich procesti organismu
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a zaroven zabranuji rejekénim pochodiim po transplantaci, které pozdéji vedou k destrukci
Stépu. Predpoklddame, ze imunosupresivni protokol s takrolimem v monoterapii
podavanym piijemcim kryokonzervovanych tepenych allostépti od prvniho i sedmého
pooperacniho dne v denni davce 0,2 mg/kg/den zabrani aktivaci imunitniho systému

ptijemce a rejekci darcovské tepny 30 dnti po jeji transplantaci.

2.1. Cile dizertacni prace
Cilem naSi experimentalni prace je zjistit efekt podavani imunosuprese pomoci
takrolimu na bunécnou a protilatkami zprostfedkovanou imunitni reakci po transplantaci
kryokonzervovanych tepennych $tépti u potkanii. Odebrané Stépy biisni aorty od darci
potkani kmene Brown — Norway budou transplantovany potkanim kmene Lewis.
Imunosuprese bude nasledné podavana ve dvou rozdilnych protokolech:
l. jedné skupiné potkanti kmene Lewis bude takrolimus aplikovan intramuskularné v
davce 0,2 mg/kg od 1. do 30. dne po transplantaci
2. druhé skupin€ bude takrolimus aplikovan také intramuskularné ve stejné davce od

7. do 30. dne po transplantaci

3. MATERIAL A METODY
3.1. RozvrZeni experimentu

V experimentu jsme pouzili samce potkand kmene Brown-Norway a Lewis.
Vsechny vykony jsme provadéli v celkové intramuskuldrni anestezii s pouZzitim opera¢niho
mikroskopu s 10nasobnym zvétSenim. Aortdlni §tépy jsme odebrali od potkani kmene
Brown-Norway i Lewis a bezprostitedné¢ po odbéru je vlozili do konzervacniho roztoku

Celsior (Genzyme, Holandsko) o teploté 4 st. Celsia. Doba studené ischemie aortalniho
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Stépu (méfend od nalozeni aortdlni svorky vtéle darce az po zacatek procesu
kryokonzervace) byla primémé 180 minut. Nésledné jsme aortalni Stépy zamrazili
metodou pouzivanou licencovanym tkanovym zafizenim (Tkanova ustfedna Fakultni
nemocnice Hradec Kralové). Stépy jsme poté skladovali v tekutém dusiku po dobu 6
mésict. Pfed transplantaci jsme $t€py pomalu kontrolované rozmrazili pfi teploté 4 st.
Celsia. Doba studené ischemie od rozmrazeni do transplantace byla primérné 3,5 hodiny.

Po rozmrazeni jsme S$tépy transplantovali syngenné od zvifat kmene Lewis potkantim
kmene Lewis (skupina ISO) a allogenné¢ mezi kmeny Brown — Norway (darci) a Lewis
(ptijemci, skupina ALO). Skupiné¢ ALO jsme nepodavali v pooperacnim obdobi zadnou
imunosupresi. V dalSich dvou allogennich skupinach (TAC1 a TAC7) jsme stejné jako ve
skupiné ALO provedli allogenni transplantaci aortalnich $tépd od zvifat kmene Brown-
Norway ptijemciim kmene Lewis. Ve skupin¢ TAC1 jsme vSak podavali intramuskularné
takrolimus v davce 0,2 mg/kg/den od 1. pooperacniho dne po dobu 30 dni a v allogenni
skupiné TAC7 jsme aplikovali takrolimus v davce 0.2 mg/kg/den od 7. poopera¢niho dne
po dobu 30 dnii. Stépy jsme ve viech &tyfech skupinach 30. pooperaéni den explantovali a
ptipravili k histologickému a imunohistochemickému zpracovani. Tticaty pooperacni den

jsme také odebrali vzorky periferni krve ptijemci aortalnich $tépta ve vSech skupinach.

V odebranych biologickych vzorcich pfijemci jsme hodnotili nasledujici
parametry: 1 -celkovy histologicky obraz $tépu, 2 - Sitku tunica intima a media, 3 -
pfitomnost a pocet piijemcovskych CD4, CD8 a MHC II+ pozitivnich bun¢k 4 -
pfitomnost endotelovych bunck, 5 - pfitomnost IgG v tunica media, 6 - koncentraci
protilatek proti MHC I+ a II+ antigenim dérce v periferni krvi piijemcti, 7 - koncentraci

takrolimu v periferni krvi pfijemcti (obrazek 1, 2)
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Rozdéleniskupin

DARCE PRIJEMCE
o M\— -
N \L{gf _\“3 |::> . \Li-—f- i ::ﬁ skupina 150
Lewis Lewis
| skupina ALO |

| skupina TAC1 |

| skupina TACT |

Obrazek 1 - Rozdéleni experimentalnich skupin podle typu transplantace.

Experimentalni model

TAKROLIMUS

den 0-30 nebo den 7-30
(0,2 mg/kg/den i.m.)

Den 0

Anti MHC I+I

Obrazek 2 - Experimentalni model.

L

Den 30

Histologie

Anti MHC I+l

Hladina takrolimu
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3.2. Zvirata a experimentalni skupiny

V pribéhu experimentu byly kontrolovany a dodrzovany principy prace s
laboratornimi zvifaty (Directive 2010/63/EU on the protection of animals used for
scientific purposes). Experiment byl také projednan a schvalen Etickou komisi 1. 1¢kaiské
fakulty University Karlovy (¢.: UK 1. LF 563/13, MSMT-14808/2014-6). (ptiloha 1) V
experimentu jsme pouzili samce potkanti pochazejici z chovné stanice Charles River v
Némecku. Potkantim kmene Lewis (LEW; MHC haplotyp RT1") o vaze 191 az 250 g (n =
24) jsme implantovali allogenni nebo syngenni $tépy bfiSni aorty. Syngenni §té€py jsme
odebrali od samcti kmene Lewis (LEW; MHC haplotyp RT1') o vaze 248 az 254 g (n=3),
allogenni $tépy byly odebrany od potkanti kmene Brown-Norway (BN; MHC haplotyp
RT1") o vaze 191 az 254 g (n =9).
Piijemce jsme rozdélili do 4 skupin. (tabulka 1) Do skupiny ISO byla zafazena zvifata, u
kterych jsme provedli isogenni transplantaci, béhem které byl aortalni St€p odebran
zvitatim z kmene Lewis a implantovan zvifatim kmene Lewis. U zbylych pfijemct jsme
provedli allogenni transplantaci $tépu. Pfi této transplantaci byly $tépy odebrané zvifatim z
kmene Brown-Norway transplantovany zvifatim kmene Lewis. Zvifata po allogenni
transplantaci bud’ nedostdvala imunosupresi vilbec a byla zafazena do skupiny ALO, nebo
imunosupresi dostavala intramuskuldrné v davce 0,2 mg/kg/den. Ve skupiné TAC1 jsme
imunosupresi podéavali od prvniho pooperacniho dne a ve skupiné TAC7 jsme
imunosupresi podavali s odstupem 7 dnti po transplantaci.

Pro vySetfeni koncentrace donor specifickych anti-MHC protilatek 1. a II. tfidy 30.
den po transplantaci v periferni krvi pfijemcti kmene Lewis bylo nutné ziskat splenocyty
darcovskeho kmene Brown-Norway. Jako zdroj splenocytll jsme pouzili sleziny od dalSich

jinych 10 samct kmene Brown-Norway (BN; MHC haplotyp RT1", vdha 200 az 250 g,
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n=10), pochézejicich také z chovné stanice Charles River (Wiirzburg, Némecko). Proces
odbéru slezin a vlastniho ziskévani splenocytli je podrobné popsan nize v kapitole o

sledovanych parametrech.

Charakteristika Median Pocet
Skupina ; kryokonzervace Imunosuprese hodnocenych
skupiny e
(dny) zvirat
ISO LEW - LEW 171 bez 6
ALO BN - LEW 181 bez 6
takrolimus
TAC1 BN - LEW 181 1. -30. den 6
takrolimus
TAC7 BN - LEW 180 7 .30, den 6

Tabulka 1 - Charakteristika skupin. LEW - kmen Lewis, BN - kmen Brown-Norway

3.3. Odbér Stépu

V experimentu jsme provadéli allogenni 1 syngenni transplantace, bylo tedy potfeba
odebrat $tépy od obou kmenil potkant. Syngenni S§t€py jsme odebrali od samct kmene
Lewis (LEW; MHC haplotyp RT1") o véaze 248 az 254 g (n=3), allogenni §t&py jsme
odebrali od potkant kmene Brown-Norway (BN; MHC haplotyp RT1") o vaze 191 az 254
g (n = 9). Od kazdého zvifete jsme odebrali dostatecn¢ dlouhy tsek bfisni aorty na to,
abychom ho po rozmrazeni, pted vlastni transplantaci, rozd¢€lili na dvé ¢asti a ziskali tak
dva plnohodnotné implantabilni §tépy pro dva piijemce.

Dérce stépii aorty jsme pied vykonem zvazili a uvedli do celkové anestézie pomoci

intramuskularné aplikované smési ketaminu v davce 100 mg/kg (Narkamon®, Spofa) a
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xylazinu v ddvce 10 mg/kg (Rometar®, Spofa). Léky jsme aplikovali do stehenniho svalu.
Zvite jsme pak umistili do chovné klece a pockali, az zacnou pisobit anestetika a potkan
usne. Po uspani jsme v misté planované laparotomie oholili srst a nasledné jsme provedli
ptipravu a dezinfekci opera¢niho pole. Dérce jsme za koncetiny pfipevnili k operacni desce
a opatrn¢, abychom neporanili bfiSni organy, provedli stfedni laparotomii ntizkami. Bfisni
sténu jsme pomoci rozvérackl odhrnuli do stran a ziskali tak pfistup do bfiSni dutiny. Po
odpreparovani a odsunuti bfisnich organti jsme s pouzitim operacniho mikroskopu s 10-ti
nasobnym zvétSenim provedli incizi zadniho listu peritonea. Subrendlné jsme poté
vypreparovali aortu a dolni dutou zilu. Do dolni duté zily jsme nasledné aplikovali heparin
v davce 100 IU/kg aby pii odbéru nedoslo k trombdze krve v aorté. Po distribuci heparinu
v krevnim ob&hu zvifete jsme nalozili na bfiSni aortu svorku a odstfihli jeji cca 1 cm
dlouhy segment. Stdp jsme bezprostiednd po odbéru proplachli dvéma mililitry
konzervaéniho roztoku s obsahem heparinu (100 IU/ml). Stépy jsme pii procesu
kryokonzervace planovali ukladdat po dvou, polovinu z nich jsme proto oznacili stehem,
zalozenym do okraje a odlisili tak sudé a liché. Stépy byly v dal§im pribéhu ulozeny do
roztoku Celsioru (Genzyme, Holandsko) a ve sterilnim obalu kryokonzerovovany fizenou
kryokonzervaci. Primérny ¢as studené ischemie $té€pi (CIT) pfed kryokonzervaci byl 180
minut. Po ukonceni odbéru jsme provedli eutanasii darcli injekénim podanim letalni davky

tiopentalu (Thiopental®, Spofa Czech Rep) do dolni duté Zily. (obrazek 3, 4, 5)
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Obrazek 3 - Odbér stépa I. Darce jsme za koncetiny pfipevnili k operacni desce a
opatrné, abychom neporanili bfi$ni organy, provedli stfedni laparotomii nizkami. Bfi$ni

sténu jsme pomoci rozveérackt odhrnuli do stran a ziskali tak piistup do btisni dutiny.

Obrazek 4 - Odbér $tépiu II. Preparace subrendlniho tseku bfiSni aorty. BfiSni organy

jsou odsunuty doleva a ulozeny do navlhéeného, teplého mulového Ctverce
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Obrazek 5 - Odbér §tépa III. Stdp jsme bezprostiednd po odbéru proplachli dvéma
mililitry konzerva¢niho roztoku s obsahem heparinu (100 IU/ml). I tato faze experimentu
byla provadéna s pouzitim opera¢niho mikroskopu s desetindsobnym zvétSenim. Zaroven

jsme stehem, zalozenym za okraj oznacili polovinu $tépti.

3.4. Kryokonzervace Stépu

Kryokonzervaci odebranych allostépti jsme provadéli bezprosttedné po odebrani
vSech aortalnich §tépti v dany operacni den. Celkova primérnd doba studené ischemie od
odbéru stépu do jeho kryokonzervace byla 180 minut. Z divodu minimalizace ¢asovych
rozdili 1 vlastni studené ischemie u jednotlivych $tépii jsme provadeli odbér Stépt,
popsany v piedchozi kapitole, Sesti az osmi darcim v jedné dobé. Konzervace cév byla
provedena metodou pouzivanou tkdnovym zafizenim (Tké&novd ustiedna Fakultni
nemocnice Hradec Kralové) licencovanym néarodni kompetentni autoritou (Méticka P. et
al.,, 2011; M¢ficka P. et al., 2014) s modifikacemi vynucenymi podminkami prace na

experimentadlnim operacnim sale, kam jsme dovezli veskerou potfebnou techniku a

materidl a nasledné jsme provedli vSechny nize popsané postupy. Pii odbéru a zpracovani
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cév jsme pouzili pouze vysoce kvalitni material a 1é¢iva pro huménni pouziti spliujici
podminky smérnice Evropského parlamentu a Rady ¢. 23/2004/ES.

Odebrané $tépy jsme po proplachu ulozili do predchlazeného konzervaéniho roztoku
Celsioru (Genzyme, Holandsko) a uzavfeli do certifikovanych kelimkid (Medfor 250 ml,
Farnborough, Velka Britanie). Kelimky se vzorky v Celsioru jsme nasledné uchovavali v
boxu se suchym ledem do doby ukonceni vSech odbérii. Poté, co byly odbéry ukonceny,
jsme cévy vzdy po dvou piendali do sterilnich, dvojitych plastickych vakii na jedno pouziti
(CryoMACS Freezing Bag 500, Miltényi, Biotec, Gmbh, SRN) obsahujicich 25 ml
vychlazeného 6% roztoku hydroxyetylskrobu, molekulové hmotnosti 130 000 Da (Voluven
6%, Fresenius Kabi, SRN). Vaky jsme oznacili Stitky s datem odbéru a Cislem §tépu.
Vsechny S$tépy jsme zaevidovali tak, aby nedoslo k jejich zaméné. Zamrazen byl vzdy
jeden oznaceny a jeden neoznaceny Stép, aby bylo mozné identifikovat po rozmrazeni
kazdy jednotlivy §té€p. Obsah vaku jsme poté smisili se stejnym objemem piedchlazeného
kryoprotektivniho roztoku, ktery obsahoval 20% dimetylsulfoxid (DMSO, WAK Chemie
Medical, Gmbh, SRN) v 6% roztoku hydroxyetylSkrobu (Voluven 6%, Fresenius Kabi,
SRN). Po zataveni vaka na svarecce (STERISEAL B 83-R, Cevor, s.r.0., CR) jsme vaky
vlozili do kovovych kazet (ST — 100, Consarctic, Gmbh, Schélkrippen, SRN) a uchovavali
v boxu se suchym ledem azZ do vlastniho zmrazovani. Zmrazovani rychlosti -1K/min do -
90°C, nasledné -5K/min do -150°C jsme provedli v programovatelném zmrazovacim
zafizeni Kryo-10 (Planer, Biomed, Sunburry on Thames, Anglie). Bezprostfedné po
zamrazeni jsme kazety s konzervovanymi cévami pievezli v transportnim boxu se suchym
ledem do kryokonzerva¢niho skladu tkaiového zatizeni Ustavu hematologie a krevni
transfize v Praze, kde byly skladovéany v tekutém dusiku pfi teploté -190°C az do doby

implantace. (obrazek 6, 7, 8)
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Obrazek 6 - Kryokonzervace S$tépu I. Vaky se Stépy ulozenymi v predchlazeném
kryoprotektivnim roztoku, ktery obsahoval 20% dimetylsulfoxid (DMSO) a 6% roztok
hydroxyetylSkrobu (Voluven), jsme zatavili na svafece a nasledné vlozili do kovovych

kazet, ve kterych se dale zamrazovaly.

Obrazek 7 - Kryokonzervace §tépu II. Vaky se §tépy v kryoprotektivnim roztoku jsme
vlozili do kovovych kazet, ve kterych byly nasledné zamrazeny. Vaky jsme oznacili Stitky

s datem odbéru, ¢islem Stépu a vSechny $tépy jsme zaevidovali.
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Obrazek 8 - Kryokonzervace $tépu IIl. Svarecka certifikovanych, plastovych vakut
(vlevo) a programovatelné zmrazovaci zafizeni Kryo - 10, ve kterém jsme Stépy

zamrazovali rychlosti 1K/min do -90°C, nasledné 5K/min do -150°C.

3.5. Uskladnéni $tépi

Po procesu zmrazovani byly kovové kazety s konzervovanymi cévami pievezeny z
operacniho salu Fyziologického tstavu 1. LF UK v transportnim boxu se suchym ledem do
kryokonzerva¢niho skladu tkanového zafizeni Ustavu hematologie a krevni transfiize v
Praze. V tomto zafizeni byly za stalych podminek pii teploté - 190 st. Celsia skladovany v
parach kapalného dusiku az do doby implantace, kdy byly pfevezeny zpét na operaéni sal,
kontrolovan¢ rozmrazeny a nésledné transplantovany. Priimérna doba kryokonzervace byla

176 dni.

3.6. Rozmrazeni §tépu
V den transplantace jsme kazety se $t€py pievezli v transportnim boxu s kapalnym

dusikem ze skladu tkanového zafizeni Ustavu hematologie a krevni transfuze v Praze na
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operacni sal Fyziologického tstavu 1. LF UK. Vaky se $té€py jsme vyndali z kazet a ulozili
k rozmrazeni na 60 minut do lednice pfi teplot¢ 4°C. DalSich 60 minut jsme Stépy
rozmrazovali pfi pokojové teploté. Nasledné jsme Sté€py z vak vyjmuli a kazdy $tép
rozd¢lili na dvé stejné dlouhé casti. Kazdou ¢ast jsme nésledné vlozili zvlast’ do kelimku s
10 ml studeného konzerva¢niho roztoku Celsior (Genzyme, Holandsko). V konzerva¢nim
roztoku byly §tépy ulozeny pii teploté 4 st. Celsia do doby zacatku prvni anastomozy v téle

ptijemce. Celkova primérna doba studené ischemie §t€pt po rozmrazeni byla 210 minut.

3.7. Transplantace Stépi

Transplantace $tépti byla jedna z nejnaroénéjSich fazi experimentu. Operace
vyzadovaly jemnou, piesnou a dislednou operacni techniku za pouziti opera¢niho
mikroskopu s 10-ti ndsobnym zvétSenim a mikrochirurgickych nastrojii a materialt. Pro
naSivani anastomo6z jsme pouzili nevstiebatelné monofilni vldkno Prolene 10/0, pficemz
jsme pouzili techniku jednotlivé uzlenych stehli. Na jednu anastomo6zu jsme tak museli
zalozit a zauzlit cca 12 stehli. Na té€snosti a pooperacni priichodnosti anastomoz byl zavisly
cely experiment a faze naSivani $tépu tak nékdy trvala i n€kolik desitek minut. Ve vodni
lazni jsme na 37 stupiii Celsia ohtivali nddobu s fyziologickym roztokem, kterym jsme v
pravidelnych intervalech polévali mulové Etverce, do kterych jsme odhrnuli a uloZili stieva
zvitat. Tak jsme zajistili minimalni traumatizaci tkani, dobrou funkci gastrointestindlniho a
dobré prospivani potkani po operaci. Celé operacni pole jsme navic ohiivali lampou
(tepelnym zéticem), abychom minimalizovali operacni stres zvifat.

Piijjemce S$té€pl aorty jsme pfed vykonem zvazili a uvedli do celkové anestezie
pomoci intramuskuldrné¢ aplikované smeési sufentanilu v davce 20 pg/kg (Sufenta®,

Janssen Pharmaceutica Inc.) a azaperonu v dévce 1 mg/kg (Stresnil®, Janssen
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Pharmaceutica Inc.). Pii transplantacich jsme pouzili jinou kombinaci anestetik nez pfi
odbérech $tépt k zajisténi lepsiho buzeni zvitat po operaci. Po podani anestetik bylo zvite
ulozeno do klece, kde zacala piisobit anestetika. V celkové anestezii jsme pak provedli,
stejn€ jako u odbéru stépa, pripravu operacniho pole, potkana jsme pripevnili za koncetiny
na opera¢ni desku a oholili srst v misté planované laparotomie. Po provedeni laparotomie a
nasazeni rozveérackl do rany jsme odhrnuli bfi$ni organy a ulozili je do ¢tverci, které jsme
polévali ohtatym fyziologickym roztokem. Po protnuti parietalniho peritonea a preparaci
retroperitonealné ulozenych velkych cév jsme uvolnili subrenalni usek bfiSni aorty.
Nasledné jsme za pouziti aproximatoru provedli ortotopickou transplantaci bii$ni aorty
rozmrazenym Stépemse dvéma anastomézami koncem ke konci jako interpozit do
subrenalni bfisni aorty piijemce. Pro nasivani anastomo6z jsme pouzili nevstiebatelné
monofilni vldkno Prolene 10/0 kterym jsme vytvafeli cévni anastomoézy technikou
jednotlivé uzlenych stehli. Po nasiti §t€pu, povoleni aproximatoru a kontrole hemostazy
jsme biisni organy ulozili zpét do bfisni dutiny a provedli suturu biiSni stény a kiize
pokracovacim, vstiebatelnym stehem. (obrazek 9,10,11) Pfijemci byli nasledné oznaceni
na ocasu nesmyvatelnou, netoxickou barvou a uloZeni do kleci pfipravenych ve
vyhiivaném prostoru, kde se probouzeli. Peropera¢né, po uspani, ale pfed vlastni operaci
jsme také provedli odbér krve ke stanoveni koncentrace a dynamiky donor specifickych
anti MHC protilatek 1. a II. tfidy. Odbér byl proveden punkci o¢niho sinu podle van Hercka
(van Herck H. et al., 1998) pomoci heparinizované sklenéné kapilary. Krev byla nasledné
odstfedéna a separované krevni sérum odeslano v Eppendorfovych mikrozkumavkach k

dal§imu vySetteni.
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Obrazek 9 - Transplantace Stépi I. Anastomézy jsme zhotovovali po nalozeni
aproximatoru (specidlni cévni svorka) na subrendlni usek bfi$ni aorty. Pfi operacich byla
pouzita mikrochirurgicka technika vcéetné operacniho mikroskopu s desetindsobnym

zveétSenim.

Obrazek 10 - Transplantace $tépa II. Kryokonzervovany allostép nasity jako interpozit
do subrenalniho useku bfiSni aorty. Perioperacné bylo nutné dbat na tésnost anastomoz a
hemostazu, aby nedochazelo ke zbytecnym pooperacnim komplikacim, které by mohly

zaprtiCinit znehodnoceni celého experimentu.
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Obrazek 11 - Transplantace §tépa III. Po dokonceni rekonstrukéniho vykonu na

abdomindlni aort¢ byla provedena sutura operacni rany na bfise.

3.8. Protokol imunosuprese

Imunosupresivum takrolimus (Prograf®, Astellas Pharma Inc.) jsme podavali
intramuskularné, rozpusténé ve fyziologickém roztoku v davce 0,2 mg/kg/den. Lék jsme
aplikovali do stehenniho svalu, pfi¢emz mista aplikaci jsme kazdy den stranové stfidali a
Cas aplikace jsme kazdy den dodrzovali stejny. Zvifatim ze skupiny TACI1 jsme tuto
davku aplikovali od 1. pooperacniho dne. Zvitatim ze skupiny TAC7 jsme imunosupresi
ve stejnych davkach podéavali s odstupem sedmi dni od transplantace. Prvnich Sest
pooperacnich dni jsme zvifatim ve skupiné TAC7 a v kontrolnich skupinach ISO a ALO
aplikovali placebo ve formé fyziologického roztoku. Placebo jsme aplikovali
intramuskuldrné ve stejném objemu 1 Case jako davky 1€kt imunosuprimovanych zvifat.
Dévky imunosupresiv i1 placeba vetné strany aplikace jsme po kazdé davce zaznamendavali
do denniho zaznamu pro kazdé zvite zvlast. Podle protokolu podavani imunosuprese tak
byli pfijemci rozdéleni do Ctyf experimentalnich skupin - ISO, ALO, TACI, TAC7.

(tabulka 1)
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3.9. Pooperacni péce a farmakoterapie

V poopera¢nim a celém sledovaném obdobi jsme pifijemcim nepodéavali zadné
antiagregacni ani antikoagula¢ni ptipravky. Zvifata jsme po dobu experimentu barevné
oznacili nezavadnou barvou na ocasu a jednotlivé chovali v klecich s originalnimi dennimi
zédznamy o celkovém stavu, vaze, hybnosti, aplikaci 1ékti a odbérech vzorkli. V mistnosti s
klecemi byla zajisténa stald teplota, byly minimalizovany stresujici faktory prostfedi a
zvitatim byl zajistén dostateCny pfisun potravy a tekutin. Kazdy den jsme zvifata ve
stejnou dobu zvazili, zkontrolovali jejich celkovy stav vcetné hybnosti a aplikovali jim

1éky. (obrazek 12)

Obrazek 12 - Pooperacni péce. Chovna klec s oznacenim, do které jsme ulozili potkana
po transplantaci. Pro kazdé zvite byl zarovent veden denni zdznam s daji o pooperacnim
stavu, aplikaci 1éki a hmotnosti. Aby nedoslo k zaméné zaznami a zvifat, oznacili jsme

potkany na ocasu netoxickou, nesmyvatelnou barvou.
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3.10. Explantace Stépu

Tticaty pooperacni den jsme provedli explantaci §té€pii. Pfed operaci jsme provedli
posledni kontrolu celkového stavu potkanti véetné kontroly vahy. Poté jsme zvirata uvedli
do celkové anestezie pomoci intramuskularné aplikované smési ketaminu (Narkamon®,
Spofa) v davce 100 mg/kg a xylazinu (Rometar®, Spofa) v davce 10 mg/kg. Po uspani
jsme potkany upevnili na operacni desku a provedli stfedni relaparotomii. Pfes volnou
dutinu bfisni jsme vypreparovali retroperitonealné nasity aortalni $t€p. Pii preparaci jsme
hodnotili pfipadné aneurysmatické ¢i jiné makroskopicky hodnotitelné znamky rejekce
nebo obliterace St€pu. Po dostatecném uvolnéni celého $tépu jsme do dolni duté zily
aplikovali heparin v davce 100IU/kg a po nalozeni cévnich svorek jsme $tép explantovali
spole¢né s obéma anastomoézami a ¢astmi aorty pifjemce. Stépy jsme nasledné piipravili na
dalsi histologické a imunohistochemické vySetieni. Pfi piiprave jsme za pouziti operacniho
mikroskopu spolehlivé odstranili oblasti cévnich anastomdz, abychom z dalSiho hodnoceni
vyloucili ¢asti vzorkdl ovlivnéné piitomnosti cizorodého materidlu ve formé stehi a
tkanové reakce na n€. V pribéhu explantace jsme zvifatim provedli také odbér krevnich
vzorkli do Eppendorfovych mikrozkumavek ke stanoveni koncentrace a dynamiky donor
specifickych anti MHC protilatek 1. a II. tfidy a u imunosuprimovanych zvifat koncentrace
takrolimu. Zvifata jsme nakonec usmrtili letdlni davkou tiopentalu (Thiopental®, Spofa
Czech Rep) aplikovaného injekéné do dolni duté zily. Operaéni vykon explantace $tépt
jsme stejné jako odbér a implantaci $t€épl provadéli s pouzitim opera¢niho mikroskopu s

10-ti nasobnym zvétSenim.
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4. SLEDOVANE PARAMETRY
4.1. Hmotnost zvitat

Po transplantaci $tépi jsme denné¢ provadeli kontrolu hmotnosti zvifat, kterd
slouzila jako indikator dobrého pooperac¢niho stavu a funkce vnitinich orgdn. Hodnoty
jsme zaznamenavali do origindlnich tabulek pro kazdé zvife zvlast, které jsme oznacili
stejnou znackou jako zvite a ulozili u jednotlivych kleci. Zvifatim byl zajistén dostatecny
prisun potravy a tekutin. V chovné mistnosti jsme udrzovali stabilni teplotu a zaroven jsme
eliminovali rusivé vlivy z okoli. Pfi vazeni jsme u zvifat kontrolovali také celkovy stav a
hybnost zadnich koncetin, jejiz porucha nepiimo vypovidd o poruchach prokrveni a
uzaveéru rekonstrukce. Do zhojeni jsme také kontrolovali stav operacni rany. Na konci
kontroly jsme zvifatim ze skupin TAC1 a TAC?7 aplikovali imunosupresi intramuskularni
injekei. V ptipadé skupin ALO, ISO a prvnich 6 dni u skupiny TAC7 jsme aplikovali Cisty

fyziologicky roztok ve stejném objemu, jaky by byl pouZit pfi podavani imunosuprese.

4.2. Koncentrace takrolimu v periferni krvi pfijemci

Koncentraci takrolimu jsme stanovovali 30. den po transplantaci z krve odebrané z
dolni duté Zily pted explantaci §tépli. K vySetieni jsme pouzili soupravu pro homogenni
enzymovou imunoanalyzu Emit® 2000 Tacrolimus assai (Dade Behring). VySetfeni
koncentrace  imunosupresiva  jsme  provadéli  zdivodu  kontroly v obou
imunosuprimovanych skupinach. Ve skupiné TACI byl takrolimus podavan od 1.
pooperacniho dne, ve skupiné TAC7 byl takrolimus podévan az od 7. dne. Pro porovnéni
pfipadnych rejekénich zmén bylo tedy zdsadni, aby imunosuprese byla na konci

experimentu v obou skupindch srovnatelnd. V ptipadé, ze by se koncentrace v obou
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imunosuprimovanych skupinach vyznamné lisila, nebylo by mozné vysledky experimentu

spravn¢ interpretovat.

4.3. Histologické vySetieni aortalnich Stépi

Vsechny explantované $tépy jsme histologicky vysetfili. K vlastni analyze jsme
odebrali stfedni useky Stépu fixované v 10 % formolu, aby vySetfeni nebyla ovlivnéna
hojivymi procesy v oblastech anastomoéz a reakci tkani na $ici material. Stépy jsme po
explantaci za pouziti operacniho mikroskopu ocistili od ptihojenych okolnich tkani,
odstranili jsme ob¢ anastomdzy a po konecné kontrole explantati jsme pristoupili k dalsi
piipravé na histologické vySetfeni. Césti o¢isténych allostépti jsme ulozili do specialnich
plastovych boxti Sakura Finetek Tissue Tek© Cryomold holders (Sakura Finetek, Tokyo,
Japonsko) a zalili je gelovym fixaénim roztokem Sakura Finetek Tissue Tek© O.C.T.
compound (Sakura Finetek, Tokyo, Japonsko). Preparaty jsme ve vanickach zamrazili
v lazni s 2-methylbutanem (Fluka Chemika, Buchs, Svycarsko) pomoci tekutého dusiku a
nasledné jsme vanicky s preparaty uloZili pii teplot¢ -80°C do dal§iho zpracovani.
Histologické vySetteni jsme provedli po definitivnim zpracovani a zaliti do parafinu z 5 pm
tlustych parafinovych fezil za pouZiti barveni hematoxylin-eosinem a barvenim podle Van-
Giesona na elasticka vldkna. Hodnotili jsme tlouStku a kontinuitu intimy, rozsah intimalni
proliferace eventudlné destrukce a tloustku medidlni vrstvy. Tunica intima od povrchu
intimalnich bungk k vnitini hranici tunica media, medialni vrstvu pak mezi vnitini a vnéjsi
elastickou membranou. Mé&feni jsme provadéli v ndhodnych lokalizacich na 10 mistech v
kazdém fezu. Primérnou hodnotu se standardni odchylkou jsme stanovili pro kazdou aortu

1 skupinu zv1ast’. Preparaty jsme hodnotili naslepo tak, aby nebylo zndmo, ke které skupiné
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vySetfovany vzorek patii a byla tak zajiSténa nestrannost experimentu. Pfi histologickém

vySetfovani jsme z preparati potizovali fotodokumentaci.

4.3.1. Imunohistochemické vySetfeni

Vzorky pro imunohistochemické vySetfeni jsme zpracovavali podobné jako u
prostého histologického vysetieni také ze stfedni Casti Stépu, které jsme v plastovych
boxech (Tissue Tek©, Cryomold, Sakura, Japonsko) zalili gelovym fixa¢nim roztokem
(Tissue Tek©, Cryomold, Sakura, Japonsko). Boxy jsme nasledné vlozili do lazn¢ s 2-
methylbutanem (Fluka, Chemika, Svycarsko) a zamrazili pomoci tekutého dusiku. Po
dobu, nez jsme provedli imunohistochemické vySetfeni, byly boxy skladovany pfi teploté -
80°C. V tabulce 3 jsou uvedeny protilatky, které jsme k imunohistochemické detekci

antigenl pouzili.

Primarni protilatka: anti-CD4

(W3/25, Cymbus Biotechnology LTD, Hampshire, UK)
Sekundarni protilatka: Histofine® Simple Stain Rat
CD4+ bunky MAX PO (Nichirei Biosciences Inc., Japonsko)
Detekéni systém: Dako Liquid DAB+ Substrate-
Chromogen System (Dako Denmark A/S, Glostrup,
Dansko)

Primérni protilatka: anti-CD8

(OX-8, Cymbus Biotechnology LTD, Hampshire, UK)
Detekéni systém: Histofine® Simple Stain Rat MAX
CD8+ bunky PO (Nichirei Biosciences Inc., Japonsko)

Detekéni systém: Dako Liquid DAB+ Substrate-
Chromogen System (Dako Denmark A/S, Glostrup,
Dénsko)

Endotelidlni buniky | Primarni protilatka: anti-Von Willebrand factor
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(Dako Denmark A/S, Glostrup, Dansko)
Sekundérni protilatka: Histofine® Simple Stain Rat
MAX PO (Nichirei Biosciences Inc., Japonsko)
Detekéni systém: Dako Liquid DAB+ Substrate-
Chromogen System (Dako Denmark A/S, Glostrup,
Dansko)

Primérni protilatka: anti RT1.B"

(MRC-0OX3, Cedarlane Laboratories Ltd., Burlington,
Kanada)

Lewis MHC I _ . _
Sekundérni protilatka: horse anti mouse antibody
(Vector Lab, Burlingame, USA)

Detekéni systém: R.T.U. Vectastain Elite ABC, Reagent

(Vector Lab, Burlingame, USA)

pozitivni buniky

Priméarni protilatka: anti rat IgG cunjugated with
Imunoglobuliny G | fluoroscein isothianate (Chemicon International

Inc.,Temecula, USA)

Priméarni protilatka: anti-RT1.Ac

(OX-27, Acris Antibodies GmbH, Herford, Némecko)

MHC I tfidy
Sekundarni protilatka: PE-Cy7-Streptavidin (BD
Biosciences, Heidelberg, Némecko)
Priméarni protilatka: anti-RT1.D
(OX-17, BD Biosciences, Heidelberg, Némecko)
MHC II tiidy

Sekundarni protilatka: PE-Cy7-Streptavidin (BD

Biosciences, Heidelberg, Némecko)

Tabulka 3 - Specifikace monoklonalnich a polyklonalnich protilatek pouZitych

pri imunohistochemickém vySetfeni a pri priitokové cytometrii.
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4.3.2. Detekce CD4", CD8" pozitivnich bun&k a bunék s von Willebrandovym faktorem
Detekce imunokompetentnich bunc¢k byla provedena dvojstupfiovou neptimou
metodou, pii které jsme pouzili imunoenzymovy polymer.
Pro vysSetfeni pfitomnosti a mnoZzstvi imunokompetentnich bunék jsme pouzili 8§ pm silné
fezy, které jsme nejprve 10 minut fixovali chlazenym acetonem. Nasledné jsme preparaty
osusili a oplachli v 0,2 % roztoku Triton X 100 a ve fosfatovém pufru. Takto pfipravené
vzorky jsme 60 minut inkubovali v roztoku s primarni protilatkou (anti-CD4, (W3/25,
Cymbus Biotechnology LTD, Hampshire, UK), anti-CD8 (OX-8, Cymbus Biotechnology
LTD, Hampshire, UK), anti-Von Willebrand factor (Dako Denmark A/S, Glostrup,
Denmark)). V dal$im kroku jsme inhibovali endogenni peroxidazu v 0,3 % peroxidu
vodiku a v 70% metanolu. Tato faze probihala 30 minut. Nasledn¢ jsme vzorky dalSich 30
minut inkubovali v roztoku se sekundarni protilditkou (imunoenzymovy polymer
Histofine® Simple Stain Rat MAX PO, Nichirei, Japonsko). Pied finalnim obarvenim
Harrisovym hematoxylinem a fixaci v Entellanu (Merck KGaA, Damstadt, Némecko) jsme
na vzorky 5 minut aplikovali 3,3 diaminobenzidin (Dako Liquid DAB + Substrate-
Chromogen System, Dako, Glostrup, Dansko).
Preparaty jsme hodnotili naslepo tak, aby nebylo znamo, ke které skupiné vySetiovany
vzorek patfi a byla tak zajiSténa nestrannost experimentu. Na vySetfeni jsme pouZili
mikroskop s 1000nasobnym zvétSenim. Pocet bunck jsme stanovovali v péti zornych
polich, ze kterych jsme spocetli primérmou hodnotu. Specifikace protilatek pouZzitych pii

vySetfeni je uveden v tabulce 3.
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4.3.3. Detekce Lewis MHC II pozitivnich bun¢k

Obdobné jako u detekce CD4', CD8" bunék jsme toto imunohistochemické
vySetfeni provadéli na 8 pum silnych fezech. Pro vySetfeni jsme ov§em pouzili t¥istupiiovou
nepiimou technikou. Vzorky jsme nejprve 10 minut fixovali v chlazeném acetonu, osusili a
nasledné oplachli v 0.2 % roztoku Triton X 100 a fosfatovém pufru. Dale jsme za pouziti
setu Biotin blocking system (Dako, Dansko) zablokovali endogenni biotin. Po inkubaci s
10 % koniskym sérem jsme vzorky 60 minut inkubovali s primarni protilatkou. DalS§im
krokem byla inhibice endogeni peroxidazy v 0,3 % peroxidu vodiku a v 70 % metanolu.
Poté probéhla tficetiminutova expozice biotinylovanou kofiskou anti-mysi protilatkou
(Vector Lab, Burlingame, UK). V poslednich fazich celého procesu jsme preparaty
inkubovali s R.T.U. Vectastain Elite ABC Reagent (Vector Lab, Burlingame, UK) a poté
jsme na vzorky na 5 minut aplikovali 3,3 diaminobenzidin (Dako Liquid DAB + Substrate-
Chromogen, Dako, Déansko). Po kontrastnim dobarveni jsme vzorky zalili do Entellanu
(Merck, Némecko). V tabulce 3 jsou uvedeny zakladni specifikace protilatek pouzitych pii

xn

tomto vySetfeni. Preparaty jsme nasledné "slep&" hodnotili tak, aby vysledky vySetfeni
nemohly byt ovlivnény. Buiiky jsme scitali v péti ndhodné vybranych zornych polich pfi

pouziti vySetfovaciho mikroskopu s 1000nasobnym zvétSenim. Z vysledkil jsme nakonec

spocetli priimérnou hodnotu.

4.3.4. Detekce imunoglobulinti

Pfitomnost imunoglobulini ve sténé St€pd jsme zjiStovali  pfimou
imunofluorescenéni technikou. Rezy 8 pm silné jsme oplachovali ve fosfatovém pufru a
dale su$ili na vzduchu. DalSich tficet minut jsme vzorky inkubovali s fluorescin

isothiocyandtem (Chemicon International Inc, Temecula, California, USA) konjugovanou
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primarni protilatkou (FITC), uvedenou v prehledu protilaitek pouzitych pfi
imunohistochemickych vySetfeni v tabulce 3. Vzorky jsme nasledné opét oplachli, fixovali

v glycerinu a bezprostfedné poté hodnotili za poziti flourescencniho mikroskopu.

4.4. Detekce donor specifickych anti-MHC protilitek 1. a Il. tfidy v periferni krvi
prijemci

Krevni vzorky jsme odebrali zvifatim ve vSech skupinach 0. a 30. den po
transplantaci. Pfed transplantaci jsme odbér provadéli punkci o¢niho sinu podle van
Hercka (van Herck H. et al., 1998) v celkové anestezii, tficaty pooperacni den jsme krevni
vzorky odebrali pfi explantaci $tépi punkci dolni duté zily. Vzorky jsme nasledné
odstredili v Eppendorfovych mikrozkumavkach a separovali tak krevni sérum, ve kterém
jsme koncentraci protilatek dale stanovovali. K vlastnimu vysetfeni bylo jako prvni krok
nutné ziskat splenocyty ze slezin zvifat. Odbér slezin jsme provedli na zacatku
experimentu a mohli jsme tak zdroven ziskat zakladni dovednosti s celkovou anestezii,
laparotomii a operacni technikou u laboratornich zvifat s pouZitim opera¢niho mikroskopu.

Tyto dovednosti byly dilleZité pro pozdé€jsi vlastni nasivani aortalnich allostépu.

4.4.1. Ziskani splenocyti k vySetieni periferni krve ptijemci pratokovou cytometrii

Jako zdroj splenocytl jsme pouzili sleziny od samcii potkanii Brown-Norway (n =
10, védha 200-250 g) pochdzejicich z chovné stanice Charles River (Wiirzburg, Némecko).
Zvitata jsme pred vykonem zvazili a uvedli do celkové anestézie pomoci intramuskularné
aplikované smési ketaminu v davce 100 mg/kg (Narkamon®, Spofa) a xylazinu v davce 10
mg/kg (Rometar®, Spofa) do stehenniho svalu. Po uspéni zvifete jsme v misté planované

laparotomie oholili srst a nasledné provedli pfipravu a dezinfekci operacniho pole. Po
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napolohovani a pfipevnéni zvifete k opera¢ni desce jsme provedli stfedni laparotomii
ntzkami. Bfi$ni sténu jsme pomoci rozvéracklt odhrnuli do stran a ziskali tak pfistup do
btisni dutiny, ze které jsme vyjmuli slezinu. Po odebrani slezin jsme provedli eutanasii
darcti injekénim podanim letalni davky tiopentalu (Thiopental®, Spofa Czech Rep.) do
dolni duté zily. Odebrané sleziny jsme nasledné zpracovali podle protokolu pro ptipravu
splenocytii. Kratce po odbéru jsme sleziny rozdélili na mensi kousky a propasirovali
sitkem pomoci pistu injekéni stiikacky. Drt’ jsme poté promyli ve fosfatovém pufru (PBS —
Phosphate buffered saline) a vzniklou bunéénou suspenzi jsme dale smichali s Biocoll
separa¢nim roztokem (BioScience, Nottingham, UK). Smés jsme 20 minut odstfed’ovali pii
2000 ot./min. a vznikly supernatant jsme smichali s 10% fetalnim telecim sérem (FCS) a
RPMI 1640 (Sigma-Aldrich Chemie GmbH, Buchs SG, Svycarsko). Nasledné jsme smés
odsttedili v Eppendorfovych mikrozkumavkach pti 1200 ot. /min. po dobu 10 minut. Tento
krok jsme provadéli dvakrat, poté nasledovalo secteni a kontrola viability buné€k pomoci
barveni tryptanovou modii. Buiiky pak byly ulozeny v nddobkach s kryokonzerva¢nim
roztokem (Iscove’s Modified Dulbecco’s Medium + 20 % FCS) v tekutém dusiku do

dal§iho zpracovani.

4.4.2. Vysetteni periferni krve piijemct priitokovou cytometrii

Vazbu protildtek v ptijemcovskych potkanich sérech na klidové Brown-Norway
splenocyty jsme zjist'ovali pritokovou cytometrii. Splenocyty jsme rozmrazili, promyli ve
fostatovém pufru (PBS) a suspendovali v roztoku PBS s 1 % fetdlnim bovinnim sérem
(FBS). 100000 bunék jsme pak po dobu 30 minut inkubovali pii 4 st. Celsia s 10 puL
ptijemcovského potkaniho séra. Buiiky jsme poté dvakrat promyli v roztoku PBS s 1 %

FBS a inkubovali s origindlnimi protilatkami ke zjiSt€ni exprese MHC. Jako primarni
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protilatky jsme pouzili Biotin-MHC I. tfidy (anti-RT1.Ac, OX-27, Acris Antibodies
GmbH, Herford, Némecko) nebo Biotin-MHC II. tfidy (anti-RT1.D, OX-17, BD
Biosciences, Heidelberg, Némecko) a jako sekundérni protilatky PE-Cy7-Streptavidin (BD
Biosciences, Heidelberg, Némecko). FACSCanto 1I flow cytometrem (BD Biosciences,
Heidelberg, Némecko) jsme ziskali 10000 bun¢k a nésledné analyzovali pomoci
FACSDiva™ programu (BD Biosciences, Heidelberg, Némecko). Grafické zpracovani
nam umoznilo prevedeni a zhodnoceni intenzity fluorescence. Vazba MHC protilatek 1.
nebo II. tfidy na splenocyty, které nebyly inkubovany s potkanim sérem jsme nastavili jako
100 %. Protilatky pfitomné v sérech transplantovanych potkanti Lewis se kompetitivné
navazaly na molekuly MHC 1. a II. tfidy exprimovanych na splenocytech z potkant
Brown-Norway. Kompetitivni inhibice vazby fluorescinem oznacenych protilatek MHC 1.

a II. tfidy tak ve vysledku snizila naméteny fluorescencni signal.

4.5. Statistické metody

Nashromazdéna data z experimentu jsme statisticky zpracovali ve spolupraci s
profesionalnim statistikem z technologického centra Akademie véd Ceské Republiky.
Data jsme nejprve otestovali pomoci testl normality. Jako test normality jsme zvolili
Kolmogoroviiv-Smirnoviv test a déle testy Sikmosti a Spicatosti rozdéleni dat. Jelikoz data
vykazovala jen nevyznamné odchylky od normality, zvolili jsme pro jejich popis a
testovani parametrick¢é metody. Jako popisny ukazatel polohy souboru jsme zvolili
aritmeticky primér a jako ukazatel variability jsme pouzili smérodatnou odchylku. Vysky
sloupcti u sloupcovych grafii reprezentuji priiméry a chybové Usecky symbolizuji 95 %
konfiden¢ni interval. Vzhledem k vyvazenému typu designu jsme priméry vsech

sledovanych parametrli (ndrGst hmotnosti, CD4+ buiiky, CD8+ buiikky, MHC II+ bunky,
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anti MHC I a anti MHC 1I protilatky) mezi skupinami globalné porovnéavali pomoci
jednofaktorové analyzy rozptylu (ANOVA). V piipadé¢ vyznamnosti hlavniho efektu (p
<0,05) jsme néasledné¢ provedli parové porovnavani dvojic skupin. K parovému
porovnavani jsme pouzili Tukeylv post-hoc test, ktery v sobé zahrnuje korekci p-hodnoty
vzhledem k mnohocetnému porovnavani. Veskeré vypocty a testovani dat jsme provedli ve
statistickém programu STATA (verze 12.1). VSechny grafy jsme pak byly vytvofili
pomoci Skalovatelné vektorové grafiky fizené daty v radmci knihovny D3.js (verze 3.0) v

JavaScriptu.

5. VYSLEDKY
5.1. Hmotnost zvirat

U vsSech hodnocenych zvitat doslo ve sledovaném tficetidennim obdobi k nartstu
hmotnosti. Procentudlni narist hmotnosti vztazeny k predoperacni vaze byl signifikantné
vyssi (P <0,05) u obou skupin bez imunosuprese (skupina ISO + 47,1 £ 10,5 %, skupina
ALO + 46,1 + 10,8 %) ve srovnani se skupinou TAC1 (+ 29,7 + 4,4%), ve které zvitata
dostavala imunosupresi od prvniho pooperacniho dne. NarGist hmotnosti u zvifat ve
skupiné TAC7, kterd imunosupresi dostdvala od sedmého pooperaéniho dne (+ 41,0 + 5,6
%) vSak byla srovnatelnd sobéma skupinami zvifat bez imunosuprese. Grafické
znazornéni prirtistku hmotnosti u vSech sledovanych skupin je uvedeno nize. (obrazek 13,

tabulka 4)
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Obrazek 13 - Procentuialni nartst hmotnosti 30. pooperacni den vztaZeny k
predoperacni vaze. Zvitata bez imunosuprese (skupina ISO a ALO) méla 30. pooperacni
den vétsi nartist hmotnosti ve srovnani se skupinou TACI, kde byla imunosuprese
podavana od 1. poopera¢niho dne. Ve skupiné TAC7 s imunosupresivni terapii od 7.
poopera¢niho dne byl pfirGstek hmotnosti srovnatelny s obéma neimunosuprimovanymi

skupinami (ISO, ALO).

5.2. Koncentrace takrolimu v periferni krvi pfijemci

Me¢éteni koncentrace takrolimu v periferni krvi jsme provadéli za Gcelem zjisténi
adekvatnich koncentraci imunosupresiva 3-7 ng/ml pii dennich davkach 0,2 mg/kg
podavanych v intramuskularnich injekcich. Primérnd koncentrace imunosupresiva tficaty

pooperacni den byla ve skupiné TACI, ve které zvirata dostavala imunosupresi od 1.
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pooperacniho dne mirné vyssi (4.6+£0.7 ng/ml) v porovnani se zvifaty, ktera dostavala
takrolimus az od 7. pooperacniho dne ve skupiné TAC7 (4.0£0.2 ng/ml) (P=0.035)

(tabulka 4). Béhem experimentu jsme nezaznamenali zadné vedlej$i ucinky podévani

takrolimu, jako diarrheu nebo pretrvavajici ubytek na vaze.

Narlst
hmotnosti Koncentrace
Skupina Chargkterlstlka Imunosuprese Ifr}/o!(onzervace 30. takrollmuv ] 30.
skupiny Stépl (dny) . . | pooperacni den
pooperacéni (ng/ml)
den (%)
1ISO LEW — LEW ne 172.7+2.6 47.1+10.5 | ne
ALO BN — LEW ne 179.3+2.6 46.1+10.8 | ne
takrolimus
TACA1 BN — LEW 1 -130. den 180.2+6.9 29.6+4.4 4.6+0.7
TAC7 | BN—LEW takrolimus 180.3£0.5 401456 | 4.0£02
7.-30.den

Tabulka 4 - Zakladni charakteristika skupin s poopera¢nim nartistem hmotnosti a
koncentraci takrolimu 30. poopera¢ni den. LEW — samci kmene Lewis, BN — samci

kmene Brown-Norway

5.3. Histologické vySetieni

Pii histologickém vySetfeni jsme zjistili, Ze aortdlni S$tépy z obou

imunosuprimovanych skupin (TAC1, TAC7) maji 30. den po transplantaci fyziologickou
stavbu cévni stény s diferencovatelnymi v§emi tiemi zékladnimi vrstvami — tunica intima,
tunica media i tunica adventitia. Intraluminélni povrch tunica intima byl pokryty jednou

souvislou vrstvou endotelovych bunék bez zjevnych trhlin, ¢i jinych projevl poskozeni. V
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celém rozsahu tunica media jsme nezaznamenali zadné znamky destrukce ani nekrozy
bun¢k. Pii imunohistochemickém vySetfeni na ukladani imunoglobulini v tunica media
jsme nedetekovali zadnad depozita IgG. Infiltrace tunica adventitia mononukledry byla u
obou skupin TACI1 i TAC7 srovnatelna s isogenni skupinou ISO. (obrazek 14 a, b, c).
Allostépy mély normalni histologickou stavbu abdomindlni aorty se vSemi tfemi
zakladnimi anatomickymi vrstvami, bez znamek intimalni hyperplazie, nekrézy bunék
hladkych svalti v medidlni vrstvé a bez vétsi adventicialni infiltrace imunokompetentnimi

burikami.

Obrazek 14 a, b, ¢ — Fotografie z histologického a imunohistochemického vysetieni

kryokonzervovanych aortalnich allostépi 30. pooperacni den.

Obr. 14 a — Histologické vySetfeni kryokonzervovaného aortilniho alloStépu s
pouZitim imunosuprese, barveni hematoxilin-eosin. ZvétSeni 100x. Allostépy mély
normalni histologickou stavbu abdominalni aorty se vSemi tfemi zakladnimi anatomickymi
vrstvami, bez zndmek intimalni hyperplazie, nekrozy bun€k hladkych svalll v medidlni

vrstvé a bez vétsi adventicidlni infiltrace.
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Obr. 14 b — Imunohistochemické vySetieni kryokonzervovaného aortilniho alloStépu
s pouZzitim imunosuprese, barveni protilaitkou proti von-Willebrandovému faktoru.
Zvétseni 100x. Intralumindlni povrch alloStépt (Sipka) byl pokryty jednou vrstvou

endotelovych bunék (obarvené na hnédo).

Obr. 14 ¢ — Imunohistochemické vysetieni kryokonzervovaného aortilniho allostépu
s pouZitim imunosuprese, barveni fluorescin isothiocyanat konjugovanou primarni
protilatkou. ZvétSeni 40x, fluorescencni mikroskopie). V celém rozsahu tunica media a

intima jsme u allostépti nedetekovali Zadné depozita imunoglobulinu G
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Prekvapivé vysledky piineslo histologické a imunohistochemické vySetieni v piipadé
zvitat ze skupiny ALO, kde jsme provedli allogenni transplantaci a nepodavali jsme
imunosupresi. Allogenni $tépy z této skupiny totiz mély také normalni morfologii aortalni
stény. Pozorovali jsme vSechny 3 zakladni vrstvy cévni stény, tunica intima nejevila zadné
znamky desintegrace. Ve svalovych bunkach tunica media jsme nezaznamenali zadna IgG
depozita. V tunica adventitia byla nicméné vyrazné¢ vétsi infiltrace mononuklearnimi
buitkami v porovnéni s isogenni skupinou ISO a obéma imunosuprimovanymi skupinami

TAC1 i TACT7. (obrazek 15)

Obrazek 15 al, a2, bl, b2. Fotografie z imunohistochemického vySetieni

kryokonzervovanych aortalnich allostépi 30. pooperacni den.

Obr. 15 al, a2 — Imunohistochemické vySetieni na pritomnost Lewis MHC II
pozitivnich bunék u Kkryokonzervovaného allo$tépu. ZvétSeni 400x. Adventicialni
infiltrace alloStépu kmene Brown-norway MHC II pozitivnimi butikami kmene Lewis (obr.
al) byla vyznamné redukovdna podavanim imunosuprese at’ byla zapocata jiz od 1.

pooperacniho dne nebo s odstupem 7 dnti. (obr. a2).
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Obr. 15 b1, b2 — Imunohistochemické vySetfeni na pritomnost CD4 pozitivnich bunék
u kryokonzervovaného $tépu. ZvétSeni 400x. Adventiciadlni infiltrace allostépti kmene
Brown-norway CD4 pozitivnimi buiikami kmene Lewis (obr. bl) byla vyznamné
redukovana podavanim imunosuprese at’ byla zapocata jiz od 1. poopera¢niho dne nebo s

odstupem 7 dni (obr. b2).

5.4. Infiltrace adventicie imunokompetentnimi buiikami

Adventiciélni infiltrace CD4+, CD8+ a MHC II pozitivnimi buitkami kmene Lewis
v obou imunosuprimovanych skupinach (TAC1 a TAC7) byla 30. den po transplantaci
srovnatelna s adventicialni infiltraci v isogenni skupin¢ ISO.

Primérny poc¢et MHC II pozitivnich bunek kmene Lewis, CD8 a CD4 pozitivnich
bunék v tunica adventitia ve skupiné ALO, kde jsme provedli allogenni transplantaci bez
podavani imunosuprese, byl signifikantn¢ vyssi (P <0.001) nez v ostatnich skupinach (ISO,

TACI, TAC7) (tabulka 5, obrazek 15)
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Intima Media Adventicie*
Skupina
Intimalni | 1gG | Nekroza|  LEW
endotel hvoerplaziel depozita svalovych] MHC I+ | CD8+ CD4+
yperp P bunék | buiky**
ISO - - - 6.3t4.4 | 2.2+2.7 | 3.9£2.6
ALO - - - 20.7£6.71(6.9+5.41 | 9.646.5'
TAC1 - - - 59+55 | 3.5+3.3 | 2.311.6
TAC7 - - - 6.1£5.1 | 3.1£3.8 | 2.0£1.5
Tabulka Hodnoceni histologického obrazu a znamek

kryokonzervovanych aortalnich allostépu 30. den po transplantaci.

' primérny po¢et MHC 1I pozitivnich bunék kmene Lewis, CD8 pozitivnich a CD4

pozitivnich bun¢k v tunica adventitia ve skupiné ALO byl signifikantné vyssi (P<0.001)

nez v ostatnich skupinach (ISO, TACI1, TAC7)

+ pozitivni ndlez, - negativni nalez

* primémy po¢et MHC II pozitivnich bunék kmene Lewis, CD8 pozitivnich a CD4

pozitivnich bun€k v tunica adventitia v jednom vySetfovaném poli pii 1000nasobném

zvétSeni

** Bunky kmene Lewis s pozitivnim barvenim na hlavni histokompatibilni komplex II

tridy

rejekce
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5.5. Donor specifické protilatky anti-MHC I. tfidy v periferni krvi pFijemcii

V sérech zvitfat, u kterych jsme provedli isogenni transplantace (skupina ISO,
97.1+4.7 %) a ve skupiné zvifat, kterd dostavala imunosupresi od 1. poopera¢niho dne
(skupina TACI, 102.44+4.2 %) nebyla 30. den po transplantaci detekovana zména v inhibici
vazby fluorescinem oznacené protilatky proti MHC I. tfidy na splenocyty kmene Brown-
Norway ve srovnani se séry odebranymi pied transplantaci (skupina ISO, 110.6£7.1 %,

skupina TAC1, 113.6+29.3 %) (obrazek 16).

anti - MHC |. tfidy

P=0.043*
| P<0.001*** |
P<0.001%*** l P<0.001**x* P=0.006%** |
| P<0.001*|*!" - P=0.026|*
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Obrazek 16 - Srovnani koncentrace protilatek proti MHC 1. tfidy v séru 0. a 30. den

po transplantaci. Procentualni vyjadieni vazby fluorescinem znacenych protilatek proti
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MHC 1L tfidy (anti-RT1.Ac, OX-27) na klidové splenocyty potkanti Brown-Norway po
pridani sér ziskanych od piijemcii pfed transplantaci (POD 0) a 30. den po transplantaci
(POD 30).

ISO — isogenni skupina bez imunosuprese, ALO — allogenni skupina bez imunosuprese,
TACI - allogenni skupina imunosuprimovana od 1. pooperacniho dne, TAC7 - allogenni

skupina imunosuprimovana od 7. poopera¢niho dne.

Ve vySettovanych sérech odebranych 30. pooperacni den u skupiny TAC7, ve které
jsme imunosupresi pomoci takrolimu podavali od 7. pooperacniho dne, jsme zjistili vyssi
inhibici vazby fluorescinem oznacené protilatky proti MHC 1. tfidy na splenocyty kmene
Brown-Norway (79.9+3.3 %) ve srovnani se séry odebranymi pied transplantaci
(103.7+6.6 %, p = 0.026). (obrazek 16)

Séra odebrana od allogennich neimunosuprimovanych zvitat skupiny ALO 30 dni
po transplantaci statisticky vyznamné snizila vazbu fluorescinem oznacené protilatky proti
MHC L tfidy na splenocyty kmene Brown-Norway (46.9+19.4 %), v porovnani se séry,
odebranymi pted transplantaci (110.8+£21.9 %, p <0.001). (obrazek 16)

Pii celkovém zhodnoceni, séra allogenni neimunosuprimované skupiny (skupina
ALO), odebrand 30. pooperacni den, vykdzala signifikantné vyS$8i inhibici vazby
fluorescinem oznacené protilatky proti MHC 1. tfidy na splenocyty kmene Brown-Norway
(46.9£19.4 %), v porovnani se sé€ry, odebranych 30. pooperacni den, v isogenni skupiné
(skupina ISO, 97.1#4.7 %, p < 0.001), stejn¢ tak, jako v pifipadé obou
imunosuprimovanych skupin (skupina TACI, 102.4+4.2 %, p < 0.001), (skupina TAC7,

79.943.3 %, p < 0.001). (obrazek 16)
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5.6. Donor specifické protilatky anti-MHC I1. tfidy v periferni krvi pfijemci

Séra isogenni skupiny (ISO), stejn¢ jako séra odebrand od obou
imunosuprimovanych skupin (skupiny TAC1 a TAC7) nevykazovala zadnou inhibici
vazby v prubéhu sledovaného obdobi. V kontrastu s timto zjiSténim, pouze séra, ziskana od
allogenni, neimunosuprimované skupiny (ALO) 30. pooperacni den, inhibovala vazbu
fluorescinem oznacené protilatky proti MHC II. tfidy na splenocyty kmene Brown-Norway
(65.8£11.9 %). Tato inhibice vSak nebyla statisticky vyznamnd v porovnani s vysledky

vzorkl sér odebranych stejné skupiné pred transplantaci (100.5+41.9 %). (obrazek 17)
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Obriazek 17 - Povnani koncentrace protilatek proti MHC II. tFidy v séru 0. a 30. den
po transplantaci. Procentudlni vyjadfeni vazby fluorescinem znafenych protilatek proti

MHC II. tfidy (anti-RT1.D, OX-17) na klidové splenocyty potkani kmene Brown-norway
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po pridani sér ziskanych od ptijemct pied transplantaci (POD 0) a 30. den po transplantaci
(POD 30).

ISO — isogenni skupina bez imunosuprese, ALO - allogenni skupina bez imunosuprese,
TACI - allogenni skupina imunosuprimovana od 1. poopera¢niho dne, TAC7 - allogenni

skupina imunosuprimovana od 7. poopera¢niho dne

6. DISKUZE

V prezentované studii hodnotime efekt dvou imunosupresivnich protokold s
pouzitim imunosupresiva takrolimu v monoterapii na rejekci kryokonzervovanych
tepennych allos$tépi abdomindlni aorty u potkant. Zvifeci alloStépy byly zpracovany v
souladu s odbérovymi, kryokonzerva¢nimi a implanta¢nimi protokoly rutinné pouzivanymi
v klinickém prostfedi v Ceské Republice od roku 2011. Pouziti obou imunosupresivnich
protokolt pomoci nizkych déavek takrolimu (podavanych od 1. nebo od 7. dne po
transplantaci) zabranilo bunééné i humoralné zprostiedkované rejekcei kryokonzervovanych
aortalnich alloStépl v tficetidennim sledovaném obdobi.

Zviteci model mySich nebo potkanich aortalnich allotransplantaci je rutinné
pouzivan v experimentdlni transplantaéni medicin€ a je Uzce spojen s vyvojem novych
imunosupresivnich 1€kt od roku 1960. Na zéklad¢ experimentdlnich modelti vznikaly
dal$i, nové imunosupresivni protokoly s azathioprinem (Vickery CM te al., 1965),
azathioprinem a prednisonem (Todd IA, Boctor Z., 1966), 6-mercaptopurinem (Williams
GM et al., 1975), cyclosporinem A (Schmitz-Rixen T et al., 1988), sirolimem (Gregory CR
et al.,, 1993), cyclosporinem kombinovanym s methylprednisolonem a azathioprinem
(Lemstrom K. et al., 1994), s mycophenolat mofetilem (Hullett DA, et al., 1996),

takrolimem (Azuma N. et al., 1999), 15-deoxyspergualinem (Lacha J. et al., 2000),
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cyklosporinem A a FTY720 (Nikolova Z. et al., (2000), takrolimem kombinovanym s
FR260330 (Ouyang J. et al., 2005), everolimem (Eckl S. et al., 2010), everolimem s
clopidogrelem (Heim Ch. et al., 2015). U vSech imunosupresivnich protokolti byla
potvrzena schopnost do ur¢ité miry zabranit imunitni reakci zptisobenou destrukci cévni
stény alloStépi.

Navzdory presvéd¢ivym experimentalnim vysledkiim neni imunosupresivni terapie
v klinické praxi cévnimi chirurgy vSeobecné¢ akceptovana (Kieffer E. et al., 2004). Tato
skuteCnost je pravdépodobné zplisobena tim, Ze antigenicita arteridlnich alloStépl neni
vSeobecné¢ uznavanym faktem (Konrad H et al., 2017) a/nebo tim, Ze se 1ékafi obavaji
podavat imunosupresi u pacientt s aktivni infekci a tim omezeni fyziologickych obrannych
mechanismu lidského organismu (Harlander-Locke MP et al., 2014). V pfipad¢, zZe je jiz
imunosuprese podavana, nejvice pouzivanym lékem je cyclosporin A (Spunda R. et al.,
2016).
Aktualnég, nejvice komplexni pohled na pouziti a G€inek cyklosporinu A poddvanym po in-
situ revaskularizaci chladem konzervovanymi alloStépy pfi 1écbé infekce cévnich protéz
pouzitych v aortdlni pozici, reprezentuje prospektivni, porovnavaci, studie z jednoho
cévné-chirurgického centra, kterou v roce 2011 publikoval Pupka et al. (Pupka A et al.,
2011). Jedna skupina pacientll byla poopera¢né imunosuprimovana pomoci cyclosporinu
A. Druha skupina pacientli nebyla z divodu vlastniho rozhodnuti imunosuprimovéana
vibec. Imunosupresivni protokol byl v této studii zaloZen na podavani cyclosporinu A v
dennich davkach 1-3 mg na kilogram hmotnosti pacienta. Cilové koncentrace v periferni
krvi byly 140-150 mg/l. Imunosuprese byla podavana po celou dobu sledovani, kterd v
priméru trvala 22,8 mésicii. Veskeré komplikace jako trombodza Stépu (12 %), ruptura

Stépu (12 %), ruptura S$tépu s naslednym umrtim pacienta (8%) a aneurysmatické zmény
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Stépu (8%) byly v této studii pozorovany pouze u skupiny pacientl, kteti imunosupresi
neuzivali. Z vysledkl této prace je navic patrné, Ze nebyly pozorovany zadné vedlejsi
nezadouci u¢inky imunosuprese (Spunda R. et al., 2016).

S témito vysledky se vSak neshoduji dalsi publikované prace, které naopak potvrzuji
znaéné vedlejsi Gcinky pfi pouzivani cyklosporinu A. Tyto nezadouci Uc¢inky jsou jednak
vaskularni (Freguin-Bouilland C. et al., 2011) a jednak metabolické (Tepperman E et al.,
2010). Skute¢n¢ tak bylo prokazano na modelu potkanich srde¢nich allostépti, ze podavani
cyklosporinu A vedlo k progresi aterosklerotickych zmén ve stépu. Tento jev byl objasnén
zvySenou expresi rustového faktoru TGF-f (transforming growth factor beta) (Khanna AK
et al., 2002). V ptipad¢ aortalnich allos$tépt bylo v dalsi praci na potkanech zjisténo, ze
podavani cyklosporinu A vede k poskozeni endotelu a akceleraci aterosklerotického
procesu (Mennander A. et al., 1992). Eckl et al. ve své experimentalni praci na mysich,
kdy provadél také implantace aortalnich alloStépli, potvrdil, Ze terapie s pouzitim
cyklosporinu A v monoterapii neni dostate¢nd k prevenci vzniku aterosklerotickych zmén
ve Stépu (Eckl S. et al, 2010). Otdzkou zlstava, zda byly aterosklerotické zmény
zpiisobeny nedostate¢nou imunosupresi nebo nezadoucimi u€inky cyklosporinu A.
VSechna uvedend fakta ohledn€ imunogenicity tepennych allo$§téptli, imunosuprese pomoci
protokoli s takrolimem, dobrych klinickych vysledkii pfi imunosupresivni terapii pfi
simultannich transplantacich organti a cév (Adamec M. et al., 2004), vedla v roce 2002 k
provedeni experimentalni studie, ve které se sledoval u¢inek imunosupresivniho protokolu
pomoci takrolimu po transplantaci chladem konzervovanych aortilnich alloStépti na
potkanim modelu (Matia et al., 2007). V ndvaznosti na to se v roce 2004 zacal
standardizovany protokol s takrolimem pouZzivat v klinické praxi u pacientli po nahradach

infikovanych cévnich protéz nebo stentgrafti chladem konzervovanym alloStépem (Matia
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et al., 2010). Pacienti zacinaji imunosupresi pomoci takrolimu uzivat od sedmého dne po
transplantaci a 1ék uzivaji po celou dobu, po kterou je rekonstrukce allostépem prichodna.
Sedmidenni doba, po kterou neni imunosuprese podavana, je dilezitd zejména pro
umoznéni neomezené funkce imunitniho systému pfijemce v situaci, kdy se jeho
organismus potyka s bojem s rezidudlni infekci po explantované, infikované cévni protéze.
Imunosupresivum takrolimus je podavano v pocateéni davce 6 mg/den, s tim ze obvykla
udrzovaci denni davka je 2 mg/den. Pravidelné¢ kontrolovana cilova koncentrace takrolimu
v krvi je 4-7 ng/ml. U pacientt, ktefi byli takto 1éceni, nebyly zaznamenany zadné vedlejsi
nezadouci U¢inky podavaného imunosupresiva.

V popisovaném experimentu jsme také nepozorovali zadné klinicky vyznamnéjsi
vedlejsi ucinky imunosuprese pii podavani takrolimu intramuskuldrni cestou v davce 0,2
mg/kg/den. Pti hodnoceni poopera¢niho nariistu vahy zvitat v jednotlivych skupinach jsme
nicméné¢ zaznamenali, Ze zvifata, kterd dostavala imunosupresi od prvniho poopera¢niho
dne, ptfibyla na véaze signifikantné¢ méné nez zvifata z ostatnich skupin, kterd dostavala
imunosupresi s odstupem 7 dnti nebo nedostavala takrolimus vibec.

Ve studii, kterd hodnotila imunosupresivem indukovanou hypertenzi, Takeda et al.
podaval potkanlim takrolimus celkem 4 tydny v davce 5,0 mg/kg/den. Lék byl aplikovan
peroralné, cilova koncentrace takrolimu v periferni krvi nebyla v tomto experimentu
stanovovéna. Zvifatim nebyl provadén Zadny operacni vykon. Po ¢Etyfech tydnech byla
vaha imunosuprimovanych a neimunosuprimovanych zvitat srovnatelnd, bez vyznamného
rozdilu (Takeda Y. et al., 1999). Naproti tomu v jiné toxikologické studii vedlo podavani
takrolimu v denni peroradlni davce 4 mg/kg/den (koncentrace v periferni krvi nebyla
urena) k pocateni ztraté¢ na télesné hmotnosti v tficetidennim sledovacim obdobi

(Nalesnik et al., 1987).
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V praci Azumy et al. vyvolalo podavani takrolimu v denni intramuskuldrni davce
1,0 mg/kg/den (koncentrace imunosupresiva v periferni krvi nebyly hodnoceny) u potkanti
po aortalnich transplantacich nezadouci uc¢inek ve smyslu diarrhey a ubytku na vaze. V
dal$im pokracovani byla denni davka takrolimu stanovena na 0,2 mg/kg/den. Ani v této
studii v§ak nebyla méfena koncentrace imunosupresiva v periferni krvi pfijemct (Azuma
N. et al., 1999).

V ptedchazejici experimentalni studii s imunosupresi pomoci takrolimu u potkanti
po transplantaci chladem konzervovanych aortalnich allostépd, byla denni davka
imunosupresiva stanovena také na 0,2 mg/kg/den. Enzymovou imunoanalyzou meéfena
koncentrace takrolimu v periferni krvi pfijemct tficaty den po transplantaci byla 5,0 += 0.7
ng/ml. Tento imunosupresivni protokol se ukazal byt dostateéné efektivni k zabranéni
akutni, imunokompetentnimi bufikami i protilatkami zprostifedkované rejekci chladem
konzervovanych aortalnich allo$tépli. Zaroven nebyly pozorovany zadné nezadouci ucinky
této imunosupresivni 1écby (Matia et al., 2007; Matia et al., 2014).

Imunosupresivni protokol pouZivany u pacienti po transplantaci chladem
konzervovanych allostépli je zaloZen na podavéni takrolimu s odstupem sedmi dnii od
transplantace. Obvykla poc¢atecni davka je 6 mg/den a obvykla udrZzovaci denni davka je 2
mg/den. Pravideln¢ kontrolovana cilova koncentrace takrolimu v krvi je 4-7 ng/ml. U
pacientd, kteti byli takto léceni, jsme nezaznamenali zddné vedlej$i nezadouci Ucinky
podavané imunosuprese pomoci takrolimu (Matia et al., 2010).

V nasi studii jsme potvrdili moZnost odloZeni 1é¢by nizkou davkou takrolimu po
transplantaci kryokonzervovanych potkanich aortalnich allo$tépt o sedm dni bez toho, aby

byly patrny znamky akutni, butikami a protilatkami zprostiedkované rejekce.
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Takrolimus podévany pouze Ctvrty az Sesty den po transplantaci potkanich
srdeCnich allostépt (denni davka 1,28 mg/kg, intramuskularni podani, koncentrace v krvi
neurcena) statisticky vyznamné prodlouzil dobu piezivani srdecnich allostépi (Murase N.
et al.,, 1987). Obdobné¢ na modelu transplantace chladem konzervovanych karotickych
allostépi dostacovala imunosuprese takrolimem (intramuskularni denni davka 0,2
mg/kg/den, koncentrace v krvi nestanovovana) k potlaceni imunitni reakce i kdyz byla
zapocata od tfetiho dne od transplantace. Pieruseni podavani imunosuprese pak vedlo k
hyperakutni rejekci transplantovanych karotickych $tépti s hustou infiltraci tunica
adventitia imunokompetentnimi buiikami a degeneraci tunica media béhem 14 dni (Azuma
N. et al. 1999).

Moznosti odlozeného podavani imunosuprese byly zkoumdny také na
aortalnim modelu, kdy byly transplantovany chladem konzervované mysi §t€py hrudni
aorty do oblasti aorty bfiSni. Podavani everolimu v dennich davkach 0,05 mg/kg
(intraperitonedlni aplikace, koncentrace v periferni krvi 10+ 1.0 ng/ml) redukovalo
aterosklerotické zmény v transplantovanych Stépech tficaty den po operaci. Terapie byla
zapocata s odloZzenym podavanim od sedmého, respektive ¢trnactého pooperacniho dne.
Navic byla zjiSténa dalsi redukce aterosklerdzy Stépu pii odlozené kombinované terapii s
podavanim everolimu ve stejné davce (0,05 mg/kg/den, intraperitonedlni aplikace,
koncentrace v periferni krvi 10+ 1.0 ng/ml) a clopidogrelu (1 mg/kg/den, intraperitonedlni
aplikace) (Heim Ch et al., 2015).

V naSem experimentu jsme piijemciim kryokonzervovanych aortalnich allostépti
zadné antitrombotické 1éky nepodavali. V klinické praxi vSak antiagregacni léky

pacientiim po transplantaci alloStépi
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rutinné poddvame. Tento fakt mlze ve vysledku jest¢ piispét ke zvySeni
imunosupresivniho efektu takrolimu u této specifické skupiny pacientti.

Recentné¢ publikovana klinicka prace Konrada et al. prokazala, ze
kryokonzervované allostépy jsou vysoce imunogenni ve smyslu HLA — mifené imunitni
reakce. Tato allogenni imunitni reakce vSak nevede tak jako u transplantaci solidnich
organi k akutni rejekci s okamzitym selhanim orgdnu, nybrz k pomalému,
degenerativnimu procesu ndsledovanému trombozou a obliteraci Stépu. Nizké davky
imunosuprese se neukazaly byt efektivné ucinné na protilatkami zprostfedkovanou rejekci
téchto kryokonzervovanych allostépti (Konrad H et al., 2017).

V nasi praci jsme prokazali indukci donor specifickych anti MHC I a anti MHC 11
protilatek u neimunosuprimovanych ptijemct kryokonzervovanych aortalnich allostépti v
pribéhu tficetidenniho sledovaciho obdobi. Oba imunosupresivni protokoly s pouzitim
nizké davky takrolimu byly dostatecné uc¢inné k potlaceni produkce téchto protilatek.
Obdobn¢ masivni indukce donor specifické protilatkové odpovédi byla pozorovana u
mysSich pfijemct chladem konzervovanych hrudnich aortalnich allostépli ve tficetidennim
sledovacim obdobi Heimem et al. (Heim Ch et al., 2015). Odlozena terapie everolimem
samotnym v davce 0,05 mg/kg/den (intraperitonedlni aplikace, cilovd koncentrace v
periferni krvi 10+ 1.0 ng/ml) nebo v kombinaci s clopidogrelem (denni davka 1 mg/kg,
intraperitonealni podéani) byla dostatecné k redukci mnozstvi donor specifickych protilatek
nehled€¢ na to, zda byla terapie zapocata s odstupem sedmi nebo Ctrnacti dni od
transplantace. V analogickém pfedchozim experimentu byl navic prokazan supresivni efekt
takrolimu (denni davka 0,2 mg/kg/den, intramuskularni podavani od 1. poopera¢niho dne,
koncentrace v periferni krvi 5,57+ 0.96 ng/ml) na produkci donor specifickych protilatek u

pfijemci Zilnich potkanich allostépt (Splith et al., 2014).
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7. ZAVER

V nasem experimentu jsme prokazali, ze imunosuprese pomoci takrolimu v
monoterapii za pouziti nizkych davek 0,2 mg/kg/den je dostatecna k potlaceni bunééné i
protilatkami zprostfedkované rejekci kryokonzervovanych aortalnich allostépti. Rejekéni
zmény byly suprimovany nehled€ na to, jestli byla imunosuprese podavéna od prvniho
pooperacniho dne nebo s odstupem sedmi dnil od transplantace. Imunosupresivni protokol
s odlozenym podavanim takrolimu v nizké davce byl dostatecny k potlaceni akutni rejekce
v cévni sténé.

V nasem experimentu jsme nepozorovali destrukci cévni stény ani poruseni
kontinuity intimy kryokonzervovanych aortalnich allostépti.

Experimentaln¢ zjisténé skutecnosti jsou inspiraci pro klinickou praxi obecné a je

tomu tak i v ptipad¢ predlozené disertacni prace.

68



8. LITERATURA

AbuRahma AF, Robinson PA, Holt SM. Prospective controlled study of
polytetrafluoroethylene versus saphenous vein in claudicant patients with
bilateral above knee femoropopliteal bypasses. Surgery 1999; 126(4):594-601;
discussion 601-2.

Adamec M, Matia I, Janousek L, Fronek J, Bachleda P, Léacha J, Viklicky O. Renal
transplantation in patients with abdominal aortic aneurysm — a new surgical
approach. Transpl Int 2004; 17: 647

Albertini JN, Barral X, Branchereau A, Favre JP, Guidicelli H, Magne JL, Magnan PE.
Long-term results of arterial allograft below-knee bypass grafts for limb salvage: a
retrospective multicenter study. J Vasc Surg 2000; 31: 426-435.

Azuma N, Sasajima T, Kubo Y. Immunosuppression with FK506 in rat arterial allografts:
fate of allogeneic endothelial cells. J Vasc Surg 1999; 29(4):694-702.

Bahnini A, Ruotolo C, Koskas F, Kieffer E. In situ fresh allograft replacement of an
infected aortic prosthetic graft: eighteen months' follow-up. J Vasc Surg 1991;
14(1):98-102.

Barner HB, DeWeese JA, Dale WA, Mahoney EB. Aneurysmal degeneration of
femoropopliteal arterial homografts. JAMA 1966; 196: 631-634.

Camiade C, Goldschmidt P, Koskas F, Ricco JB, Jarraya M, Gerota J, Kieffer E.
Optimization of the resistance of arterial allografts to infection: comparative
study with synthetic prostheses. Ann Vasc Surg 2001; 15(2):186-96.

Carrel A. Ultimate results of aortic transplantation. J Exp Med 1912; 15:389-398.

Chiesa R, Astore D, Piccolo G, et al. Fresh and cryopreserved arterial homografts in the
treatment of prosthetic graft infections: experience of the Italian Collaborative
Vascular Homograft Group. Ann Vasc Surg1998; 12(5):457-62.

Costa AN, Scolari MP, lannelli S, Buscaroli A, D'Arcangelo GL, Brando B, Indiveri F,
Savi M, Borgnino LC, DeSanctis LB, Stefoni S, Bonomini V. The presence of
posttransplant HLA-specific IgG antibodies detected by enzyme-linked
immunosorbent assay correlates with  specific rejection  pathologies.

Transplantation 1997; 63(1):167-9.

69



Dubost C, Allary M, Oeconomos N. Resection of an aneurysm of the abdominal aorta:
reestablishment of the continuity by a preserved human arterial graft, with result
after five months. AMA Arch Surg 1952; 64(3):405-8.

Dumont FJ. FK506, an immunosuppressant targeting calcineurin function.

Curr Med Chem 2000; 7(7):731-48.

Eckl S, Heim C, Abele-Ohl S, Hoffmann J, Ramsperger-Gleixner M, Weyand M,
Ensminger SM. Combination of clopidogrel and everolimus dramatically reduced
the development of transplant arteriosclerosis in murine aortic allografts. Transpl
Int 2010; 23: 959-966.

Faivre L, Saoudi S, Astier A, Hamadas C, Conort O, Boivin H, Sabatier B, Taburet A,
Lecointre K, Bellanger A, Radideau E, Thuillier A. FK 506 dose in transplantation:
from theory to practice. Transplant Proc 2001; 33(4):2594-7.

Fellmer P, Matia I, Tautenhahn H-M, Jonas S Effect of legal regulations on the use of fresh
arterial homografts. Problems in clinical practice Gefdsschirurgie 2011; 16: 403-
406

Fréguin-Bouilland C, Godin M, Bellien J, Richard V, Remy-Jouet I, Dautreaux B, Henry
JP, Compagnon P, Thuillez C, Plissonnier D, Joannidés R. Protective effect of
mycophenolate mofetil on endothelial function in an aortic allograft model.
Transplantation 2011; 91: 35-41

Goto T, Kino T, Hatanaka H, Okuhara M, Kohsaka M, Aoki H, Imanaka H. FK 506:
historical perspectives. Transplant Proc 1991; 23:2713-2717

Gregory CR, Huie P, Billingham ME, Morris RE. Rapamycin inhibits arterial intimal
thickening caused by both alloimmune and mechanical injury. Its effect on cellular,
growth factor, and cytokine response in injured vessels. Transplantation 1993; 55:
1409-1418.

Gross RE, Bill AH, Jr., Peirce EC, Jr. Methods for preservation and transplantation of
arterial grafts; observations on arterial grafts in dogs; report of transplantation of
preserved arterial grafts in nine human cases. Surg Gynecol Obstet 1949;
88(6):689-701.

Hannon RJ, Wolfe JH, Mansfield AO. Aortic prosthetic infection: 50 patients treated by
radical or local surgery. Br J Surg 1996; 83(5):654-8.

70



Harlander-Locke MP, Harmon LK, Lawrence PF, Oderich GS, McCready RA. The
use of cryopreserved aortoiliac allograft for aortic reconstruction in the United
States. J Vasc Surg 2014; 59: 669-67417

O'Banion LA, Wu B, Eichler CM, Reilly LM, Conte MS, Hiramoto JS. Cryopreserved
saphenous vein graft in infrainguinal bypass. J Vasc Surg 2014 Nov; 60(5):1291-6.

Heim C, Eckl S, Preidl R, Ramsperger-Gleixner M, Koch N, Goldmann K, Spriewald BM,
Weyand M, Ensminger SM. Delayed therapy with clopidogrel and everolimus
prevents progression of transplant arteriosclerosis and impairs humoral
alloimmunity in murine aortic allografts. EJCTS 2015;47: 180-187

van Herck H, Baumans V, Brandt CJ, Hesp AP, Sturkenboom JH, van Lith HA, van
Tintelen G, Beynen AC. Orbital sinus blood sampling in rats as performed by
different animal technicians: the influence of technique and expertise.

Lab Anim.1998 Oct; 32(4):377-86

Hullett DA, Geraghty JG, Stoltenberg RL, Sollinger HW. The impact of acute rejection on
the development of intimal hyperplasia associated with chronic rejection.
Transplantation 1996; 62: 1842-1846.

Johnson WC, Lee KK. A comparative evaluation of polytetrafluoroethylene, umbilical
vein, and saphenous vein bypass grafts for femoral-popliteal above-knee
revascularization: a prospective randomized Department of Veterans Affairs
cooperative study. J Vasc Surg 2000; 32(2):268-77.

Khanna AK, Hosenpud JS, Plummer MS, Hosenpud JD. Analysis of transforming
growth factor-beta and profibrogenic molecules in a rat cardiac allograft model
treated with cyclosporine. Transplantation 2002; 73: 1543.

Kieffer E, Bahnini A, Koskas F, Ruotolo C, Le Blevec D, Plissonnier D.. In situ allograft
replacement of infected infrarenal aortic prosthetic grafts: results in forty-three
patients. J Vasc Surg 1993; 17(2):349-55; discussion 355-6.

Kieffer E, Gomes D, Chiche L, Fléron MH, Koskas F, Bahnini A. Allograft replacement
for infrarenalaortic graft infection: early and late results in 179 patients. J Vasc
Surg 2004; 39(5):1009-17.

Kiji T, Dohi Y, Nishizaki K, Takasawa S, Okamoto H, Nagasaka S, Naito H, Yonemasu K,

Taniguchi S. Enhancement of cell viability in cryopreserved rat vascular grafts by

71



administration of regenerating gene (REG) inducers. J Vasc Res 2003 Mar-
Apr; 40(2):132-9.

Klinkert P, Schepers A, Burger DH, et al. Vein versus polytetrafluoroethylene in above-
knee femoropopliteal bypass grafting: five-year results of a randomized controlled
trial. J Vasc Surg 2003; 37(1):149-55.

Knosalla C, Goeau-Brissonniere O, Leflon V, et al. Treatment of vascular graft infection
by in situ replacement with cryopreserved aortic allografts: an experimental study.
J Vasc Surg 1998; 27(4):689-98.

Konrad H, Wahle A, Altermann W, Schlaf G. Strong humoral anti-HLA Immune Response

Upon Arbitrarily Chosen ~ Allogeneic Arterial Vessel Grafts. J Clin Cell Immunol 2017;

8:525

Lacha J, Rossmann P, Lodererova A, Havliekova J, Vitko S. LF 08-0299 in the
prophylaxis and treatment of chronic rejection in a rat aortic allograft model.
Transpl Int 2000; 13 Suppl 1: S565-567.

Lemstrom K, Bruning J, Koskinen P, Bruggeman C, Lautenschlager I, et al. Triple-drug
immunosuppression significantly reduces chronic rejection in noninfected and
RCMV-infected rats. Transplant Proc 1994; 26: 1727-1728.

Litzler PY, Thomas P, Danielou E, et al. Bacterial resistance of refrigerated and
cryopreserved aortic allografts in an experimental virulent infection model.

J Vasc Surg 1999; 29(6):1090-6.

Matia I, Lodererova A, Adamec M Delayed administration of FK 506 is sufficient to
suppress acute rejection changes after aortal transplantation in rats.
Transpl Int 2007; 20: 371-380.

Matia I, Adamec M, Janousek L, Lipar K, Marada T, Klein D, Balaz P, Varga M, Chlupac
J, Rokosny S. Clinical experience with cold-preservation of venous and arterial
allografts. long-term outcomes. Rozhl Chir 2010 Jan; 89(1):45-54.

Matia I, Fellmer P, Splith K, Varga M, Adamec M, Kdmmerer 1, Feldbriigge L,
Krenzien F, Hau HM, Atanasov G, Schmelzle M, Jonas S. Immunosuppressive
protocol with delayed use of low-dose tacrolimus after aortic transplantation
suppresses donor — specific anti-MHC class I and class II antibody production in

rats. Ann Transplant 2014; 19: 2254232

72



Meade JW, Linton RR, Darling RC, Menendez CV. Arterial homografts. A long-term
clinical follow-up. Arch Surg 1966; 93(3):392-9.

Mennander A, Paavonen T, Hayry P. Cyclosporineinduced endothelialitis and accelerated
arteriosclerosis in chronic allograft rejection. Transplant Proc 1992; 24: 341.45

Méticka P., Spatenka J., Navratil P.: Organizace a chirurgicka technika odbéru tkani v
ramci multiorganového odbéru In: Balaz P., Janek J., Adamec M. (eds.). Odbery
organu k transplantaci/ Odbery organov na transplantacie. Karolinum Praha 2011;
240-251.

Mgeticka P., Strakova H., Stérba L., Schustr P., Vin§ M.: Cryobank of the Tissue
Establishment University Hospital Hradec Kralové — Design and 10 year
Experience of Operation, The thirteen Cryogenics 2014, IIR International
Conference Proceedings, Icaris, Ltd. Prague, 2014, p. 177-182.

Mirelli M, Stella A, Faggioli GL, Scolari MP, Iannelli S, Freyrie A, Buscaroli A, De Santis
L, Resta F, Bonomini V, D'Addato M. Immune response following fresh arterial
homograft replacement for aortoiliac graft infection. Eur J Vasc Endovasc Surg
1999; 18(5):424-9.

Mirelli M, Buzzi M, Pasquinelli G, Tazzari PL, Testi G, et al. Fresh and cryopreserved
arterial homografts: immunological and clinical results. Transplant Proc 2005; 37:
2688-2691.

Murase N, Todo S, Lee PH, Lai HS, Chapman F, Nalesnik MA, Makowka L, Starzl TE
Heterotopic heart transplantation in the rat receiving FK-506 alone or with
cyclosporine. Transplant Proc 1987; 19 (5 Supp). 71-75. ISSN 0041-1345

Nalesnik MAT1, Todo S, Gryzan S, Lee PH, Makowka L, Starzl TE. Toxicology of FK-506
in the Lewis rat. Transplant proc 1987; 19 (5 Suppl 6):89-92.

Nikolova Z, Hof A, Rudin M, Baumlin Y, Kraus G, et al. Prevention of graft vessel disease
by combined FTY720/cyclosporine. A treatment in a rat carotid artery
transplantation model. Transplantation 2000; 69: 2525-2530.

Ouyang J, Xu D, Zhang X, Qi S, Ma A, et al. Effect of a novel inducible nitric oxide
synthase inhibitor in prevention of rat chronic aortic rejections.

Transplantation 2005; 79: 1386-1392.
Plissonnier D, Nochy D, Poncet P, et al. Sequential immunological targeting of chronic

experimental arterial allograft. Transplantation 1995; 60(5):414-24.

73



Prager M, Polterauer P, Bohmig HJ, et al. Collagen versus gelatin-coated acron versus
stretch polytetrafluoroethylene in abdominal aortic bifurcation graft surgery: results
of a seven-year prospective, randomized multicenter trial. Surgery 2001;
130(3):408-14.

Prager M, Holzenbein T, Aslim E, Domenig Ch, Miihlbacher F, Kretschmer G. Fresh
arterial homograft transplantation: a novel concept for critical limb ischaemia. Eur
J Vasc Endovasc Surg 2002; 24: 314-321.

Pupka A, Skora J, Janczak D, Plonek T, Marczak J, et al. In Situ Revascularisation with
Silver-coated Polyester Prostheses and Arterial Homografts in Patients with Aortic
Graft Infection - A Prospective, Comparative, Single-centre Study.

European Journal of Vascular and Endovascular Surgery 2011; 41: 61-67.

Schmitz-Rixen T, Megerman J, Colvin RB, Williams AM, Abbott WM.
Immunosuppressive treatment of aortic allografts. J Vasc Surg 1988; 7: 82-92.

Scolari MP, De Sanctis LB, Iannelli S, Bonomini V, D'Addato M, Stella A, Mirelli M.
Aorta transplantation in man: clinical and immunological studies. Int J Artif Organs
1998 Aug; 21(8):483-8.

Sebesta P, Stadler P, Sedivy P, Zdrdhal P, El Samman K, Jindrdk V, Syricek M. Radical
operation of infected aortofemoral prosthesis using fresh arterial allograft: our mid-
term experience. Rozhl Chir 2011; 90: 4-13.

Splith K, Fellmer P, Matia I, Varga M, Oliverius M, Kuhn S, Feldbriigge L, Krenzien F,
Hau HM, Wiltberger G, Schmelzle M, Jonas S. Antibody-mediated rejection of
arterialised venous allografts is inhibited by immunosuppression in rats. PLoS
One 2014; Mar 11;9(3):€91212. doi:  10.1371/journal.pone.0091212.
eCollection 2014 Plos one

gpaéek M, Méficka P, Janousek L, Stadler P, Adamec M, Vlachovsky R, Gurika I, Navratil
P, Thieme F, Mitas P, Spunda R, Spatenka J, Staffa R, Némec P, Lindner J.
Organization model for allotransplantations of cryopreserved vascular grafts in
Czech Republic. Cell Tissue Bank 2018; Sep;19(3):437-445

gpaéek M, Méficka P, Janousek L, Stadler P, Adamec M, Vlachovsky R, Gunika I, Navratil
P, Thieme F, Spunda R, Burkert J, Staffa R, Némec P, Lindner J Current vascular

allograft procurement, cryopreservation and transplantation techniques in the Czech

74



Republic. Adv Clin Exp Med 2019 Jan 23. doi: 10.17219/acem/90037. [Epub ahead
of print]

Spunda R., Hruby J., Adamec M., Matia 1., Spacek M. Cold-stored arterial allografts for in
situ reconstruction of infected prosthetic grafts. Review of immunosuppressive
protocols used in clinical practice, Eur Surg 2016; 48 (Suppl2):S166-S168

Szilagyi DE, Mc DR, Smith RF, Whitcomb JG. Biologic fate of human arterial
homografts. AMA Arch Surg 1957; 75(4):506-27; discussion 527- 9.

Szilagyi DE, Rodriguez FJ, Smith RF, Elliott JP. Late fate of arterial allografts.
Observations 6 to 15 years after implantation. Arch Surg 1970; 101(6):721-33.

Takeda Y. Miyamori I, Furukawa K, Inaba S, Mabuchi H. Mechanism of FK506-Induced
Hypertension in the rat, Hypertension 1999; 33:130-136.

Tepperman E, Ramzy D, Prodger J, Sheshgiri R, Badiwala M, Ross H, Raoa V. Surgical
biology for the clinician: vascular effects of immunosuppression. Can J Surg 2010;
53:57-63

Todd IA, Boctor ZN Experimental homotransplantation of arteries.

Transplantation 1966; 4: 123-130.

Vickery CM, McCombs HL, Warren R. Experimental Small-Artery Grafts in Dogs Treated
with Immunosuppressive Drugs. N Engl J Med 1965; 272: 325-331.

Vincenti F, Jensik SC, Filo RS, Miller J, Pirsch J. A long-term comparison of tacrolimus
(FK506) and cyclosporine in kidney transplantation: evidence for improved
allograft survival at five years. Transplantation 2002; 73: 775-782.

Wagner E, Roy R, Marois Y, Douville Y, Guidoin R. Fresh venous allografts in peripheral
arterial reconstruction in dogs. Effects of histocompatibility and of short-term
immunosuppression with cyclosporine A and mycophenolate mofetil.

J Thorac Cardiovasc Surg 1995; 110: 1732-1744.

Wang T, Donahoe PK, Zervos AS. Specific interaction of type I receptors of the TGF-beta
family with the immunophilin FKBP-12. Science 1994; 265(5172):674-6.

Williams GM, ter Haar A, Krajewski C, Parks LC, Roth J. Rejection and repair of
endothelium in major vessel transplants. Surgery 1975; 78: 694-706.

75



9. VLASTNI PUBLIKACNI AKTIVITA

Publikace se vztahem k tématu dizertaéni prace

a) impaktované

1.

Spagek M, Méticka P, Janousek L, Stadler P, Adamec M, Vlachovsky R, Guiika I,
Navratil P, Thieme F, Spunda R, Burkert J, Staffa R, Némec P, Lindner J Current
vascular allograft procurement, cryopreservation and transplantation techniques in
the Czech Republic. Adv Clin Exp Med. 2019 Apr;28(4):529-534 IF 1.179

Spunda R, Hruby J, Mericka P, Mlcek M, Pecha O, Splith K, Schmelzle M,
Krenzien F, Lindner J, Matia I, Spacek M. Immunosuppressive protocols with
tacrolimus after cryopreserved aortal allotransplantation in rats. PLoS One. 2018

Aug 9;13(8):¢ 0201984 IF 2.766

. gpaéek M, Méficka P, Janousek L, Stadler P, Adamec M, Vlachovsky R, Guiika I,

Navratil P, Thieme F, Mitas P, gpunda R, épatenka J, Staffa R, Némec P, Lindner
J. Organization model for allotransplantations of cryopreserved vascular grafts in
Czech Republic. Cell Tissue Bank. 2018 Sep;19(3):437-445 IF 1.527

Spunda R., Hruby J., Adamec M., Matia 1., Spacek M. Cold-stored arterial
allografts for in situ reconstruction of infected prosthetic grafts: Review of

immunosuppressive protocols used in clinical practice. European Surgery - Acta

Chirurgica Austriaca 2016;48:166-168 IF 0.503

b) neimpaktované

1.

Matia I., Hruby J., Spunda R., Adamec M., Varga M., Lindner J., Spacek M.
Influence of cryoconservation on antigenicity of arterial allografts: A review Eur

Surg 2016; 48 [3]: S 192-193

Publikace se vztahem k tématu dizerta¢ni prace v recenznim rizeni

l.

2.

Hruby J., M¢ticka P., Spaéek M., §punda R., Mita§ P., Mlc¢ek M., Matia I.,
Lindner J.: Vliv kryokonzervace na imunogenicitu cévnich allografti — analyza
experimentalnich dat. Cor et Vasa

Hruby J, Spunda R, Mericka P, Mlcek M, Pecha O, Splith K, Schmelzle M,

Krenzien F, Lindner J, Spacek M., Matia I.: Influence of cryoconservation on

76



antigenicity of arterial allografts, European Journal of Vascular and Endovascular

Surgery

Publikace ostatni

a) impaktované

1.

Lambert L, Grus T, Spunda R, Balik M, Trca S. Air Embolism into Superior
Mesenteric Artery Following Replacement of Ascending Aorta for Aortic
Dissection - A Rare and Fatal Case. J Belg Soc Radiol. 2018 Oct 18;102(1):68

IF 0.27

. Rob D, Spunda R, Lindner J, Rohn V, Kunstyt J, Balik M, Rulisek J, Kopecky P,

Lips M, Smid O, Kovarnik T, Mlejnsky F, Linhart A, Bélohlavek J. A rationale for
early extracorporeal membrane oxygenation in patients with postinfarction
ventricular septal rupture complicated by cardiogenic shock. Eur J Heart Fail.
2017 May;19 Suppl 2:97-103. IF 10.683

Spunda R., Valek M., Salmay M., Lindner J., Spacek M. Differential impact on
acute kidney injury incidence between on - and off pump coronary artery bypass
grafting in octogenarians. 2015, Biomedical Papers 2015 Sep;159(3):449-54

IF 1.291

Spacek M, Jindrak V, Spunda R, Stadler P, Lindner J, Mitas P, Belohlavek O
Current trends in the diagnosis of vascular prosthesis infection. Acta Chir Belg.
2012 Nov-Dec;112(6):405-13. IF 0.44

Mitas P, Vejrazka M, Hruby J, Spunda R, Pecha O, Lindner J, Spacek M.
Prediction of compartment syndrome based on analysis of biochemical parameters.

Ann Vasc Surg. 2014 Jan;28(1):170-7. IF 1.029

b) neimpaktované

l.

2.

§punda R, Spaéek M, Sachl R, Lambert L, Heller S, Lindner J. Concomitant
embolism in the subclavian and pulmonary artery Rozhl Chir 2018;97(10):478-481.
Spacek M., Mitas P., Hruby J., Spunda R., M&fi¢ka P., Lambert L., Lindner J.
Composite venous allograft for femoro-pedal bypass grafting in critical limb

ischaemia Cor et vasa 2018;60(3):317-320

77



. Spaéek M, Mita§ P, Vocka M, Lacina L, Hodkova G, Spunda R, Kodet O,
Krajsova I, Petruzelka L, Trnka J, Kubinyi J, Maté&jovsky Z, Lambert L, Lindner J.
Isolated Perfusion of the Upper Extremity with TNF-a - Double Venous
Cannulation. Klin Onkol. 2017 Summer;30(3):213-219

. Trnka J, Spagek M, Sirova V, Mitas P, Hodkova G, Kubinyi J, Spunda R, Lindner
J. Hyperthermic Isolated Limb Perfusion Combined with Tasonermin - a Perfusion
Leakage Monitoring Technique. Klin Onkol. 2016;29(5):375-379.

. épaéek M., Mitas P., Hruby J., gpunda R., Vejrazka M., Lindner J. Lower
extremity acute compartment syndrome diagnosis — review Eur Surg 2016; 48 [3]
:S 188-190

. Novotny R, Mitd§ P, Hlubocky J, Hruby J, Slautin A, §punda R, Lindner J.
Juxtarenal Modular Aortic Stent Graft Infection Caused by Staphylococcus aureus.
Case Rep Vasc Med. 2016;2016:7597265.

. Spacek M, Mitas P, Lacina L, Krajsova I, Hodkova G, Salmay M, Spunda R,
Brlicovéd L, Lindner J. Cytostatic hyperthermic isolated limb perfusion (HILP) in
VFEN. Rozhl Chir. 2011 Jan;90(1):62-6.

. Spunda R, Urban T, Tosovsky J, Taborsky J, Semrad M. Postcatheterization
pseudoaneurysm of the radial artery. Rozhl Chir. 2005 May;84(5):244-5.

78



Pirednasky se vztahem k teématu dizerta¢ni prace

1.

Spunda R., Hruby J., Matia L., M&fi¢ka P., Ml¢ek M., Splith K., Schmelzle M.,
Krenzien F., Pecha O., Spagek M., Lindner J. Rejection of transplanted aortic grafts
in rats: Comparison of fresh and cryopreserved artery grafts. 8. sjezd Ceské
spole¢nosti kardiovaskularni chirurgie, Brno, 25. - 27. 11. 2018

M. Spacek, R. Spunda, J. Hruby, I. Matia, P. Mé&ficka, M. Mlek, K. Splith,
M.Schmelzle, F. Krenzien, O. Pecha, J. Lindner, Rejekce transplantovanych
aortalnich $tépli u potkana: porovnani cCerstvych a kryoprezervovanych stépt,

Ceska transplantaéni spole¢nost Transplant 2018 Olomouc, 15. - 16. 10. 2018

. M. Spacek, R. Spunda, J. Hruby, 1. Matia, P. M&ficka, M. Mlcek, K. Splith,

M.Schmelzle, F. Krenzien, O. Pecha, J. Lindner, Rejekce transplantovanych
aortalnich §tépli u potkana: porovnani Cerstvych a kryoprezervovanych tepennych
Stépl Vyrocni zasedani Rady programu PROGRES Q38, Plzen, 2. 11. 2018

Matia I, Adamec M, Varga M, Lodererova A, Fellmer P, Splith K, Schmelzle M,
Krenzien F, Hruby J, Spunda R, Spacek M, Mlcek M, Mericka P, Invited Lecture:
No Alloartery — No Vascular Surgery: Our Small Contribution to the Fascinating
Story of Arterial Transplantation. 8. sjezd Ceské spolenosti kardiovaskularni
chirurgie, Brno, 25. - 27. 11. 2018

Hruby J, Spunda R, Adamec M, Varga M, Lindner J, Matia I, Spacek M, Influence
of cryoconservation on antigenicity of arterial allografts. 7. sjezd Ceské spole¢nosti
kardiovaskularni chirurgie, Praha, 13. - 15. 11. 2016

Spunda R, Hruby J, Adamec M, Varga M, Lindner J, Matia I, Spacek M, Cold-
stored arterial allografts for in situ reconstruction of infected prosthetic grafts:
Review of mmunosuppressive protocols used in clinical practice. 29th European
Federation Congress of the International College of Surgeons, Pilsen, Czech
Republic, 9. - 12. 9. 2015

J. Hruby, R. Spunda, P. M&ficka, M. Ml¢ek, K. Splith, M. Schmelzle, F. Krenzien,
J. Lindner, M. Spacek, I. Matia, Obraz akutni rejekce kryokonzervovanych a
chladem konzervovanych aortalnich allodtépti u potkand. 6. sjezd Ceské spole¢nosti

kardiovaskularni chirurgie, Brno, 9. - 11. 11. 2014

79



8. P. Mitas, M. Spacek, J. Hruby, L. Brlicovd, R. Spunda, T. Klika, J. Lindner,
Allotransplantace  cévnich §&pti ve VFN. 6. sjezd Ceské spoleénosti
kardiovaskularni chirurgie, Brno, 9. - 11. 11. 2014

9. R. gpunda, J. Hruby, P. Méticka, M. Micek, K. Splith, M. Schmelzle, F. Krenzien,
J. Lindner, I Matia, M. Spaéek, Imunosuprese po transplantaci
kryokonzervovanych tepennych allo$tépti v experimentu. 6. sjezd Ceské
spolecnosti kardiovaskularni chirurgie, Brno, 9. - 11. 11. 2014

10. gpunda R, Hruby J, Méficka P, Micek M, Splith K, Schmelzle M, Lindner J, Matia
I, Spatek M, Tacrolimus v monoterapii po transplantaci kryoprezervovanych
aortalnich $tépti u potkant. 5. ¢esko-slovensky transplanta¢ni kongres, Olomouc,
2.-4.102014

11. Hruby J, §punda R, Me¢ticka P, Micek M, Splith K, Schmelzle M, Lindner J,
Spacek M, Matia I, Vliv zptisobu konzervace na imunogenicitu a rejekei tepennych
allostépt u potkani. 5. ¢esko-slovensky transplanta¢ni kongres, Olomouc,

2.-4.10.2014

10. SEZNAM TABULEK

Tabulka 1 Charakteristika skupin

Tabulka 2 Casové udaje procesu kryokonzervace a rozmrazeni

Tabulka 3 Specifikace monoklonélnich a polyklonalnich protilatek pouZitych pti
imunohistochemickém vySetieni a priitokové cytometrii

Tabulka 4 Zakladni charakteristika skupin s pooperaénim nartistem hmotnosti a
cilovou hladinou takrolimu 30. pooperacni den

Tabulka 5 Hodnoceni infiltrace imunokompetentnimi bufikami a histologické znamky

rejekce u kryoprezervovanych aortalnich alostépti 30. den po transplantaci

80



11. SEZNAM OBRAZKU

Obrazek 1

Obrazek 2

Obrazek 3

Obrazek 4

Obrazek 5

Obrazek 6

Obrazek 7

Obrazek 8

Obrazek 9

Obrazek 10

Obrazek 11

Obrazek 12

Obrazek 13

Obrazek 14

Obrazek 15

Obrazek 16

Obrazek 17

Rozdéleni experimentélnich skupin podle typu transplantace a podavani
imunosuprese

Experimentalni model

Odbér stépti 1

Odbér stepu 11

Odbér stépi 111

Kryokonzervace $tépi [

Kryokonzervace stépt 11

Kryokonzervace stépt 111

Transplantace Stépu [

Transplantace Stépt 11

Transplantace Stépu 111

Pooperacni péce

Procentualni narGst hmotnosti 30. pooperacni den vztazeny k predoperacni
vaze

Fotografie z histologického a imunohistochemického vySetfeni
kryokonzervovanych aortalnich $tépt 30. pooperacni den (a, b, c)
Fotografie z imunohistochemického vySetieni

kryokonzervovanych aortalnich $tépt 30. pooperacni den (al, a2, b1, b2)
Srovnani hladiny protilatek proti MHC 1. tfidy v séru 0. a 30. den po
transplantaci

Povnani hladiny protilatek proti MHC II. t¥idy v séru 0. a 30. den po

transplantaci

81



12. PRILOHY

12.1 Priloha A

O PLOS | on

L)

Check for
updates

E OPEN ACCESS

Citation: Spunda R, Hruby J, Mericka P, Micek M,
Pecha O, Splith K, et al. (2018)
Immunosuppressive protocols with tacrolimus
after cryopreserved aortal allotransplantation in
rats. PLoS ONE 13(8): e0201984. https://doi.org/
10.1371/journal.pone.0201984

Editor: Stanislaw Stepkowski, University of Toledo,
UNITED STATES

Received: March 20, 2018
Accepted: July 23, 2018
Published: August 9, 2018

Copyright: © 2018 Spunda et al. This is an open
access article distributed under the terms of the
Creative Commaons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: Funded by 1st Medical Faculty, Charles
University in Prague grant 2017-260 372 to JL. The
funders had no role in study design, data collection
and analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Immunosuppressive protocols with
tacrolimus after cryopreserved aortal
allotransplantation in rats

Rudolf Spunda’, Jan Hruby', Pavel Mericka?, Mikulas Micek®, Ondrej Pecha®,
Kathrin Splith®, Moritz Schmelzle®, Felix Krenzien®, Jaroslav Lindner’, Ivan Matia®,
Miroslav Spacek'**

1 2nd Department of Surgery - Department of Cardiovascular Surgery, 1st Faculty of Medicine, Charles
University in Prague and General University Hospital in Prague, Czech Republic, 2 Tissue Bank, Faculty
Hospital Hradec Kralove, Charles University- Faculty of Medicine in Hradec Kralove, Hradec Kralove, Czech
Republic, 3 Institute of Physiology, First Faculty of Medicine, Charles University in Prague, 4 Technology
Centre of the Academy of Sciences of the Czech Republic, Prague, Czech Republic, 5 Depariment of
Surgery, Campus Charité Mitte and Campus Virchow-Klinikum, Charité-Universitédtsmedizin Berlin, Berlin,
Germany, 6 Department of Cardio-Vascular Surgery, Hospital Hietzing and Karl Landsteiner Institute for
Cardio-Vascular Research, Vienna, Austria

F Ivan Matia and Miroslav Spacek are joint senior authors on this work.
* mirekspacek @ seznam.cz

Abstract

Objectives and design

The aim of our study was to simulate in rats all aspects and techniques used in our new clini-
cal program of cryopreserved alloarterial transplantation and investigate the influence of two
immunosuppressive protocols with tacrolimus on acute rejection of these allografts.

Materials and methods

Cryopreserved abdominal aortic grafts were transplanted between Brown-Norway and
Lewis rats. Tacrolimus (0.2 mg/kg daily) was administered from day 1 to day 30 (TAC1) or
from day 7 to day 30 (TAC7), respectively. No immunosuppressed isogeneic (ISO) and allo-
geneic (ALO) rats combination served as control. Aortal wall infiltration by immunocompe-
tent cells (MHC I1+ cells of recipient origin) was studied on day 30 after transplantation. Flow
cytometry was used for the analysis of day 30 sera for the presence of donor specific anti-
MHC class | and |l antibodies.

Results

The aortal allografts in both immunosuppressed groups showed regular morphology of aor-
tal wall with no depositions of immunoglobulin G on day 30. The adventitial infiltration of
non-immunosuppressed aortal allografts by MHC class |l positive cells of recipient origin
was significantly higher (ALO 20.7+6.7 cells, P<0.001) compared to both immunosup-
pressed groups (TAC1 5.945.5 cells, TAC7 6.1£5.1 cells). Day 30 sera from the allogeneic
non-immunosuppressed animals decreased significantly the binding of fluorescence-
labelled MHC class | (46.9419.4%) and class Il (65.8+11.9%) antibody to donors spleen
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cells compared with day 30 sera from both immunosuppressed groups (TAC1, anti-MHC
class | 102.4+4.2%, p< 0.001, anti-MHC class Il 102.646.0%), (TAC7, anti-MHC class |
79.9+3.3%, p < 0.001, anti-MHC class |l 80.9+2.7%).

Conclusion

Both immunosuppressed protocols with tacrolimus (administration from day 1 or from day 7
following transplantation) were able to suppress acute cell- and antibody-mediated rejection
of cryopreserved abdominal aortic allografts processed in accordance with our new stan-
dardized clinical protocol.

Introduction

One of the most dangerous complication in vascular surgery is infection of vascular protheses

or stentgrafts [1]. Contemporary therapy of choice in this life-threatening condition is reoper-
ation with replacement of an infected foreign material with an arterial allograft [2]. The use of
cold-stored arterial grafts (conserved in storage medium by 4 °C) in the treatment of this com-
plication was successfully introduced by Kieffer in Paris in the late eighties of 20™ century [3].
Few years later was these method introduced in the Czech Republic as well [4,5].

However the implication of the Directive 2004/23/EC of the European Parliament and of
The Council on Setting Standards of Quality and Safety for the Donation, Procurement, Test-
ing, Processing, Preservation, Storage and Distribution of Human Tissues and Cells led to the
cessation of the further use of cold-stored arterial allografts in this indication in many Euro-
pean countries including France [1] and Germany [6] In accordance with this trend we intro-
duced the clinical program of cryopreserved alloarteries transplantation in the Czech Republic
in 2011 [7].

After transplantation of cold-stored and cryopreserved arteries we can observe immune
reaction similar to the rejection process in solid organ transplantation [8,9]. In patients after
transplantation of arterial allografts with no immunosuppression we can find a higher inci-
dence of graft related complication as graft ruptures, graft aneurysm formation or thrombosis
[2]. On the other hand there is a good long term patency rates and no aneurysmal formation
in patients after simultaneous organ and arterial transplantation with triple immunosuppres-
sion postoperatively [10,11,12].

Even though immunosuppression can improve results after allograft transplantation this
therapy is not generally accepted. This is probably caused by wariness to decrease immune
reaction in patients with florid infection [9,13].

In our previous experimental work we considered a positive effect of low-dose tacrolimus
immunosuppression on the inhibition of acute cell- and antibody-mediated rejection of cold-
stored arterial grafts in rats [13,14]. In addition, we confirmed a possibility of delaying the
administration of low-dose tacrolimus after an arterial transplantation for 1 week without any
negative influence on both types of rejection [14]. These conclusions led to introduction of
new standardized immunosuppressive protocols with low-dose of tacrolimus in patients after
cold-stored arterial transplantations in the Czech Republic [4].

Therefore, the aim of our study was to simulate in rats all aspects and techniques used in
our clinical program of cryopreserved alloarterial transplantation and investigate influence of
two immunosuppressive protocols with tacrolimus on the cell-mediated and antibody-medi-
ated rejection of cryopreserved arterial allografts processed by this protocol.
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Material and methods
Ethics statement

This study was carried out in strict accordance with the recommendations in the Guide for the
Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was
approved by the Committee on the Ethics of Animal Experiments of Charles University, 1™
Medical Faculty (no. UK 1.LF 563/13, MSM'T-14808/2014-6)

Animals

Adult male inbred Brown-Norway (BN; RT1") and Lewis (LEW; RT1") rats were obtained
from Charles River (Sulzfeld, Germany). Principles of laboratory animal care were followed
and all rats were maintained according to the National Institute of Health Guidelines. Male
LEW rats (n = 24, 191-250 g) were used as recipients of allogeneic or syngeneic cryopreserved
abdominal aortal grafts. Male BN rats (n = 9, 191-254 g) were used as donors of allogeneic
cryopreserved abdominal aortal grafts. Male LEW rats (n = 3, 248-254g) were used as donors
of syngeneic cryopreserved abdominal aortal grafts. Each transplanted animal was held in a
separate cage during the 30-day follow-up period.

Only animals that passed the whole follow-up period were included into the study.

Operative procedure of donor animals

The donor animals were anaesthetized by an intramuscular injection of ketamine (Narka-
mon™, Spofa a.s., Prague, Czech Republic) at 100 mg/kg and xylazine (Rometar™, Spofa a.s.,
Prague, Czech Republic) at 10 mg/kg. A 1,5-2,0 cm long segment of the infrarenal aorta was
excised after the administration of heparin (100 IU/kg) via the inferior caval vein. The graft
was gently flushed with 2 ml of Celsior™ solution (Genzyme, Netherlands) containing 100 1U/
ml of heparin, and prepared for cryoconservation as described below. The animals were then
euthanized by intracaval administration of a lethal dose of thiopental (Thiopental B Spofa a.s.,
Prague, Czech Republic). There were excluded 2 recipients animals for not passing the whole
follow up period. Both of them died on 1. postoperative day. The necropsy showed no surgical
cause of death.

Protocol of cryoconservation

Cryoconservation of aortal grafts was performed by methods used in clinical practice of the
Tissue Bank of The University Hospital Hradec Kralove in the Czech Republic. This Tissue
Bank is fully licensed by the Czech national competent authority [15,16] and fully integrated to
the clinical program of cryopreserved alloarteries transplantation in the Czech Republic since
2011 [7]. The clinical methods were modified to correspond with the conditions of work in an
experimental operating room in which all bellow described procedures were performed. Only
high quality material and drugs for human use meeting the requirements of the Directive of
the European Parliament and Council No. 23/2004/EC were used by these procedures.

The 6-8 donor animals were operated at once. The flushed aortal graft of each donor ani-
mal was immediately after excision placed into pre-cooled Celsior " conservation solution
(Genzyme, The Netherlands). The grafts were then stored at the temperature of melting ice in
closed sterile certified plastic jars (Medfor 250 ml Farnborough, UK) until finalization of all
donor s operations. The aortal grafts were subsequently put into double sterile disposable plas-
tic bags (CryoMACS Freezing Bag 500, Miltenyi Biotec GmbH, Germany) containing 25ml of
pre-cooled 6% solution of hydroxyethylstarch m.w. 130.000 Da (Voluven 6%, Fresenius Kabi,
Germany). Each bag contained two aortal grafts from two different donors. The content of the
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bag was subsequently mixed with the pre-cooled 20% dimethylsulfoxide (WAK ChemieMedi-
cal GmbH, Germany) in the 6% hydroxyethylstarch solution (Voluven 6%, Fresenius Kabi,
Germany). The plastic bags were closed by sealing at the sealing machine (STERISEAL B 83-R,
Cevor s.r.0., Troubsko u Brna, Czech Republic), put into outer metal cassettes (ST 100, Con-
sarctic GmbH, Schélkrippen, Germany) and stored at the temperature of melting ice until
freezing. The controlled-rate freezing by the rate of - 1K/min to -90°C, -5K/min to -150°C

was performed at the programmable freezer (Kryo-10, Planer Biomed, Sunbury on Thames,
England). + The aortal grafts were stored in liquid nitrogen vapour phase by temperature of
-190°C until implantation.

Thawing protocol

The outer metal cassettes with bags containing the aortal grafts were transported at the day of
implantation in liquid nitrogen vapour phase from the Tissue Establishment of the Institute of
Haematology in Prague to the operating room of Institute of Physiology of 1** Medical faculty,
Charles University in Prague. In the operating room were the cassettes removed from the ship-
per and placed for about 60 minutes into a refrigerator with temperature of +4°C and then
were kept for another 60 minutes by the room temperature. Subsequently, the aortal grafts
were removed from the bag and each of two grafts was divided into two pieces of an identical
length to be used in two rat recipients. After dividing was each aortal graft stored separately

in 10 ml of Custodiol solution (Custodiol™, Dr. Franz Kéhler Chemie GmbH, Germany) in
the refrigerator with temperature of +4°C until the beginning of anastomosis in the recipient
animal.

Operative procedure of recipient animals

The recipient animals were anaesthetized with intramuscular injection of sufentanil (Sufenta™,
Janssen Pharmaceutica Inc., Beerse, Belgium) at 20 pg/kg and azaperone (Stresnil ™, Janssen
Pharmaceutica Inc., Beerse, Belgium) at 1 mg/kg to ensure more natural awakening.

Following a midline laparotomy, the aortal grafts were transplanted orthotopically into the
recipient’s infrarenal aorta with an interrupted 10/0 mono-filament suture (Ethicon Inc., Som-
merville, New Jersey, USA). Neither anti-coagulants nor anti-platelet drugs were adminis-
trated during the transplantation or in the postoperative period.

Animal groups

The recipient animals of cryopreserved aortal grafts were divided into four groups according
to the postoperative immunosuppressive protocol: group ISO was that of isogeneic control
(LEW to LEW, n = 6, 191-250 g), group ALO was that of allogeneic control (BN to LEW,

n = 6, 193-245 g) with no administration of tacrolimus; animals in group TAC1 (BN to

LEW, n = 6, 228-242 g) were immunosuppressed from day 1 to day 30; and animals in group
TAC7 (BN to LEW, n = 6, 195-212 g) were immunosuppressed from day 7 to day 30 after the
transplantation.

Immunosuppressive therapy

Two different protocols of tacrolimus immunosuppression (day 1-30 in the group TAC1 and
day 7-30 in the group TAC7, respectively) were used in animals after allogeneic cryopreserved
aortal transplantation. Tacrolimus (Prograf™; Astellas Pharma Inc., Tokyo, Japan) suspended
in saline solution was administered intramuscularly in daily doses of 0.2 mg/kg. Pure saline
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solution in equivalent volume was administered intramuscularly daily for first 6 days in group
TAC7 animals and for 30 days in the non-immunosuppressed animals in group ISO and ALO.

Blood samples

Blood samples for determination of donor specific anti MHC antibodies on day 0, and day 30
in all groups and for determination of tacrolimus concentration on day 30 in immunosup-
pressed groups TACI and TAC7 were collected by orbital sinus puncture as described by van
Herck [17]. The animals were anaesthetized by an intramuscular injection of ketamine (Narka-
mon™, Spofa a.s., Prague, Czech Republic) at 100 mg/kg and xylazine (Rometar™, Spofa a.s.,
Prague, Czech Republic) at 10 mg/kg during this procedure.

Arterial grafts explantation on day 30

The animals were anaesthetized by an intramuscular injection of ketamine (Narkamon™,
Spofa a.s., Prague, Czech Republic) at 100 mg/kg and xylazine (Rometar ™, Spofa a.s., Prague,
Czech Republic) at 10 mg/kg on day 30. After the blood samples collection (see above) a mid-
line re-laparotomy was performed. Aortal grafts were excised after the administration of hepa-
rin (100 IU/kg) via the inferior caval vein in all experimental groups. The animals were then
euthanized by intracaval administration of a lethal dose of thiopental (Thiopental ™, Spofa a.s.,
Prague, Czech Republic).

Parameters under study

Animal weight. The animals body weight in all experimental groups was determined
daily before intramuscular injection of saline solution with or without tacrolimus.

Concentration of tacrolimus in peripheral blood

In animals of group TAC1 and TAC7, blood levels of tacrolimus were evaluated with an
enzyme enhanced immunoassay technique (Emit"™ 2000 Tacrolimus assay, Dade Behring Inc.,
Deerfield, Illinois, USA) on day 30 after transplantation.

Histologic analysis of explanted arterial grafts

The explanted aortal grafts were embedded in Sakura Finetek Tissue Tek Cryomold holders
(Sakura Finetek, Tokyo, Japan) and Sakura Finetek Tissue Tek O.C.T. compound (Sakura
Finetek, Tokyo, Japan). The samples were frozen in 2-methylbutane (Fluka Chemika, Buchs,
Switzerland), cooled with liquid nitrogen, and stored until processed at —80°C.

The sections for histological analysis were taken from the midportion of the graft to avoid
tissue that may have reacted to the suture material. The 5 pm thick cross sections were stained
with a Hematoxylin & Eosin and a Van Gieson with elastica stain.

Immunohistochemical analysis of explanted arterial grafts

The sections were taken from the midportion of the graft to avoid tissue that may have reacted
to the suture material.

Detection of CD4+ cells, CD8+ cells and Von Willebrand factor. Immunohistochemis-
try was performed on 8 pm thick sections with a two-step indirect method. Briefly, the sections
were fixed in cold acetone for 10 minutes. After rinsing in 0.2% Triton X 100 and phosphate-
buffered saline, the specimens were incubated with a primary antibody (anti-CD4 (W3/25,
Cymbus Biotechnology LTD, Hampshire, UK), anti-CD8 (OX-8, Cymbus Biotechnology
LTD, Hampshire, UK), anti-Von Willebrand factor (Dako Denmark A/S, Glostrup, Denmark)
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for 60 min. Endogenous peroxidase was blocked by incubating in 0.3% H,O, and 70% metha-
nol for 30 minutes. Next, the sections were incubated with a secondary antibody (Histofine™
Simple Stain Rat MAX PO, Nichirei, Japan) for 30 min, then incubated with Dako Liquid
DAB+ Substrate-Chromogen System (Dako Denmark A/S, Glostrup, Denmark) for 5 min.
The specimens were counterstained and dipped in Entellan (Merck KGaA, Darmstadt,
Germany).

The slides were then scored in a blinded fashion. Cells were counted at 5 locations at x1000
magnification. The cellularity was defined as the mean value of the cells counted.

Detection of Lewis MHC class II positive cells. Immunohistochemistry was performed
on 8 um thick sections with a three-step indirect method. Briefly, the sections were fixed
for 10 minutes in cold acetone. After sections were rinsed in 0.2% Triton X 100 and phos-
phate-buffered saline, endogenous biotin was blocked with the Biotin blocking system (Dako
Denmark A/S, Glostrup, Denmark). The tissues were then incubated in 10% horse serum
to prevent unspecific binding, and then a primary antibody was applied for 60 min. Then,
endogenous peroxidase was blocked in 0.3% H,0, and 70% methanol for 30 minutes. The
specimen was incubated with a secondary biotinylated horse anti-mouse antibody (Vector
Lab, Burlingame, California, USA), followed by an incubation with R.T.U. Vectastain Elite
ABC Reagent (Vector Lab, Burlingame, California, USA). Finally, specimens were incubated
for 5 min with Dako Liquid DAB+ Substrate-Chromogen System (Dako Denmark A/S,
Glostrup, Denmark), counterstained, and dipped in Entellan (Merck KGaA, Darmstadt,
Germany).

The slides were then scored in a blinded fashion. Cells were counted at 5 locations at x1000
magnification. The cellularity was defined as the mean value of the cells counted.

Detection of immunoglobulins

After processing, the 8-pm thick sections were rinsed in PBS and air-dried. The tissues were
then incubated with primary antibody directly conjugated with fluorescein isothiocyanate
(Chemicon International Inc, Temecula, California, USA) for 30 min. The specimens were
then dipped in glycerine medium and immediately analysed under a fluorescence microscope.

Flow cytometry analysis of blood samples

Brown-Norway splenocytes were thawn, washed in phosphate-buffered saline (PBS) and
resuspended in PBS with 1% fetal bovine serum (FBS). 100.000 cells were incubated for 30
min at 4°C with 10 pL of recipient serum. Cells were washed twice in PBS (1% FBS) and then
incubated with original antibodies as follows: MHC expression on quiescent BN splenocytes
was evaluated using a Biotin-MHC class I (anti-RT1.Ac, OX-27, Acris Antibodies GmbH,
Herford, Germany) or a Biotin-MHC class II (anti-RT1.D, OX-17, BD Biosciences, Heidel-
berg, Germany) primary antibody and a PE-Cy7-Streptavidin secondary antibody (BD
Biosciences, Heidelberg, Germany). 10.000 cells were acquired on a FACSCanto II flow
cytometer (BD Biosciences, Heidelberg, Germany) and analyzed using FACSDiva™ software
(BD Biosciences, Heidelberg, Germany). Graphic presentation in histograms allowed the
determination of mean fluorescence intensity on a log scale. MHC class I or class II antibody
binding on the cells without previous recipient’s serum incubation was set to 100%. The
serum antibodies from allografted LEW rats, when presented, were bound comparatively to
MHC class I and MHC class 1T molecules on BN splenocytes. The inhibition of the fluores-
cence-labelled MHC class I and II antibody binding consequently decreased the measured
fluorescence signal.
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Statistical analysis

The values in the text and tables are expressed as the meantstandard deviation (SD). Bar charts
in graphs represent means and whiskers symbolize 95% confidence intervals (CI) in all graphs.
Comparisons of parameters under study between experimental groups (weight increase, CD4+
cells, CD8+ cells, MHC II+ cells, anti MHC I and anti MHC II antibodies) were performed
using the analysis of variance (ANOVA), followed by the Tukey HSD Multiple Comparisons
test. All analyses were conducted in Stata (version 12.1). All charts were accomplished using
the Data-Driven Documents library in JavaScript (D3.js, version 3.0).

Results
Animals

An increase from pre-operative weight was observed in all groups on day 30. The weight
increase expressed as a percentage of preoperative weight was significantly higher (P< .05) in
both no immunosuppressed groups (group 1SO +47.1+10.5%, group ALO +46.1+10.8%) com-
pared to from day 1 immunosuppressed animals in group TACI (+29.7+4.4%). The weight
increase (+41.045.6%) in from day 7 immunosuppressed animals (group TAC7) was com-
pared to both no immunosuppressed groups (Fig 1) (81 Table).

Immunosuppression with tacrolimus

Measurement for blood concentrations of tacrolimus were performed in order to assure ade-
quate tacrolimus concentrations of 3-7 ng/mL by daily doses of 0.2 mg/kg. The mean tacroli-
mus blood level on day 30 in from day 1 immunosuppressed animals of group TAC1 was
slightly higher (4.6+0.7 ng/mL) compared to from day 7 immunosuppressed animals of group
TAC7 (4.0+0.2 ng/mL) (P = 0.035) (Table 1). No adverse effects of the tacrolimus administra-
tion, such as diarrhea or a persisted weight loss, were observed in any of the experimental
animals.

Histology and immunohistology

The aortal grafts in both tacrolimus immunosuppressed groups (TAC1, TAC7) on day 30
showed regular morphology of aortal wall with clear differentiation of all three basic anatomi-
cal layers—tunica intima, media and adventitia. The luminal surface of intima was covered
by a monolayer of endothelial cells. There were no signs of necrosis or destruction of tunica
media. No IgG depositions were detected in tunica media in both immunosuppressed groups.
The infiltration of tunica adventitia with mononuclear cells was comparable to isogeneic grafts
of group 18O (Fig 2a, 2b and 2¢). The allografts showed normal histological feature of abdomi-
nal aorta with clear differentiation of all three basic anatomical layers, with no signs of intimal
hyperplasia, smooth muscle cells necrosis or higher adventitial cellular infiltration.
Surprisingly the histology of allogeneic no immunosuppressed cryopreserved aortal grafts
of group ALO showed regular morphology of aortal wall as well. All three basic layers were
well preserved as well. No IgG depositions were found in muscular layer of allogeneic grafts.
However, the infiltration of tunica adventitia with mononuclear cells was higher compared to
isogeneic and both immunosuppressed groups. (Fig 3)

Lewis MHC class II + cells, CD4+ cells, CD8+ cells in tunica adventitia

The adventitial infiltration by CD4+, CD8+, and Lewis MHC class 11 positive cells in both
immunosuppressed groups (group TAC1 and TAC7) on day 30 was comparable to the adven-
titial infiltration of isogeneic grafts in the group 1SO.
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Weight increase on day 30
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Fig 1. Weight increase on day 30 after transplantation of aortic grafts expressed as a percentage of preoperative
weight. No immunosuppressed animals (group ISO, group ALO) showed significantly higher weight increase on day 30
when compared to from day 1 immunosuppressed animals (group TAC1). However, the weight increase in from day 7
immunosuppressed animals (group TAC7) was compared to animals without immunosuppression (group ISO, group
ALO).

https://doi.org/10.1371/journal. pone.0201984.9001

The absence of immunosuppression in group ALO led to significantly higher infiltration of
tunica adventitia with immunocompetent cells compared to all other groups (Table 2, Fig 3).

Anti MHC class I antibodies in serum

Sera of isogeneic animals (group ISO, 97.1+4.7%) and from day 1 immunosuppressed animals
(group TACI, 102.4+4.2%) obtained on day 30 showed no change of inhibition of the binding
of fluorescence-labeled MHC class I antibody to BN-splenocyte compared to pretransplant
sera (group ISO, 110.6+7.1%, group TACI, 113.6+29.3%) (Fig 4).

Table 1. Basic characteristics of experimental groups.

Group Characteristic Immunosuppression Cryoconservation (days) Weight increase on day 30 (%) Tacrolimus blood level on day 30
(ng/mL)
1SO LEW to LEW 172,7+£2.6 47.1+£10.5 no
ALO BN to LEW 179.342,6 46,1+10.8 no
TAC1 BN to LEW Tacrolimus day 1-30 180.2+6.9 29.6+4.4 4,6+0,7
TAC7 BN to LEW Tacrolimus day 7-30 180.3+0.5 40.1£5.6 4.0+0.2
LEW—male Lewis rats
BN—male Brown-Norway rats
https://doi.org/10.1371/journal.pone.0201984.t001
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Fig 2. a, b, c. Representative light microscopic features of immunosuppressed cryopreserved aortal allografts obtained at 30 days following
transplantation. a—The allografts showed normal histological feature of abdominal aorta with clear differentiation of all three basic anatomical layers,
with no signs of intimal hyperplasia, smooth muscle cells necrosis or higher adventitial cellular infiltration. (Haematoxilin-Eosin, original magnification
x 100), b—The luminal surface of allografts (arrow) was covered by monolayer of endothelial cells (stained brown). (Anti-Von Willebrand factor
antibody, original magnification x 100). c—No deposition of immunoglobulins G was detected in the medial or intimal layer of cryopreserved
allografts. (Anti-IgG fluorescein isothiocyanate-conjugated antibody, original magnification x 40).

https://doi.org/10.1371/journal.pone.0201984.9002

Sera from day 7 immunosuppressed animals (group TAC7) obtained on day 30, showed
higher inhibition of the fluorescence-labeled MHC class I antibody binding to BN-splenocyte
(79.9+3.3%) compared to pretransplant sera (103.7+6.6%, p = 0.026) (Fig 4).

Sera of allogeneic non-immunosuppressed animals (group ALQO) obtained on day 30
after transplantation significantly decreased the binding of fluorescence-labeled MHC class
I antibody to BN spleen cells (46.9+19.4%), compared to pretransplant sera (110.8+21.9%,
P < 0.001) (Fig 4).

In addition, sera from the allogeneic non-immunosuppressed animals (group ALO)
obtained on day 30 showed significant inhibition of fluorescence-labelled MHC class I anti-
body binding to BN spleen cells (46.9+19.4%), compared with day 30 sera from the isogeneic
group (group IS0, 97.1+4.7%, p < 0.001), as well as with both immunosuppressed groups
(group TACI, 102.4+4.2%, p < 0.001), (group TAC7, 79.9+3.3%, p < 0.001) (Fig 4).

Anti MHC class II antibodies in serum

Isogeneic group sera (group ISO) as well as both allogeneic immunosuppressed groups sera
(group TACI and TAC7) showed no inhibition of the fluorescence-labelled MHC class II anti-
body binding to BN-splenocyte during the entire follow-up period (Fig 5). By contrast, only
sera from allogeneic non-immunosuppressed animals (group ALO) obtained on day 30 after
transplantation showed inhibition (65.8+11.9%) of fluorescence-labelled MHC class II anti-
body binding to BN-splenocyte. However, this inhibition was not statistically significant com-
pared to pretransplant values in this group (100.5+41.9%) (Fig 5).

Discussion

The present study examined the effect of two immunosuppressive protocols with low dose
tacrolimus on rejection of cryopreserved abdominal aortic allografts in rats. Rat allografts were
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Fig 5. Anti MHC class II antibodies in serum. The percentage of binding of the anti-MHC class IT antibody (anti-RT1.D, OX-17)
to quiescent BN splenocytes in the presence of sera obtained from recipient rats pretransplant (POD 0) and on day 30 after
transplantation (POD 30). ISO—isogeneic group with no immunosuppression. ALO—allogeneic group with no
immunosuppression. TACl—from day 1 immunosuppressed allogeneic group. TAC7—from day 7 immunosuppressed allogeneic
group.

https://doi.org/10.1371/journal.pone.0201984.9005

acceptance of the antigenicity of arterial allografts by vascular surgeons [9] and/or a reluctance
to use immunosuppressive treatment in patients with ongoing infection [31]. However, if the
immunosuppressive therapy after clinical arterial transplantation is used, the drug most com-
monly used is cyclosporine A [32].

Recently, the most complex view on the use of cyclosporine A in patients after in situ
revascularisation with cold-stored arterial allograft in the treatment of aortic graft infection
represents the prospective, comparative, single-centre study published in 2011 by Pupka
et al. [2]. One group of patients was immunosuppressed with cyclosporine A. Second group
of patients had because of their own decision no immunosuppression. The immunosuppres-
sive protocol was based on the administration of cyclosporine A on daily doses of 1-3 mg
per kg of body mass with serum concentration of 140-150 mg/L. The drug was taken until
the end of the study (mean follow up 22.8 months). The graft thrombosis (12%), rupture of
the graft (12%) with death of the patient (8%) and graft aneurysm (8%) was observed only in
non-immunosuppressed group. No adverse effects of immunosuppression were reported in
this study [32].

However, published data confirm considerable vascular [33] and metabolic [34] side effects
with the use of cyclosporine A. Indeed, in rat cardiac allografts led cyclosporine A to the
increase of transplant arteriosclerosis by the up-regulation of the expression of tissue growth
factor beta (TGF-b) [35]. In rat aortic allografts led the therapy with cyclosporine A to
endothelialitis and accelerated arteriosclerosis [36]. In addition, the mice murine aortic

PLOS ONE | https://doi.org/10.1371/journal.pone.0201984  August 9, 2018 12/17
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Fig 3. al, a2, b1, b2, Representative light microscopic histological features of adventitial infiltration of cryopreserved allografts by mononuclear
cell at 30 days following transplantation. The adventitial infiltration of Brown-Norway cryopreserved aortal grafts by MHC class I positive cell of
Lewis origin (stained brown) (Fig 3 al) was significantly reduced by both types of immunosuppressive protocols with tacrolimus (Fig 3 a2). The
adventitial infiltration of Brown-Norway aortal grafts by CD4+ cell (Fig 3 b1) was significantly reduced by both immunosuppressive protocols with
tacrolimus as well (Fig 3 b2). Original magnification x400.

https://doi.org/10.1371/journal.pone.0201984.9003

processed in accordance to standardized cryoconservation and implantation protocol rou-
tinely used in the clinical setting in the Czech Republic since 2011. Both immunosuppressed
protocols with tacrolimus (administration from day 1 or from day 7 following transplantation)
were able to suppress cell-mediated and antibody-mediated rejection of cryopreserved abdom-
inal aortic allografts during the 30 day follow-up period.

The model of rat or mice aortal allotransplantation is routinely used in experimental trans-
plant medicine [18] and is closely related to the development of new immunosuppressive
drugs since the 1960s. The immunosuppressive protocols with azathioprine [19], azathioprine
and prednisone [20], 6-mercaptopurine [21], cyclosporine A [22], sirolimus [23], cyclosporine
with methylprednisolone and azathioprine [24], mycophenolat mofetil [25], tacrolimus [18],
15-deoxyspergualin [26], cyclosporine A and FT'Y720 [27], tacrolimus and FR260330 [28],
everolimus [29], everolimus with clopidogrel [30] were confirmed to be able to suppress to
some degree the immune-mediated destruction of arterial allografts.

Despite of it, is the use of immunosuppression in patients after clinical arterial allograft
implantation not generally accepted by vascular surgeons [1]. This is probably caused by no
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Table 2. Assessments of rat cryopreserved aortic graft on day 30 after transplantation into the abdominal aorta.

Group | Characteristic 18 Intima Media Adventitia®
Endothelial layer | Intimal hyperplasia | IgG deposition | SMC necrosis | LEW MHC class IT+ cells"* | CD8+ cells | CD4+ cells
ISO | LEW to LEW no + - - = 6.3+4.4 2.242.7 3.9+2.6
ALO | BNtoLEW no + - - - 20.746.7" 6.9+54' | 9.66.5'
TAC1 BN to LEW Tac + - - - 5.9%5.5 3.5%3.3 2.3+1.6
1-30
TAC7 | BNto LEW Tac + - - - 6.145.1 3.1+3.8 2.0+1.5
7-30

! The total amounts of Lewis MHC class 11 positive, CD8-positive and CD4-positive cells in tunica adventitia in group ALO were significantly higher (P<0.001) than
those observed in all the other groups (ISO, TAC1, TAC7).
+ positive finding, — negative finding
* Numbers of Lewis anti MHC class II, CD8-positive and CD4-pasitive cells in one microscopic field viewed at a magnification of x1000

** Major histocompatibility complex class I positive cells of Lewis origin

IS—immunosuppression

Tac—tacrolimus

https://doi.org/10.1371/journal.pone.0201984.t002
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Fig 4. Anti MHC class I antibodies in serum. The percentage of binding of the anti-MHC class I antibody (anti-RT1.
Ac, OX-27) to quiescent BN splenocytes in the presence of sera obtained from recipient rats pretransplant (POD 0)
and on day 30 after transplantation (POD 30). ISO—isogeneic group with no immunosuppression. ALO—allogeneic
group with no immunosuppression. TAC1—from day 1 immunosuppressed allogeneic group. TAC7—from day 7
immunosuppressed allogeneic group.

https://doi.org/10.1371/journal.pone.0201984.g004
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Fig 5. Anti MHC class IT antibodies in serum. The percentage of binding of the anti-MHC class IT antibody (anti-RT1.D, OX-17)
to quiescent BN splenocytes in the presence of sera obtained from recipient rats pretransplant (POD 0) and on day 30 after
transplantation (POD 30). ISO—isogeneic group with no immunosuppression. ALO—allogeneic group with no
immunosuppression. TAC1—from day 1 immunosuppressed allogeneic group. TAC7—from day 7 immunosuppressed allogeneic
group.

https://doi.org/10.1371/journal. pone.0201984.9005

acceptance of the antigenicity of arterial allografts by vascular surgeons [9] and/or a reluctance
to use immunosuppressive treatment in patients with ongoing infection [31]. However, if the
immunosuppressive therapy after clinical arterial transplantation is used, the drug most com-
monly used is cyclosporine A [32].

Recently, the most complex view on the use of cyclosporine A in patients after in situ
revascularisation with cold-stored arterial allograft in the treatment of aortic graft infection
represents the prospective, comparative, single-centre study published in 2011 by Pupka
et al. [2]. One group of patients was immunosuppressed with cyclosporine A. Second group
of patients had because of their own decision no immunosuppression. The immunosuppres-
sive protocol was based on the administration of cyclosporine A on daily doses of 1-3 mg
per kg of body mass with serum concentration of 140-150 mg/L. The drug was taken until
the end of the study (mean follow up 22.8 months). The graft thrombosis (12%), rupture of
the graft (12%) with death of the patient (8%) and graft aneurysm (8%) was observed only in
non-immunosuppressed group. No adverse effects of immunosuppression were reported in
this study [32].

However, published data confirm considerable vascular [33] and metabolic [34] side effects
with the use of cyclosporine A. Indeed, in rat cardiac allografts led cyclosporine A to the
increase of transplant arteriosclerosis by the up-regulation of the expression of tissue growth
factor beta (TGF-b) [35]. In rat aortic allografts led the therapy with cyclosporine A to
endothelialitis and accelerated arteriosclerosis [36]. In addition, the mice murine aortic
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allografts study published by Eckl et al. also revealed that monotherapy with cyclosporine is
not sufficient in preventing the formation of transplant arteriosclerosis [29].

An attractive alternative to cyclosporine A represents tacrolimus. Tacrolimus, a macrolide
compound isolated from Streptomyces tsukubaensis, is 10 to 100 times more potent than
cyclosporine A [37]. In clinical kidney transplantation resulted tacrolimus immunosuppres-
sion when compared with cyclosporine therapy in significantly reduced risk of graft failure,
without an increase in the incidence of adverse events associated with long-term immunosup-
pression [38]. Moreover, it was proven that tacrolimus (5.0 mg/kg/day, intramuscular applica-
tion, blood concentrations not determined) was able to enhance the viability and cellular
integrity characteristics of the donor cells in cryopreserved thoracic aortas transplanted
between Brown-Norway and Lewis rats [39].

All these facts about immunogenicity of arterial allografts, tacrolimus-based immunosup-
pression and our good results with triple immunosuppression in patients after simultaneous
organ and vascular transplantation [40] led our group to study the immunosuppressive proto-
col with tacrolimus after rat cold-stored abdominal aortic transplantation in 2002 [13]. Subse-
quently in 2004, we started to use in patients after replacement of infected vascular prosthesis
or stentgraft with cold-stored arterial allograft a standardized immunosuppressive protocol
consisting of orally administered tacrolimus [4]. The drug is administered from day 7 after
transplantation and is given throughout the entire period of allograft patency. The usual start-
ing dose is 6 mg/day. The usual maintenance daily dose is 2 mg/day, respectively. The tacroli-
mus blood levels are determined periodically with blood concentration range between 4 and 7
ng/mL. No significant adverse effects of immunosuppression were observed in these patients.

In the present experiment we didn 't observed any clinically significant adverse effects of
immunosuppression with tacrolimus given intramusculary in daily doses of 0.2 mg/kg/day.
However, the postoperative weight increase in rats with administration of tacrolimus from day
1 after transplantation was significantly lower as in rats without immunosuppression or with
delayed administration of immunosuppression.

In the study of tacrolimus induced hypertension of Takeda et al [41] the rats have obtained
tacrolimus (5.0 mg/kg/day, peroral application, blood concentrations not determined) for 4
weeks. No surgery procedure was performed in this study. No significant differences in body
weight at 4 weeks was observed in comparison with no treated rats. In the another toxicologi-
cal study of tacrolimus in the Lewis rats with no surgery [42] led the tacrolimus therapy (4.0
mg/kg/day, peroral application, blood concentrations not determined) to initial loss of body
weight in the 30 day follow-up period.

In the work of Azuma et al. resulted doses of 1.0 mg/kg/day (intramuscular application,
blood concentrations not determined) in rats after aortal transplantation in adverse effects
such as diarhea and weight loss. In the followed aortal transplantation experiments was the
daily dosis of tacrolimus fixed at 0,2 mg/kg/day. However, no blood levels of tacrolimus was
measured in this study as well [18].

In our first experimental work with tacrolimus immunosuppression after cold-stored
abdominal aortic transplantation in rats was the daily dosis of tacrolimus given intramusculary
fixed on 0.2 mg/kg/day. The plasma concentration of tacrolimus on day 30 after transplanta-
tion was 5.0 + 0.7 ng/mL. This protocol showed good immunosuppressive effect on acute cell-
and antibody-mediated rejection of cold-stored aortal grafts with no clinically manifested
adverse effects [13,14].

Our clinical immunosuppressive protocol in patients with vascular prosthesis infection
treated by transplantation of cold-stored arterial allografts consists of orally administered
tacrolimus given from day 7 after transplantation. The usual starting dose of tacrolimus is 6
mg/day. The usual maintenance daily dose is 2 mg/day, respectively. The tacrolimus blood
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levels are determined periodically with blood concentration range between 4 and 7 ng/mL. No
significant adverse effects of tacrolimus immunosuppression were observed in those patients
[4].

In this study we confirmed possibility to delaying of low dose tacrolimus therapy after cryo-
preserved rat abdominal aortic transplantation for 7 days without negative effect on their acute
cell- and antibody-mediated rejection. In the rat heart allograft transplantation model rescued
tacrolimus (1.28 mg/kg, intramuscular application, blood concentrations not determined)
given only on day four, five and six after transplantation all grafts and prolonged significantly
survival of heart allografts [43]. In addition, in the rat cold-stored carotid transplantation
model suppressed the low-dose of tacrolimus (0.2 mg/kg/day, intramuscular application,
blood concentrations not determined) immunologic reaction even with administration start-
ing on day 3 after transplantation [18]. However cessation of the use of tacrolimus led to severe
rejection of transplanted carotids with dense cell infiltration in adventitia and medial degener-
ation within 14 days.

The possibility of delaying immunosuppression was studied in cold-stored thoracic aorta to
abdominal aorta transplantation model in mice as well [30]. The monotherapy with everoli-
mus (mammalian target of rampamycin inhibitor) reduced in daily doses of 0.05 mg/kg (intra-
peritoneal application, blood concentration of 10 + 1.0 ng/mL) the formation of transplant
arteriosclerosis on day 30 when therapy was only started on postoperative days 7 or 14. In
addition, delayed combined treatment with everolimus (0.05 mg/kg/day, intraperitoneal appli-
cation, blood concentration of 10 +1.0 ng/mL) and clopidogrel (1 mg/kg/day, intraperitoneal
application) administrated from day 7 or 14, reduced further the formation of transplant arte-
riosclerosis on day 30 after transplantation.

The antiplatelet therapy was in recipients of cryopreserved aortal allografts in our experi-
ment not administered. However, in our clinical practice is the antiplatelet therapy in patients
after cryopreserved arterial transplantation administered routinely.

In the end may this fact theoretically contribute to an increase in the immunosuppressive
effect of tacrolimus in this specific patient population.

In the recently published work of Konrad H. et al was clearly demonstrated that cryopre-
served arterial allografts used in clinical practice are highly immunogenic in terms of an HLA-
directed immune response. This allogeneic immune response does not lead to an acute graft
loss but to a chronic vascular degeneration process with clinically apparent thromboses with
subsequent medical interventions up to amputations [9]. The low dose immunosuppression
with sirolimus (mammalian target of rapamycine inhibitor) did not show any affective influ-
ence on antibody-mediated rejection of these cryopreserved arterial allografts. However,
closely specification of this immunosuppressive protocol in towards to dosage, timing and
blood concentration was not mentioned in this publication.

Our present study shows induction of donor specific anti MHC I and anti MHC 1I produc-
tion in non-immunosuppressed recipients of cryopreserved aortal allografts during the 30 day
follow-up period. Both immunosuppressive protocols with low-dose tacrolimus were sufficient
to suppress this antibody production. The massive donor specific alloantibody response in
mice recipients of cold-stored thoracic aortic allografts during the 30 day follow-up period was
observed in the work of Heim et al. as well [30], The delayed therapy with everolimus alone
(0.05 mg/kg/day, intraperitoneal application, blood concentration of 10 £1.0 ng/mL) or in
combinations with clopidogrel (1 mg/kg/day, intraperitoneal application) reduced the amount
of donor-specific antibodies even if therapy was started on day 7 or on day 14. In our previous
work we confirmed the suppressive effect of tacrolimus (0.2 mg/kg/day, intramuscular applica-
tion from day 1 after transplantation, blood concentration of 5.57 + 0.96 ng/mL) on donor spe-
cific antibody production in rats recipients of venous allografts as well [44].
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In conclusion we have shown that low dose tacrolimus therapy was effective to suppress
cell- and donor-specific antibody-mediated rejection of cryopreserved abdominal aortic allo-
grafts, We believe that clinical use of presented tacrolimus-based immunosuppressive protocol
increase the success of the clinical program of cryopreserved alloarterial transplantation in the
treatment of vascular prosthesis and stentgrafts infection in the Czech Republic.

Supporting information

§1 File. In this file there are all basic data regarding number of animals weight on the day
30, cold ischaemic time of transplanted grafts, cryoconservation time, thickness of tunica
media on the day 30, number of CD 4 positive cells, as well as number of CD 8 positive
cells, tacrolimus concentration and comparison between groups are available [S1 Table].
(XLS)
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Abstract

Introduction Strong antigenicity of arterial allografts
triggering immune response similar to rejection pro-
cesses evident in solid organ transplant recipients was
observed in animal experiments. A higher incidence
of graft-related death, graft ruptures or thrombosis
and graft aneurysm formation was observed in non-
immunosuppressed patients after arterial implanta-
tion.

Methodology The use of immunosuppression is not
generally accepted by vascular surgeons. In the cases
in which immunosuppressive therapy is administered,
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the drug most frequently used is cyclosporine A (CyA).
This therapy has shown good mid-term results with no
signs of recurrent infection. New immunosuppressive
protocols with tacrolimus or sirolimus were published
recently. These drugs are routinely used in solid organ
transplant patients and show some advantages, com-
pared to cyclosporine A, with respect to hypertension,
dyslipidaemia, and renal function.

Results The authors present available clinical im-
munosuppressive protocols in this indication and the
results. Moreover, our group has published good ex-
perimental and clinical results with immunosuppres-
sive protocol featuring the delayed use of tacrolimus
after transplantation of cold-stored arterial allograft.
Conclustorn All this long-term experience with im-
munosuppression suggests the hypothesis that this
therapy has a place in the armamentarium of the vas-
cular surgeon performing arterial allograft implanta-
tions.

Keywords Vascular prosthesis infection - Stentgrafts
infection - Arterial allografts - Immunosuppression -
Tacrolimus

Introduction

Vascular prosthesis infection after aortoiliac recon-
struction is one of the most severe complications
that can occur in vascular surgery. Patients with this
complication are mostly threatened by bleeding, sep-
sis, or the formation of aortoenteric fistulas. One of
the recent types of management of this rare but life-
threating complication include the remowval of the
infected prosthetic graft followed by in-situ recon-
struction with a cold-stored arterial allograft obtained
during multiorgan harvest.
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The use of cold-stored allografts started in the
1950s in the experimental work of Gutrie and Car-
rel; later in 1988 it was reintroduced by Kieffer et al.
as surgical treatment of infrarenal aortic prosthetic
graft infection. Later this technique was established in
many vascular centers. Although in clinical praxis and
animal experiments signs of immunological reaction
against implanted cold-stored allografts have been
found, the use of immunosuppression is not gener-
ally accepted by vascular surgeons. This is probably
caused by the reluctance to use immunosuppressive
treatment in patients with ongoing infection. It is also
due to the relatively little experience with immuno-
suppressive therapy in vascular surgery centers, a lack
of data/studies, and the small number of experimen-
tal studies in this field of vascular transplantations.
In the cases in which immunosuppressive therapy
is administered, the drug most frequently used is
cyclosporine A (CyA). Recently published immuno-
suppressive protocols with tacrolimus or sirolimus,
which are routinely used in solid organ transplants,
show good immunosuppressive results with fewer
side effects such as fibrotization of the graft wall,
hypertension, or hyperlipidaemia.

Immunogenicity of cold-stored allografts

In animal experiments there were both cellular and
humoral immunological reactions resulting from graft
failure. These reactions include intimal proliferation,
thickening of the tunica media, the presence of im-
munoglobulins in the muscular layer, and CD4, CD8
and MHC II cellular adventitial infiltration. More-
over, donor specific class I and class Il anti MHC
antibodies were found in the plasma of the recipi-
ents of cold-stored allografts. These findings were as-
certained by histological and immunohistochemical
screening. Allograft failure was mainly found in ani-
mals without immunosuppression. This failure mani-
fests {tself mainly as aneurysm formation or graft oc-
clusion [1].

There is little possibility to histologically screen
implanted allografts in clinical studies. However,
Mirelli et al. [3, 5] carried out a prospective study
that confirms immunological reaction against freshly
implanted arterial grafts. This reaction was demon-
strated both by an increase of CD3, CD4, and CD8
positive lymphocytes and by the increase of anti-HLA
antibodies directed against donor-specific antigens.
Moreover, CT scans showed a thickening of the graft
walls. The antibody response among patients who
received cyclosporine after transplantation was less
manifest and delayed.

Clinical use of immunosuppression after cold-
stored arterial allograft transplantation

Despite the experimentally confirmed inhibition of
arterial allograft destruction by immunosuppression,

the use of immunosuppression in patients after arte-
rial allograft implantation is not generally accepted by
vascular surgeons.

In 2011 Pupka et al. published a complex view on
the use of immunosuppression in patients after in-
situ revascularization with cold-stored arterial allo-
grafts in the treatment of aortic graft infection [2]. In
this perspective, a comparative, single-center study
was one group of (24) patients immunosuppressed
with cyclosporine A. A second group of (26) patients
decided not to have any immunosuppression. A third
group (27 patients) included patients for whom fresh
arterial homograft was not available (no donor) or
patients who did not agree with transplantation from
a dead donor. These patients were treated by the
implantation of a polyester collagen-sealed, silver
coated prosthesis. The immunosuppressive protocol
was based on the administration of cyclosporine A
in daily doses of 1-3 mg per kg of body mass with
a serum concentration of 140-150 mg/l. The drug
was taken until the end of the study (mean follow
up: 22.8 months). Graft thrombosis (12%), rupture
of the graft (12%) with death of the patient (8 %),
and graft aneurysm (8 %) were observed only in the
non-immunosuppressed group. No adverse effects of
immunosuppression were reported in this study

In 2005 Mirelli et al. published a study on 30
patients who had undergone ABO-compatible homo-
graft transplantation. Nine of these patients received
immunosuppressive treatment with cyclosporine in
doses of 1-3 mgr/kg/day [3]. As mentioned above,
the authors observed a strong induction of anti-HLA
antibody response, similar to chronic rejection, in
spite of the immunosuppressive treatment. However,
compared to 21 non-immunosuppressed patients
the antibody response among patients treated with
cyclosporine A was less pronounced and delayed.
Clinically, no differences were noted between pa-
tients treated with or without cyclosporine, and no
patients had signs of recurrent infection upon late
follow-up.

In 2011 Sebesta et al. described good clinical results
and no deterioration of arterial allografts in 23 pa-
tients after substitution of infected aortofemoral pros-
theses with cold-stored allografts and immunosup-
pression by cyclosporine A (a serum concentration of
50-150 mg/L) [4].

In 1999 Mirelli et al. also described immune re-
sponse following fresh arterial homograft replace-
ment for aortoiliac graft infection and found them
to be immunogenic, inducing strong anti-HLA anti-
body response, similar to chronic rejection, in spite of
immunosuppressive treatment using cyclosporine A
(1-3 mg/kg/day) [5].

Moreover, the same group shown 1 year earlier
(1998) in a study investigating nine recipients of
aortic transplants that patients undergoing aortic
allotransplantation should have induced immunolog-
ical tolerance by appropriate immunosuppressants.
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This recommendation was obtained by detection of
mismatch specific IgG antibodies to HLA class I and
HLA class II antigens 1, 3, 6, and 12 months post
implantation.

Based on experimental experience with delayed ad-
ministration of tacrolimus, some European vascular
centers started to use an immunosuppressive proto-
col consisting of orally administered tacrolimus given
from day 7 post-transplant in patients after arterial
allotransplantation. The drug blood level generally
ranged between 4 and 7 ng/L. Tacrolimus is admin-
istered throughout the entire period of allograft pa-
tency and blood levels are determined periodically.
The average starting daily dose is 6 mg/day admin-
istered perorally and the maintenance daily dose is
2 mg/day.

Conclusion

Vascular allografts have their place in the treatment
of infection complications of standard materials used
in vascular reconstructive surgery, despite prosthesis
advancement. The understanding of pathophysiolog-
ical processes after vascular allograft transplantation
is important to minimize their deterioration and to
ensure good long-term patency rates and good quality
of life of every individual patient treated by this tech-
nique. The most frequent complication in long-term
vascular outcome (wall thickening, aneurysmatic di-
lation, stenosis) may occur through an immunological
mechanism. Experimental and clinical experiences
show that there is definitely place for immunosup-
pression in the armamentarium of vascular surgeons
performing vascular implantations. Moreover, ABO
compatibility between donor and recipient is also
recommended to decrease the immune-mediated

suppression in patients after arterial transplantation
during the early postoperative period. This immuno-
suppressive protocol offers the possibility to treat
infection in the first days after allograft implanta-
tion without suppression of the recipient’s immune
system.
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Abstract

Background. Vascular allatransplantations are performed warldwide in selected patients suffering from
vascular prosthesis infection or critical imb ischemia. Either fresh or cryopreserved vascular allograft may
be used.

Objectives. Invarious points, we address several aspects (allograft procurement, cryopreservation and trans-
plantation technique) of the program of vascular allotransplantations in the Czech Republic.

Materials and methods. Vascular grafts retrieval has been done within multiorgan harvests using no-touch
technique. Very short time of cold ischemia is achieved due to close cooperation with Tissue Establishment
where the following processing of cryopreservation Is performed. Meeting all necessary quality criteria s a
prerequisity for releasing qrafts for clinical application. Standardized thawing protocol and surgical handling
aims to minimize microfractures before implantation.

Results. Based on experimental and clinical work, the first validation of cryopreserved arterial and venous
qrafts for clinical use was performed between 2071 and 2013 in the Czech Republic. The developement
of storage of vascular tissue in banks was stimulated in 2000-2070 by the issue of FU directives and national
harmonized narms, aimed at assurance of high quality and safety of cells and tissues used for transplanta-
tions in humans.

Conclusions. There are several crucial moments affecting final quality, including graft retrieval within
amultiorgan harvest, shortischemic time, cryopreservation, and thawing technique used. The recommended
surgical handling during implantation may also affect results and graft-related complications.

Key words: tissue banking, cryopreserved vascular allograft transplantation, operative procedures, graft
procurement, cryopreservation
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Introduction

Vascular allotransplantations are performed worldwide
in selected patients suffering from vascular prosthesis in-
fection or critical limb ischemia. Either fresh or cryopre-
served vascular allograft may be used. In this paper, all
the aspects and the up-to-date state of the transplantation
program of cryopreserved vascular allografts in the Czech
Republic introduced in 2011 are presented.

In this country, there is a network of licensed surgical fa-
cilities performing vascular graft retrieval as a part of mul-
tiorgan recovery. These participating centers — Transplant
Centers or Vascular Surgery Centers — were licensed
for this activity by the State Institute for Drug Control
(SUKL) as Procurement Establishments (PL) tightly con-
nected by agreements with the licensed Tissue Establish-
ment (TE) — Tissue Bank of the University Hospital Hradec
Krélové, Czech Republic. All the licenses were granted after
providing proof of full compliance of practice in these fa-
cilities with the strict safety and quality requirements
established by the UE Directives 2004/EC, 17/2006/EC
and 2006/86/EC, and the national harmonized legal norms:
Act No. 296/2008 Coll. (Human Cell and Tissue Act)
and Decree of the Ministry of Health No. 422/2008 Coll.1?
Cryopreservation of collected grafts, subsequent storage
at liquid nitrogen temperatures and quality control until
the release of grafts for clinical application are the main
duties of the tissue bank. This service is, however, acces-
sible only for transplant centers involved in the program.
Distribution of grafts is performed by a licensed company
able to perform emergency and rapid transport of cryo-
preserved grafts in a vapor phase of liquid nitrogen to any
destination in the Czech Republic.

Material and methods
Vascular graft procurement techniques

To meet the requirements of the SOP (standard operat-
ing procedure) provided by the PE with the aim to achieve
the quality and safety of cryopreserved grafts, it is nec-
essary to retrieve the blood vessels within multiorgan
harvests.? The responsible person at each PE, an expe-
rienced vascular surgeon, guarantees that all surgical
procedures are performed according to accepted SOP
and all required documentation is maintained at the PE
and/or sent to the TE as well. They are also responsible
for the education and training of all surgeons included
in the list of persons competent to perform graft recovery,
and for reporting on any incidents of SAR (serious adverse
reaction) and SAE (serious adverse event) that may occur
inconnection with the graft retrieval. If possible, it is nec-
essary to perform perfusion through the internal iliac
artery. Ideally, the artery is cross-clamped distally from
the point of the harvested vessels. During a multiorgan

M. Spadek, et al. Vascular allotransplantations

harvest, a no-touch technique is routinely used when op-
erating on the arterial system — aortic bifurcation ranging
from renal arteries to superficial femoral arteries (10 cm)
with side branches at least 1 em long. For the collection
of 1-sided arteries, harvest is started from the external iliac
artery to the popliteal artery. The saphenous vein is col-
lected in total length (Fig. 1). The spectrum of blood groups
is harvested with a preference for type 0. The tissue bank
also keeps unusual grafts in limited quantities: carotid
bifurcation, the aortic arch with head arteries, inferior
vena cava, and iliac vein bifurcation, preferentially of blood
type 0. The grafts are replenished as needed. A very short
time of cold ischemia (hours) is achieved due to close co-
operation with the TE, where grafts are also processed
during nights and weekends.

The vessels collected are immediately placed into a pre-
cooled Celsior preservation solution (Genzyme, Cam-
bridge, USA) supplemented with gentamicin and stored
in sterile certified plastic jars (Medfor 250 mL; Medfor,
Farnborough, UK). The jars are transported to the TE
at the temperature of melting ice within 12 h after
the harvest together with the documentation of the har-
vest and samples of the donor’s blood to perform serology
tests in the licensed diagnostic laboratories (Department
of Clinical Microbiology and Department of Clinical
Immunology of the University Hospital Hradec Krélové
— UHHK).

Cryopreservation

Vascular graft cryopreservation is performed using
the SOP required by the TE (Tissue Bank of the Univer-
sity Hospital Hradec Kralove) fully licensed by a national
competent authority.?4 In the procurement and process-
ing of vessels, only high-quality materials and drugs with
approval for human use and meeting the requirements
of the Directive of the European Parliament and Council
No. 23/2004/EC are used.

After input control in the TE, the grafts are processed
in a grade A clean room (according to the EUU GMP clas-
sification) with a grade B background (Fig. 2 A,B) After
decontamination using a modified van Katz® method,
the vessels are put into double sterile disposable plastic
bags (Eva Bags; Maco Biotech, Eckbolsheim, France) con-
taining 50 mL of a pre-cooled 6% solution of hydroxyethyl
starch with molecular weight of 130,000 Da (Voluven 6%;
Fresenius Kabi, Bad Homburg vor der Hohe, Germany)
and mixed with an equal volume of the pre-cooled cryo-
protective solution (20% dimethyl sulphoxide; WAK
ChemieMedical GmbH, Steinbach, Germany) (Fig. 2C).
The samples of the solution for bacteriological and my-
cological tests are taken from the collection solution
and from the final package. The plastic bags are closed
using heat sealing. The bags closed into outer metal cas-
settes are put into the freezing chamber of the program-
mable freezer and frozen at a rate of 1 K/min to —90°C
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Fig. 1. Types of harvested vessels: There are 3 routinely harvested types of vessels — aortic bifurcation with iliac and femoral arteries,

unilateral arterial graft and saphenous vein graft

(5 K/min to -150°C follows) (Fig. 2D). The grafts are stored
until clinical use in the vapor phase of liquid nitrogen
in the biological container equipped with an automatic
filling system and continuous temperature monitoring
(Fig. 2E).

Quality criteria for release of grafts
for clinical application

The grafts can be released for clinical use by the respon-
sible person from the TE only. The criteria for release are
listed below:

— absence of contraindication for harvest in the clinical

and anatomical diagnoses and patient’s medical history;

— good quality of the harvested tissue reported by the re-
sponsible person of the PE;
— absence of laboratory signs of infection as determined
by the serology tests of the donor;
— absence of contamination of recovered grafts by patho-
genic bacteria, molds or fungi;
— proof of sterility at the output control;
— absence of serious deviations from the SOP during re-
trieval, transportation, processing, and storage of grafts.
Reporting of SAR and SAE is connected with procure-
ment, distribution and transplantation of grafts and is an-
other important feature of the quality assurance system.
A register for recording all clinical results achieved
in all centers using cryopreserved grafts was established
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Fig. 2. Vascular allograft cryopreservation, storage and transport process

in the Institute for Clinical and Experimental Medicine
in Prague, Czech Republic, as a tool for evaluation of long-
term results of vascular transplantation in the Czech
Republic.

Thawing

After removal from the storage container, the cassettes
with bags are transported to the operating room in the va-
por phase of liquid nitrogen in a special Dewar vessel-dry
shipper (Fig. 2F). In the operating room, the cassettes are
removed from the shipper and placed into a refrigerator
with temperature rising from +2°C to +8°C within 2 h.
If some ice is still present after removal from the refrig-
erator, thawing can be completed at room temperature.
Immediately after the ice melts, the vessels are aseptically
removed from the bags and stored in the pre-cooled pres-
ervation solution (Celsior; Genzyme) until implantation.

Surgical handling

The surgical technique of vascular transplantation
requires that side branches of the grafts be treated with
Prolene sutures (Ethicon, Somerville, USA), avoiding any
ligation or clipping. Under no circumstances should the al-
lografts be cross-clamped — only the native vascular system
of the patient can be cross-clamped during the operation.
Proximal anastomosis is performed first. Later, under

arterial pressure, the correction of sutured side branches
is performed if needed. Afterwards, the graft is passed
through the prepared tunnel, avoiding any rotation. Dis-
tal anastomosis of the bypass is performed. The surgical
wounds are extensively drained.®

Results
Clinical application

The first transplantation of a cryopreserved arterial al-
lograft was performed in 2011. Five years of follow-up were
uneventful (Fig. 3). A total of 87 cryopreserved vascular
allografts were delivered for clinical application between
2011 and 2016 in the Czech Republic. A total of 59 saphe-
nous vein grafts, 12 aortic bifurcations and 16 iliaco-femo-
ro-popliteal (unilateral) grafts were used for bypass graft-
ing. Our aim is to have all anatomical types of grafts in all
blood groups (Table 1,2). A preference for grafts retrieved
from donors with blood type 0 is evident, as an advantage
in the case of a lack of anatomical types in TB stock.

Although the first experimental transplantations of vas-
cular allografts or xenografts were performed more than
100 years ago’ and the mechanisms of freezing damage
and cryoprotection have been known since the middle
of the last century,® some theoretical and clinical as-
pects of this surgical procedure still remain unsolved.
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Some authors describe good results achieved using trans-
plantation of fresh arterial grafts with immunosuppres-
ston.*!? Some research groups!! point out the advantages
of transplantation of cryopreserved grafts, such as the low
probability of infection transmission and low immuno-
genicity leading to limited cellular and humoral rejec-
tion — in contrast to the acute rejection of fresh grafts
which leads to progressive degeneration of elastic fibers
and connective tissue and aneurysm formation if immu-
nosuppression is not used. Other authors'>!?are convinced
that certain cryopreservation protocols are responsible
for early ruptures of grafts that may occur even intraop-
eratively and are always associated with life-threatening
complications. It seems, however, that such seriousadverse

Fig. 3. Firsttransplantation of cryapreserved arterial graft as a validation
of the program was performed in 2011 in 81-year-old woman who
presented with femorofernoral crassover prosthetic bypass virulent
infection. Due to severe calcifications of abdominal acrta and camman
iliac artery an atypical iliofernaral by pass was performed

Table 1. Distribution of blood groups in venous cryopresenved grafts

3:“’)‘;‘; 20112013 | 2014 2015 2016 | Total FESI]P
0 2 4 6 3 15 | 54
A 0 2 7 0 g | =
B 0 1 1 0 2 7
4B 0 2 0 0 2 7
Total 2 9 14 3 28 | 100

Blood | 5011 2013 [ 2014 | 2015 | 2016 | Total | B2
group [94]
0 2 4 6 3 R
A 0 2 7 0 9 | %
B 0 1 1 0 2 | 7
£B 0 2 0 0 2| e
Totzl 2 9 1 3 @ | 100
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events are lesslikely to occur if cryopreservation protocols
based on equilibrium and slow freezing are used. Such
procedures are followed by, e.g., the European Homograft
Bank in Brussells (EHB)}*! and other centers, including
our TE.1&17

It must not be forgotten, however, that not only
the freezing protocol itself but also the pre-freezing
history of the graft may be responsible for such events.
Our previous study in dogs'® showed that hypothermic
storage of vessels in physiological saline for several days
lead to considerable edema of the vessel wall. This find-
ing shows the enhanced probability of vessel wall injury
caused by crystal formation during freezing, For this rea-
san, we consider it very important to use exclusively organ
preservation solutions for intermediate hypothermic stor-
age immediately after vascular graft harvest and to strictly
control the timespan between the graft harvest in the PE
and start of the cryopreservation procedure in the TE.1”

Achieving relatively stable ice structures by slow freezing
does not, however, guarantee complete avoidance of the de-
vitrification phenomena during thawing, as demonstrated
by Pegg et al. in experiments in rabbits.!® They proved
that the formation of microfractures in arteries caused
by devitrification during fast thawing was responsible
for graft rupture. This finding led us to the implementa-
tion of a slow-thawing protocal. In addition, injury caused
by recrystallization is prevented in our practice by strict
use of a cold chain based on the use of liquid nitrogen
temperatures for storage and transport of grafts till thaw-
ing before use in the operating room. This is in contrast
to the practice of some TEs,'* which use temperatures
of —80°C for transport and even allow intermediate stor-
age of grafts at these temperatures directly in cooperating
surgical departments if the graft is not used immediately.
In our practice, the graft is always sent back to the TE
inthe transport cryocontainer if the surgical intervention
in the patient must be postpened for unexpected reasons.

Long-term storage of cardiovascular grafts in cryo-
banks was introduced before 2000.141%% Development
of the storage of vascular tissue inthese banks was stimu-
lated in 2000-2010 by the issue of EU Directives and na-
tional harmonized norms such as Act No. 296/2008 Coll
in the Czech Republic!? or the Tissue Act in Germany,®
aimed at the assurance of high quality and safety of cells
and tissues used for transplantation in humans. This law
caused radical changes in the standard procedures used
inthe tissue banks, including the recovery and processing
of vascular tissue.X**!¥ In contrast to Germany, where
the use of fresh grafts was practically stopped, Czech law
allows the use of fresh grafts in the regimen of organ trans-
plantation regulated by Act No. 285/2002 Coll. within48 h
after harvest,

There is also a difference between the required purity
of the environment in the graft processing areas. While
Czech law permits the use of grade A environments (ac-
cording to the EU GMP classification) with a grade C
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background, German law requires the same environmen-
tal conditions as in manufacturing of sterile medicinal
products, i.e., a grade A processing area with a grade B
background. As the TE of the UHHK has been retro-
fitted in compliance with the standards of the Interna-
tional Society for Pharmaceutical Engineering,? it is able
to assure this high level of quality of the environment
that is regarded as standard in other Western European
countries.™ National law may also set some restrictions
of the use of grafts. While in some countries, the free sale
of grafts to surgical departments is possible, in Germany
the use of cryopreserved vascular grafts is strictly limited
to clinical trials only.* The situation in the Czech Republic
is somewhere between these 2 extremes; the use of both
fresh and cryopreserved grafts is limited to accredited
transplantation or vascular transplantation centers.
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Abstract The transplantation of fresh or cryopre-
served vascular allografts in patients with a prosthetic
graft infection or critical limb ischemia is necessary
for their limb salvage and, in many cases, represents a
lifesaving procedure. While transplantation of fresh
allografts has a long history in the Czech Republic, the
standard use of cryopreserved vascular allografts was
introduced into the clinical practice in 2011 as a result
of the implementation of EU Directive 2004/23/EC
into national legislation (Human Cell and Tissue Act
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No. 296/2008 Coll.). The authors present an organi-
zational model based on cooperation between the
majority of Czech Transplant Centers with a tissue
establishment licensed by the national competent
authority. In various points, we are addressing indi-
vidual aspects of experimental and clinical studies
which affect clinical practice. Based on experimental
and clinical work, the first validation of cryopreserved
arterial and venous grafts for clinical use was
performed between 2011 and 2013. The growing
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number of centers participating in this programme led
to a growing number of patients who underwent
transplantation of vascular allografts. In 2015 the
numbers of transplanted fresh versus cryopreserved
allografts in the Czech Republic were almost equal.
Cooperation of the participating centers in the Czech
Republic with the licensed Tissue Establishment made
it possible to achieve a full compliance with the
European Union Directives, and harmonized national
legal norms and assured a high quality of cryopre-
served vascular allografts.

Keywords Vascular allograft - Cryopreservation -
Tissue transplantation - Organization model

Introduction

Vascular prosthesis infection is one of the most
threatening complications in vascular surgery (Bahini
et al. 1991). Adequate treatment, in principle, requires
removal of the infected prosthetic graft followed by
redo revascularization in majority of cases. In selected
patients, the most suitable technique is represented by
transplantation of cold-stored or cryopreserved vas-
cular allograft (Kieffer et al. 2004). Based on exper-
imental work of Guthrie and Carrel (1912) cold-stored
arterial allografts were extensively used for aortoiliac
reconstructions during the 1950s {Dubost and Allary
1951; Gross et al. 1949; Srzilagyi et al. 1957).
However, this technique was abandoned in the early
1960s because of difficulties with procurement and
preservation, rejection with deterioration of the graft
followed by ruptures or occlusions (Szilagyi et al.
1970) as well as wide availability of the new prosthetic
grafts materials (Syilagyi et al. 1965; Chlupac et al.
2009). Nevertheless, in late 1980s Kieffer et al. (2004)
reintroduced the use of arterial allografts for manage-
ment of aortic prosthetic graft infections. This tech-
nique has been estabilished also in other vascular
centres (Kniemeyer et al. 1994; Vogt et al. 1996;
Chiesa et al. 1998; Teebken et al. 2004; Harlander-
Locke et al. 2014; Touma et al. 2014). Another large
group of patients indicated for vascular (arterial or
venous) allograft transplantation are patients with
critical limb ischaemia and lack of autologous con-
duits, who are unsuitable for prosthetic graft implan-
tation, mostly due to high risk of prosthesis infection

@ Springer

or due to poor outflow tract, or both of these conditions
(Adamec et al. 2011; Matia et al. 2006, 2007, 2010,
Prager et al. 2002).

Fresh vascular graft transplantation was the only
option in previous years in Czech Republic. First
transplantation of cryopreserved arterial graft was
performed in 2011 within a new project, presented in
this paper.

Methodology

Statutory regulation, participatory model
and organization

The allocation of vascular grafts in the Czech Republic
is managed by “Transplantation Coordination Cen-
tre’” (KST) on national basis, authority licensed to
coordinate predominantly solid organ transplanta-
tions. Organ transplantation and fresh vascular grafts
transplantation are govemed in the Czech Republic by
the same legislation (Mgficka et al. 2011). Vascular
allograft as such must be used within 48 h after
harvest. However, fresh allografts were not in a
sufficient abundance for all the patients on the waiting
list, thus leading to a higher amputation rate or
eventually a death of the patients. Especially in VICs,
the average waiting time for a fresh allograft is
2-3 weeks, and up to 20% of patients from previous
years (2010-2013) did not receive graft at all.
Currently there are five centres in Czech Republic
that actively use fresh vascular allografts (Fig. 1).
For these reasons, we came with the initiative to
create a nationwide programme of cryopreserved
vascular allograft transplantation in the Czech Repub-
lic. The existence of such programme would enable
the surgeons to receive vascular grafts of the desired
anatomical type, size and blood type for patients
indicated for emergency vascular surgery. This pro-
gramme would also supply vascular allografts for
semi-elective patients, where surgical treatment could
be integrated into the patient’s treatment plan. All the
major organ transplant centres (TC) were addressed by
the KST to participate in this programme. The most
TCs were in favour of cooperation on a voluntary basis
within of the Czech transplant society. The rules of
cooperation include the development of indication
criteria, the degree of urgency, allocation criteria, and

110



Cell Tissue Bank (2018) 19:437-445 438
Fig. 1 Transplant centres
and vascular tranplantation
centres in Czech Republic
FN Hgadec Kralove
TC . FN Ostrava

TC FN M‘Otpl
PraQ‘é

VTC N NH Praha

'[x/'
il

f‘é\-b

. Transplant center

@ Vascular transplant center

:f fc VFN hraha

P
r

\sf“ :
CKTCH Brno é:
VTC: FNUSA Brno

Lﬁ_

Praha

m—'{‘

r Center using fresh vascular grafts

Center using fresh
and cryopreserved vascular grafts

@ Transplant center and Tissue bank

cooperation agreement with multi-organ harvest
teams of the regional transplantation centres.

The programme “Cryopreserved vascular grafts’
is governed by different rules than the legislation
regulating organ transplant. For this reason, the
participating centres were licensed for this activity
by the State Institute for Drug Control (SUKL) as
Procurement Establishments (PE) tightly connected
by agreements with the licensed Tissue Establishment
(TE)»—Tissue Bank of the University Hospital Hradec
Krilové. All these licences were granted after the
proof of full compliance of practice of these facilities
with the strict safety and quality requirements settled
by the Directives 2004/EC, 17/2006/EC, 2006/86/EC
and national harmonized legal norms: Act No
266/2008 Coll. (Human Cell and Tissue Act) and
Decree of the Ministry of Health No. 422/20068 Coll.
(Mé&fifka et al. 2008; Fellmer et al. 2011). The
licensing process included both reviewing the submit-
ted documentation as well as on-site inspections that
are repeated in 2 vear intervals. Cryopreservation of
collected grafts, subsequent storage at liquid nitrogen

temiperatures and quality control ended by release for
clinical application are the main duties of the tissue
bank. This service is, however, accessible only for
centres involved in the programme. Distribution of
grafts is performed by a licensed company able to
perform emergency and rapid transport of cryopre-
served grafts in a vapour phase of liquid nitrogen to
any place in the Czech Republic.

The described system of cooperation is based on
solidarity within the non-profit project, as the grafts
are allocated solely to the specialized vascular surgery
departments with the highest level of practice, that
ensures quality of care and safety of this type of
treatment, including the management of complications
and long term follow up. VIC surgeons are partici-
pating in the collection of vascular grafts for cryop-
reservation within  regional TC. The clinical
programme of transplantation of cryopreserved grafts
was started in the end of 2013 after completing the
validation stage of manufacturing of grafts and the
licensing process of the TE and 6 PEs included in the
project (2009-2013) (Fig. 1). Currently 3 another
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centres are undergoing licensing proces, before they
join the programme.

Indications for transplantation, criteria of urgency

There was made a consensus inside the working group
on indications for vascular allograft transplantation
and urgency of patients on waiting list. All existing
diagnoses were divided into three groups—I. Life
saving procedures, II. Limb saving procedures and 1L
Chronic  disease—other non urgent diagnoses
(Table 1). Similarly, for patients scheduled for cold-
stored vascular allograft the same criteria of urgency
are used. If there is no adequate cryopreserved
allograft for patient in the Tissue bank, we schedule
him or her for cold-stored graft in urgency depending
upon diagnosis. If two patients have the same urgency,
there is criterion of time, when he/she was scheduled
on waiting list.

Waiting list management

The “Transplants Coordinating Centre’” maintains a
“Waiting List”” (WL) for all patients waiting for organ
transplants that take place in the Czech Republic. In
the same manner, waiting lists for patients who were
indicated for transplantation of fresh or cryopreserved
vascular graft are maintained-thus currently two
vascular waiting lists exist. The patient’s inclusion
for one of the waiting lists is the preference of
indicating surgeon. The surgeon chooses either fresh
or cryopreserved vascular graft. The patient’s position
on the WL is determined by the degree of urgency,
diagnosis and the date of inclusion. Responsible

person of individual transplantation centres are
monthly supplied with updated information regarding
the availability of cryopreserved vascular grafts by the
tissue bank staff.

Working group

The programume committee required that a working
group for vascular grafts and allotransplantation be
established in the Czech Society of Cardiovascular
Surgery (CSKVCH). Working group approach all
heads of the cooperating centres with task of appoint-
ing responsible contact person. Most centres have
therefore 2 representatives. Furthermore, any member
can become a contact personal if hefshe is approved by
the head of the centre. Inaugural meeting is organized
by the elected President who convenes twice year
addresses of current problems, and one annual meeting
serving for preparation of activity report submitted to
the committee of CSKVCH.

Quality control and quality assurance

Our quality control and quality assurance system has
been established in accordance with the rules settled
by the above mentioned European Union Directives,
general Good Manufacturing Practice (GMP) recom-
mendations and national legal norms. Its function is
regularly checked by audits organized by the TE and
by inspections conducted by State Institute of Drug
Control at least once in 2 years.

Serology of the donor includes following tests: anti
HIV1,2, HIV 1 Ag, HBsAg, anti HBc total, anti HCV,
anti HTLV and syphilis serology (tests RRR and

Table 1 Criteria of
urgency, waiting list for

Urgency criteria—the waiting list

vascular allograft
transplantation

1. Urgent—life saving procedure

Bleeding from vascular anastomosis (infection caused by virulent pathogen)

Soft tissue defect above the vascular anastomosis/visible vascular graft

Vascular graft infection— patient with elevated infection markers on antibiotic therapy

1I. Urgent—limb saving procedure

Critical limb ischemia- rest pain

Critical limb ischemia— soft tissues defect

1II. Normal

Vascular graft infection caused by pathogens with low virulence
Chronic ischemic defect of soft tissues (PAD}

Vascular access implantation
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TPHA). These tests can be performed only in the
diagnostic laboratories approved by the State Institute
for Drug Control. Any positive finding in these tests is
indication for discard of collected tissues with excep-
tion of positivity of anti HBc total test. In this case the
presence of the virus DNA can be verified and/or
excluded by use of the PCR test. Verification of the
clinical diagnosis by autopsy is an obligatory step of
our quality assurance system.

Bacteriology and mycology tests are performed in
the specialized control laboratories regularly
inspected by the State Institute for Drug Control.
The input and output bacteriological control includes
taking swabs from collected vessels, quantitative
bactericlogy and sterility tests from the collection
and final preservation solution. In case of positive
result tests for assessment of resistance on antibiotics
are made. There is a strict requirement of the proof of
sterility in the output control. Another indication for
tissue discard is a finding of pathogenic bacteria in the
input control.

Reporting of SAR and SAE connected both with
collection, processing distribution and transplantation
of grafts and is another important feature of our quality
assurance system. A register for recording all clinical
results achieved in all centres using cryopreserved
grafts wag established in the Institute for Clinical and
Experimental Medicine in Prague as a tool for
evaluation of long- term results of vascular transplan-
tation in the Czech Republic.

The conditions under which the vascular tissue is
harvested are very Iimportant. Our recent study
(Meétricka et al. 2015) showed the advantages of
aseptic harvest that immediately follows organ
retrieval in a multiorgan donor and guarantees very
low initial bacterial contamination rate. The fact that
tissue is harvested exclusively by specially trained
surgeons is without any doubt responsible for low
discard rate of grafts due to the graft morphology of
the graft.

The centres that do mnot use surgical harvest
techniques described high discard rate due to mor-
phology of the graft. The total discard rate in the EHB
was reported to be 32% and in more than half of cases
the reason for discard was morphology of the graft
(Jashari et al. 2013).

In our practice the most frequent cause of graft
discard is unsterility detected at the output control.
The slightly modified method described by van Kats

(2010) is used for decontamination and the discard rate
of 16% found by us {Meficka et al. 2015) is almost
identical with the results published by the author of the
method (van Kats et al. 2010). As no contamination by
molds or fungi was found supplementation of transport
solution with highly cytotoxic Amphotericin B is not
used. It is obligatory for grafts harvested at post-
mortem facilities.

Results

In past years, only centres dealing with organ trans-
plants could obtain fresh vascular allografts in Czech
Republic. Only 6 transplant centres met these criteria
(Fig. 1). Large vascular surgery centres did not have
access for this type of treatment. For this reason,
Ministry of Health changed formal status for three
largest vascular surgical centres to “Vascular trans-
plant centre”” (VIC- with a minimum handling of
tissues—Fig. 1). These centres were allowed to
retrieve fresh vascular grafts within multi-organ
procurement (since 2010).

Implementation of the programme to the clinical
practice

The patients indicated for transplantation of ether
cold-stored vascular allograft (both arterial or venous)
or cryopreserved vascular allograft (both arterial or
venous) were ntegrated into a waiting list similar to
that used for potential recipients in solid organ
transplantation. The ABO compatibility, but no HLA
compatibility, is required between donors and recip-
ients. Similarly, no cross-match is performed. Total of
87 cryopreserved vascular allografts were delivered
for clinical application between 2011 and 2016 in
Czech Republic (Table 2, Fig. 2).

Recommendations for immumosuppressive
therapy

Despite inhibition of vessel allografts destruction by
immunosuppression confirmed experimentally (Hruby
et al. 2015; Matia et al. 2014) the use of immunosup-
pression in patients after arterial or venous allograft
transplantation is not generally accepted by vascular
surgeons. Recommendation for the imumunosuppres-
sive treatment protocol for all Czech participating
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Table 2 Cryopreserved

; 5 2011-2013 2014 2015 2016 Total
grafts delivered for clinical
application (2011-2016) Saphenous vein 0 16 18 24 58
Vena cava + iliaca 0 0 0 1
Aortic bifurcation 2 6 4 0 12
Iliaco-femoro-popliteal grafts 0 3 10 3 16
Aortic arch and thoracic aorta 0 0 0 0 0
Total 2 26 32 27 87
Fig. 2 Developments in the 70
number of both fresh and
cryopreserved vascular 60
grafts trangplantations in the mfresh Mcryo
Czech Republic
{2010-2016} 50
40
30
20
10
0
2010 2011 2012 2013 2014 2015 2016

centres consists of orally administered tacrolimus
given from day 7 post-transplant. The drug blood level
generally ranging between 4 and 7 pg/l. (Matia et al.
2006, 2007, 2010). Tacrolimus is administered
throughout the entire period of allograft patency and
blood levels are determined periodically (Table 3).

Table 3 Protocol for immunosuppressive treatment

Financial challenges

Calculation of reimbursement of expenses connected
with harvesting, processing, storage, quality control
and distribution of grafts is based on non-profit and
tax-free principles. The costs of transporting grafts
from the TC to the TE are included as well. The entire
project is conceived as a non-profit and covers costs

Protocol for immunosuppressive treatment (Tacrolimus)

1. For grafts implanted for CLI, immunosuppression is given from 1st post-operative day. In patients on antibiotic treatment it is

7th post-operative day

2. Monotherapy of Tacrolimus is used with target levels between 4 and 7 ng/ml

3. The levels of immunosuppression and renal functions are examined in 3 months intervals during the first year, and in 6 months

intervals afterwards

4. If there are no clinical or CT signs of graft rejection, the dose is minimalized after 24 months to 0.5 mg a day (at a minimum

plasma concentrations)

5. For patients who are not able to control the levels of Tacrolimus, Cyclosporin A (2 X 25 mg) is an alternative

6. Patients with advanced renal disease are immunosuppressed on a case by case basis
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incurred by the graft procurement, its cryopreservation
and storage. These items are paid retroactively with-
drawing the hospital payment from health insurance
comipanies. For this reason, the start of the project was
not possible without financial support of the partici-
pating Teaching Hospitals. Standard charge for each
graft suitable for clinical use is, in average, 1000 Euro.
One-third is a price of retrieval and is paid to a center
where the graft was harvested and two-thirds of this
price is for cryopreservation, storage and transport.

Discussion

Long term storage of cardiovascular grafts in cry-
obanks was started before the end of the last millen-
nium (Jashari et al. 2013; Goffin et al. 2000; Song et al.
2000). Development of storage of vascular tissue in
these banks was stimulated in the first decade of the
new millennium by the issue of EU Directives and
national harmonized norms such as Act. No 296/2008
Coll in the Czech Republic (Meéticka et al. 2008, 2011)
or the Tissue Act in FRG, (Fellmer et al. 2011) aimed
on assurance of high quality and safety of cells and
tissues used for transplantation in man. This law
caused radical change in standard procedures used in
the tissue banks, including harvest and processing of
vascular tissue (MEFicka et al. 2011; Fellmer et al.
2011, 2013) In contrast to FRG, where the use of fresh
grafts was practically stopped, the Czech law allows to
use fresh grafts in the regimen of organ transplantation
regulated by Act No. 285/2002 Coll. within 48 h after
harvest. There is also a difference between required
purity of the environment in the graft processing areas.
While the Czech law permits to use environment of the
grade A with the background C the German Law
orders the same environmental conditions as in
manufacturing sterile medicinal products, processing
area of the grade A with the background of the grade
B. As the TE of the UHHK was renovated in
compliance with standards of the International Society
for Pharmaceutical Engineering (van Kats et al. 2010)
it is able to assure this high level of quality of the
environment that is regarded as standard also in other
West Eurcpean countries (Vogt et al. 1998). The
national law may also settle some restrictions of the
use of grafts. While in some countries free sale of
grafts to surgical departments is possible, in the FRG
the use of cryopreserved vascular grafts is strictly

limited to clinical trials only (Fellmer et al. 2613). The
Czech position is somewhere between these two
extremes; the use of both fresh and cryopreserved
grafts is limited to accredited tansplantation or
vascular transplantation centers approved to use
immunosuppressive drugs.

The conditions under which the vascular tissue is
harvested are very important. Our recent study
(Meérticka et al. 2013) showed the advantages of
aseptic harvest that immediately follows organ
retrieval in a multiorgan donor and guarantees very
low initial bacterial contamination rate. The fact that
tissue is harvested exclusively by specially trained
surgeons is responsible for low discard rate of grafts
due to the graft morphology of the graft.

It is also important that this type of surgical
procedures are concentrated in specialized vascular
surgery centres, because the operation for vascular
infections are among the most difficult, and the results
are dependent on the experience of each centre and
individual surgeons (Vogt et al. 1998). This also
means selecting a solution for each patient, because
allograft transplantation is only one of the treatment
options for vascular prosthesis infection {Vogt et al.
1998). The same conditions are identical also for
patients operated on for critical limb ischemia, or other
rare indications. The actual periprocedural handling
with vascular allografts can greatly affect subsequent
complications that can occur in patients (thawing etc.).
For this reason the presented project is strictly limited
to centres included, and free sale of cryopreserved
grafts to other medical facilities is excluded.

There is a need, however to conduct clinical studies
to help answer several questions related to immuno-
suppressive therapy (§punda et al. 2016). The ques-
tions regarding the necessity of immunosuppression
with cryopreserved allogenic vein is still open {(Matia
et al. 2016). It is also necessary to specify the
indication criteria for vascular grafts transplantation
in special situations where there is risk of persistent
infectious contamination of the surgical field exists
(Neel et al. 2002; O’Connor et al. 2006; Minga
Lowampa et al. 2016).

Presented programme for transplantation of cryop-
reserved vascular grafts established a service that did
not exist in the Czech Republic earlier. Cooperation of
the participating centres in the Czech Republic with
the licensed Tissue Establishment made it possible to
achieve a full compliance with the European Union
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Directives and harmonized national legal norms and
assured high quality of cryopreserved vascular allo-
grafts, and thus contributed to increased safety of the
treated patients.
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