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Abstrakt (CJ):

Uvod: Extracelularni matrice jsou biologické materidly stale &astdji uzivané v tkanovém
inzenyrstvi a rekonstrukéni chirurgii. Jsou schopné vaskularizace, coz v chirurgickych indikacich
snizuje riziko infekce. V rekonstrukéni chirurgii se uzivaji napft. pfi rekonstrukci bfisni stény v
kontaminovanych oblastech. Existuji rizné druhy téchto materiall v zavislosti na jejich plvodu
a zpracovani. Cilem prace bylo srovnani sitované a nesitované aceluldrni praseci dermis na
dlouhodobém modelu bfisni kyly na malém zviteti s hodnocenim histologického nalezu a
pevnosti vrastani do tkani prijemce. Dalsim cilem bylo zjisténi vlivu obohaceni acelularni
prasec¢i demis o kmenové burnky na histologicky nélez a pevnost vristani do tkani pfijemce na
animalnim modelu rekonstrukce brisni stény.

Metodika: Byla provedena prospektivni studie rekontrukce brisni stény na potkanu kmene
Wistar (n=42). Cast materialt jsme obohatili o autologni kmenové buriky derivované z tukové
tkané. Explantace byla provedena po 3, 6 a 12 mésicich. Materidly byly vySetfeny histologicky
na neovaskularizaci, tloustku kapsuly, celularizaci implantatu, leukocyty a obrovskobunéénou
reakci. Mechanometricky byla testovana pevnost materidld a jejich vristani do hostitelskych
tkani.

Vysledky: Srovnani skupin s obohacenim o kmenové bunky nevykazalo zadné signifikantni
rozdily v parametrech sila pouzdra, reakce na cizi téleso, celularizace a vaskularizace. Sila
vrGstani do hostitelskych tkani byla signifikantné vys$si u nesitované acelularni praseci dermis
obohacené o kmenové buriky. Porovnani sitovanych a nesitovanych materialt bez obohaceni o
kmenové burky ukazalo signifikantné vyssi celularizaci a vaskularizaci u nesitovanych materiald.
3 mésice od implantace, nesitované acelularni praseéi dermis disponovaly signifikantné vy$sim
napétim potfebnym pro rupturu vzorku, v 6 a 12 mésicich nebyl rozdil signifikatni.

Zavér: Vysledky nasi studie prokazaly, ze nesitovana acelularni praseci dermis disponuje lepsi
biokompatibilitou a umozriuje vyssi vaskularizaci a celularni penetraci nez sitovana acelularni
praseci dermis. Osidleni biologickych siték mezenchymalnimi kmenovymi bunkami nevedlo
k signifikantnimu zvysSeni vaskularizace u sitované ani u nesitované acelularni praseci dermis. U

nesitované acelularni praseci dermis se po pfidani kmenovych bunék sila vristani do tkani

ptijemce signifikantné zvysila.

Klicova slova: extracelulédrni matrice, acelulari matrix, biokompatibilita, animalni model, kyla,

sitovani, mezenchymalni kmenové burky, rekonstrukce bfisni stény, rekonstrukce prsu



Abstrakt (EN):

Background: Biological meshes are biomaterials consisting of extracellular matrix that are used
in surgery particularly for hernia treatment or thoracic wall reconstruction. They are capable of
vascularization, that decreases risk of infection, expecially when used in contaminated fields.
This study compared the strength of incorporation and biocompatibility of two porcine-derived
grafts (cross-linked and non-cross-linked) in a rat hernia model. In addition, we hypothesized
that combination of extracellular matrices with autologous mesenchymal stem cells used for
hernia repair would result in increased vascularization and increased strength of incorporation.
Methods: We cultured autologous adipose-derived stem cells harvested from the inguinal
region of Wistar rats on part cross-linked and non-cross-linked porcine extracellular matrices.
Standardized 2 x 4 cm fascial defect was created in 42 Wistar rats and repaired with a cross-
linked or a non-cross-linked graft either enriched or non-enriched with stem cells. The rats were
sacrificed 3, 6 and 12 months later. The strength of incorporation, vascularization, cellular
invasion, foreign body reaction and capsule formation were evaluated.

Results: Comparison of stem cell enriched and non-enriched groups showed no significant
differences in the capsule thickness, foreign body reaction, cellularization or vascularization. In
the non-cross-linked extracellular matrix, the strength of incorporation was significantly higher
in the stem cell group than in the acellular group. In comparison of non-stem cell enriched
grafts, the average level of cellularization and vascularization was significantly higher in the
non-cross-linked grafts than in the cross-linked grafts at 6 months. 3 months after implantation
non-cross-linked grafts showed significantly higher strength of incorporation; at 6 and 12
months was the difference insignificant.

Conclusion: The results of our study suggest that non-cross-linked grafts are more
biocompatible and allow a more rapid and higher degree of cellular penetration and
vascularization, resulting in stronger attachment to the tissues. Seeding of biological meshes
with stem cells does not significantly contribute to their increased vascularization. In cross-
linked materials it does not ensure increased strength of incorporation, in contrast to non-

cross-linked materials where the difference is significant.

Keywords: extracellular matrix, scaffold, biologics, acellular matrix, histometrics,

biocompatibility, animal model, cross-linking, hernia, mesenchymal stem cells, MSCs, ADSC
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Zkratky: ECM (extracellularni matrice), SVF (stromalni vaskularni frakce), ADSC
(adipose derived stem cells), H-MEM (Minimum Essential Medium with Hanks’

salts)



Uvod

Extracelularni matrice jsou biologické materidly stale castéji uzivané v tkarnovém
inZzenyrstvi a rekonstrukéni chirurgii. Jsou odvozené od zZivocisnych tkani, jako napt. od
speciadlné zpracovanych srdecnich chlopni, aceluldrnich matric odvozenych od lidské
nebo veprové dermis, stény tenkého stfeva a osrdecnice. Disponuji vysokou
biokompatibilitou a schopnosti inkorporace do tkéni pfijemce. Jsou schopné
vaskularizace, coz v chirurgickych indikacich snizuje riziko infekce. Diky tomu je jejich
pouziti mozné i v kontaminovanych oblastech na rozdil od syntetickych material(, u
kterych je riziko infekce vysoké.

Podle jejich chemického a fyzikalniho zpracovani jsou tyto biomateridly pfijatelné
biokompatibilni a dostatec¢né stalé i pro dlouhodobé nahrady tkani. V rekonstrukéni
chirurgii se uzivaji napf. pfi plastikdch kyl v infikovanych oblastech, augmentaci
mékkych tkani a rekonstrukcich prsu.

Extracellularni matrice jsou produktem bunék kazdé tkéné a skladaji se z rdznych
proteinl, predevsim z kolagennich struktur a glykoproteint, uspofadanych v
trojdimensionalni siti. Tyto proteiny poskytuji extracelularnim matricim mechanickou
pevnost. Jejich slozeni je unikatni v kazdé tkani.

Nejdllezitsim krokem zpracovani extracelularnich matric je decelularizace k
odstranéni cizich celularnich antigent, které zplsobuiji rejekci tkané. V zavislosti na
dal$im zpracovani tyto biologické materidly rozdélujeme na sitované a nesitované.
Sitované materidly jsou stabilnéjsi, ale disponuji mensi biokompatibilitou a slabsim
vristanim do tkani pfijemce.

Nedavno se objevil novy typ acelularniho biomateridlu vyvinutého v Ceské
Republice pod nazvem Xe-Derma. Tento anizotropni acelularni biomaterial je odvozen
od prace na vyvoji rekombinované kize za pomoci xenodermis a kultivovanych
keratinocytl v Ustavu Molekularni Genetiky AVCR a na Klinice popéaleninové mediciny
v Praze. Nyni je pouzivan jako docasny kryt k urychleni epitelizace pfi hojeni ran, jako
jsou popaleniny, bércové viedy nebo dermabraze. Hlavnim znakem této xenomatrix je

vyraznad podpora regenerace tkdné na jejim povrchu. Xe-Derma se strukturné lisi od
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ostatnich biomateriald své kategorie diky svému zpracovani (je velmi podobna nativni
dermis, je anisotropni, neni zhomogenizovana, mé zachované kolagenni struktury) a da

se predpokladat, ze se bude lisit i jeji vhojovani po implantaci.

Slozeni extracelularnich matric

Vzhledem k tomu, Zze komponenty extracelularnich matric jsou homogeni mezi
rdznymi druhy Zivocichl, jsou tyto materiadly biologického plivodu po decelularizaci
dobre tolerovény lidskymi pfijemci. Nejvice zastoupenym proteinem je kolagen, ktery
predstavuje asi 90% suché vahy. Kolagen typu | je nejcastéjsi v slachovych a fascialnich
komponentech, poskytujici pevnost pro mechanickou zatéz. Jiné typy kolagenid se
vyskytuji v _mnohem mensim mnozstvi. Druhym nejcastéjSim proteinem v
extracellularnich matricich je fibronectin. Tato molekula je ddlezitd pro bunécnou
adhezi na submukoséach, bazalnich membranach, intersticidlnich tkanich a jinych
komponentech. Mezi jiné molekuly, které stoji za zminku patti laminin, ktery se nachazi
v bazalnich membrénich podobné jako fibronectin a glykosaminoglykany, jejichz
mnozstvi zavisi na lokalité tkdné, véku a mikroprostredi. Glykosaminoglykany jsou
schopné zadrzovat vodu. Nejvice zndmy glykosaminoglykan je kyselina hyaluronova,
kterd je extensivné zkoumana ve vztahu k hojeni ran, zejména ve fetélnich tkanich.
Uziva se také v kosmetické chirurgii k augmentaci mékkych tkani. Poslednim ddlezitou

molekulou extaceluldrnich matric jsou ristové faktory, diky kterym se tyto biologické

materidly tak vyznamé odlisuji od syntetickych.

Zhotoveni extracelularnich matric

Ziskani extracelularnich biologickych materiall zahrnuje mechanické, fyzikalni a
enzymatické kroky zpracovani, jejimz vysledkem je kompletni decelularizace zdrojové

tkéné (Crapo, 2011; Gilbert, 2006; Keane, 2012). Existuje mnoho tkani, ze kterych je



mozné extracelularni matrice pripravit. Nejcastéji se jedna o dermis (Armour, 2006),
mocovy méchyt (F. Chen, 1999; Ewalt et al., 1992; Freytes, 2004; Gilbert, 2005),
submukoézu tenkého stfeva (Badylak, 1989; Kropp et al., 1995; Sacks & Gloeckner,
1999) a perikard (Deeken et al., 2011; Gaertner, 2007). Jelikoz je vétsSina tkani
uzivanych k ziskadni extraceluldrnich matric alogenni nebo xenogenni, bez
decelularizace by jejich celularni antigeny byly rozpoznany jako cizi a ndsledné by byla
indukovéna imunitni odpovéd. Jak bylo dfive zminéno, proteiny extracelularnich
matric jsou podobné napfi¢ Zivoc¢isSnymi druhy a proto jsou dobfe tolerovany i u
xenogennich pfijemctd (Bernard, et al., 1983a; Bernard, et al., 1983b; Constantinou &
Jimenez, 1991; Exposito, 1992). Cilem decelulariza¢niho procesu je odstranéni
veskerého celuldrniho a nukledrniho materidlu, zatimco sloZeni, mechanické vlastnosti
a biologicka aktivita zlistavaji zachovany.

Pro decelularizaci se uzivaji rizné metody jako napfiklad oSetfeni ultrazvukem,
zmrazeni a rozmrazeni nebo masaz. Tyto metody narusuji bunééné membrany, uvolfiu;ji
obsah bunék a usnadriuji promyvéani a odstranéni bunécného obsahu. Osetfenim
Ciniteli jako trypsin, detergenty nebo iontové roztoky pokracuje nic¢eni intercelularnich
vazeb a bunéénych membran. Kombinace téchto metod se lis§i mezi riznymi tkdnémi v
zavislosti na jejich slozeni (Clemens van Blitterswijk, 2008).

Pokud maji byt extracelularni matrice uzity jako zdravotnické prostredky, musi byt

sterilizovany. Metody pro sterilizaci zahrnuji gamma zafeni nebo expozici ethylenem

oxidu (Freytes et al., 2004).

Uziti extracelularnich matric

Extraceluldrni matrice se uzivaji v mnoha aplikacich, jako napfiklad k nahradé
kozniho krytu (Mostow et al., 2005), rekonstrukci mocového traktu (le Roux, 2005;

Mantovani,  2003; Mertsching, 2005), rekonstrukci $lach (Badylak et al., 1995),
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rekonstrukci brisni stény (Catena et al., 2007, Hammond, 2008; Hiles, 2009; Hsu et al.,
2009; Parker, 2006; Ramsden, 2009; Smart, 2012), esofagealni rekonstrukci (Badylak et
al., 2005; Badylak, 2000; Lopes, 2006) a pfi rekonstrukci prsu po mastektomii
(Nahabedian, 2009a).

Pivod v soucasnosti uzivanych extraceluldrnich matric

V soucasné dobé se v klinické mediciné a tkdnovém inzenyrstvi uzivd velké
mnozstvi extraceluldrnich matric. Jak bylo vySe zminéno, jsou odvozené z dermis
(Armour et al., 2006), mocového méchyie (F. Chen et al., 1999; Ewalt et al., 1992;
Freytes et al., 2004), submukdzy tenkého stfeva (Badylak et al., 1989; Kropp et al.,
1995; Sacks & Gloeckner, 1999) a perikardu (Deeken et al., 2011; Gaertner et al,,
2007). VSechny tyto materidly maji podobné slozeni - jsou to extracelularni hmoty.
Odpovéd' pfijemce na implantaci se lisi u kazdého materialu. Je to dano rlznym

zpracovanim, které je u kazdého materiélu jiné (Tab. 1).



Produkt

Strattice

XenoDerm

Alloderm

Surgisis

Permacol

Collamend

Allomax

Oasis

CuffPatch

TissueMend

Durepair

Xenform

Primatrix

GraftJacket

Vyrobce

Lifecell

A care

Lifecell

Cook

Covidien

Bard

Bard

Healthpoint

Arthrotek

TEI Biosciences

TEI Biosciences

TEI Biosciences

TEI Biosciences

Wright Medical
Tech

Praseci dermis

Praseci dermis

Lidska kéze

Praseci submukoza
tenkého streva

Praseci dermis

Praseci dermis

Lidska kdze

Praseci submukoza
tenkého streva

Praseci submukdza
tenkého streva

Bovinni fetdlni kaze

Bovinni fetdlni kaze

Bovinni fetdlni kaze

Bovinni fetdlni kaze

Lidska kdze

Zpracovani

Nesitovana

Nesitovana

Sitovana

Sitovana

Sitovana
Hexamethylen
Diisocyanatem

Sitovana

Nesitovana

Nesitovana

Sitovana

Nesitovana

Nesitovana

Nesitovana

Nesitovana

Sitovana

Suchy list

Suchy list

Suchy list

Suchy list

Prehydratovany
list

Suchy list

Suchy list

Suchy list

Prehydratovany
list

Suchy list

Suchy list

Suchy list

Suchy list

Suchy list

Tabulka 1: V soucasnosti uZivané biologické sitky

Indikace

Rekonstrukce bfisni stény

Hojeni ran

Rekonstrukce bfisni stény,
rekonstrukce prsu, augmentace
meékkych tkani, hojeni ran

Rekonstrukce bfisni stény,
terapie rektokutanni pistéle

Rekonstrukce brisni stény

Rekonstrukce brisni stény

Rekonstrukce brisni stény

Lécba ran a popalenin

Rekonstrukce mékkych tkani

Terapie a zpevnéni mékkych
tkani rotatorové manZety

Rekonstrukce kranialni a
spinalni dura mater

Terapie rektaIniho, uretralniho a
vaginalniho prolapse,
rekonstrukce panevniho dna,
uretrdini sling

Hojeni ran

Hojeni vied(
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Indikace

_

Durasis

Stratasis

OrthADAPT

DuraADAPT

Axis dermis

Suspend

Restore

Veritas

Dura-Guard

Vascu-Guard

Peri-Guard

FlexHD

XeDerma

Cook

Pegasus

Biologicals

Pegasus
Biologicals

Mentor

Mentor

DePuy

Synovis

Synovis

Synovis

Synovis

Ethicon

Medicem

Praseci submukoza

tenkého streva

Praseci submukoza

tenkého streva

Korisky pericard

Konsky pericard

Lidska klze

Lidska fascia lata

Praseci submukoza

tenkého streva

Bovinni pericard

Bovinni pericard

Bovinni pericard

Bovinni pericard

Lidska klze

Praseci dermis

Nesitovana

Nesitovana

Sitovana

Sitovana

Nesitovana

Nesitovana

Nesitovana

Sitovana
glutaraldehydem

Sitovana
glutaraldehydem

Sitovana
glutaraldehydem

Sitovana
glutaraldehydem

N/A

Nesitovana

Suchy list

Suchy list

N/A

N/A

Suchy list

Suchy list

N/A

Prehydratovany
list

Prehydratovany
list

N/A

N/A

Prehydratovany

list

Suchy list

Rekonstrukce dura mater

Terapie mocové inkontinence

Rekonstrukce mékkych tkani v
chirurgii

Rekonstrukce dura mater
Terapie panevniho prolapsu

Uretralni sling

Rekonstrukce mékkych tkani

Rekonstrukce brisni stény

Rekonstrukce kranialni a

spindlni dura mater

Rekonstrukce cév

Rekonstrukce perikardu

Rekonstrukce prsu,

rekonstrukce bfisni stény

Hojeni ran

Tabulka 1: V soucasnosti uzivané biologické sitky (pokracovani)



Biomechanické chovani biologickych siték

.

Po implantaci prejimaji tyto aceluldrni materidly funkci tkdné (napf. bfisni stény) a
postupné se nahrazuji zdravou, pfirozenou a funkéni tkani prijemce. Tento proces, tak
zvané remodelovani, zahrnuje prekryvajici se biodegradaci implantatu a vytvareni nové
tkdné. Jedna se o normalni odpovéd’ pfijemce na implantaci materidlu. Oba tyto
procesy musi byt precizné vyrovnané pro optimalni vysledek. Implantadt by nemél
ztracet pevnost nasledkem biodegradace pred tim, nez je nahrazen dostatecné
vyzralou tkani pro plné prevzeti jeho mechanické funkce. Pfi implantaci materialu
musime brat v Gvahu pfirozené mechanické sily, které mohou ovlivnit proces
remodelace. Biologické sitky by mély mit mechanické vlastnosti podobné pfirozené
tkani.

V pripadé potreby vy$si pevnosti (napf. u operace rotadtorové manzety, Achyllovy
Slachy nebo rekonstrukce bfisni stény), mohou byt vytvoreny vicevrstvé materidly pro
zvySeni pevnosti. Vrstveni se vétSinou provadi laminovanim hydratovanych vrstev
(sheetl) ve vakuu. Vakuem indukovana komprese vrstev extracelularnich matric vyusti
ve vytlaceni vody z tkdné a upevni vrstvy k sobé.

Napéti a mechanické zatizeni ovliviiuje osidleni biologické sitky fibroblasty a
jejich syntézu kolagenu. Tyto zmény mohou vést ke zlepseni biomechanického chovani
sitky. Na druhou stranu nedostate¢né mechanické zatizeni mize zvysit produkci

metaloproteindz a vyustit v rychlou resorbci biologické sitky.

Sitovani biologickych siték

Sitovani je metoda zavedend v oboru biomateridll jiz od padesatych let
minulého stoleti, kdy byl polyvinyl alkohol sitovany glutaraldehydem za Gcelem vyroby
IVALONu. IVALON byl jeden z prvnich implantovatelnych syntetickych biomateriald.

Nebyl nicméné vhodny ke klinickému pouziti vzhledem k pomalému uvolfiovéni
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toxického glutaraldehydu (Harrison, 1957). Vétsina modernich biomateridll, v
soucasnoti uzivanych v klinické praxi, se snazi sitovani vyhnout. Napfiklad ze seznamu
uzivanych biologickych siték (Tabulka 1) vétSina postrada tento typ zpracovéni (Smart
etal., 2012).

Dle nékterych studii se nezpracované extracelularni matrice bez chemického
sitovani rychle po implantaci vzttebavaji. (de Castro Bras, 2010; de Castro Bras, 2012).
Pro snizeni vstfebavéni a zvySeni pevnosti se uzivalo mnoho rlznych cinidel od
aldehydu po hexamethylen diisocyanat (Oliver, 1982; Oliver, 1980).

Proto vyrobci zacali biologické sitky sitovat s cilem ucinit je odolnéjsimi.
Nicméné stéle probiha diskuze o tom, jak hodné jsou vlastnosti biologickych material{
sitovanim ovlivnény (Butler et al., 2010; de Castro Bras et al., 2010; 2012; Deeken et
al., 2011; Mulier, 2011). Pokusy vyrobct biologickych siték zlepsit jejich pevnost
sitovanim totiz zhorsuji biokompatibilitu a pevnost vristani sitky do tkani ptijemce.
Materidly jsou pfili§ kompaktni pro proristani cév a ostatnich tkani, coz vede ke

slabSimu spoji mezi materidlem a tkani pfijemce, jako napf. bfisni stény.

Biologicka aktivita

Extraceluldrni matrice obsahuji mnozstvi slozek, které se uUcastni v procesu
hojeni. Tyto komponenty, zejména rastové faktory, sidli jako neaktivni proteiny v
intaktni extracelularni matrici a mohou byt uvolnény ve formé aktivnich peptidd v
pribéhu degradace matrice. Posléze mohou pomoci regulaci regenerace tkané
antimikrobidlnimi (Brennan et al., 2006; Sarikaya et al., 2002), chemotaktickymi
(Badylak, 2001; F. Li et al., 2004; Zantop, 2006) a angiogenetickymi (F. Li et al., 2004)
faktory.

Komponenty extracelularnich matric praseci submukdzy tenkého stfeva a
submukoézy mocového méchyre disponuji antibakterialni aktivitou proti gram-

positivnim i gram - negativnim bakteriim (Sarikaya et al., 2002). Sarikaya zjistil tuto



aktivitu izolaci a degradaci matric s uzitim tepla a kyselin. Produkty tohoto procesu
byly smichany s koloniemi staphylococus aureus a escherichia coli a byly vysetfeny po
24 hodindch. Oba materidly demostrovaly silny antibakterialni efekt proti obéma
typlm bakterii. Tato vlastnost byla ovéfena v mnoha pre-klinickych a klinickych
aplikacich - napf. ve vaskularni rekonstrukci (Jernigan et al., 2004), rekonstrukci ureteru
(Mantovani et al., 2003), kardiovaskulari chirurgii (Ruiz et al., 2005), rekonstrukci brisni
stény (Catena et al., 2007; Smart et al., 2012), operaci perianalnich pistéli (M. Smith,
2007) a rekonstrukci prsu (Nahabedian, 2009a). Kratkodoba antibakterialni aktivita
produktd degradace extraceluldrnich matric poskytuje kratce po implantaci

bezprostredni ochranu vici infekci.

GAL antigeny

Alfa-GAL je glykokonjugat pfitomny na bunéénych membranach savcl a bakterii.
Nevyskytuje se ale u clovéka, ktery disponuje vysokymi titry anti-gal protilatek.
Transplantace prasecich organd clovéku (xenotransplantace) by byla zatizena
hyperakutni rejekci zprostfedkovanou pfirozenymi protildtkami ¢lovéka proti prasecim
antigenim, fixaci komplementu na endotelidlnich bunkidch a rychlym nastupem
intravaskularni koagulace. V soucasné dobé je jasné, ze hlavnim cilem pfirozenych IgM
a lgG protilatek jsou epitopy koncovych karbohydratd alfa-GAL (1,3) GAL, které jsou
tvofené alfa 1,3 galactosyl transferasou, kterd umistuje zbytkové koncové galaktosy v
alfa propojeni k dalsi galaktéze. Alfa 1,3 galactosyl transferdza v prasatech vede k
velmi vysoké endotelialni expresi GAL alfa -(1,3) GAL a vysvétluje hyperakutni rejekci
vaskularizovanych organl. Parenchym jater a ledvin také obsahuje vysoké hladiny GAL
alfa-(1, 3)GAL. Transplantace téchto tkani z prasete do clovéka by byla nelspésna, jak
je nyni pfesné popséano v ramci antigent a protilatek (Sandrin & McKenzie, 1994).

V pribéhu decelularizace biologickych siték je vsak vétsina bunék s GAL

antigeny odstranéna. U pfijemcl acelularnich $tépl je mozné detekovat signifikantni
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snizeni koncentrace anti-alfa-GAL IgM protildtek oproti prijemctim klasickych prasecich
chlopni (Mathapati, 2011). GAL antigeny jsou kvdli vySe uvedenému dilezité pro cely

obor transplantologie.

Uziti extracelularnich matric v chirurgii

Rekonstrukce bfisni stény

BFisni kyla je definovana jako protruze nitrobfisniho orgédnu defektem ve fascii
brisni stény. Kyla mdze vzniknout na rdznych mistech téla, ale brisni sténa je zdaleka
nejcastéjsi. Mlze se projevovat viditelnym vyklenutim bfisni stény nebo bolestivosti.

Nejcastéjsim typem brisni kyly je kyla tfiselnd (az 75%), nasledovand umbilikalni
kylou a kylou v jizvé, ktera vznikd po predchozich operacich.

BFisni operace vyusti v kylu u 11-23 % ptipadd (Mudge & Hughes, 1985). Tato
komplikace vétsinou vznika ¢asné v pooperacnim obdobi, i kdyz nemusi byt patrna po
mnoho let (Héer, 2002). Vzhledem k velkému poctu provéadénych laparotomii se jedna
o Casté onemocnéni. Vysoké miry recidiv kyl v mnoha publikovanych studiich potvrzuiji,
ze zlepsovani technik rekonstrukei kyl predstavuje do budoucna vyznamnou vyzvu.

Defekty brisni stény predstavuji obecné velmi heterogenni skupinu. Lisi se nejen
anatomickou sloZitosti a rozsahem, ale také celkovym stavem pacienta. Tyto faktory
maji vliv na typ zakroku a také finalni vysledek operace. Neexistuje zadna
standardizovana klasifikace pro velikost kyl. Jednou z nejjednodussich moznosti je
Kyly mizeme také na reponibilni a nereponibilni. Akutni nereponibilni (uskfinutd) kyla
se fadi mezi nahlé prihody bfisni a vyzaduje neodkladnou terapii. Organ z btisni dutiny,
nejcastéji omentum nebo strevo, je zachycen v kyIni brance. Uskfinuté kyly jsou casto
bolestivé a mlze se u nich vyskytnout nevolnost, zvraceni a horecka. Uskfinutad kyla
mUze vyustit v nekrézu bfisnich orgdnl nasledovanou peritonitidou a sepsi. Nejvétsi

riziko inkarcerace mé kyla umbilikalni.



Prestoze jsou obecné chirurgické pfistupy podobné u vsech rekonstrukei bfisni
stény, slozitéjsi situace vyzaduji peclivou predoperaéni pfipravu a dliraz na
minimalizovani rizika infekce a recidivy (Ghazi, 2011). Diky rozvoji rekonstrukce brisni
stény mohou byt jeji defekty, které byly dfive povazovany za nefesitelné, dnes Uspésné
operovany a pacientlim s dfive Spatnou kvalitou Zivota je nyni nabizeno feseni. Mezi
nejdllezitéjsi pokroky patfi zavedeni metody separace komponentd, dostupnost
novych syntetickych siték a néastup biologickych siték (extraceluldrnich matric) pro
rekonstrukci bfisni stény (Ventral Hernia Working Group et al., 2010).

Prvni volbou pti operaci kyly je sutura okraji kylni branky k sobé (Bertolini, 2012).
Casto je spojend s pouzitim sitky. Touto technikou je mozné dobte uzaviit mensi
defekty brisni stény. Avsak ¢im je defekt bfisni stény vétsi, tim je vétsi tenze na
vyslednou suturu. Zvysujici se napéti tkani vede ke zvySenému riziku recidiv. Pokud pak
velikost defektu presahne urcitou miru, je technicky nemozné sesit okraje kylni branky
k sobé. V tomto pfipadé voli vétsina chirurgli premosténi sitkou. V pfipadé premosténi
se muze sitka ¢asem odpojit od stény bfisni (Blatnik, 2008).

Rozsahlé defekty brisni stény je mozné fesit také laparoskopicky s umisténim
sitky intraperitonealné. Nevyhodou této techniky je fakt, Ze nefesi nadbytek mékkych
tkéni, zejména v oblasti kylniho vaku, ktery je pfipadné nutné resit otevienou plastikou.
Pak se vyhoda miniinvazivniho vykonu stira.

Nize popsand metoda separace komponentld popsand Ramirezem (O. M.
Ramirez, 1990) nabizi vyhody oproti klasickym metodam u vétsich defektd brisni stény.
Touto technikou mizeme predejit uziti sitky a s ni spojenych komplikaci; kontrahujici
Sikmé brisni svaly jsou pfipojeny zpét do inzerce v linea alba a intraabdominalni tlak je
obnoven. Diky tomu se predejde diafragmatické dysfunkci, kterd casto vznikd pfi
nevhodnych korekcich defektd brisni stény. Separace komponentl také vede ke
snizeni rizika recidivy kyly (Eriksson et al.,, 2013). Jelikoz je popsana technika
indikovana u rizikovych pacientd, ¢asto se zvySenym rizikem infekce, uzivéa se casto ke
zpevnéni sutury biologickych materidld (extraceluldrnich matric) namisto syntetickych

siték (Novitsky & Rosen, 2012; Patel, 2012).
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Technika operace:

Zacindme incizi nad mistem kyly, event. v ptvodni jizvé. Po otevreni kylniho vaku
provadime deliberaci jeho obsahu s repozici do peritonedlni dutiny. Kylni vak
resekujeme a uzavirdme v Grovni peritonea, kterého obvykle byva nadbytek, a sutura je
bez napéti.

V prtipadé pouziti laterdni separace komponentd protiname fascii zevniho
sikmého svalu v misté, kde prechazi ve fascii ptimych svald bfisnich (Obr. 1, 2). P¥i
spravném urceni této oblasti se jednd o prakticky bezkrevnou incizi, ke které obvykle
pouzivame elektrokauter. Rozsah uvolnéni je zavisly ¢astec¢né na velikosti defektu, ale
nejCastéji je uvolnéni tkanovych struktur v celém rozsahu od oblouku Zeberniho az
témér do tfisla. Podminkou pro tento manévr je rozséhlejsi preparace kize a podkozi
od mista incize ve stfedni ¢are nad fascii svall az Siroce laterdlné za misto incize fascie,
tedy az po Sikmé svaly bfisni. Dle nasich zkusenosti je mozné posunout okraj fascie o
5-10 cm medialné z kazdé strany.

Suturu kylni branky provéddime jednotlivym nevstfebatelnym stehem nebo

pokracujicim stehem loopem PDS v jedné vrstvé (Obr. 3).

\

T

Obr. 1: Schéma protnuti fascie zevniho Sikmého svalu v misté, kde prechazi ve fascii

pFimych bFisnich svali



Obr. 2: Protnuti fascie zevniho Sikmého svalu pfFi operaci (oznaéeno Sipkou) umozni

roztazeni komponent a posun fascie pfimych bfisnich svali medialné (ruka operatéra

prostréena stfedni laparotomii do dutiny bFi$ni)

Obr. 3: Sutura defektu bFisni stény (kylni branky) pokracujicim stehem
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Pokud je riziko rekurence kyly neumérné, prekryvdme suturu sitkou k dalSimu
zpevnéni. Sitky mohou byt lokalizovany v rlznych pozicich ve vztahu k bfisni sténé.
Mluvime o tzv. umisténi overlay (nad fasciemi brisnich svald), inlay (mezi fasciemi
bfisnich svald) a underlay (pod fasciemi bfisnich svald nad peritoneem) (obr. 4).
Lokalizaci materidlu volime na zédkladé nékolika faktord, z nichz nejdilezitéjsi jsou
zkusenost operatéra a zvyk daného pracovisté. Pfi rozhodovani o umisténi sitky
musime brat v potaz také typ defektu. V pfipadé intraperitonealniho umisténi sitky pfi
laparoskopické operaci musime uzit sitku, kterad je vhodna k umisténi do brisni dutiny.

V pfipadé pouziti nespravné sitky maze dojit k zdvaznym intraperitonedlnim sristim.

N

Obr. 4: umisténi siték ve vztahu k bFisni sténé



Sirokad preparace nad fascii ndm umozni ukotvit sitku do vétsi vzdalenosti od
okraje defektu. Sitku kotvime po obvodé i v ploSe nevstfebatelnymi stehy. V pripadé
umisténi underlay je sitka ulozena pod zadni stranu pfimych svalG bfisnich, tedy do
dutiny, kterou jsme vytvofili odlouc¢enim svalt od zadniho listu jejich fascie. Pak
kotvime sitku U stehy pres fascii a uzlenymi na zevni strané predniho listu fascie
pfimych svall bfisnich. Téchto stehd pouzivame podle rozsahu defektu 4-7. Zminéné
umisténi sitky ma vyhodu jejiho vétsiho prekryti mékkymi tkdnémi, presto je
nejvhodnéjsi pouziti vstrebatelnych sitek.

Na konci operace nasleduje sutura kGze a podkozi s redukci téchto tkani

v ptipadé potreby.

Syntetické sitky

Chirurgové zacali pouzivat u hernioplastik sitky kvili ¢asto nedostate¢nym
vysledkdm sutury stehem. V soucasné dobé jsou k dispozici rizné typy siték pro rizné
indikace. Nejdfive byly k dispozici sitky syntetické. Jejich uziti vedlo k vyraznému
snizeni rizika recidivy kyly. Méli ale nékteré problematické vlastnosti. Pokud se na
synteticky material usidli tfeba jen nepatrna infekce, témér nikdy ji nelze zcela vylécit
bez toho, aniz by se musel implantat explantovat. V pfipadé, ze se syntetické sitky
uzivaji intraperitonealné, existuje také zvysené riziko vzniku intraperitonealnich adhezi.
Pozdéji se vyvinuly sitky, které jsou vice rezistentni vici infekci a také sitka pro

intraperitonealni uziti (napt. Gore-Tex).

Zde uvddime nejcastéjsi druhy syntetickych siték:

Polyesterové (PET): Jednd se o nevstfebatelnou sitku s velkymi poéry. Jeji pfimy
kontakt s brisnimi orgény je spojen se zdvaznymi komplikacemi jako jsou pistéle. Velmi

Casté infekce materialu a recidivy kyly.
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Polypropylenova (Marlex, Prolene): Nevstiebatelnd sitka s malymi pory, ktera
muze vést k adhezim vzniku enterokutdnnich pistéli a erozim. Disponuje ale nizkym

rizikem infekce materidlu. (obr. 5)

DAVOL »

Obr. 5: Polypropylenova sitka

Polyglactin (Vicril): Je slozend ze syntetického vstiebatelného kopolymeru
glykolidu a lactidu derivované z kyseliny glykolové a mlécné. Uzivaji se k docasné
podpore struktur bfisni stény.

PTFE (Goretex) (Obr. 6): Goretex mé nizkou tahovou pevnost a nevrlsta do tkani
pfijemce, proto disponuje vysokym rizikem kylnich recidiv. M& ochranou vrstvu, ktera

predchazi adhezim intraperitonealniho obsahu k sitce. Ma ale vétsi riziko infekce.

Obr. 6: Goretexova sitka



Biologické sitky

Cenové dostupné syntetické materidly byly uzivany s vybornym klinickym
efektem po dlouhou dobu. Nejsou ale vhodné pro rekonstrukce bfisni stény typu
"open abdomen" (neuzaviend bfisni sténa) nebo v kontaminovanych oblastech. Riziko
infekce syntetickych materidld uzivanych k rekonstrukci brisni stény vedlo k vyvoji
nového typu biomateridld - extraceluldrnich matric, neboli biologickych siték. Byly
predstaveny v devadesatych letech minulého stoleti a v poslednich deseti letech
mlzeme sledovat narlst jejich uziti (Butler, 2006). Biologické sitky jsou schopné
revaskularizace a remodelace diky moznosti infiltrace burnkami pfijemce. Jejich
nevyhodou je vysokd cena, kterd ovliviiuje pouziti u jednoduchych pfipadi. Jsou
indikované u komplikovanych nebo kontaminovanych hernii. Zatim neexistuje zadny
standard pro spravnou indikaci jejich pouziti. Jak bylo zminéno vyse, existuje velké
mnozstvi rlznych biologickych siték, ale v soucasné dobé nemame k dispozici
odpovéd na otazku, jaky typ biologické sitky je nejvhodnéjsi pro danou situaci (Smart
et al.,, 2012). Biologické sitky se lis§i organizmem a tkani pGvodu, decelulariza¢nim a
sterilizacnim procesem, velikosti a tloustkou materidlu. Dalsi sitovani vytvafi material
odolny biodegradaci a zlepsuje jeho pevnost. VSechny tyto faktory mohou ovlivnit
efektivnost materialu pfi jeho klinickém nasazeni. Klinickd vyhoda sitovanych materiald
muZe byt ve snizeni rizika recidivy kyly (Catena et al., 2007; Hsu et al., 2009; O'Brien et
al., 2011; Parker et al., 2006).

Nejdllezitéjsim bodem pouziti biologickych siték je klinicky vysledek, ktery je
dan v kontextu hernioplastiky cetnosti recidiv. Zatimco u nékterych vykonl je rychla
revaskularizace a minimalni jizveni dulezitymi vlastnostmi, u hernioplastiky je
dlouhodoba stalost rozhodujici a ma za nasledek pfimy vliv na miru recidivy.

Existuje velky pocet studii zkoumajici efektivitu biologickych siték pro
hernioplastiku. Metodologie ¢asto nedostatecné popséna, vétsina clankd se tyka
retrospektivnich studii nebo prospektivnich nekontrolovanych studii provedenych na

malych souborech a data tykajici se typu rany nebo potencialni kontaminace nejsou

dostupné.
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Stabilita je zavisla na vlastnostech materialu a na prostredi do kterého je umistén.
Jiné klinické nélezy pti pouziti biologickych siték jako napft. cetnost serom, chronicka
bolest a kvalita Zivota jsou v literatufe velmi méalo popsané. Recidivy jsou vykazované
prakticky vSemi studiemi. V kontextu vyzkumu biologickych siték je to dllezité, protoze

je to faktor na ktery maji vliv rlizné technologie zpracovani.

Alloderm

Mira rekurenci ve studijich zkoumajici Uspésnost Allodermu pti vyuziti k
hernioplastice se pohybuje v rozpéti od 0 do 100 %. Alloderm pravdépodobné
poskytuje zlepSenou miru rekurence v porovnani s prostou suturou kyly v
nekontaminovanych ranéach, ale vychazi hdre v porovnani s polypropylenovou sitkou a
Surgisisem. Funguje velmi $patné v pripadé uziti k premosténi kylniho defektu. V
kontaminovanych a infikovanych oblastech je mira rekurenci vysokad uz pfi kratkych
nebo stfedné dlouhych sledovénich (Candage et al., 2008; Jin et al., 2007; Ko, 2009;
Kolker, 2005; Scott et al., 2006). Problémy s vyklenutim bfisni stény byly popsané
Guptou (Gupta, 2006) a mira roztahovani Allodermu je v literature také diskutovana
(Nahabedian, 2007).

Korenkov (Korenkov et al., 2001) navrhl definici kyly v jizvé, kterd je v soucasné
dobé Siroce pfijimana: "Kyla v jizvé je jakykoli otvor v bfisni sténé s vyklenutim nebo
bez vyklenuti nachazejici se v oblasti pooperaéni jizvy zfetelny pfi klinickém vysetteni
nebo v ramci vySetfeni zobrazovacich". Tato definice nabizi otdzku, zda nebyla
rekurence kyl pfi uziti Allodermu v nékterych studiich podhodnocena.

Zjisténé zavéry mlzeme shrnout tak, Ze neni dostatek evidence k podpore uziti

Allodermu ve vétsiné situaci, ve kterych je indikovano uziti biologické sitky.

Surgisis

Publikované zavéry ohledné uziti Surgisisu jsou rGznorodé. Existuji soubory

kazuistik s nizkou mirou rekurence kyly (0-5.3%) nezavisle na tom, zda je operace



provedena ve sterilnich nebo kontaminovanych ranach (Armellino et al., 2006; Eid et
al., 2004; Hsu et al., 2009; Loganathan, Ainslie, & Wedgwood, 2010; Muysoms et al.,
2009). Jiné studie signalizuji mnohem vy$$i miry rekurence v kontaminovanych
operacnich polich. Ueno (Ueno, 2004) popisuje celkovou miru rekurence v
kontaminovanych ranach 30%, Helton (Helton et al., 2005) nachéazi silnou korelaci mezi
typem rany a mirou rekurence s 39% rizikem ve znecisténych ranach. Celkové data
naznacuji, ze Surgisis funguje dobre v Cistych nebo mirné kontaminovanych ranach, ale
riziko selhani v ranach s vyssi koncentraci bakterii je vysoké. Studie LAPSIS byla
nedavno predcasné ukoncena pravé kvili vysoké mite rekurence pfi uziti Surgisis u

pacientli bez infekce rany.

Permacol

S vyjimkou dat prezentovanych Connollym (Connolly et al., 2008), jsou miry
rekurence konzistentni napfi¢ studiemi, nezavisle na metodologii, typu pacientl nebo
zavaznosti kontaminace operaéniho pole. Pohybuji se v rozsahu od 0 do 15%. Vyssi
riziko rekurence a fistulace zaznamenané Connolym by si zaslouzilo blizsi prozkoumani,
protoze nebyly publikovany zadné jiné studie podporujici tyto observace a jini autofi
uzivali Permacol v pfitomnosti pistéli dspésné (Armellino et al., 2006; Sailes et al.,
2010). V této studii existuji vyznamné metodologické nedostatky (nerandomizovana
studie, absence dat o stupni kontaminace nebo incidenci Cronovy choroby v riiznych
skupinach, oboji jako klicové faktory vzniku nebo recidivy pistéle) Ustici v nizky stupen
evidence. Nicméné ostatni studie trpi podobnymi nedostatky. Ackoli zminéné studie
vynechava detailni data o velikosti defektl, tak naznaduje, Ze nejmensi a nejméné
komplikované pfipady byly rekonstruovény prostou suturou a mély nasledné vétsi
pravdépodobnost lepsich vysledkld a méné komplikaci nez ty, které vyzadovaly uziti
syntetické sitky nebo Permacolu. Tento vliv mize vysvétlit uméle zvySenou miru

recidivy u Permacolu.
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Ostatni biologické sitky

U velkého mnozstvi siték (Allomax, FlexHD, FortaGen, Peri-Guard, SurgiMend
and Tutopatch) neexistuji data, které bych mohl zafadit do tohoto srovnani. U
ostatnich sitek jsou data minimalni nebo nedostatecné, jako napf. u Veritas, Xenmatrix,
CollaMend a Strattice s pouze malymi retrospektivnimi studiemi. Jsou potfeba vice

studii s vy$si Urovni evidence. Do té doby nelze zadné dalsi zavéry ze studii vyvozovat.

UZiti extraceluldrnich matric pfi rekonstrukci prsu po ablaci pro
nadorové onémocnéni

Karcinom prsu je nejcastéjs$im zhoubnym nadorem u Zen. Jeho incidence se
v poslednich desetiletich narlstd, v soucasné dobé predstavuje 10% u béiné
populace. Diky stéle se zlepsujici preventivni, diagnostické a terapeutické péci se
pocet Zzen, které preziji karcinom prsu rychle zvySuje. Ackoli jsou vyléceny
z onemocnéni, |é¢ba byvd provazena nechténymi nasledky vcetné deformity prsu
(BARD & SUTHERLAND, 1955). V soucasné dobé se rekonstrukce prsti povazuje za
posledni fazi [é¢by karcinomu prsu. Touto operaci se snazime pacientce navratit kvalitu
zivota, kterou méla pred zac¢atkem onemocnéni (Nahabedian, 2009b).

Existuje mnoho technik rekonstrukce prsu. Vybér spravné techniky je zavisly na
mnoha faktorech. Nejzasadnéjsim faktorem volby spravného zakroku je typ priméarniho
zékroku na prsu (modifikovana radikalni mastektomie nebo segmentektomie), ozareni
tkdné, habitus pacientky, predstavy pacientky, zkuSenosti chirurga a moznosti

pracovisté (Serletti, 2011).

Existuji tyto typy rekonstrukce prst po chirurgické [é¢bé nadorového onemocnéni:
- rekonstrukce prsu silikonovym implantadtem (pfi nadbytku kize v oblasti po ablaci),
eventuédlné v kombinaci s mistnim posunem kize nebo s tkédrovym expandérem

(Antony, McCarthy, Disa, & Mehrara, 2013)



- rekonstrukce prsu s uzitim lalokd (m. latissimus dorsi, thorakodorsalni lalok)
kombinovanych se silikonovym implantdtem

- rekonstrukce prsu laloky bez uziti implantdtu (stopkovany TRAM lalok, volny TRAM
lalok, DIEP, SGAP, IGAP) (Chun, 2010a; Garvey et al., 2006; Vega et al., 2008; Wu,
2008)

- rekonstrukce prsu prenosem autologni tukové tkéné ziskané liposukei (Delay, 2009;

Rietjens et al., 2011)

Rekonstrukce prsu s uzitim silikonového implantatu je operace nejméné narocna
pro pacientku s vybornymi kosmetickymi vysledky v indikovanych pfipadech. Z téchto
didvodi se jednd o nejcastéjsi typ rekonstrukce prsu po modifikované radikalni
mastektomii. Problémem pfi této rekonstrukci mize byt nedostatecna nebo ozarena
kozni tkan v misté po ablaci prsu. Pokud je tkan zakryvajici implantat tenkad nebo malo
vitalni, je vysoké riziko kosmeticky S$patného vysledku nebo dehiscence nad
implantatem (Cordeiro & McCarthy, 2006; Rohrich et al., 1998).

V poslednich péti letech narlstd pocet studii, které popisuji uziti biologickych
sitek pri rekonstrukei prsu silikonovym implantatem. Popsané vyhody zahrnuji zejména
lepsi kryti implantdtu se snizenym rizikem jeho herniace a lepsi kontrolu pozice
implantatu (Antony et al., 2010; Becker et al., 2009; Bindingnavele, 2007; Breuing &
Colwell, 2007; Breuing & Warren, 2005; Chun et al., 2010b; Gamboa-Bobadilla, 2006;
Jansen & Macadam, 2011a; 2011b; Komorowska-Timek, 2009; Losken, 2009;
Pannucci, Antony, & Wilkins, 2013; Preminger, 2008; Salzberg, 2006; Sbitany, 2009,
Spear, 2008; Spear, 2013; Topol, 2008; Zienowicz & Karacaoglu, 2007). Zdaleka
nejcastéji uzivanym materidlem pfi rekonstrukci prsu je vyse popsany Alloderm.

Po pouziti biologickych siték pfi rekonstukci prsu zalozené na silikonovém
implantdtu je popisovdno mozné snizeni incidence tzv. kapsularni kontraktury.
Kapsularni kontraktura je deformace prsu v disledku stahovani jizevnatého pouzdra
vytvofeného kolem implantdtu v pribéhu hojeni. Jednd se o reakci organismu na
implantat. Kromé kvality povrchového zpracovani implandtu se na vzniku kapsularni

kontraktury podili také subklinickd infekce ve formé biofilmu. Prevence bakteridlni
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kontaminace implantatu je jednou z mala moznosti prevence kapsularni kontraktury,
kterou médme v soucasné dobé k dispozici (Adams, 2001; Adams, 2006; Burkhardt,
2004; Khan, 2009; Netscher et al., 1995; Pajkos et al., 2003; Rieger et al., 2013;
Tamboto, 2010; van Heerden, 2009; Virden, 1992; Wixtrom, 2012). Také moderni
"texturované" povrchy implantatd riziko vzniku kapsularni kontraktury vyrazné snizily,
presto pretrvava riziko kolem 30% u pacientek po rekonstrukci prsu (Antony et al.,
2013). Dle Bakerovy klasifikace se kapsularni kontraktury déli na ctyfi stupné (tab. 2). V
prvnim stupni je prs mekky s normalnim vzhledem, u druhého stupné je prs tvrdsi, ale
bez znamek deformity. Ve tretim stupni klasifikace jiz jevi znamky tvarovych zmén a ve
¢tvrtém a poslednim stupni je navic prs na pohmat bolestivy (Spear & Baker, 1995).
Mechanismus UGcinosti  biologickych siték v boji proti kapsularni kontrakture je
pravdépodobné dan zabranénim kontaktu c&asti implantatu s prokrvenou tkani a

prerusenim kontinuity kapsuly.

Stupen Klinicky obraz
kontraktury
1. Prs je na pohmat mékky, bez deformity
2 Prs je na pohmat pevnéjsi, bez deformity
3. Prs je na pohmat pevny a deformovany
4 Prs je na pohmat pevny, deformovany, bolestivy

Tabulka 2: Klasifikace Bakerovy kontraktury

Technika rekonstrukce prsu implantdtem:

Rekonstrukce implantatem se provadi z plvodni jizvy po ablaci. Pfimérené se
podminuje podkozi a vytvofi se dutina pod prsnim svalem a podkozim smérem
kaudalné. Kaudalni okraj prsniho svalu se odpoji, aby se zabranilo souhybu implantéatu
s prsnim svalem. Implantat se vklada do vytvorené dutiny. Kranidlni ¢ast implantéatu je

kryta pektoralnim svalem. Kaudalni polovina nebo dvé tfetiny implantatu jsou kryty



pouze koznim krytem s podkozim. V oblasti, kterd nenf krytd svalem se bohuzel ¢asto
nachazi také kozni incize. Tim se toto misto stava "locus minoris resistenciae" s rizikem
dehiscence nad implantdtem, zejména pfi nedostatecné kvalité kozniho krytu, napt. po
ozafeni. V pfipadé dehiscence snadno dojde k obnazeni implantatu. Infekce
implantatu na sebe nenechd dlouho cekat a nasledna nutnost vynéti implantatu je
vétsinou nevyhnutelnd. Pokud se na implantat dostane infekce, velmi zfidka se ji dafi

vylécit bez odstranéni implantatu.

Obr. 7: Umisténi biologické sitky pFi rekonstrukci prsu implantatem.

Biologické sitky se implantuji v pribéhu operace po vlozeni implantatu. Jeden
okraj se prisije ke kaudalnimu okraji pektoralniho svalu, opacny okraj se pfisije k hrudni
sténé (Obr. 7). Tak vznikne dalsi vrstva, kterd kryje implantat a lépe se fixuje a definuje
podprsni ryha. Prerusenim kontaktu implantatu s prokrvenou tkani pravdépodobné
dochazi k preruseni tvorby kapsuly v tomto misté a tim ke snizeni rizika vzniku

kapsularni kontraktury.
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Kmenové burnky

Kmenové bunky jsou nediferencované bunky, které se mohou dlouhodobé délit,
aniz by se diferencovaly (mohou vzniknout velké populace obdobnych bunék). Zaroven
maji schopnost sebeobnovy a diferenciace. Kmenové bunky savcli mohou byt ziskané
z embryonélnich nebo dospélych tkani. Jejich vlastnosti se lisi v zavislosti na plvodu
(embryonalni, kostni dren, pupecnikova krev, tukova tkan).

Kmenové bunky z tukové tkdné (ADSC) maji schopnost nejvétsi plasticity ze
viech typl kmenovych bunék dospélych tkani (Fang, Luo, Song, Li, & Cao, 2009). Po
odebrani tukové tkané jedinci a jejim zpracovani kolagenazou dojde k uvolnéni
kmenovych bunék z jejich vazeb na adipocyty a ziskdme skupinu rdznych bunék, kterou
nazyvame stromalni vaskularni frakce (SVF). Pfiblizné 2% bunék SVF vykazuje vlastnosti
bunék kmenovych s kapacitou diferenciace do rdznych fad. ADSC mohou diferencovat
ve velké spektrum bunécénych linii. Pro soucasné a potencionalni klinické aplikace
mohou kmenové bunky diferencovat buriky v chondrogenni, neurogenni, osteogenni,
myogenni, kardiogenni, vaskularni, endokrinni, hepatické a hemopoetické (lllouz &
Sterodimas, 2011). Pro diferenciaci jsou uzivany v pribéhu kultivace rizné faktory;
napf. insulin, dexamethazon a indometacin pro adipogenni burnky nebo dexametazon,
ascorbat a glycerolfosfat pro osteogenni buriky.

V poslednich letech dochazi k rozvoji uziti kmenovych bunék v klinické mediciné
a to zejména pfi hojeni ran, nebo regeneraci tkani poskozenych radiaci. Terapeuticky
potencial kmenovych bunék je dan zejména produkci velkého mnozstvi cytokind, které

vedou ke zvySené vaskularizaci a hojeni tkané.

Tkanové inzenyrstvi

Klasické pristupy rekonstrukéni chirurgie uzivaji k rekostrukci tkédni napr. lalokové

plastiky, pfenos autologniho tuku nebo aloplastické materialy. U kazdé z téchto technik



najdeme nevyhody - morbiditu darcovského mista u lalokovych plastik, riziko infekce
nebo reakce na cizi téleso u aloplastickych implantatd. Existuje klinickd potfeba pro
stanoveni novych terapeutickych pfistupd, jejichz vysledkem by byly rekonstrukce bez
uvedenych nezddoucich konsekvenci.

Cilem tkanového inzenyrstvi je vytvoreni tkani, uréenych ke klinické 1écbé (Bauer-
Kreisel, 2010; Gomillion & Burg, 2006; Shenaq & Yuksel, 2002). Tyto umélé tkané jsou
slozené z bunék pfijemce navazanych na nebunécnou strukturu (scaffold), ktera
poskytuje burikdm fyziochemické a mechanické leseni. Pro potfeby mezibunééné
struktury se uZzivaji biologické biomaterialy jako napf. koraly, nebo také extracelularni
matrice. Dlouhodobym cilem je vytvoreni takové tkédné, kterd by se integrovala s
prirozenou tkani pfijemce. Autologni buriky jsou télu pfijemce vlastni a nevyvolavaji
zadnou reakci. Aceluldrni materiadl, na kterém jsou bunky naneseny neobsahuje
antigeny, které by vedly k jeho odhojeni.

Lidska tukova tkan je idedlnim zdrojem kmenovych bunék, jelikoz jich obsahuje
velké mnozstvi a je snadno dostupné (Gimble, Katz, & Bunnell, 2007; Lin et al., 2008;
Sensebe, Krampera, Schrezenmeier, Bourin, & Giordano, 2010; Strem & Hedrick, 2005;
Utsunomiya et al., 2011; Yoshimura, Suga, & Eto, 2009). V soucasné dobé se pouziva
prenos tukové tkdné vcetné v ni obsazenych kmenovych bunék v klinické mediciné v
mnoha indikacich. Pfikladem uvedme rekonstrukce prsu po naddorovém onemocnéni,
rekonstrukce prsu u vrozenych vyvojovych vad nebo rekonstrukce kraniofacialni oblasti
(Coleman, 2006; Coleman & Saboeiro, 2007; Delay et al., 2009; Gir et al., 2012;
Kamakura & Ito, 2011; Mestak & Zimovjanova, 2012).

Uziti biologickych siték pro syntézu rekombinantni kiize

Xenotransplantaty byly v mediciné hojné uzivané od sedmdeséatych let minulého
stoleti pro terapii popalenin a jinych akutnich a chronickych ran (Dvorankova, 2004).
Aplikace prasecich xenotransplantatd méla velky vyznam pro snizeni ztrat tekutin

popélenou plochou, snizeni bolestivosti a pfipravu rény na autotransplantaci kize.
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Xenotransplantaty byly uzivané jako docasné kryty a musely byt vzdy nahrazeny
autologni tkani, protoze dochazi k jejich postupnému odhojeni. Jedinou moznosti
trvalého kryti hlubokych popélenin je uziti koznich autotransplantatl. V pripadé
rozsahlejsich popalenin je nutné odebrani autotransplantatd o vétsich rozmérech a tim
se morbidita odbérovych ploch zvysuje.

Pred lety se zacalo uvazovat o vytvoreni arteficielni kGze, ktera by snizila nutnost
odbéru koznich autotransplantatd (Bell, 1981; Prunieras, 1983; Rheinwald & Green,
1975; L. M. Wilkins, 1994). Vysledkem bylo vytvofeni rekombinantni kdze, kterad se
skladéa z autolognich keratinocytd, které jsou nakultivované na extracelularni matrici.
Velké zkuSenosti s touto technikou méa laborator tkdnového inzenyrstvi
popéleninového centra v nemocnici na Kralovskych Vinohradech v Praze (Matouskova,
2002; Matouskova et al., 2006; Matouskova, 1993). Biologické sitky se diky obsahu
bioaktivnich latek ukazaly jako idealni matrice na kultivaci keratinocytl. Narozdil od
syntetickych materiadl na nich in vitro vznika vrstveni keratinocytd obdobné jako na
normalni kizi (Zajicek et al., 2012).

Biologické sitky nefunguji na hojeni ran pfiznivé pouze pfi kombinaci s
nakultivovanymi keratinocyty, ale maji samy o sobé velky regeneraéni potencial

(consensus, 2010; Zajicek et al., 2011). Je to déno pfitomnosti mnoha biologickych

faktord, které podporuji epitelizaci ran a prokazatelné urychluji hojeni.

Animalni modely bfisni kyly

Biologické sitky byly v minulosti rozsédhle studovany na animalnich modelech.
Velké mnozstvi dat ale pochazi pfimo od vyrobcl a neproslo recenznim fizenim. Vyvoj
animalnich modell pro implantaci acelulérnich prasecich dermalnich kolagent zapocal
na univerzit®¢ Dundee v 70. a 80. letech 20. stoleti (Oliver et al., 1980; 1982; Oliver,
1976; Oliver, 1975). Vétsina studii na zvifatech demonstrovala, Zze se implantované

. .

biologické materidly celularizuji a revaskularizuji, aniz by byly resorbované. V pozdéjsi



dobé se vyvinuly modely zkoumajici efektivitu uziti biologickych siték pro terapii kyl.
Podstatou animalniho modelu je vytvoreni defektu v bfisni sténé zvitete, pfemosténi
tohoto defektu materidlem a zasiti kiize nad nim. Explantace se provadi cestou resekce
celé brisni stény, jejim histologickym vysSetrenim a mechanickym testovanim. V ramci
histologického vysetfeni se uskutecriuje hodnoceni celulizace, vaskularizace, reakce na
cizi téleso, kapsulace a dalSich parametrl. Mechanicky se testuje pevnost materialu a
pevnost srlistu s bfisni sténou. Kromé téchto parametri byla také hodnocena napr.
rezistence materiala vaci infekci (Keller et al., 2010; Medberry, 2010). K modelu bfigni
kyly v rémci testovani materidlu jsou pouzivana rliznad zvifata, jako napr. prasata
(Deeken et al., 2011; E. D. Jenkins et al., 2010; Melman et al., 2011) nebo priméti
(Sandor et al., 2008). Zdaleka nejcastéjsi zvifata uzivanad pro animalni modely kyly k
srovnavani Ucinosti biologickych siték jsou hlodavci (Ayubi, 2008; Broderick et al.,
2011; Butler et al., 2010; de Castro Bras et al., 2010; Gaertner et al., 2007; Keller et
al., 2010; Medberry et al., 2010; Mulier et al., 2011; Rice et al., 2009).

Zavéry studii jsou v nékterych parametrech jako je vaskularizace a celularizace
Stépu srovnatelné. Potvrdilo se také, Ze biologické materialy vydstuji v méné adhezi v
porovnani se syntetickymi sitkami (Macleod, 2005). Mnoho animalnich studii ale uziva
nevhodné parametry, napt. biochemické markery, spiSe nez skutecnou miru recidivy
kyly jako méfitka klinického vykonu (Ayubi et al., 2008; Broderick et al., 2011; Butler et
al., 2010; de Castro Bras et al., 2012; Deeken et al., 2011; Gaertner et al., 2007;
Medberry et al., 2010; Mulier et al., 2011; Rice et al., 2009). Velmi kvalitni srovnavaci
data z animalnich studii sice existuji, ale pouze z klinickych dat mizeme vyvodit zavéry
tykajici se dlouhodobé Gcinosti biologickych materiald u lidi.

Bylo jiz provedeno mnozstvi studii porovnavajici rlizné sitované a nesitované
biologické sitky. Vétsina studii ale byla financovana spolecnostmi produkujicimi tyto
materidly a studie testovaly materidly pouze po dobu nékolika tydnd nebo mésicd.

Podobné parametry uvedené studie devalvuji.
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Cile prace

Cilem prace bylo srovnani sitované a nesitované acelularni praseci dermis
na dlouhodobém modelu bfisni kyly u malého zvifete a zjisténi moznosti jejich uziti pro
podporu a regeneraci tkédni s hodnocenim histologického nélezu (vaskularizace,
celularizace, reakce na cizi téleso, Sitka kapsuly) a pevnosti vristéni do tkani pfijemce.
Dalsim cilem bylo zjisténi vlivu obohaceni acelularni praseéi demis o kmenové burky
na histologicky nélez (vaskularizace, celularizace, reakce na cizi téleso, Sitka kapsuly) a
pevnost vristani do tkani prijemce.

Viypracovani spravné metodiky pro implantaci a pfipadnou modifikaci novych
biologickych biomateriald v budoucnu umozni lepsi uziti biologickych siték k

regeneraci ¢i nahradé poskozenych tkani a organ(.

Hypotéza

Nesitovany material pro rekonstrukci bfisni stény na animalnim modelu
bude disponovat vétsi biokompatibilitou a silnéjsim vristanim do bfisni stény ve
srovnani se sitovanymi biologickymi biomaterialy.

Pfi kombinaci biologickych siték s autolognimi kmenovymi burkami ziskanymi
z tukové tkéné dojde ke zvySené vaskularizaci a silngjsimG srlstani materidlu se
svalovou fascii. To by vedlo, v pfipadé klinického nasazeni, ke zlepseni vysledkd péce
o pacienty s rozsdhlymi defekty bfisni stény, zejména stran snizeni rizika infekce

materidlu a snizeni rizika rekurence hernie.



Metodika

Byla provedena prospektivni studie porovnani dlouhodbych vysledkd uziti
sitované acelularni praseci dermis a nesitované acelularni prasec¢i dermis pro
rekonstrukci bfigni stény na potkanu kmene Wistar. Casti experimentélnich zvifat jsme
odebrali tukovou tkan z oblasti tfisla, ze které jsme izolovali kmenové buriky. Cast
materiall jsme obohatili o tyto autologni kmenové bunky derivované z tukové tkané.
|dentitu kmenovych bunék jsme ovérili jejich diferenciaci.

Uzili jsme nesitovanou aceluldrni prasec¢i dermis (Medicem Technology, Ceské
Republika), ziskanou z dermoepidermalnich stépud prasedi kiize. Material byl zpracovén
0,3% trypsinem k odstranéni bunék, dehydratovén a sterilizovan gama paprsky (Obr.
8). Ke srovnani byla uzita komercné dostupna sitovana acelularni prasec¢i dermis
Permacol (Covidien, Irsko), kterd je komer¢né dostupna. Je vyrabéna ze $tépu praseci
kiize zpracovanych trypsinem, extrakci solventd (k odstranéni lipidd), sterilizaci gama
ozéarenim. Je sitovana hexamethylen diisocyanatem (Obr. 9).

Studie byly provedené v souladu s doporucenim pro péci a uziti laboratornich
zvitat ministerstva zemé&dé&lstvi Ceské Republiky. Experimentalni protokol byl
odsouhlasen odbornou komisi pro praci s pokusnymi zvifaty 1. lékarské fakulty

Univerzity Karlovy v Praze. Veskeré zakroky byly provedeny v fadném znecitlivéni.
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Obr. 8: Nesitovana acelularni praseci dermis

Obr. 9: Sitovana acelularni praseci dermis (Permacol)



lzolace a kultivace kmenovych bunék

Potkani typu Wistar zenského pohlavi vazici 340-400g byli uspani intramuskularni
injekci Zoletilu (Virbac laboratories, Francie) 50mg/kg 30 minut pred zdkrokem. Po
oholeni inqvinalni oblasti byla provedena incize a exstirpace tukové tkéné o objemu
asi 1ecm?. Tento vzorek byl transportovan do laboratofe tkanového inzenyrstvi. Rana
byla zasita jednotlivymi stehy Vicril 3/0 (Ethicon Inc., USA).

V laboratofi byla tukova tkan nakrdjena na malé kousky a inkubovana 1-2 hodiny
v 0,1% kolagenaze A (Roche) v 37 st. C. Zpracovana tkan byla rozrusena michanim a
opakovanym pipetovanim, ptfiddno H-MEM (Minimum Essential Medium with Hanks’
salts) médium s 10% bovinnim sérem v asi 10 nasobném nadbytku. Suspenze se
centrifugovala pfi 500G 8 minut. Vznikly pellet byl nasazen do 25cm? velkych
kultivacnich nadobek a kultivovdan v H-MEM médiu obohaceném o neesencialni
aminokyseliny, 0,12 g/l pyruvétu, 1 g/| NaHCO3, 10% bovinnim séru a 2% fetalnim
bovinnim séru (ristové médium pro kmenové bunky) pfi 37 st. C v inkubatoru s 3,5%
CO2. Médium bylo ménéno kazdé 2-4 dny a bunky byly pasazovény pri 70-90%
konfluenci. Buriky z druhé paséaze byly uzity na osidleni biologickych siték v mnozstvi
3x10° bunék v nadobé s biologickou sitkou nebo bez biologické sitky jako kontrola.
Buné&céna vrstva byla konfluentni za ¢tyfi dny. Cést vzorkd biologickych siték obarvena

May-Griinwald a Giemsa - Romanovsky k preimplantaéni vizualizaci bunék.

Kontrola identity kmenovych bunék

ADSC byly obohacené o rlistové faktory pro diferenciaci adipocytli a osteoblastl
(Zuk et al., 2002).

Pro diferenciaci adypocytl byl uzit dexametazon (1 uM), IBMX (0.5 pM), insulin
(10 pg/ml) a indomethacin (60 uM) pfidané do média. Buriky byly kultivovany pét dni.

ADSC ve treti pasazi byly kultivovany do subkonfluence. Médium pro kmenové burky
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bylo nasledné vyménéno za médium pro diferenciaci adipocytd a ménéno kazdé 2-3
dny. Po péti dnech byla kultura obarvena olejovou ¢erveni a histologicky vysetfena.
Pro diferenciaci osteoblastd jsme uzili dexamethasone (1 pM), kyselinu
askorbovou (50 pg/ml) and B-glycerofosfat (10 mM). Buriky byly kultivované dva tydny
a ve treti pasazi kultivované do konfluence. Nésledné médium pro kmenové bunky
vyménéno za médium pro diferenciaci osteoblastl (ménéno kazdé 3-4 dny). Po 16

dnech byla kultura obarvena Alizarinskou ¢erveni pro vizualizaci kalcia.

Nasazeni bunék na biologické sitky

Umistili jsme 6 kusl sitované aceluldrni praseci dermis a 6 kust nesitované
aceluldrni praseci dermis o velikosti 2x3cm individuainé v 60mm kultivaénich miskach a
pres noc nalozili v ristovém médiu pro kmenové burky. Druhy den byly kmenové
bunky nasazeny do ¢erstvého média v mnozstvi 3x10° bunék na misku. Buriky byly na
biologickych sitkach kultivovany 4 dny. Materidly byly poté uzity na plastiku kyly na

animalnim modelu.

Experimentalni model kyly

Pro model brisni kyly jsme uzili potkany kmene Wistar (n=42). Potkani byly uspani
intramuskularni injekci Zoletilu (Virbac laboratories, Francie) 50mg/kg 30 minut pred
zdkrokem. Po oholeni abdominélni krajiny a oSetfeni desinfekénim roztokem jsme
provedli incizi kize a podkozi o délce 5 cm. Kize byla podminovana do stran a
nasledné provedena clunkovitd excize bfisni stény 4x2cm v plné tloustce. Materialy
byly pfisity k okrajim bfisni stény (inlay) pokracovacim stehem Prolene 4/0 (Ethicon

Inc., USA).



Byly implantovany 4 skupiny zvitat dle typu materidlu: 1. skupiné (n=15)
nesitovand acelularni praseci dermis, 2. skupiné (n=15) sitovana acelularni prasedi
dermis, 3. skupiné (n=6) nesitovana acelularni praseci dermis obohacené o ADSC a 4.

skupiné (n=6) sitovana acelularni praseci dermis obohacend o ADSC (Obr. 10).

Materialy bez obohaceni o Materialy s obohacenim o
kmenové bunky kmenové bunky
/ (A) \ / (B) \
1. skupina 2. skupina 3. skupina 4. skupina
Nesitovana aceluldrni Sitovana aceluldrni Nesitovand aceluldrni  Sitovand acelularni
praseci dermis praseci dermis praseci dermis praseci dermis
(n=15) (n=15) + ADSC + ADSC
(n=6) (n=6)

Obr. 10: rozloZeni poctu zvirat ve skupinach

Rénu jsme zasili s uzitim Vicrylu 3/0 (Ethicon Inc., USA). Pooperaéni analgézie byla
zajisténa Butonodorem (Richter Pharma, Austria) 0,01mg intramuskulérné. Pooperacni

pribéh a observace byla bez nezddoucichch pfihod.

Po 3 mésicich byla provedena explantace po 5 zvifatech z 1. a 2. skupiny a vSech
6 zvitat z 3. a 4. skupiny. Po 6 a 12 mésicich byla provedena explantace po 5 zvifatech
z 1. a 5 zvitatech z 2. skupiny (tab. 3). Zvitata byla utracena injekci ketaminu O,1ml/
100g + medetomidinu 0,01/100g intramuskularné a Té1 3ml/100g intrakardialné. Byla
vysetiena incidence herniace. Ctvercova excize bfisni stény o velikosti 6x8 cm se
rozdélila na 3 ¢asti (Obr. 11). Pfedni a zadni ¢ast byla histologicky vysSetfena. Prostredni

¢ast (15mm silny prouzek) byla mechanicky testovéna.
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Material Celkem vzorkii Explantace
3 mésice 6 mésicu 12 mésicl
Sitovana acelularni praseci 15 5 5 5
dermis
Nesitovana acelularni 15 5 5 5
praseci dermis
Sitovana acelularni praseci 6 6 - -
dermis + ADSC
Nesitfovana acelularni 6 6 - -
praseci dermis + ADSC
Tab. 3: Pocty zvitat explantovanych v jednotlivych ¢asovych intervalech
8 cm
Histology
Tensiometry 2 cm
— 4 cm 6 cm

Histology

Obr. 11: Ctvercova excize bFisni stény o velikosti 6x8 cm se rozdélila na 3 &asti. Pfedni a

zadni ¢ast byla histologicky vysetfena (Histology). Prostiedni ¢ast (15mm silny prouzek)

byla mechanicky testovana (Tensiometry).



Histologické vysetreni

Po explantaci byly vzorky tkané fixovany ve formaldehydu a podrobeny
histologickému vy3etfeni po obarveni hematoxylinem-eosinem s uzitim mikroskopu

Olympus BX50 s 40x, 100x a 200x zvétSenim. Bylo provedeno semikvantitativni

histologické vysetfeni kazdého explantatu s uzitim skérovaciho systému popsaném v

ISO 10993-6 (Tab. 4).

Reakce Skoérovani
2
Neovaskularizace 0 Minimalni Skupina 4-7 Siroké Extensivni
kapilarni kapilar s pruhy pruhy
proliferace, | podplrnymi kapilar s kapilar s
fokalni 1-3 fibro- podpurnymi | podpdrnymi
pupeny blastickymi | strukturami fibro-
strukturami elastickymi
strukturami
Tloustka kapsuly Uzké pruhy | Mirné silné Silné pruhy | Extensivni
pruhy pruhy

Bunééna reakce

Skoérovani

2

Celularizace Ojedinélé 5-10/ phf Silny infiltrat PIno
implantatu 1-5/phf
Leukocyty Ojedinélé 5-10/ phf Silny infiltrat Plno
1-5/phf
Obrovskobunééna Ojedinélé 3-5/ phf Silny infiltrat Plno
reakce 1-2/phf
phf = per high powered field (400x)

Tab. 4: Semikvantitativni histopatologické hodnoceni explantatu jak je popsané v ISO
10993-6
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Mechanické vlastnosti

Mechanické vlastnosti byly testovany na pfistroji Inspekt table 10kN s 100N
zatizenim cely a s uzitim softwaru Labmaster (Hagewald &Peschke, Némecko) (Obr.
12). Bylo nastaveno predpéti 0,05N a rychlost posunu hlavice 200mm/min. Kazdy

vzorek byl v pfistroji Inspekt table orientovan horizontdlné s fixaci obou koncl do

celisti (Obr. 13).

Obr. 12: Tensiometr Inspekt table 10kN

Tloustka vzork( byla hodnocena pfistrojem Mitutoyo ABSOLUTE (Mitutoyo Inc.,
Japan).

Tensiometricky byla hodnocena sila nutnad k pretrzeni vzorku a napéti nutné k
pretrzeni vzorku normalizované na tloustku vzorku, velikost prifezu a misto ruptury
vzorku (implantat, prechod implantéatu a tkané, nebo oblast tkané). Pevnost srlstu byla
vyjaddfena dvéma hodnotami. Maximalni sila nutnd k pretrzeni vzorku byla vyjadiena v
newtonech (N). Maximalni sila vztazend na velikost prifezu (napéti) byla hodnocena v

megapascalech (MPa).



Obr. 13: Uchyceni vzorku do celisti tensiometru

Statistickd analyza

Pro analyzu dat byl pouzit Wilcoxon test pro kvantitativni data a Pearson Chi-

Square, Mann-Whitney test a Fisherlv test pro kategorialni data.
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Vysledky

Kultivace bunék, diferenciace a kontrola identity

Pokryti povrchu obou materidld bylo kolem 50% pfi vySetfeni barvenim May-
Griinwald a Giemsa- Romanovski. Nebyl pozorovéan zadny rozdil v rlstu mezi médiem
s biologickou sitkou a bez ni (nebyla zjisténa cytotoxicita). Pfitomnost kmenovych
bunék byla ovérena diferenciaci v adipocyty a osteoblasty.

Diferenciace v adipocyty: v burikdch byla pozorovana akumulace vakuol
bohatych na lipidy. Nakonec se lipidové vakuoly spojily a zaplnily burky (Obr. 14).

Diferenciace v osteoblasty: burnky vytvorily shluhy bunék, které byly obarveny

alizarinskou &erveni (Obr. 15).

Obr. 14: ADSC 10 dni kultivované v médiu pro diferenciaci v adipocyty a nasledné

obarvené olejovou Eerveni. Akumulace obarvenych lipidt uvniti bunék je zFetelna.



Obr. 15: ADSC 16 dni kultivované s médiem pro diferenciaci osteoblasti. Shluky bunék

jsou positivni na kalcium jak je vidét po obarveni alizarinskou cerveni.

Makroskopické néalezy pfi explantaci

V okoli materiall nebyl nalezen zadny serom. V zadné ze skupin nebyly v case
explantace pfitomné recidivujici kyly stejné tak jako stfevni srlsty. U materiall
nesitované acelularni praseci dermis bylo pozorovano mirné vyklenuti bfisni stény (1/5
ve 3 mésicich, 2/5 v 6 mésicich, 1/5 v 12 mésicich). Intraperitonealné jsme pozorovali
pouze adheze omenta k peritonedlni strané materidld. Incidence téchto adhezi byla
rovnomérné zastoupena ve vSech skupindch materiall. VSechny materidly vykazovaly
znamky casné vaskularizace s krevnimi cévami na obou stranidch materidld. Nebyly
pritomny zndmky zanétu, fibrézy, kalcifikace nebo granulomatézni reakce. Materidly
byly pevné vrostlé do podkozni tkané a bfisni stény.

Nesitovana acelularni prasec¢i dermis vykazovala makroskopicky vyznamnou
resorbci jiz 3 mésice po implantaci. Vyhlizela jako tenka, témér transparentni,

membréna. Sitované aceluldrni praseci dermis nevykazovaly makroskopicky téméf
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zadnou resorbci po dobu celé studie. Jejich vzhled byl pfi explantaci stejny jako pfi

implantaci.

e

A 4 ,d.'" |

Obr. 16: Makroskopicky nalez pfi explantaci

Histologické nalezy

Srovnani materiali s obohacenim a bez obohaceni kmenovymi burikami ve

3 mésicich

VSechny materidly vykazovaly celulizaci a neovaskularizaci 3 mésice po
implantaci. Srovnani obou testovanych skupin s kontrolni skupinou bez obohaceni

ADSC nevykazalo zadné signifikantni rozdily v parametrech sila pouzdra, reakce na cizi

téleso, celularizace a vaskularizace (Tab. 5, 6).



Parametr Sitovana Sitovana + p-hodnota
kmenové bunky
Celularizace 1,250 1,333 1
Vaskularizace 1,750 1,167 0,375
Sila pouzdra 0,333 1 0,830

Tab. 5: Srovnani histologickych parametri sitovanych materiali s obohacenim a bez

obohaceni kmenovymi buiikami

Parametr Nesitovana Nesitovana + p-hodnota
kmenové buriky
Celularizace 2 1,2 0,455
Vaskularizace 2 1,4 0,542
Sila pouzdra 0,800 1 0,638

Tab. 6: Srovnani histologickych parametrt nesitovanych materiali s obohacenim a bez

obohaceni kmenovymi buiikami

Primérna celularizace ve skupiné sitované acelularni praseci dermis bez obohaceni
kmenovymi burnkami byla 1,250 a ve skupiné s obohacenim kmenovymi burikami
1,333 (p=1). Primérna celularizace ve skupiné nesitované acelularni praseci dermis
bez obohaceni kmenovymi bunkami byla 2 a ve skupiné s obohacenim kmenovymi

burikami 1,2 (p=0,455) (Obr. 17). Vysledky byly statisticky nevyznamné.
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Celularizace sitované acelularni praseéi dermis
3,5
3
2,5
2 i Bez obohaceni ADSC
'S obohacenim ADSC
15
L
0,5 -
0
Celularizace nesitované acelulérni prasedi dermis
3,5
3
2,5
2 i Bez obohaceni ADSC
'S obohacenim ADSC
15 -
.
0,5
o

Obr. 17: Primérné celularizace sitované a nesitované acelularni praseéi dermis s

obohacenim a bez obohaceni o kmenové buriky.




Pozoruhodné bylo zjisténi, Ze vaskularizace ve skupiné sitované aceluldrni prasedi
dermis bez obohaceni kmenovymi burikami méla hodnotu 1,75 a jen 1,167 ve skupiné
obohacené kmenové bunky (p=0,375). Primérna vaskularizace ve skupiné nesitované
aceluldrni praseci dermis neobohacené o kmenové bunky byla na stupni 2 a ve
skupiné obohacené o kmenové bunky byla na stupni 1,4 (p=0,542) (Obr. 18). Vysledky

byly ale statisticky nevyznamné.

Vaskularizace sitované acelularni praseéi dermis

2,5

i Bez obohaceni ADSC

1,5
'S obohacenim ADSC

0,5 7

Vaskularizace nesitované acelularni praseéi dermis

2,5

i Bez obohaceni ADSC

1,5 1

'S obohacenim ADSC

0,5 1

Obr. 18: Prumérné vaskularizace sitované a nesitované acelularni praseéi dermis s
obohacenim a bez obohaceni o kmenové buriky.
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Primérny stupen Sitky kapsuly ve skupiné sitované acelularni praseci dermis
neobohacené o kmenové bunky byla na stupni 0,33 a 1 ve skupiné obohacené o
kmenové burky (p=0,445) . Primérny stupen Sitky kapsuly ve skupiné nesitované
aceluldrni praseci dermis neobohacené o kmenové burky byl na stupni 0,8 a ve
skupiné obohacené o kmenové burky byl na stupni 1 (p=0,638) (Obr. 19). Vysledky

nebyly statisticky vyznamné.

Sila kapsuly sitované acelularni praseéi dermis

1,8

1,6

14

1,2

1 1 Bez obohaceni ADSC

'S obohacenim ADSC

0,8

0,6

0,4

0,2

Sila kapsuly nesitované acelularni praseé¢i dermis

18

16

1,4

12

1 1 Bez obohaceni ADSC

'S obohacenim ADSC

0,8

0,6 -

0,4

0,2 -

Obr. 19: Prumérné stupné Sirky kapsuly sitované a nesitované acelularni praseci dermis s
obohacenim a bez obohaceni o kmenové buiiky.



Srovnani materiali bez obohaceni kmenovymi burkami po 3, 6 a 12

mésicich

Oba materidly vykazovaly vristani bunék a neovaskularizaci od 3 mésici po

implantaci (Tab. 7, 8, 9).

Parametr Sitovana Nesitovana p-hodnota
Celularizace 1,25 2 0,55
Vaskularizace 1,75 2 0,31
Sila pouzdra 0,33 1 0,486

Tab. 7: Srovnani histologickych parametra po explantaci po 3 mésicich

Parametr Sitovana INESIVERE] p-hodnota
Celularizace 1 2 0,029
Vaskularizace 1 2 0,029
Sila pouzdra 1 0 0,005

Tab. 8: Srovnani histologickych parametri po explantaci po 6 mésicich

Parametr Sitovana Nesitovana p-hodnota
Celularizace 0,67 1,33 0,329
Vaskularizace 0,67 1 1
Sila pouzdra 1 0 0,009

Tab. 9: Srovnani histologickych parametri po explantaci po 12 mésicich
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Prdmérnad hladina celularizace byla signifikantné vyssi v nesitované acelularni
praseci dermis nez v sitované aceluldrni praseci dermis v 6 mésicich (2 vs. 1; p=0,029).
Rozdil celularizace byl nesignifikantni ve 3 mésicich (2 vs. 1,25; p=0,549) a ve 12
mésicich (1,33 vs. 0,67; p=0,329) (Obr. 20).

Celulizace

2,00

1,50

1,00

0,50

0,00 o e P

3 mésice 6 mésicll 12 mésicl celkovy primér

M Sitovany material 1,25 1,00 0,67 1,21
M Nesitovany materidl 2,00 2,00 1,33 1,71

Obr. 20: Primérné celularizace sitované a nesitované acelularni praseéi dermis po 3, 6 a
12 mésicich.

Vaskularizace byla signifikantné vyssi ve skupiné nesitované acelulari praseci dermis
ve srovnani se sitované acelularni praseci dermis 6 mésici po implantaci (2 vs. 1;
p=0,029), nesignifikantni po 3 mésicich (2 vs. 1,75; p=0,311) a po 12 mésicich (1 vs.
0,67; p=1) (Obr. 21).



Vaskularizace

2,00

1,50

1,00

0,50

0,00 " . ‘i P P

3 mésice 6 mésicu 12 mésicl celkovy pramér

M Sitovany material 1,75 1,00 0,67 1,29
M Nesitovany material 2,00 2,00 1,00 1,79

Obr. 21: Pramérné vaskularizace sitované a nesitované acelularni praseéi dermis po 3, 6 a

12 maésicich.

Krevni cévy a bunky byly v pfipadé sitované acelularni praseci dermis lokalizovany
vyluéné na rozhrani implantdtu a tkané pfijemce, zatimco v pfipadé nesitované
acelularni praseci dermis pronikaly vice do materidlu (Obr. 22 a 23). Struktura matrice

byla u obou typd materiall nenarusena ve viech ¢asovych Usecich.
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Obr. 22: Histologické vysetieni sitované acelularni praseci dermis po 3 mésicich. CL-ECM
- sitovana acelularni praseéi dermis; FBR - fibroblasty na povrchu implantatu nepronikajici
do implantatu; C - kapsula; NT - normalni tkan.

Obr. 23: Histologické vySetFeni nesitované acelularni praseéi dermis po 3 mésicich. NCL-
ECM - nesitovana acelularni praseéi dermis; C- kapsula; F - fibroblasty; NT - normalni tkan.

Pouzdra obklopujici nesitované aceluldrni prasec¢i dermis byly silnéjsi ve 3
mésicich (0,8 vs. 0,33), ale rozdil nebyl signifikantni (p=0,486). Pouzdra nesitované
acelularni praseci dermis byly signifikantné slabsi v 6 mésicich (0 vs. 1; p=0,005) a ve
12 mésicich (0 vs. 1; p=0,009) ve srovnani s pouzdry sitované acelularni praseci dermis

(Obr. 24). To napovida, ze ztlusténi kapsul mlze byt reverzibilni.

58



Sila pouzdra

1,20

1,00

0,80

0,60

0,40 -

0,20

0,00 -
3 mésice 6 mésicu 12 mésicl celkovy pramér

M Sitovany materidl 0,50 1,00 1,00 0,86
M Nesitovany material 0,80 0,00 0,00 0,64

Obr. 24: Primérné stupné sily pouzdra sitované a nesitované acelularni praseci dermis po
3, 6 a 12 mésicich.
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Mechanické testovani

Srovnani materiali s obohacenim a bez obohaceni o kmenové buriky ve 3

meésicich

Sila vristani sitované acelularni praseci dermis obohacené o kmenové buriky

byla vy$si nez u materiall, které nebyly obohacené o kmenové bunky, ale vysledek

nebyl statisticky signifikantni (0,59MPa vs. 0,7 MPa, p=0,66).

Ve skupiné nesitované aceluldrni praseci dermis byl statisticky vyznamny rozdil
mezi materidly neobohacenymi o kmenové bunky (0,75MPa) a materidly obohacenymi
(3.37 MPa; p=0,018). Tyto vysledky indikuji lepsi vristani tkané do méné kompaktniho
materialu (Obr. 25, 26).



Napéti sitované praseci dermis (MPa)
1,2
1
0,8
i Bez obohaceni ADSC
0,6
'S obohacenim ADSC
0,4 -
0,2 -
0
Napéti nesitované praseci dermis (MPa)
7
6 -
5
a4
i Bez obohaceni ADSC
3 'S obohacenim ADSC
2
1
o
Obr. 25: Maximalni napéti pred prasknutim méfené u materiali s obohacenim a bez

obohaceni o kmenové buiiky po explantaci ve 3 mésicich testované na tensiometru.
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Maximalni sila sitované praseéi dermis (N)
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Maximalni sila nesitované praseéi dermis (N)
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Obr. 26: Maximalni sila pfed prasknutim méfené u materidli s obohacenim a bez
obohaceni o kmenové buiiky po explantaci ve 3 mésicich hodnocena na tensiometru.



Srovnani materiali bez obohaceni ADSC po 3, 6 a 12 mésicich

V pribéhu testovaci doby napéti a sila vzorkld potfebnych k rupture narGstaly.
Misto preruseni vzork{ bylo srovnatelné u vSech implantatl (Obr. 27).

3 mésice od implantace disponovaly nesitované aceluldrni praseéi dermis
signifikantné vyssim napétim potfebnym pro rupturu vzorku (0,75 vs. 0,59 MPa;
p=0,007). 6 mésicl po implantaci byly rozdily mezi nesitovanou acelularni praseci
dermis a sitovanou aceluldrni praseci dermis nesignifikantni (2,77 vs. 1,42 MPa;
p=0,386) a zlstaly nesignifikantni i 12 mésicl od implantace (3,06 vs. 1,58 MPa;
p=0,083). Souhrnem, pevnost vzorkd nesitované acelularni praseci dermis stoupala od
3 mésicd (0,75 MPa) do 12 mésich (3,06 MPa) od implantace. Pevnost sitované
acelularni praseci dermis také stoupala z 0,59 MPa ve 3 mésicich na 1,58 MPa ve 12
mésicich po implantaci (Obr. 28). Z téchto parametri je vice vypovidajici parametr
napéti, coz je vlastné sila vztazend na prirez vzorku.

Z vysledkd vyplyvéd vétsi pevnost vrlstani nesitovanych materidld do tkani

prijemce.

nesitované aceluldmi praseci dermis sitované acelularni praseéi dermis

@ Implantat @ Rozhrani implantatu a tkané Tkan

Obr. 27. Srovnani materiala dle pFeruseni vzorku.
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Obr. 28: Srovnani pevnosti vzorki po 3, 6 a 12 mésicich.




Diskuze

V poslednich letech dochazi k rozsiteni uziti biologickych biomateriald ve formé
extracelularnich matric pro rekonstrukci bfisni stény. Stéle ale neni dostatek
experimentalnich ani klinickych dat potfebnych pro spravny vybér materidlu pro danou
indikaci. Je vSeobecné znamo, zZe klinické randomizované kontrolované studie jsou v
chirurgickém oboru z mnoha divodid obtizné proveditelné. Jednou z moznosti pro
¢astecné doplnéni chybéjicich dat jsou studie experimentalni.

Biologické sitky disponuji vysokou biokompatibilitou, abilitou inkorporace do
tkané pfijemce a schopnosti vaskularizace, kteréd zvysuje rezistenci k infekcim. Uzivaji se
v celém spektru chirurgickych vykond, ale jejich nejcastéjsi klinickou indikaci zdstava
rekonstrukce bfisni stény. Jedinym vyraznym problémem, ktery je spojen s uzitim
téchto materidli je jejich nakladnost (Primus & Harris, 2013). Biologické sitky jsou
Casto 10x drazsi nez jejich syntetickd analoga. Z mnoha publikovanych studii, které
zminuji v této praci, pouze jedna upozornuje na tento fakt (Shankaran, Weber, Reed,
& Luchette, 2011). Vzhledem k ekonomickym limitdm, kterym jsou klinickad pracovisté
vystavend, bude do budoucna nutné provedeni dikladné finanéni (cost - benefit)
analyzy k presnému stanoveni indikaci k uziti téchto materidld také ze strany
nakladnosti a pfinostl pro cely zdravotnicky systém. V soucasné dobé miizeme fici, ze
uziti biologickych siték v nekontaminovanych pfipadech je z ddvodu vysokych cen
pochybné.

Stabilita a jiné vlastnosti biologickych siték jsou vyrazné ovlivnény chemickym a
fyzikalnim zpracovanim pfi jejich vyrobé. Jednou z nejvice uzivanych moznosti zvyseni
biostability biologickych siték je sitovani (cross-linking). Pokusy vyrobcl biologickych
sitek zvysit timto jejich pevnost ale maze vést k naruseni biokompatibility a snizeni sily

vristani siték do tkani pfijemce. Materidly se stanou prili§ kompaktnimi aby do nich
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mohly vriistat cévy a jiné tkdné. To ma za nasledek slabsi spojeni mezi materialem a
tkani prijemce, naptiklad bfisni sténou.

Skenovaci elektronovd mikroskopie ukazuje, Ze soudrznost a pruznost
nesitované acelularni praseci dermis je dana zachovénim pfirozené sité silnych
kolagennich svazkd (Tolde, Rosel, Vesely, Folk, & Brabek, 2010). Pfitomnost
pfirozeného interfibrilarniho materidlu pravdépodobné napoméha invazi pojivové
tkdné a formaci novych kapilar. To je predpokladem spravné nahrady biologickych
materidlG tkani pfijemce. V pfipadé, ze dojde k zesitovani materiélu, tato pfirozena
vlastnost extracelularnich matric se omezi.

Cilem disertacni prace bylo zhodnotit biokompatibilitu a pevnost vristani
do tkani pfijemce sitované a nesitované aceluldrni praseci dermis v modelu
dlouhodobé sledované rekonstrukce bfigni stény na malém laboratornim zviteti. Cast
téchto biomateriald jsme obohatili o autologni kmenové buriky derivované z tukové
tkdné k zjisténi jejich vlivu na nejdllezitéjsi sledované parametry — celularizaci,
vaskularizaci a pevnost vristani do tkani ptijemce. Predpoklédali jsme, Ze nesitovana
aceluldrni praseci dermis bude disponovat mensi reakci na cizi téleso nez sitovana
acelularni praseci dermis.

V literatufe jsou popsény velmi kontroverzni nazory na uziti sitovanych a
nesitovanych biologickych siték v experimentélni i klinické praxi. Nékteré studie
naznacuji, ze sitované extracelularni matrice jsou dlouhodobé stabilni s vysokou
biokompatibilitou in vivo (Catena et al., 2007; de Castro Bras et al., 2010; Gaertner et
al., 2007; Macleod et al., 2005; Mulier et al., 2011; O'Brien et al., 2011; Parker et al.,
2006; Smart et al, 2012), zatimco jiné studie tvrdi, Ze jsou mnohem méné
biokompatibilni a nevhodné k aplikaci v klinické praxi (Ayubi et al., 2008; Butler et al.,
2010; Wotton, 2009) a potenciadlné rizikové k rejekci (Petter-Puchner et al., 2008).

Vétsina studii byla financovéna spole¢nostmi produkujicimi tyto materidly. Navic,



studie testovaly materialy po dobu nékolika tydn{ nebo mésici. Podobné parametry
uvedené studie devalvuji.

Mnoho experimentélnich studii bylo vénovano hodnoceni extracelulérnich matric
pro rekonstrukci bfisni stény u primatl (Sandor et al., 2008), miniprasat (Melman et al.,
2011) nebo morcat (Butler et al., 2010). Nicméné zdaleka nejcastéjsim zvifetem pro
tyto testy byl potkan, ktery byl uzit ve vétsiné studii (Ayubi et al., 2008; de Castro Bras
et al., 2012; Keller et al., 2010; Mulier et al., 2011; Petter-Puchner et al., 2008; Rice et
al., 2009). Divodem je ta skutecnost, ze explantdty z téchto malych animalnich
modeld jsou dostatec¢né pro histologické vysetfeni a mechanometrické testovani.

Vysledky nasi studie potvrdily, Ze nesitovana aceluldrni praseci dermis je
vice biokompatibilni a umoznuje rychlejsi stupen penetrace bunék a vaskularizace
oproti sitované aceluldrni praseci dermis. Vyssi vaskularizace a celularizace je
predpokladem vyssi rezistence vici infekcim, kterd je nejvétsim klinickym benefitem
acelularnich dermalnich matric.

Pfi mechanickém testovani materidld jsme zjistili, Ze nesitované acelularni praseci
dermis disponuji silnéjsim vristanim do tkani pfijemce oproti sitované acelularni
praseci dermis ve vSech sledovanych c¢asovych horizontech (3, 6 a 12 mésic).

Nesitované acelularni praseci dermis byly makroskopicky degradovéany 3 mésice
od implantace, ale tato degradace dile mezi 3. a 12. mésicem od implantace
nenarustala. Pfredpokladali jsme koreldt tohoto vyrazného makroskopického ztenceni
Stépd ve snizeni jejich pevnosti. Tensiometrie vSak ukazala stejné mechanické
vlastnosti u nesitované acelularni praseci dermis jako u sitované acelularni praseci
dermis. Tyto vysledky demonstruji, Ze tfi-dimensiondlni struktura, orientace
kolagennich vldken a slozeni implantatu jsou dllezitéjsi nez jeho tloustka. Struktury
zodpovédné za mechanickou pevnost nesitované acelularni prasec¢i dermis jsou

odolnéjsi vici degradaci nez struktury méné ddlezité pro mechanickou pevnost.
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Rekonstrukce bfisni stény s uzitim sitky vétsinou selhavaji spiSe v oblasti spoje sitky se
svalovou fascii nez v oblasti vlastni sitky. Casné vytvoteni silného spoje mezi sitkou a
fascii je dllezité pro snizeni rizika rekurence kyly ve vztahu k potencidlni separaci
rozhrani sitka — fascie (Butler et al., 2010).

Maximalni sila a napéti potfebné pro rupturu vzorkd se béhem testovaciho
obdobi zvySovaly. Tento trend je pravdépodobné spojen s jejich postupnou silngjsi
integraci do tkani pfijemce a remodelaci implantatu jako odpovédi na mechanické
zatizeni (Clemens van Blitterswijk, 2008).

Zadné ze zvitat ve studii nemélo nalez pooperaéni hernie. U n&kterych zvitat ze
skupiny nesitované acelularni praseci dermis vyskytlo vyklenuti bfisni stény, které
pravdépodobné vzniklo néasledkem post implanta¢ni degradace biomateridld a
funkénimi poruchami bfisni stény po jejim naruseni.

V literatufe existuje nékolik studii sledujici kombinaci kmenovych bunék
s biologickymi sitkami. Zhao (Zhao et al., 2011) popisuje acelularni dermalni matrix
osidlenou autolognimi burikami kostni dfené pfi uziti k rekonstrukci bfisni stény u
kralika. Jind studie od japonskych autori (Orbay, 2011) hodnotila resorpci acelularni
dermalni matrice osidlené autolognimi kmenovymi burikami derivovanymi z tukové
tkdné. V obou studiich bylo popsano, Ze samostatné biologické sitky podléhaji
degradaci po implantaci a Ze jejich osidleni kmenovymi burkami signifikantné zvysuje
jejich vaskularizaci a silu vristani do tkani pfijemce. V nasi studii jsme nedospéli
k zavéru, ze by osidleni biologickych siték kmenovymi burikami vedlo k pomalejsi
degradaci nebo zvysené vaskularizaci. Dle naseho nézoru je sitovani v soucasnosti
jedinym pfistupem ke zpomaleni degradace biologickych siték(de Castro Bras et al.,
2010; 2012; Oliver et al., 1980; 1982). Vaskularizace a celularizace u materiéld, které
byly obohacené o kmenové bunky nebyly vy$si nez u materiald neobohacenych, nebo

tento rozdil nebyl statisticky signifikantni.



UZiti kmenovych bunék z kostni dfené pro osidleni biologickych siték v klinické
praxi je diskutabilni. Kmenové burky derivované z tukové tkané jsou velmi snadno
pristupné. Jejich odbér disponuje minimalni morbiditou dércovského mista a existuji
také nastroje k izolaci kmenovych bunék z tukové tkéné pfimo na sale (Lin et al., 2008).

Vysledky studie byly odlisné od ocekavani v nékolika aspektech. Kmenové burnky
mély nesignifikantni vliv na vaskularizaci a celularizaci materialGd. Nalezli jsme ale
signifikantné vyssi pevnost sristu s tkani pfijemce u nesitovanych materiall
obohacenych o kmenové bunky. U materiall sitovanych byla pevnost sristu také
vyssi, ale tento vysledek nebyl statisticky signifikantni.

Odlisné od vysledku vyse zminénych autorG (Orbay et al., 2011; Zhao et al.,
2011), velky pocet literdlnich prameni demonstruje mimofadné dobré klinické
vlastnosti biologickych siték bez osidleni kmenovymi burikami, véetné komplikovanych
pfipadd (Butler, 2006; Hiles et al., 2009; lannitti et al., 2008). Nastup uziti téchto
materidld znamenal velky posun pfi terapiich rozsahlych defektl bfisni stény u
rizikovych pacientll, zejména téch s tendenci k infekci materialu. Predpokladané
zlepSeni parametrd sily vrdstani do tkani pfijemce a zlepSeni vaskularizace se
nepotvrdilo.

Zhao (Zhao et al., 2011) popisuje zrychlenou regeneraci peritonea ve skupiné
biologickych siték s obohacenim kmenovymi burkami. Tato vyhoda méze napomoci
snizit stfevni adheze k materialu a brisni sténé. Dle naseho nézoru je izolace a osidleni
kmenovych bunék na sitky pro rekonstrukci bfisni stény velmi sloZzitéd procedura, kterd v

tomto pfipadé nevyvazi mozny klinicky pfinos.
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Zaver

Vysledky nasi studie prokazaly, ze nesitovana acelulérni praseci dermis disponuje
lepsi biokompatibilitou a umoznuje vyssi vaskularizaci a celularni penetraci nez
sitovana acelularni praseci dermis. To vede k silnéjsimu vristani do tkani pfijemce a
zlepSeni pevnosti srlistu s bfisni sténou. Oba materidly si zachovaly pevnost v pribéhu
celé doby testovéani. Vyssi mira vrastani elementl pozorovana pfi histologickém
vysetfeni korelovala se silngjsim vristanim do tkéni zjisténém pti mechanickém
testovani.

Oba materidly maji potencial dobrych vysledkd pfi klinickém uziti. Nesitované
aceluldrni praseci dermis maji potencial k mensimu riziku rekurence hernie.

Osidleni biologickych siték mezenchymalnimi kmenovymi burikami nevedlo
k signifikantnimu zvySeni vaskularizace u sitované ani u nesitované acelularni praseci
dermis. U sitované acelularni praseci dermis nevede pfidani kmenovych bunék ke
zvydeni sily vristani do tkani pfijemce. U nesitované acelularni praseci dermis se po
pridani kmenovych bunék sila vristani do tkani pfijemce signifikantné zvysila.
S ohledem na fakt, Ze izolace a obohaceni biologickych siték kmenovymi burikami je
velmi komplexni procedura, neshleddvédme dostate¢né vyhody tohoto obohaceni k

uziti v klinické praxi.
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Abstract: Background. Biological meshes are biomate-
rials consisting of extracellular matrix that are used in
surgery particularly for hernia treatment, thoracic wall
reconstruction, or silicon implant-based breast reconstruc-
tion. We hypothesized that combination of extracellular
matrices with autologous mesenchymal stem cells used for
hernia repair would result in increased vascularization and
increased strength of incorporation. Methods. We cultured
autologous adipose-derived stem cells harvested from the
inguinal region of Wistar rats on cross-linked and noncross-
linked porcine extracellular matrices. In 24 Wistar rats,
a standardized 2 x4 cm fascial defect was created and
repaired with either cross-linked or noncross-linked grafts
enriched with stem cells. Non-MSCs-enriched grafts were
used as controls. The rats were sacrificed at 3 months of age.
The specimens were examined for the strength of incorpo-
ration, vascularization, cell invasion, foreign body reaction,
and capsule formation. Results. Both materials showed
cellular ingrowth and neovascularization. Comparison of

both tested groups with the controls showed no significant
differences in the capsule thickness, foreign body reaction,
cellularization, or vascularization. The strength of incorpo-
ration of the stem cell-enriched cross-linked extracellular
matrix specimens was higher than in acellular specimens,
but this result was statistically nonsignificant. In the
noncross-linked extracellular matrix, the strength of incor-
poration was significantly higher in the stem cell group than
in the acellular group. Conclusion. Seeding of biological
meshes with stem cells does not significantly contribute to
their increased vascularization. In cross-linked materials, it
does not ensure increased strength of incorporation, in con-
trast to noncross-linked materials. Owing to the fact that
isolation and seeding of stem cells is a very complex
procedure, we do not see sufficient benefits for its use in
the clinical setting. Key Words: Extracellular matrix—
Scaffold—Biologics—Acellular ~ matrix—Histometrics—
Biocompatibility—Animal model—Cross-linking—Hernia
—Mesenchymal stem cells—Adipose-derived stem cells.

There are many materials used for tissue replace-
ment in modern surgery including those derived from
extracellular matrix (ECM). These biological meshes
are derived from different human and animal tissues
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such as human dermis, porcine dermis, porcine small
intestine submucosa, or bovine pericardium. The
largest benefit of these materials is their ability of
better vascularization and integration into the host
tissue in comparison to synthetic materials (1-3). This
increases the safety of mesh use in contaminated
areas with large risk of synthetic mesh infection (4,5).
ECMs are used particularly for hernia treatment
(6-9), thoracic wall reconstruction, or silicon implant-
based breast reconstruction (10). These biological
meshes can be used without further processing
(noncross-linked [non-CL] materials) or can be

Artificial Organs 2013, ee(ee):00_oe
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cross-linked (CL) to make them more stable.
However, cross-linking decreases the biocompatibil-
ity of the material and the strength of incorporation
into host tissues (9).

Cross-linking can also deteriorate potential pen-
etration of cells, including stem cells, into the bioma-
terial. Stem cells are cells that have potential of
differentiating into different cell lines. There are two
basic types of stem cells—embryonic and adult stem
cells. Adult stem cells play a crucial role in evolution
and progress of regenerative medicine (11). They can
be found in almost any tissue including skin, brain, or
fat. By far, the most accessible and abundant tissue
for stem cell harvesting is fat (12). In human, it can be
harvested by liposuction, in small animals by exci-
sion, both with very low donor site morbidity.
Autologous cells are body’s own and, therefore, they
do not evoke any reaction. Sufficient numbers of
cells can be easily cultivated from a relatively small
amount of fat.

Stem cells have angiogenic properties, probably
entailed by secretion of cytokines (13). We therefore
hypothesized that combining ECM with autologous
mesenchymal stem cells (MSCs) from fat (adipose-
derived stem cells [ADSCs]) used for hernia repair
would result in increased vascularization and
increased strength of incorporation compared with
repairing hernia with acellular ECM. This would
result in improved outcomes of clinical ventral hernia
repairs in terms of infection and hernia recurrence.

So far, no study has evaluated the histological and
mechanical properties of CL and non-CL ECM com-
bined with ADSCs used for hernia repair. Both CL
ECM and non-CL ECM are frequently used in
surgery. As these materials differ in their ability of
tissue ingrowth, we considered beneficial to comprise
both of them in our study and compare the influence
of MSCs on their properties.

The standard test to confirm multipotency is the
ability of the cells to differentiate into osteoblasts
and adipocytes (and chondrocytes as well as
myocytes, and possibly neuron-like cells) (14).

MATERIALS AND METHODS

This study was carried out in strict accordance with
the recommendations of the Guide for the Care and
Use of Laboratory Animals of the Ministry of Agri-
culture of the Czech Republic. The protocol was
approved by the Committee on the Ethics of Animal
Experiments of the 1st Faculty of Medicine, Charles
University in Prague. All surgery was performed
under anesthesia, and all efforts were made to mini-
mize suffering.

Artif Organs, Vol. ee, No. ®e, 2013

ECMs used

We used non-CL ECM (Medicem Technology, ee,
Czech Republic) produced by harvesting split- ]
thickness porcine skin grafts with thickness of about
0.8 mm. Then, the material underwent trypsinization
(0.3%) for cell removal, was dehydrated by desicca-
tion attached to a glass substrate, and sterilized by
gamma-irradiation. We compared this non-CL ECM
to commercially available CL ECM Permacol™
(Covidien, ee Ireland). Permacol is one of the most [
widely used and well-studied surgical dermal scaffold
materials (8,15,16). It is a porcine-derived acellular
dermal scaffold manufactured by trypsinization (to
remove all living cells), solvent extraction (to remove
all lipid and fat deposits), gamma-irradiation, and
cross-linking using hexamethylene diisocyanate.

Isolation and cultivation of MSCs

Female Wistar rats (n=12) weighing 340-400 g
were anesthetized with an intramuscular injection of
50 mg/kg body weight Zoletil (Virbac Laboratories,
ee_France) 30 min before surgery. After shaving the [
inguinal area, incision was made, and a sample of fat
around 1 cc was harvested. This sample was then
transferred to our tissue engineering laboratory. The
wound was sutured by interrupted sutures using
Vicryl 3/0 (Ethicon Inc., e, USA). Adipose tissue | |
was cut into small pieces and incubated for 1-2 h in
0.1% collagenase A (Roche) at 37°C. The digested | |
tissue was disrupted by shaking and repeated
pipetting. An excess (ca 10-fold) of H-MEM medium | || |
with 10% of bovine serum was added, and the sus-
pension was centrifuged at 500 g for 8 min. The resul-
tant cell pellet was seeded into 25 cm? tissue culture
flasks and cultured in the H-MEM medium enriched
with nonessential amino acids, 0.12 g/ sodium
pyruvate, 1 g/ NaHCOs3, 10% bovine serum, and 2%
fetal bovine serum (MSCs growth medium) at 37°C
in an incubator with 3.5% CO,. The medium was
changed every 2-4 days, and passages were carried
out at 70-90% confluence. Cells from the second
passage were used for seeding on ECM. MSCs
(passage 2) were seeded in the amount of 3 x 10°
cells/dish with ECM or without ECM control. The
cell layer on the dish was confluent in 4 days. There
was no difference between growth in the medium
containing ECM and control (no cytotoxicity was
observed). A small thin piece of each ECM group was
stained by May-Griinwald and Giemsa-Romanovski
to visualize the cells.

Identity control of MSCs
MSCs were cultured in the MSCs growth medium
enriched with growth factors for adipocyte and
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osteoblast differentiation (17). For adipocyte differ-
entiation, dexamethasone (1 uM), IBMX (0.5 uM),
insulin (10 pg/mL), and indomethacin (60 uM) were
added into the medium. The cells were cultured for 5
days. MSCs in the third passage were cultured to
subconfluence. The MSCs medium was then replaced
by adipocyte medium (changed every 2-3 days).
After 5 days, the culture was stained by oil red for
histological assay. For osteoblast differentiation,
dexamethasone (1 uM), ascorbic acid (50 pg/mL),
and B-glycerophosphate (10 mM) were added. Cells
were cultured for 2 weeks. MSCs in the third passage
were cultured to confluence. The MSCs medium was
then replaced by osteoblast medium (changed every
3-4 days). After 16 days, the culture was stained by
alizarin red for calcium visualization.

Seeding of cultured MSCs onto ECM

Six pieces of non-CL-ECM and six pieces of
CL-ECM measuring approx. 2 x3 cm were placed
individually in 60 mm culture dishes and bathed over-
night in the MSCs growth medium. MSCs (ADSC)
were seeded next day in fresh medium in the amount
of 3 x 10° cells/dish. The cells on ECM were cultured
for four days. ECM with cells was used for the surgi-
cal procedure of hernia repair.

Surgical procedure

For hernia repair, the group of female Wistar rats
used for fat harvesting (A; n=12) and a control
group of female Wistar rats (B; n = 12) were anesthe-
tized with an intramuscular injection of 50 mg/kg
body weight Zoletil (Virbac Laboratories) 30 min
before surgery. After shaving the abdominal area
and treating with antibiotic solution, an abdominal
midline incision (5 cm) through the skin and subcu-

Tested Group Control group
non-CL ECM CLECM acellular acellular
non-CL ECM CLECM
ADSC ADSC (n=6) (n=6)
(n=6) (n=6)

FIG. 1. Rats from the tested group (A) were randomly divided
into two subgroups. The first subgroup (n=6) received non-CL
ECM seeded with MSCs for abdominal wall repair. The second
subgroup (n=6) received CL ECM seeded with MSCs for
abdominal wall repair. Rats from the control group (B) were
randomly divided into two subgroups as well. The first subgroup
received non-MSCs-enriched CL ECM for abdominal wall repair
(n=6). The second subgroup received non-MSCs-enriched
non-CL ECM for abdominal wall repair (n = 6).

8cm
Histology
Tensiometry 2cm 4 6
D —— cm cm
Histology

FIG. 2. A square block of abdominal wall measuring 8 x 6 cm
was excised en bloc and divided into three parts. The ventral and
dorsal parts were processed for histological evaluation. The
middle part of the excision (15-mm wide strip) was transported for
tensile testing.

taneous tissue was made. Carinal shape full-thickness
excision (4 x 2 cm) of the abdominal wall was made.
Materials were sutured to the edges of the abdominal
wall defects as a patch using Prolene 4/0 (Ethicon
Inc.) continuous suture. Rats from the tested group
were randomly divided into two subgroups. The first
subgroup (n = 6) received non-CL-ECM seeded with
MSCs for abdominal wall repair. The second sub-
group (n = 6) received CL ECM seeded with MSCs
for abdominal wall repair. Rats from the control
group were randomly divided into two subgroups as
well. The first subgroup received acellular CL ECM
for abdominal wall repair (n = 6). The second sub-
group received acelullar non-CL ECM for abdominal
wall repair (n = 6) (Fig. 1). The wound was sutured by
interrupted sutures using Vicryl 3/0 (Ethicon Inc.).
Postoperative analgesic treatment was provided by
intramuscular application of Butomidor (Richter
Pharma, e, Austria) 0.01 mg per rat. The postopera-
tive course and observation period were without
undesirable events.

All animals were sacrificed after 3 months by injec-
tion of ketamine 0.1 mL/100 g + medetomidine 0.01/
100 g intramuscularly and T61 3 mL/100g intra-
cardially. The incidence of herniation was evaluated.
A square block of abdominal wall measuring
8 x 6 cm was excised en bloc and divided into three
parts (Fig. 2). The ventral and dorsal parts were pro-
cessed for histological evaluation. The middle part of
the excision (15-mm wide strip) was transported in
saline solution for tensile testing.

Histological examination
After explantation, tissue samples were fixed in
formaldehyde and subjected to histological examina-

Artif Organs, Vol. ee, No. ®e, 2013
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Cell/ Scoring
reaction 0 1 2 3 4
Implant 0 Rare, . e
cellularization 1-5/phf 5-10/ phf Heavy infiltrate Packed
Leukocytes 0 135a/§r,1f 5-10/ phf Heavy infiltrate Packed
. 0 Rare, o
Giant cells 1-2/phf 3-5/ phf Heavy infiltrate Sheets
phf per high powered (400x) field
Histopathological scoring system: cell type/response
FIG. 3. Semiquantitative histopatholo-
gical evaluation of each explant, as
Reaction Scoring described in ISO 10993-6.
0 1 2 3 4
Extensive
Minimal Group of 4-7 Broad band of band of
capillary capillaries with capillaries capillaries
Neovascularization | 0 proliferation, supporting with with
focal fibro-blastic supporting supporting
1-3 buds structures structures fibroblastic
structures
. Moderately . Extensive
Capsule thickness | 0 Narrow band thick band Thick band band

Histopathological scoring system : response

tion with hematoxylin-eosin staining using an
Olympus BX50 microscope with 40, 100, and
200 x magnification. Semiquantitative histopatholo-
gical evaluation of each explant was performed by
the scoring system described in ISO 10993-6 (Fig. 3).
The scores for microscopic evaluation of each param-
eter of each animal were added to obtain the sum for
a group and divided by the number of animals in the
group to obtain a test or reference group average.
Samples were scored independently by two patholo-
gists (KM and ZS).

Mechanical properties

The strength of incorporation was evaluated by
Inspekt table 10kN with 100 N load cell and
Labmaster software (Hegewald & Peschke, ee,
Germany). Preload 0.05N and speed of crosshead
travel 200 mm/min was set at the machine. The thick-
ness of materials was evaluated by Mitutoyo ABSO-
LUTE (Mitutoyo Inc., e, Japan). Each specimen was
oriented horizontally, with each end secured inside
the grips. We evaluated the pull firmness and maximal
breaking strength normalized for thickness, width
and cross-section of the strip and place of specimen
rupture (implant, implant-tissue conjunction, and
tissue). The degree of strength of incorporation (SOT)
was expressed by several values. Maximum load was
recorded in newtons (N). Tensile stress per unit width
was determined by dividing the maximum load sus-
tained by the material by the width of the specimen
(N/mm). Tensile strength needed for specimen
rupture was recorded in megapascals (MPa). The

Artif Organs, Vol. ee, No. ®e, 2013

breaking strength was recorded as the maximum
tension developed across the fascia-patch interface
before rupture.

Statistical analysis

The data were analyzed statistically; quantitative
data using Wilcoxon test; and categorical data using
nonparametric Pearson chi-square test, Mann-
Whitney test, and Fisher’s test.

RESULTS

Cell cultivation, differentiation and identity control

The surface coverage by cells was about 50% in
both materials examined after staining by May-
Griinwald and Giemsa-Romanovski to visualize the
cells.

Adipocyte differentiation: an accumulation of
lipid-rich vacuoles was observed within the cells
(Fig. 4). Eventually, the lipid vacuoles combined and
filled the cells.

Osteoblast differentiation: the MSCs formed
aggregates or nodules, which were stained positively
by alizarin red (Fig. 5).

Local findings after explantation

No seroma was found surrounding the materials.
There were no hernias observed at the time of
explantation in any group. There were no bowel
adhesions in any group. We noticed only omentum
adhesions to the peritoneal side of the material. The
incidence of these adhesions was evenly distributed
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FIG. 4. MSCs were cultured in the adipocyte medium (MSCs
medium with addition of dexamethasone, insulin, isobutyl
methylxanthine, and indomethacin) for 10 days. The cells were
stained by oil red. Accumulation of lipid (red) in vacuoles filling the
cells is visible.

between both materials. All materials showed macro-
scopic evidence of early vascularization with blood
vessels on both sides of the material. There were
no signs of inflammation, fibrosis, calcification,
or granulomatous reaction. Materials were stably
ingrown in the subcutaneous tissues and abdominal
wall. Non-CL ECM showed macroscopically signifi-
cant degrading, looking like a thin, almost transpar-
ent membrane. CL ECM samples did not exhibit any
macroscopic degradation throughout the entire
study. Their appearance during the explantation was
the same as at the time of implantation.

Histology

Both materials showed cellular ingrowth and
neovascularization. Comparison of both tested
groups with control groups did not show any signifi-
cant differences in the capsule thickness, foreign body
reaction, cellularization, or vascularization. Notably,
the mean cellularization of 1.25 in the CL ECM non-
MSCs-enriched subgroup was higher than 1.167 in
the MSCs-enriched subgroup (P = 0.375). Vasculari-
zation in the CL ECM group was 1.75 in the non-
MSCs-enriched subgroup and only 1.167 in the
MSCs-enriched subgroup (P =0.375). The mean
capsule thickness in the CL ECM group was 0.33 in
the non-MSCs-enriched subgroup and 1 in the MSCs-
enriched subgroup (P = 0.830). Similarly as in the CL
ECM group, the mean cellularization in non-CL
ECM was higher in the non-MSCs-enriched sub-
group (2) than in the MSCs-enriched subgroup (1.2,
P =0.445). Mean vascularization in the non-CL ECM
group was 2 in the non-MSCs-enriched subgroup and

1.4 in the MSCs-enriched subgroup (P = 0.542). The
mean capsule thickness in the non-CL ECM group
was 0.8 in the non-MSCs-enriched subgroup and 1 in
the MSCs-enriched subgroup (P = 0.638) (Fig. 6).

Tensiometry

The place of rupture was evenly distributed
between the implant, implant-tissue conjunction, and
tissue.

SOI of the MSCs-enriched CL ECM specimens
was higher than that of the non-MSCs-enriched CL
ECM, but this result was statistically nonsignificant
(0.59 MPa vs. 0.7 MPa, P=0.66) (Fig. 7A). In the
non-CL ECM group, there was a statistically signifi-
cant difference between non-MSCs-enriched ECM
(0.75 MPa) and MSCs-enriched ECM (3.37 MPa;
P =0.018) (Fig. 7A). This result might indicate better
ingrowth of cells into the less compact material.

DISCUSSION

Biological meshes are materials that possess excel-
lent biocompatibility and an ability to incorporate
into host tissues. They undergo vascularization,
which increases their resistance to infection. Their
biostability can be increased by cross-linking.
However, attempts of biological mesh producers to
improve firmness by cross-linking deteriorate the
biocompatibility and strength of attachment of the
mesh to the host tissues. The materials are too
compact for vessels and other host tissues to grow
inside them, resulting in a weaker connection
between the material and host tissues, for example,
abdominal wall, and lesser resistance to infection.

FIG. 5. MSCs were cultured in the osteoblast medium (MSCs
medium with addition of dexamethasone, ascorbic acid, and
B-glycerophosphate) for 16 days. The cell clusters were positive
for calcium, as visible by staining with alizarin red.

Artif Organs, Vol. ee, No. ®e, 2013
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FIG. 6. Results of histological examina-
tion. Notably, mean cellulization of 1.25 in
the cross-linked extracellular matrix (CL
ECM) non-MSCs-enriched subgroup was
higher than 1.167 in the MSCs-enriched
subgroup (P =0.375).Vascularization in
the CL ECM group was 1.75 in the
non-MSCs-enriched subgroup and only
1.167 in the MSCs-enriched subgroup
(P=0.375). The mean capsule thickness
in the CL ECM group was 0.33 in the
non-MSCs-enriched subgroup and 1 in
the MSCs-enriched subgroup (P = 0.830).
Similarly as in the CL ECM group,
mean cellulization in noncross-linked
extracellular matrix (non-CL ECM) was
higher in the non-MSCs-enriched sub-
group (2) than in the MSCs-enriched
subgroup (1.2, P=0.445). Mean vas-
cularization in the non-CL ECM group was
2 in the non-MSCs-enriched subgroup
and 1.4 in the MSCs-enriched subgroup
(P=0.542). The mean capsule thickness
in the non-CL ECM group was 0.8 in the
non-MSCs-enriched subgroup and 1 in
the MSCs-enriched subgroup (P = 0.638).

FIG. 7. Results of tensiometry. The
strength of incorporation of the MSCs-
enriched cross-linked extracellular matrix
(CL ECM) specimens was higher than that
of the non-MSCs-enriched CL ECM, but
this result was statistically nonsignificant
(0.59 MPa vs. 0.7 MPa, P=0.66). In
the noncross-linked extracellular matrix
(non-CL ECM) group, there was a statis-
tically significant difference between
non-MSCs-enriched ECM (0.75 MPa)
and MSCs-enriched ECM (3.37 MPa;
P=0.018).
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Many experimental studies have been devoted to
evaluation of the performance of ECMs for hernia
repair. Primates (18), minipigs (19), or guinea pigs (9)
have been used as animal models. However, by far,
the most common animal for these tests is the rat,
which has been used in most of the studies (16,20—
24).The reason is that explants from this small animal
model are sufficient for histological evaluation and
tensiometry testing.

Our study was aimed to evaluate the outcomes of
experimental hernia repair by CL ECM and non-CL
ECM seeded with MSCs compared to acellular ECM
either enriched or nonenriched with MSCs.

Similar studies have been presented in the litera-
ture. One study of a acellular dermal matrix seeded
with autologous bone marrow-derived MSCs
described its use for experimental hernia repair in
the rabbit (25). Another study by Japanese authors
evaluated resorption of acellular dermal matrix
seeded with ADSCs implanted as subcutaneous
implant (26).

Zhao et al. (25) and Orbay et al. (26) reported that
simple ECM undergoes degradation after implanta-
tion, and seeding it with stem cells significantly
increases vascularization and SOI. We did not find
slower degradation or increased vascularization after
seeding ECM with cells. In our opinion, cross-linking
is the only approach available at present to decreas-
ing degradation of biologic meshes (20,27-29). The
use of bone marrow-derived MSCs for seeding ECM
is questionable in clinical practice. However, adipose-
derived MSCs are very easily harvestable, with
minimum donor site morbidity. In addition, currently
we have available instruments that are capable of
isolating substantial numbers of ADSC during an
operation (30).

The results of our study were different than
anticipated in many aspects. Vascularization and
cellularization in both CL ECM and non-CL ECM
groups were lower in the acellular subgroup, but
these results were not significant. This outcome can
be entailed by the minimal impact of MSCs on ECM
properties and also by the limited number of studied
subjects. The only significant difference was the
tensile strength in the non-CL ECM group. The SOI
of the acellular subgroup was significantly lower than
in the MSCs subgroup.

Contrary to the opinion of other authors (25,26), a
tremendous number of studies have demonstrated an
exceptional performance of ECM without seeded
MSCs for hernia repair, especially in difficult cases
(3,7,31).

Zhao et al. (25) described increased peritoneum
regeneration in a group of MSCs-enriched ECMs.

This benefit might be helpful for decreasing bowel
adhesions to the abdominal wall. In our opinion, iso-
lation and seeding of cells on the mesh for hernia
repair is a very complex procedure that cannot out-
weigh the possible clinical benefit.

CONCLUSION

Seeding of extracellular scaffolds with MSCs does
not contribute significantly to increased vasculari-
zation in both CL ECM and non-CL ECM. In addi-
tion, in CL ECM, it does not ensure increased SOI.
However, our findings showed significantly increased
SOI in non-CL ECM. Owing to the fact that isolation
and seeding of MSCs on ECM represents a very
complex procedure, we do not see sufficient benefits
for its use in the clinical setting.
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A number of implantable biomaterials derived from animal tissues are now used in modern surgery. Xe-Derma is a dry, sterile,
acellular porcine dermis. It has a remarkable healing effect on burns and other wounds. Our hypothesis was that the natural
biological structure of Xe-Derma plays an important role in keratinocyte proliferation and formation of epidermal architecture in
vitro as well as in vivo. The bioactivity of Xe-Derma was studied by a cell culture assay. We analyzed growth and differentiation
of human keratinocytes cultured in vitro on Xe-Derma, and we compared the results with formation of neoepidermis in the
deep dermal wounds treated with Xe-Derma. Keratinocytes cultured on Xe-Derma submerged in the culture medium achieved
confluence in 7-10 days. After lifting the cultures to the air-liquid interface, the keratinocytes were stratified and differentiated
within one week, forming an epidermis with basal, spinous, granular, and stratum corneum layers. Immunohistochemical
detection of high-molecular weight cytokeratins (HMW CKs), CD29, p63, and involucrin confirmed the similarity of organization
and differentiation of the cultured epidermal cells to the normal epidermis. The results suggest that the firm natural structure of
Xe-Derma stimulates proliferation and differentiation of human primary keratinocytes and by this way improves wound healing.

1. Introduction

A number of implantable biomaterials derived from human
and animal tissues—such as acellular matrices derived from
the human dermis (Alloderm), porcine dermis (Strattice,
Permacol), porcine small intestine submucosa (Surgisis), or
bovine pericardium (Veritas)—are used in modern surgery.
These biomaterials are reasonably biocompatible and stable
enough for long-term tissue replacements. They are used,
for instance, in the field of reconstructive surgery for hernia
repair [1, 2], soft tissue augmentation, breast reconstruction
[3], and wound treatment [4, 5]. These biomaterials consist
primarily of collagen structures and glycoproteins that
maintain the structure of the original intercellular tissue to
a greater or lesser extent.

Recently, a new type of acellular biomaterial was
developed in the Czech Republic under the name of Xe-
Derma (manufactured by MEDICEM Institute Ltd.). This
anisotropic acellular biomaterial is a result of the research
and development of recombinant skin using xenodermis
and cultured keratinocytes at the Prague Burn Centre [6—
9]. However, the regulations controlling the use of cultured
cells in clinical practice are becoming increasingly complex.
Our goal, then, was to develop an acellular dermis that would
maximally support the growth of patient’s own keratinocytes
from the adnexa remnants in the wound by providing
optimal conditions for their attachment, proliferation, and
migration.

Xe-Derma (XD) is a dry, sterile, commercially available
acellular porcine dermis (Figure 1). Hydrated XD displays
biomechanical properties similar to those of human skin. In
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FIGURrk 1: Acellular porcine dermis Xe-Derma. Hydrated XD has
properties similar to those of normal human skin.

the clinical study, we have shown that XD has significantly
higher efficacy in partial thickness burns in children than
hydrocolloid dressing (larger area is healed in comparable
time), and no exchange of the cover is needed until complete
healing [10]. XD spontaneously adheres to the wound and
immediately prevents bleeding. After the wound becomes
epithelized, the dry xenodermis peels off, usually within
4-14 days [10, 11]. In comparison with the silver sulpha-
diazine cream Flammazine (Solvay Pharmaceuticals B.V.,
The Netherlands), the gold standard for the treatment of
deep dermal burns, XD induces rapid healing with superior
cosmetic results (Figure 2). Since 2007, we have successfully
used XD in the treatment of burns [10], leg ulcers, diabetic
foots, dermabrasions and donor sites for skin grafts [11].

The aim of the current study was to gain more insight
into the biological mechanism of XD-mediated wound
healing. The bioactivity of XD has been demonstrated in a
cell culture assay. Keratinocyte growth and differentiation in
vitro on XD and in vivo under XD was analyzed by histology
and immunocytochemistry. Our hypothesis was that the
natural biological structure of the dermis plays an important
role in proliferation and differentiation of the patient’s own
keratinocytes.

2. Material and Methods

We analyzed growth and differentiation of primary human
keratinocytes cultured in vitro on XD. We then compared the
results with differentiation of neoepidermis in a freshly heal-
ing wound treated with XD. Proliferation and differentiation
of skin cells in vitro and in the deep dermal burn wound
covered with XD was compared using routine histological
and immunobhistological methods.

2.1. Tensile Strength of XD. Tensile testing on bone-shaped
samples was conducted on the testing engine INSPEKT desk
10kN (Hegewald & Peschke) equipped with programme
Labmaster. Samples were hydrated overnight in PBS and
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pulled to failure at 100 mm/min using a mechanical stand
with a 100N load cell. In total, 40 samples of XD were
measured.

2.2. Keratinocyte Cultivation on XD. Human primary ker-
atinocytes (2nd passage) were obtained from redundant
skin of donors undergoing abdominoplasty. Keratinocytes
were cultured on XD using the 3T3 feeder layer technique
[6, 12]. Prior to seeding the cells, XD in the tissue culture
dish was immersed in a standard culture medium (HMEM
with non-essential amino acids, 0.12 g/L sodium pyruvate,
1 g/L NaHCO3, and 10% bovine serum) overnight at 37°C.
Lethally irradiated NIH-3T3 cells were used as feeder cells
and were seeded on the dish with XD at a concentration of
3 X 10* cells/cm? in a standard culture medium. On the fol-
lowing day, the keratinocytes were seeded at a concentration
of 5 X 10* cells/cm? in a standard culture medium enriched
with 2% fetal bovine serum, hydrocortisone (0.5ug/mL),
insulin (0.12U/mL), cholera toxin (107'°M), and EGF
(5ng/mL). The cultures were grown in a humidified 3.5%
CO; atmosphere. The progress of cell growth on XD was
followed on the noncovered areas of the dish or on specimens
stained by May-Griinwald and Giemsa-Romanowski.

After achieving confluence, XD, along with 1-2 ker-
atinocyte layers, was cut into pieces of approximately 1 cm?
and lifted to the air-liquid interface on a stainless steel grid
covered with two layers of sterile gauze. The “skin” was
cultured at the air-liquid interface for one week.

2.3. Keratinocyte Cultivation on Biopad. In an in vitro control
sample, keratinocytes were cultured on the equine collagen
Biopad, a sponge-shaped lyophilized equine collagen type I,
using the same methodology as the keratinocyte cultivation
on XD.

2.4. Treatment of Burns with XD. In deep dermal burns
(classified as mixed burns of degrees 2b and 3), the necrotic
tissue was surgically removed, and XD was used to cover
the area after necrectomy to prepare the wound for skin
grafting. XD was hydrated for 1-3 min in saline and applied
to the wound. The dressing was covered with one layer of
tulle gras and with plain gauze wetted with 3% boric acid.
As a control, part of the wound was covered by tulle gras
Grassolind and plain gauze with 3% boric acid only. Biopsies
of three patients were taken in the course of one week after
XD application.

2.5. Histology. Specimens of XD with in vitro cultured
keratinocytes and samples from three deep dermal wounds
after necrectomy covered with XD (without cultured ker-
atinocytes) or Grassolind were fixed in 10% buffered
formaldehyde and processed by the routine histological tech-
nique. Five-micron-thick paraffin sections were mounted
on glass histological slides and stained with hematoxylin
and eosin, using the van Gieson/orcein method or used for
immunohistochemical staining.
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FIGURE 2: The effect of XD compared to antibacterial cream Flammazine in a patient burned by acetone steam (deep dermal burn). An
example of XD healing effect. (a) Day 1: the burn wound on the leg at the initiation of treatment. (b) XD was applied to the distal part of the
leg, and the proximal part was covered with silver sulphadiazine (Flammazine). (c) Day 9: the area under XD healed, while the area under
Flammazine did not heal until day 18. The XD dressing was not changed during the treatment, while the Flammazine dressing was changed
every second day. (d) Day 20: detail of the healed area. The esthetic result and the speed of healing under XD are notable.

(d)

FIGURE 3: Structure of XD. Histological sections of (a) porcine skin, (b) acellular xenodermis immediately after removal of epidermis and
other cells, (c) XD (hematoxylin and eosin), (d) XD stained with trichrome shows the majority of collagen fibres (blue), (e) XD stained with
van Gieson/orcein stain shows fragments of elastic fibres (arrows). Bar—30 ym.
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FIGURE 4: Xe-Derma used to cover areas after necrectomy to prepare the wound for autografting. (a) Temporary cover of an area after
necrectomy originally evaluated as 3rd degree burn. XD was adhered immediately and stopped bleeding instantly. (b) XD incrusted by fibrin
absorption (arrow—the point of biopsy on day 8). (c) Histology taken on day 8 showed fully differentiated epidermis without or with low

development of rete ridges (arrow). Bar—50 ym.

TasLE 1: Keratinocyte differentiation in vitro and in vivo.

Reaction with

Reaction with freshly

Antibody to keratinocytes on XD Figure no. healing skin epithelia Figure no.
HMW CK All keratinocytes Figure 6(a)/(A2) All keratinocytes Figure 6(a)/(A3)
Involucrin Granular and horny Figure 6(b)/(B2) Granular and horny Figure 6(b)/(B3)
layer layer
Basal and suprabasal Basal keratinocytes and
po63 keratinocytes, adnexa Figure 6(c)/(C2) islands inside the XD Figure 6(c)/(C3)
remnants matrix
CD29 Basal cells, adnexa Figure 6(d)/(D2) Basal cells and islands Figure 6(d)/(D3)

remnants

inside the XD matrix

Immunocytochemical markers of keratinocyte differentiation of keratinocytes cultured on XD eight days after lifting to the air-medium interface and in the

freshly healing deep dermal wound eight days after treatment with XD.

2.6. Immunohistochemical Staining. The standard immuno-
histochemical technique was performed using antibodies for
the detection of high-molecular-weight cytokeratins (HMW
CKs, clone 34fE12, Dako, Denmark), nuclear antigen p63
(Ab-1, clone 4A4, NeoMarkers, Fremont, CA, USA), CD29
(Novocastra, Newcastle upon Tyne, UK), and involucrin
(Novocastra, UK). N-Histofine immunohistochemical stain-
ing reagent (Nichirei Biosciences, Tokyo, Japan) and 3-
3’diaminobenzidine as a chromogen were used to visualize
the immunohistological reaction.

3. Results

3.1. Biomechanical Properties and Structure of XD. XD was
prepared from xenografts as dry acellular porcine dermis
(Figure 1). After rehydration, the biomechanical features of
XD (elasticity, adherence, and haemostatic effect) resemble
those of normal human skin. Thickness of hydrated XD was
0.25-0.35 mm. Tensile strength was between 6.6 + 1.2 MPa.

Histological slides stained with hematoxylin and eosin and
by van Gieson/orcein method showed that XD is a 3D matrix
formed of a natural biological network of collagen fibres and
fragments of elastic fibres (Figure 3).

3.2. Histological Examinations In Vivo and In Vitro. In vivo:
in wounds treated with XD, histological studies one week
after application revealed neoepidermis without or with low
development of rete ridges. XD remained attached to the
wound (Figure 4). In wounds treated with Grassolind, no
epidermis was formed.

In vitro: keratinocytes that were grown submerged in the
medium formed 1-2 cell layers on the XD matrix (Figures
5(a) and 5(c)). After the cultures were lifted to the air-liquid
interface, the epidermis became stratified and formed 5-
15 cell layers in the course of one week (Figures 5(b) and
5(d)). The multilayered structure closely resembled well-
differentiated epidermis in vivo composed of distinct basal,
spinous, granular, and cornified layers (Figure 5).
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(c)

(d)

F1GURE 5: Keratinocytes cultured and differentiated on XD. (a) Keratinocytes grown submerged formed 1-2 layers on XD. (b) Keratinocytes
grown at the air-liquid interface formed the basal, spinous, and granular layers. Keratohyalin granules (arrows) in the granular layer are
notable. (¢) Keratinocytes grown submerged stained immunocytochemically for p63 (nuclear protein p63 is expressed in basal cells). (d)
Keratinocytes grown at the air-liquid interface stained for p63. Bars—30 ym.

3.3. Expression and Distribution of Keratinocyte Differentia-
tion Markers. Paraffin sections of the normal skin, recom-
bined skin (keratinocytes cultured on XD at the air-liquid
interface), and of the wounds treated with XD or Grassolind
were analyzed using a panel of antibodies detecting selected
markers of keratinocyte differentiation. The reactivity of the
antibodies in the cultured keratinocytes and in the freshly
healing skin is shown in Table 1. Immunohistochemical
staining of HMW CK, involucrin, p63, and CD29 of
keratinocytes cultured on XD confirmed the organization
and differentiation of keratinocytes similar to that of normal
epidermis (Figure 6). HMW CK was strongly expressed
in all keratinocytes cultured on XD (Figure 6(a)/(A2)).
Involucrin was expressed in the granular and horny layers
(Figure 6(b)/(B2)). CD29 was positive in the basal layer of
keratinocytes (Figure 6(d)/(D2)). A similar differentiation
pattern was observed in the newly formed epidermis after
treatment with XD (Figure 6(a)/(A3), Figure 6(b)/(B3),
Figure 6(d)/(D3)). The wound treated with Grassolind did
not epithelize, although adnexa remnants or individual ker-
atinocytes were identified in the biopsies (Figure 6(a)/(A4),
Figure 6(c)/(C4)).

The nuclear protein p63 was expressed in vitro in
all keratinocytes of the submerged cultures and in the
basal layer of the cultures grown at the air-liquid interface
(Figure 6(c)/(C2)). In vivo, p63 was expressed not only in
the basal layer but also in a subpopulation of suprabasal
cells (Figure 6(c)/(C3)). Keratinocytes in vitro occasionally

migrated into the XD matrix and formed solid nests or
islands (Figure 6(c)/(C2), Figure 6(d)/(D2)) resembling
gland-like structures (Figure 6(c)/(C3), Figure 6(d)/(D3)).

3.4. Keratinocyte Growth on Biopad. In the control sam-
ple, human keratinocytes were simultaneously cultured on
Biopad. After two weeks of cultivation (one week sub-
merged and one week at the air-liquid interface), the cells
showed chaotic distribution. They migrated into the Biopad
structure composed of fragile collagen fibers. Within the
inner structure of this collagen, the cells were terminally
differentiated, as shown by staining for involucrin (Figure 7).

4. Discussion

Xenografts have been used in the Prague Burn Centre since
1973 [13] for treatment of burns and other acute and
chronic skin defects [11]. After 32 years of extensive use,
the utilization of porcine xenografts was discontinued due to
the regulations of the European Union. Since then, various
synthetic materials have been used as temporary covers, but
they are not comparable to xenografts because they do not
display a similar level of biological activity.

Cell-free pig dermis was initially developed in our
laboratory as a substrate for the cultivation of human
keratinocytes [6]. The previously constructed recombined
human/pig skin was used as a delivery system for the
keratinocytes applied to accelerate the healing process [7-9].
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Healing of wound after
necrectomy treated
with Grassolind

Healing of wound after
necrectomy treated
with Xe-Derma

Keratinocytes cultured
on Xe-Derma

Normal skin

HMWCK

(A4)

Involucrin

(C3) (C4)

(D3)

FIGURE 6: Expression of differentiation markers of the keratinocytes cultured on XD at the air-liquid interface (A2, B2, C2, D2) compared
to the normal skin (A1, B1, C1, D1), to freshly healing wound after necrectomy treated with XD (A3, B3, C3, D3), and to freshly healing
wound after necrectomy treated with Grassolind (A4, B4, C4, D4). The wounds after necrectomy were covered with XD (column 3) or
tulle gras Grassolind (column 4). On day 8 after treatment, biopsies were taken. The expression of differentiation markers HMW CK (a),
involucrin (b), p63 (c), and CD29 (d) was compared in the normal skin (column 1), in keratinocytes cultured on XD (column 2), in the
wound treated with XD (column 3), and in the wound treated with Grassolind as a control (column 4). The figures show that keratinocyte
growth, and differentiation in vitro on XD (column 2) and in vivo epithelization under XD (column 3) is similar and that the wound covered
with XD formed epidermis within one week (column 3), while the wound covered with Grassolind did not epithelize (column 4), although
remnants of keratinocytes (A4) or adnexa remnants (C4) are visible in the dermis (arrows). Note that cells migrated into the XD matrix
formed islands resembling primitive gland-like structures (C2, D2—arrows); they are p63— in the centre and p63+ at the outer margin of
the colony (compare to gland remnants in C3 and D3—arrows). Bars—50 ym.

CD29
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However, dried xenodermis itself without keratinocytes has
shown excellent healing properties.

The bioactivity of decellularized dermis materials can
be demonstrated by a cell culture assay [14]. More detailed
information on the cell behavior should contribute to
the elucidation of the healing mechanism of the skin

substitute. Our study has shown that XD, similarly as
its laboratory predecessor cell-free pig dermis [6], is an
appropriate substrate for keratinocyte attachment, growth,
and differentiation. Morphological differentiation of ker-
atinocytes has been achieved in organotypic culture systems
grown at the air-liquid interface on various dermal-like
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FIGURE 7: Keratinocytes cultured on Biopad (equine collagen). Note
the fragile collagen fibers (black arrow) and the chaotic distribution
of the irregular groups of keratinocytes. Immunohistological detec-
tion of involucrin shows terminally differentiated keratinocytes in
the inner structure of Biopad (white arrow). Bar—30 ym.

substrates [15-17]. The cultured human keratinocyte/Xe-
Derma organotypic skin model was studied using the criteria
of tissue morphology and the presence and distribution
of selected keratinocyte differentiation markers. The results
were compared to the healing of deep dermal wounds after
necrectomy covered with the XD dressing. The morphology
of the keratinocyte-derived epidermis cultured in vitro at
the air-liquid interface was very similar to the neoepidermis
formed in vivo in the deep dermal burn from the remnants
of keratinocytes in the residual skin adnexa. The expression
and distribution of the markers HMW CK, CD29, and
involucrin in keratinocytes cultured in vitro at the air-liquid
interface corresponded to those expressed in the epidermis
in vivo. The p63 nuclear antigen was expressed in the in
vitro cultured epidermis in the basal layer only. In the
neoepidermis developed in vivo, the p63 nuclear antigen was
expressed in basal cells and in a fraction of suprabasal cells.
Protein p63 is a marker of progenitor and transit-amplifying
cells that are essential for the proliferative potential in the
stratified epithelia [18-20]. This protein plays an important
role in keratinocyte differentiation [20].

Cells usually do not grow on skin covers. Exceptions are
biological covers including collagens; however, the attach-
ment and cell proliferation depend on the particular struc-
ture, purity, type of storing, type of sterilization, and so forth.
Differentiation of keratinocytes takes place only on materials
similar to the normal dermis, usually in the presence of
mesenchymal cells. We have tested several types of synthetic
wound covers (e.g., Grassolind, Viacell, AskinaThinSite,
Inadine, etc.) with negative results for cell growth. Limited
cell growth was achieved on adhesive dressing Suprathel.
Biopad was selected as comparative material for keratinocyte
cultivation as it represents sponge-shaped (3D structured)
pure collagen.

The fact that keratinocytes cultured on XD organized
themselves in a manner similar to that of normal skin, while

those cultured on the equine collagen Biopad grew in a
disorderly fashion, supports our assumption that the natural
biological structure of the dermis plays an important role
in formation of the epidermal architecture. Signals from
the underlying mesoderm seem to be required to trigger
the discrete functions of p63 and other proteins in the
ectoderm that play a key role in keratinocyte commitment,
differentiation, and regeneration [20].

Our results are in accordance with the results of Feng et
al. [21] documenting that porcine acellular dermal matrix
used to cover deep second-degree burns preserves residual
dermal tissue and epithelium and helps to accelerate the
regeneration of epithelial and stem cells, thus shortening the
healing time, remodeling skin structure, and consequently
preventing hypertrophic scars at inception. One shot therapy
without dressing exchange avoids secondary injury to the
wound [21].

5. Conclusion

The firm natural structure of XD stimulates proliferation
and differentiation of human primary keratinocytes. The
keratinocytes cultured on XD organized themselves in a
manner similar to that of normal skin, while those cultured
on the equine collagen Biopad grew in a disorderly fashion.
These results support our assumption that the natural
biological structure of the dermis plays an important role
in wound epithelization and formation of the epidermal
architecture. The healing effects of XD result from the
support of proliferation, migration, and differentiation of the
patient’s keratinocytes.
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