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SiEasné moznosti 3D analyzy makkych tkaniv tvare
Anna Nadazdyova, Andrej Thurzo, Peter Stanko

Klinika stomatoldgie a maxilofacialnej chirurgiegkarska fakulta, Univerzita Komenského v
Bratislave a Onkologicky Ustav Svatej Alzbety, l&gaa 10, 812 50, Bratislava

Abstrakt

Hodnotenie méakkych tkaniv tvare jecelustnej ortopédii kKicovym krokom pre stanovenie
optimalneho liéebného planu. Neustale sa zvySujuci tlak zo stagentov na zlepSenie ich
vyzoru podiarkuje nutnog exaktnej analyzy. Posudzovanie tvarovych skenouddoel
stanovenia vzdialenosti a uhlov medzi reféergmi bodmi na 3D tvarovych modeloch,
respektive metddou hodnotenia ich povrchového feeligoskytuje doteraz najpresnejSie a
najdetailnejSie hodnotenie mékkych tkaniv. Dévodmmskut@&nos’, Ze proporcie tvare sa
analyzuju v trojdimenzionalnom priestore. Hlavnolohou nasho prdladovéhoclanku je
predstaw uvedené dve metddy, taktiez poukédze vyhody, ktoré analyza tvarovych skenov
poskytuje; tj. moznas posudenia asymetrie, stanovenia deviacie a mdéznokimetrického
hodnotenia zmien vzniknutych v désledkibyg.

Kracové slova:analyza, tvarovy sken, makké tkaniva

Uvod

21. storgie je v celustnej ortopédii charakterizované zmenou postdigadbe, a tym zmenou
stanovenia hlavnych kebnych ci€ov. Pozornos upriamenud na dosiahnutie idealnycitatzov tvrdych
zubnych tkaniv, ako to bolo hlavne v obdobi 20ra&ia, strieda sUstredenie sa na idealne proporcie
makkych tkaniv, tj. vyzor pacienta. Prave propameiitu makkych tkaniv, vyzor, vnima pacient
najcitlivejSie. Aj kel tvrdé tkaniva vytvaraju podklad mékkym tkanivamako to bolo v minulom
storai, mohli by sme predpoklada Ze dosiahnutim idealnych proporcii tvrdych zubimyt&aniv
dosiahneme optimalny vyzor, tento postoj v obdalfi sssue paradigm neplati. Hlavnym argumentom
je, Zze Kuacovy vplyv na estetiku tvdre ma hrubka, respektibem makkych tkaniv. Danu skétmog’
mozno dokaza na stovkach pacientov, ktori napriek odchylkamozipii tvrdych tkaniv disponuju
atraktivnym vzliadom. Na zaklade tohto poznania pel’ustno-ortopedickej lighe uprednogujeme
existenciu mensich odchylok vo vzdjomnontalzu tvrdych zubnych Struktlr pred naruSenim estetik
tvare. Prave tieto argumenty pobad&lustnych ortopédov analyzavenékké tkaniva.

Posudzovanie proporcii makkych tkaniv v 2D je ¥asimosti nedostataé. Jeho limity spivaja
v hodnoteni estetiky tvare v rovine, gmm nam,ci uz pri polfade en face alebo z profilu, unika treti
rozmer. Tento nedostatok mozno eliminbwa’aka 3D tvarovym skenom, ktoré ndm ponukaju vernu
reprodukciu tvare a moznoprevedenia 3D analyz makkych tkaniv v troch smeroc

NajnovSia WHO klasifikacia z roku 2004 (tab. 2)wsaazne neodliSuje od WHO/ISUP z roku
1998 a vychadza z dohody pracovnej skupiny uropgtsl v Lyone z decembra 2002 (Eble et al., 2004).

Analyza méakkych tkaniv tvare na zaklade stanoveniavzdialenosti a uhlov medzi referetnymi
bodmi na 3D tvarovych modeloch

Analyzovanie 3D tvarovych modelov pomocou vzdiaktha uhlov medzi referénymi bodmi
ponuka moZnas posudenia J&osti a proporcionality makkych tkaniv v 3D priegto Analyzu
prevadzame prostrednictvom aplikacie bodov v progr8lender. Pri analyze vychadzame z prirodzenej
polohy hlavy.

Antropometrické body (obr. 1) umiestnenté v 3D narphu tvdrového skenu:

- Vv spojitosti s nosom suU uvedené v tetmil;

- Vv spojitosti s perou su uvedené v tEtm2;

- Vv spojitosti s bradou su uvedené v tEm3;

- dalSie dolezité antropometrické body su uvedendui’kae 4.

Posudzované uhly a linie st uvedené vlikbb.
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Obr. 1. Pozicia antropometrickych bodov na povrchu tvarowstenu.

Tab. 1. Popis umiestnenia antropometrickych bodov v spgfitonosom

Pronasale (Pn)

najprotrudovanejSie miesto na makkych tkanivackano

Nasal ala (AL)

najlateralnejSie miesto na na alarnej kontare

Alar curvature point (Ac)

najlateralnejSi bod v priebehu zakrivenia bazdinég
kridla nosa, znazaujlci napojenie kridla nosa k tvari

Tab. 2. Popis umiestnenia antropometrickych bodov v spsijioperou

Cupid bow point (CBP)

najvyssie miesto filtra na kontldervene hornej pery

Alar curvature - cheilion midpoint
ACMP)

stred medzi alar curvature point (Ac) a cheilion

Christa philtri (cph)

bod v mieste krizenia linii vzchadyajucich z veromu a
prechechadzajdcich vyvySenym okrajom filtra

Labrale inferius (Li)

stred konturygervene dolnej pery

Lower lip bow point (LLBP)

miesto zakrivenia na okrajervene dolnej pery

Stomion (Stm)

stred Ustnej Strbiny pri jemne zavretych perach
bod lokalizovany na labialnej commissure

Tab. 3. Popis umiestnenia antropometrickych bodov v spstjitebradou

Soft tissue B point (B)

najhlbSie miesto na stredovej linii tvare medzidspmu perou a bradou

Soft tissue pogonion (Pog)

najanteriornejsi bod brady na strednovej liniréva

Soft tissue menton (Me)

najnizSie uloZzeny bod v stredovej linii na dolnokmnagi mandibuly

Tab. 4.DalSie ddleZité antropometrické body

Endocanthion (en)

bod na mékkych tkanivach lokalizovany na vnuatornkrizeni @nej
Stribiny

Exocanthion (ex)

bod na mékkych tkanivach lokalizovany na vonkajSkriZeni @nej
Strbiny

Soft tissue zygion (st zy)

bod lokalizovany na makkych tkanivach v mieste émia linie (orbitale
— soft tissue porion) a ( exocanthion — subaurale)

Tragion (1)

bod lokalizovany v najkonkavnejSom mieste napajaséa hornéhd
okraja tragu

Trichion (tr)

bod lokalizovany na vlasovej linii v mieste v stigela

Soft tissue pogonion (pg)

najanteriornejSi bod stredu brady

Pupil recontructed point (prp)

bod loalizovany v strede nosa na bipularnej linii
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Tab. 5. Posudzované linie a uhly

V spojitosti s nosom Algr— Al 7
Acrr— ACLT
V spojitosti s hornou perou ACMP g,— ACMP,
CBPx— CBR;
Ls - Ac
Chgi— Ls — Chy (°)
V spojitosti s Ustnym kutikom Chet—Cht
V spojitosti s dolnou perou LLBPg:- LLBP;
Li - Ac
Cher—Li=Ch, (%)
V spojitosti s vyskou peri Sn-Ls
Ls — Stm
Stm — Li
Ls — Li
V spojitosti s vySkou brady Stm-B
Stm — Me
V spojitosti s anteriornou Sn—-B
dolnou vyskou tvare Sn - Me
V spojitosti s hornym Ch-CBP
Vermilionom
V spojitosti so stomionom Chgr— Stm — Ch (°)
Ls — Stm — Li(°)
Vyska tvare Te — Me
VySka strednej a dolnej tretinyn —pg
tvére
VySka dolnej tretiny tvare sh —pg
Stredna Sirka tvare t -t
Sirka spodnefasti tvare gor — gol
H/bka spodnefasti tvare pg — (i)
D/7ka tela sanky pg — (96-go)
Vzdialenos hornej pery Ls — (prn —pg)
k E linii
Pomer posteriornej vysky t-go/sn-pg
dolnejcasti tvare/anteriornej
vySky dolnefasti tvare
Konvexita hornefasti tvare ex-n-ex
Konvexita dolnefasti tvare v t-pg-t
horizontalnej rovine
Konvexita tela sanky gG-pg-gq
Pravostranny goniovy uhol t-go-pg
Lavostranny goniovy uhol t-go-pg
Konvexita tvare zatiajlca nos n-prn-pg
Tvarova divergencia t-ac/go-pg
Interlabial sn-Is/sl-pg

3D analyza povrchoveého reliéfu a objemovych zmiervére
Hoci 3D analyza makkych tkaniv tvare na zakladenstania vzdialenosti a uhlov medzi
referenymi bodmi ponudka cenné metrické zhodnotenie jepeprcii, 3D analyza povrchového reliéfu
a objemovych zmien je schopna exaktne analyzpviastorové zmeny ako konkavity a konvexity tvare.
Prostrednictvom 3D analyzy povrchu tvarovych skesme schopni posddinapr. symetriu
tvare, objemové zmeny makkych tkaniv v oblasti pier posunoch zubovgi zmeny spbsobené
ortognatnymi operaciami.

Posudenie symetrie tvare

Vo v8eobecnosti mozno povedae u kazdéhg@loveka moZzno najsurdity stuper asymetrie.
Pacientov s vySSim stiipm asymetrie vnimame ako osoby s estetickou odobydikasto krat sami pre
tuto skut@nog’ vyhradavaju ligbu.



Posudzovanie symetrie tvare sa uskimge prekryvanim vlastného 3D skenu jeho 3D
zrkadlovym obrazom. Tymto postupom dosiahneme &o,péava polovica tvare sa prekryVavou
polovicou tvare a analogickiava polovica jej pravou polovicou. Vysledkom prelagia je diferencialna
mapa, ktora ozrid miesta, kde nedosSlo k absolitnemu prekrytiu,jalmedzi nimi uéitéd vzdialenos.
Tato vzdialenosje vyhodnotend farebne. Jejlkes’ moZzno oditat’ pod’a nastavenej mierky. V naSom
pripade su miesta, s maximalnym prekryvom tvarovskénov symetrické miesta, znazornené zelenou
farbou. Odtiami modrej, cervenej, ¢i Zltej si ozn&ené miesta, ktoré su asymetrické. Na zéklade
diferencialnej mapy sme teda schopni exaktd&’ wblasti s asymetriou a nasledne Wi chybajuci,
respektive nadbytmy objem tkaniv prostrednictvom programu DI3D cegtu

3D analyza sumernosti tvare u pacientov s idite odchylkou je nenahradited forma rozboru
proporcionality tvare. Na zaklade vysledkov z paamého merania mozno stanbvbzsah a objem
diskrepancie medzi ,,polovicami“ a dajiat’ tak poZadované mnozstvo tkaniv.c&sny technologicky
pokrok nam ponuka moznosirtualneho modelovania, a teda mozhesaktného stanovenia idealneho
vysledku ligby asymetrie.

Obr. 2. Posudenie asymetrie tvare: vlastny tvarovy skeadtovy obraz tvarového skenu, diferencidlna
mapa, volumetrické vyhodnotenie

Zmena povrchu reliéfu, objemu méakkych tkaniv pri zmene polohy zubov

Povrchové zmeny reliéfu tvare ako aj objemové zmmastavaju pri kazdom posune zubov. Na 3D
modeli mozno analyzou povrchového reliéfu presné&tumiesta s narastom respektive Ubytkom
méakkych tkaniv hlavne v oblasti pier. Uvedenymssgdmozno vyhodnatizmeny vyzoru tvare v 3D
pred a po uka¥enicelustno-ortopedickej lighy

Postup ziskavania diferencialnej mapy a vyhodnatevblumetrickych zmien je analogicky
k postupu prevadzanom pri posudzovani asymetriepddudzovani objemovych zmien, ako ddésledok
zmeny polohy zubov, prekryvame 3D tvarovy modeti@ata ziskany predelustno — ortopedickou
liecbou s 3D tvarovym modelom pacienta pélthie. Vysledkom prekryvania je apdiferencialna mapa,
ktora farebne oz miesta s maximalnym prekryvom mriezok 3D tvardvyoodelov, teda miesta bez
zmeny a miesta, kde sa nachadza medzi mriezkaiité wzdialenos, tj. miesta, kde doslo k objemovym
zmenam.

+ -0 dnm
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Obr. 3. Zmena povrchu reliéfu, objemu méakkych tkaniv prien@ polohy zubov: 3D tvarovy sken
pacientky pred lighou, 3D tvarovy sken pacientky podiee, diferencialna mapa zna#ojica zmenu
v oblasti pier
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Zmena povrchového reliéfu, objemu mékkych tkaniv prortognatnych zakrokoch

Ortognatne operacie, ako operdcie sdifjgce sa prevazne na anteroposteriorne posuny ynaxil
mandibuly, markantne menia vyzor pacienta. Manditnyl setback, maxillarny advancementdalSie
typy chirurgickych zakrokov mézeme vopred virtuahresimulovd. Op& pri tom dbame na paradigmu
21. stor@ia, ktora umiestiuje idealne proporcie makkych tkaniv na prvé miestgoda tohto rebkika
hodn6t predbezne simulujeme poZadovany vyzor pteciétolohovanie tvrdych zubnych tkaniv je sice
vyznamné, no druhoradé.

Obr. 4. Zmena povrchového reliéfu, objemu mékkych tkamivagptognatnych zakrokoch: 3D tvarovy
sken pacientky pred mandibularnym advancementomiv@bbvy sken pacientky po mandibularnom
advancemente, diferencialna mapa -ljaohen face, diferencialna mapa - pady z profilu, volumetrické
vyhodnotenie zmien

Diskusia

V s&asnosti, v obdobi, kedy sa kladie déraz na atmaktiwzh’ad, su¢elustni ortopédi nateni
upriamt’® svoju pozornas na makké tkaniva. Hoci zabezpaie funknej oklizie stéle predstavuje
prvorady predmet zaujmu, menSie odchylky meéezistnych vfZahov su tolerovateé na ukor
dosiahnutia ideélnych proporcii makkych tkaniv. dlaikec, adaptacia méakkych tkaniv k novovytvorenegj
pozicii zubov determinuje€j vysledokcelustno — ortopedickej lidy bude stabilny. Analyza 3D modelu
predstavuje najpresnejSi postup hodnotenia makkiahiv tvare. Treti rozmer eliminuje skreslenie
hodn6t jednotlivych proporcii. Stidium 3D modeloned prevadzame dvomi moznymi postupmi: 1.
Analyzou makkych tkaniv tvare na zaklade stanovenilialenosti a uhlov medzi refetgrymi bodmi na
3D tvarovych modeloch; 2. 3D analyzou povrchovéheliéflu a objemovych zmien tvére.
Prostrednictvom nich mozZno postidisymetrie a mieru deviacie jednotlivych proporgiyhodnotenim
odchylky ziskavame potrebné Udaje, ktoré nam vgafahiuju a spresuji tvorbu liggebného planu.
Prostrednictvom tvarovych skenov mame mo#Znpdveréného prehodnotenia vysledku terapie na
zaklade prepgtania hodn6t proporcii a ich objemovych zmien.

Zaver

3D analyza tvarovych skenowi uz na zaklade stanovenia vzdialenosti a uhlov zined
referetnymi bodmi na 3D tvarovych modeloch alebo analyaarghového reliéfu a objemovych zmien
tvare ponuka v siasnosti najexaktnejsi spésob hodnotenia makkyativka/zi'adom na to, Ze makké
tkaniva su v 21. stowtd hlavnym determinantom vysledku terapie, od ktorgavisiad’alSie kroky ligby
jednotlivych druhov maloklizie, uvedené postupysshopné zefektiviistanovenie diagnozy, dit
pozadovany vysledok terapie a tym optimalizbletebny plan a v korimom désledku urychtlilie¢bu a
zvySit’ spokojnos pacienta s vysledkom terapie.



Pouzita literatura

1.

2.

Poffit W.R., Fields H.W., Sarver D.M. Contemporamthodontics. 5th edition. St. Louis: Mosby,
2012, 768s. ISBN 978-0323083171.

Al-Sanea R.A., Kusnhoto B., Evans C.A. 3D facialtstidsue changes due to orthodontic tooth
movement. In: Orthodontics - Basic Aspects andi€inConsiderations. Bourzgui F. (ed.). Rijeka:
InTech, 2012, 29-52.

Plooij J.M., Swennen G.R., Rangel F.A., Maal TSchutyser F.A., Bronkhorst E.M., Kuijpers-
Jagtman A.M., Bergé S.J. Evaluation of reproduitybiind reliability of 3D soft tissue analysis ugin
3D stereophotogrammetry. Int J Oral Maxillofac S@09;38(3):267-73.

Deli R., Galantucci L.M., Laino A., D'Alessio R., Gioia E., Savastano C., Lavecchia F., Percoco
G. Three-dimensional methodology for photogrammedaquisition of the soft tissues of the face: a
new clinical-instrumental protocol. Prog Orthod13(14:32.



Vyuzitie DI3D scanu na meranie objemov tkaniva priautotransplantacii tuku

Martin Boh&*, Andrej Thurz8, Anna NadazdyovaLukas Simkd, Viadimir Belld, Jozef
Fedele$ seh.

Klinika plastickej estetickej a rekonsturiej chirurgie, Lekarska fakulta, Univerzita
Komenského v Bratislave a UNB RuZinov, PaZitko8# 01, Bratislava®Klinika
stomatoldgie a maxilofacialnej chirurgie, Lekardi&ulta, Univerzita Komenského v Bratislave
a Onkologickéa Ustav Svatej Alzbety, Heydukové 1P 58, Bratislava®’Mammologické
oddelenie, Onkologicky Ustav Svatej Alzbety, HeyetR 0, 812 50, Bratislava

Abstrakt

ZvasSovanie objemu makkych tkaniv pri vrodenych, zigkardefektoch alebo za kozmetickym
Gcelom, je mozZnérealizovat pomocou autologneho tkaniva alebo pomocou cudzetody
materialov. Autotransplantacia tuku §éubnou metédou na augmentdciu makkych takniv. Je
vyhodna v tom, Ze pri nej nedochadza ku komplikacspojenym s ptémnostou cudzorodého
materialu af’alSej tvorbe jaziev. Preto je vé&snosti asi najfrekventnejSie rozoberanou témou v
plastickej chirurgii. Tato procedura je vSak monama stale vo vyvoji a intenzivnom skamani
jednotlivych jej krokov. My sme sa v naSom vyskunaenerali okrem iného aj na poslednua fazu
z&kroku a tou je mapovanie prezZivania tukovehoitieapo autotransplantécii, k@ sme vyuzili
skenovacie zariadenie DI3D sca@ielom tohto prehladového ¢lanku je opis& moznosti
uspedného vyuzitia DI3D scanu aj v merani objemanitla pri autotransplantacii tuku a
prezentacia nami zistenych vysledkov.

Kracéové slova:DI3D scan, meranie objemov, autotransplantacia tuku

Uvod

Akokol'vek su uz prebadané procesy vramci metodologietrangplantéacie tuku, stéle zostava
tato metdda vimi technicky zavisla a exaktne malo predikoVagé Jednym z faktrov, ktoré treba eSte
doskumd je aj to, akym spbsobom preZiva tukové tkanivachavava si svoj objem po dihd@ase bez
mikrochirurgickej revaskularizacie a akymi faktorei to ovplyvnené. V literatire sa uvadza percento
uspesnosti prihojenia tuku v oblasti prsnikov eprere okolo 55%, bez pouZitia expanzie, avSak
v pripade jej pouzitia sa da dosialiraz 90% Gspe3ntsCo sa tyka prezitia tuku po aplikacii do oblasti
tvare, je potla literatary toto percento o wi@ vy3Sie v priemere okolo 60-70% vValdlom na bohatl
vaskularizaciu recipientného tkaniVaStandardna reprodukcia makkych tkaniv bola a7 dassipsti
problematicka a trpeldastymi chybami merani&i uz pre ich pasivnu deformovéites’ alebo aktivnu
variabilitu (vyraz tvare, opuchy, zmeny hmotnosgilyv gravitacie). Na objektivizovanie zmien makkyc
tkaniv sa najastejSie pouziva MRI vySetrefjektoré je v3ak V@i finanine naréné a obmedzene
dostupné na frekventné pouZivanie. ¢&iné moderné diagnostické metody priniesli  SirSie
a prepracovanejSie moznosti hodnotenia makkychik&wolo v3ak vyvinutych mnozstvo presnejsi¢h,
menej presnych mapovacich systémov &lam merania objemu. Studia realizovana Creasmagtaah
bola asi najprepracovanejiia sa tyka analyzy merani zmien objemov méakkychitka@dprezentovali
pracu oftadom 4D zobrazenia a merania pri prsnikoch, s dagle moznym klinickym vyuZitim.
Mechanizmus automatizacie v kombinacii s 3D systénteda nazvali 4D. Ich cely systém s ndzvom
Precision Light, bol porovnavany s MRI meraniamidasiahol korelaciu 91% s predpokladanou
devidciou 9%. Dokazali reprodukovétes’ merani 4D systému na Iiei vyskokej Urovni so
spd’ahlivog'ou aZ 99,69%.

Material

V nasom vyskume boli realizované 3D analyzy u g@atdék, ktoré podstupili autotransplantaciu
plastickej, estetickej a rekonSteinej chirurgie SZU a Lekéarskej fakulty UK UN v Brelive od januara
2011 do januara 2014. U pacientiek bol naslednendtedy vysledok operacie pomocu DI3D scanu na
Klinike stomatologie a maxilofacialnej chirurgiekaskej fakulty UK v Bratislave a Onkologického
Ustavu Svatej Alzbety. Subor tvorilo dokopy 16 patiek. Vek pacientiek bol v priemre 43 rokov +/-
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15,96 (SD), najmladSia mala 16 a najstarSia 68vdkab.1). KaZzda pacientka podpisala informovany
suhlas a cela Studia bola tiez schvalena etickonidiou UNB Ruzinov.

Dimensional Imaging predstavuje zariadenie prdsii@vom ktorého sme schopni zigkaD
obraz casti tela pomocou pasivnej sterofotogrammetrie. ZVigeho  hlavnécasti patria presne
usporiadané a prekalibrované digitalne statickéodparaty ( najmenej dva). Hlavnou Uulohou
spominanych fotoaparatov je vytvéralbezne a okamzite obrazky. Prostrednictvom softiE3D
capture sa automaticky vytvori stereo par obrazkavmieste, kde sa obrazky prekryvaju, dosiahneme
zvySenie denzity. Zmena hustoty v mieste prekrylardzkov je podklad pre vytvorenie mapy.
Spominana mapa je vysoksirina Struktira, ktora umaije ukladanie zahustenych 3D dat. KaZzdy pixel
v mape predstavuje 3D postavenie toho pixelu sfoie. DI3D capture je schopny vy’ 3D poziciu
kazdého pixelu vo vstupnych obrazkoch, az 10 mio&D bodov/ stereo par alebo viac, v zavislosti na
rozliSeni pouzitych kamier. Ziskanie 3D modelu jehte ajednoduché, porovnité s beznym
fotografovanim

Pri pouZiti jedného paru stereoskopickych fotodmrcastotokrat nie je mozné zachitiSetky
poZzadované povrchy. RieSenie tohto problému mézZeidet v pouZiti viacerych stereo parov
fotoaparatov, ktoré vytvoria &asne 3D povrchy miest z viacerych patiov. Takto je moZné, aby
povrchy boli automaticky ztiené a bezproblémovo vytvorili jednu 3Dtsie

Pre vytvorenie skenov na nasu 3D analyzu sme [pquistroj Dimensional Imaging so Styrmi
stereoskopickymi kamerami (obr. 1). Prislusné skertyorené programom DI3D capture boli nasledne
upravené v programe Blender tak, aby sme ziskalagavané zmeny v objeme makkych tkaniv
vV pooperdnom procese a tym stanovili % UspeSnosti prezivaaiasplantovaného tuku (obr. 3). Bolo
teda moZzné stanavipercento Uspesnosti prihojenia transplantovanakového tkaniva, nakko sme
vedeli presny objem tuku, ktory sme aplikovali aledne, ktko ndm realne pribudlo. Pacientky boli
snimané tesne predopémna a nasledne pol roka od operacie
V predoperdnom procese nam u niektorych pacientiek sken napbuiit’ objem tkaniva, ktory chybal,

v lokalite s tkanivovym deficitom, v porovnani sritalateralnou resp. refer@rou oblagsou (obr. 2). Na
zaklade tejto analyzy, sme vedeli objem tkanivagimty na aplikaciu p@as operécie s diem dosiahnt)
¢o najoptimalnesiu proporciu.

Blender je multiplatformovy vime Siritény softvér pre modelovanie a renderovanie 3D dat.
Podporuje import a export roznych 3D formatovitsove] grafiky, umo#uje vSetky zakladne funkcie
vhodné pre manipuléciu a editaciu 3D modelu.

dimensional sess
imaging %<2

Obr. 1. DI3D Scan.
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2 3 0-26OC m 3 y Vzavislosti od: urcenia hranice, diferenl'

axile, reSpektovania horného ¢i doiného
klenutia hrudnika, +nddychu/vjdychu, sily pripazenia?

Obr. 2. Predoperéné stanovenie deficitu tkaniva pri jednostranngpdplazii prsnika pomocou DI3D
scanu (Boh& M.).

hornych kvadrantov prsnika pomocou DI3D Scanu (BoRE).

Metody

Na prevedenie 3D analyzy objemu mékkych tkaniw bgdtrebné vytvorenie 3D modelov. 3D
modely povrchovych Struktdr méakkych tkniv sme zlisgeostrednictvom pristroja Dimensional Imaging
so Styrmi stereoskopickymi fotoaparatmi. V naSeicprsme sa rozhodli analyzavameny objemu
makkych tkaniv tvare a prsnikov ako leych oblasti autotransplantacie tuku, preto smieutosnili
skenovanie samostatne uoboch typov nasledujuciGsofom: Pacient sedel na stké oproti
tvdrovému skeneru so zatvorenymi Ustami v pokojogtewe bez Usmevu.lBidel priamo pred seba na
stojan, ktory drzal statické fotoaparaty. Vlasy mptavené tak, aby nezakryvali Ziadne proporcieetva
Po zapnuti pristroja a uvedenom polohovani pacentadbali na to, aby kazdy fotoaparat zachytil, tva
¢o sme kontrolovali tym, Ze v programe DI3D captsaezobrazili vSetky Styri pdhady na tvar a previedli
sme skenovanie. Naslednou fuziou obrazov sme vamad programe ziskali 3D model. Obdobnym
spbsobom sme realizovali analyzu prsnikov vo vipeiaej polohe a expiriu pacientky.

Pomocou softvéru DI3D capture sme exportovali BEng do formatu OBJ. Tento format dobre
reprezentuje 3D geometriu a zachovava mapovacalsite modelov. Siasne pri exportovani z DI3D
capture dostavame aj subor vo formate MTL, ktorjadsuje vizualne vlastnosti materialu. Oba tieto
subory importujeme do programu Blender.
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Vysledky

Vyhodontenim zaverov z DI3D scanu bolo zistenégyd@eautotransplantacii tuku do oblasti tvare
v naSom subore pacientov pretrvalo po 6 mesiacqatiemere 40,6% aplikovaného objemu a v oblasti
prsnikov v priemere 56,7% objemu transplantovartéka so signifikantnym rozdielom v prospech pr
ako recipientnej oblasti (graf 1). Na obrdzkocha®.6. s zmapované priklady autotransplantacie tuku
u pacientiek, do oblasti tvare s volumetrickou @pali pomocou DI3D scanu. Obrazky 7. az 9. zase
priblizuju predoperé&ny, pooperény stav a volumetrickl analyzu u pacientiek s tatsplantaciou
tuku, do oblasti prsnikov, z&&lom rekonstrukcie makkych tkaniv.

Tab. 1. Analyzovany subor pacientiek po autotransplantéa&

Pacientka Vi Recipientna Aplikovany %
¢islo ek oblas’ objem v ml prihojenia
1 56 Prsia 600 57
2 39 Prsia 180 51
3 22 Tvar 48 47
4 61 Prsia 180 37
5 59 Prsia 350 55
6 34 Tvar 8 39
7 16 Tvar 4 43
8 21 Prsia 330 79
9 37 Prsia 200 60
10 62 Prsia 280 62
11 68 Prsia 110 45
12 51 Tvér 24 43
13 29 Tvar 4 37
14 42 Prsia 260 58
15 33 Tvar 6 35
16 57 Prsia 290 63

Recipientna oblast’

10{]‘|
N =

Prsia Tvar

Prihojenie
[%]

Graf 1. Vplyv recipientnej oblasti na % prihojenia augotsplantovaného tuku
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Obr. 4. Zobrazenie mnoZstva pribudnutého tkaniva 6 mesigm aplikacii tuku do oblasti vrasok
pomocou DI3D Scanu (BobaM.)

"
Obr. 5. Zobrazenie mnoZstva pribudnutého tkaniva 6 mesigmo aplikécii tuku do oblasti defektu
hornej pery po pohryznuti pomocou DI3D Scanu (BoM)

LT
Obr. 6. Zobrazenie mnozstva pribudnutého tkaniva 6 mesigooaplikacii tuku do pravejasti tvare pre
hypoplaziu pomocou DI3D Scanu (Bah#.)

13



Obr. 7. Zobrazenie mnoZstva pribudnutého tkaniva 6 mesi@o aplikacii tuku po kvadrantektémii a
radioterapii Y¥avo pomocou DI3D Scanu (Bahau.)

Obr. 8. Zobrazenie mnozZstva pribudnutého tkaniva 6 mesigm aplikécii tuku s cimm vytvori’
neoprsnik vpravo pomocou DI3D Scanu (BoHd.)

Obr. 9. Zobrazenie mnoZstva pribudnutého tkaniva 6 mesigom aplikacii tuku s ciéom dopint’
neoprsnik z TRAM lalokalavo pomocou DI3D Scanu (Bahav.)
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Diskusia

Meranie objemu po autotransplantacii tuku je ddteZs&ag’ou d’al'Sieho sledovania pacientov,
obzvla¥ pri hodnoteni vysledkov z dlhodobéhtiatiska, ktoré boli dopodiazv&Sa zaloZené len na
subjektivnom hodnoteni operatérov alebo fimennarénom a obmedzene dostupnom MRI vySetreni.
VyuZzitie DI3D scanu s clem sledovania % Uspe3nosti prihojenia tuku pri taat@plantacii sa nam
osvedilo podobne ako bolo dokézané aj vinych klinickyctadiach®* Rezorbcia tuku po
autotrasplantacii je dobre znAmym javom. NaSa im@dzionalna datova analyza potvrdila subjektivne
nalezy, ktoré objektivne kvantifikovala. Hodnotep®operanych objemovych zmien nam potvrdilo, Ze
postupne dochadzalo k postupnej rezorbcii, ktork viikdy nedosiahla predopéral Groveér objemu
recipientného tkaniva a dosiahla v Siestom mesigblizne Urové prihojenia tukového tkaniva 40,6 %
aplikovaného objemu v oblasti tvare a v oblastinfiksv Grovér 56,7%. Nami zisteny vysledok
prezivania tuku v oblasti pikoreluje s vysledkami zistenymi na inych svetovyrhcoviskach. Nizsie
percento preZitia tukového tkaniva v oblasti tvarezno odévodni aj aplikdciou menSieho mnoZstva
tuku, tato vellina vykazovala signifikantni koreléciu, a menejspgen vyhodnotenim pomocou DI3D
scanu zistetnymi aj v inych $tadiattPo tejto dobe sme nezaznamenali vyraznejsie zraebjeme,
avSak za podmienky, Zze nedoslo k signifikantnejrenBMI. Na zaklade zistenych vysledkov Grovne
prezivania transplantovaného tukového tkaniva gstiéi,zZZe metdda autotransplantécie tuku sa kkpic
osvedila aj vnaSich podmienkach a percentom UspeSnastbtransplantacie tuku, vygitanym
pomocou DI3D scanu, sme dosiahli uridwestatnych svetovo uznavanych pracovisk.

Zaver

Prostrednictvom pristroja Dimensional Imaging fivéou DID3capture sme schopni objemovo
analyzovd 3D tvarové a prsnikové skeny, ktoré nam ponukijiicsny obraz pacienta a jeho méakkych
tkaniv zo vSetkych stran. Tato skénos nam umo#uje presne posudliproporcie zo vSetkych
potrebnych pofadov. Ziskany sken teda zobrazuje makké tkani® vonkajSi vzbad, ktory
nasledne po fuzii pred a po operacii je schopngrEerypdita’ zmeny v objeme méakkého tkaniva sa
nam osvedilo aj pri vypciitavani objemu tkaniva, ktory prezil po autotraaspécii tuku.
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Abstrakt

Mezenchymalne kmimvé bunky predstavuju jediti®y nastroj pre tkanivové inZinierstvo a
regenerativnu medicinu. Mezenchymalne kowe bunky vzBadom Kk ich jedingnym
biologickym vlastnostiam sa zdajutbgerspektivna metdéda predimi r6znych ochoreni. Mnohé
predklinické a klinické Stadie ukazuju na mozheyuzitia tychto buniek v regenerécii tkaniv,
hojenie akdtnych a chronickych ran, hlbokych popiiea jaziev. Welom tohto ¢lanku je
zhrnt aktuélne informacie o mezenchymalnych kme/ch buniek, ich biologickych
vlastnostiach a, ako aj ich klinické pouzitie Whe hypertrofickych jaziev.

Kracoveé slova:mezenchymalne kniieveé, terapia, hypertrofické jazvy

Uvod

Schopno$ regeneracieludskej koZze je pri poraneniach, ktoré prechadzaa epidermu
obmedze-na. Takto vzniknuté poranenia sa nezriéka jazvou. Pacienti po prekonani termalneho
drazu hlbokého stuya trpia vznikom jaziev popalenych ploch. Aj wagtnosti sa popéleninova medicina
zameriavaoraz viac na rieSenie vzniku, prevencie a terappettrofickych jaziev po hibokom popéaleni.
Lokalna a intralezionalna aplikacia kortikosteraiddcompresivneho krytia, kryoterapie dalSich
liecebnych moZnosti v lide jaziev nie su vo vSetkycltipadoch rovnako Uspesné. Hypet-rofické jazvy
su devastujuce. Spbsobuju rozvoj kontraktur, maarst spola@enské uplatenie, socialnu izoléciu,
stratu sebavedomia, diskriminaciu v solosti.

Hypertrofické jazvy

Mancini v r.1962 a Peacock v r.1970 definuju jazko hypertrofickd, ak je jazva nad Utou
koZze a zaroue zostava v konturach pbvodnej lézie. Hypertrofighdva je vypukla, ruZzovéervena,
vyvySend nad okolie koZe, zhrubnuté, ohtané na oblaspbévodnej traumy. Byva nasledkom poruSenia
rovnovahy medzi katabolickymi a anabolickymi dejmiprocese hojenia rany. Hypertrofické jazvy
najcastejSie vznikaju v mieste, kde dochadza k napkiite a kucéastym pohybom (Klauzova 2008).
VaesSina hypertrofickych jaziev vznikd obvykle do jétho mesiaca od poranenia a m&asom
spontanne, pozv¥oa zregredowa Priblizne u jednej tretiny hypertrofickych jazigyudavané svrbenie a
dalSie dysestézie (Konigova 2010). Dolezita z timdho Wadiska je lokalizacia jazvy ( nadbom ,

v oblasti fascie at. ), dalej jej bolestivos a pruznos vo vSetkych vrstvach makkych tkaniv. Ak je jazva
pruzna vo vSetkych vrstvach, okolité tkaniva séineoposuvaju a je palfy@e nebolestiva, hovorime, Ze
jazva je asymptomaticka. Mézetbipa kozmetickym problémom.

Pri protrahovanom hojeni tkaniva, pri pretrvavajacadpale alebo chronickom pegeni v
oblasti jazvy, dochadza k ukigovaniu mediatorov typu histamin, leukotrién, irgeitin typu | a 6,
prostaglandin, cyklooxygenaza, draslikovych iormigiu dusnatého a inych mediatorov , ktoré sp6sobia
vazodilataciu kapilar a rozvoj edému v podkoZi.Zzie sa prah pre bolgsnasledkom je primarna
hyperestézia - zvySena precitlivetiasjazve. Vplyvom zmeny elasticity a viskozity koZeblasti jazvy
je zniZzena tolerancia pre termické a mechanickégtydKozZa s jazvou je tak menej odolnd na zmeny
tepelnej a tlakovej sily a méze tak dbjs pre’aZzeniu pohybového segmentu. Aktivna jazva - cithva
bolestivd, byva ptinou obmedzenej posunlivosti a pruznosti makkycanik a naslednej fukkej
blokady v danom segmente. Meni sa pohyblivekibe, vznika aj asymetria svalového napétia medzi
agonistickou a antagonistickou svalovou skupinou.
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Za jednu z moznych giih hypertrofickych jaziev moZzno oz&i@ neprimerane dlhé preZivanie
fibroblastov, ako nasledok zniZzenej expresie apkypth proteinov, ktoré su zodpovedné za regulaciu
bunkovej smrti, rovnako ako aj za fibroprodukciuldgennych vilakien (Sayah 1999). Doteraz bolo
detekovanych 64 pro-apoptickych proteinov¢@m u 8 hlavnych proteinov bol zisteny pokles fuekta
hodnoty 18-54% 2z pb6vodnej aktivity (Sumi 2000). ibkdéblastov selektovanych z keloidnych
a hypertrofickych jaziev boli zistené poruchy gégjoexpresie v porovnani s fibroblastami zo zdravej
dermis. Poruchy génovej expresie sa deju na dvdektath, a to pretranskiipe a potranskrime, na
arovni regulacie syntézy kolagénu typu I: ako lokinych, tak aj u hypertrofickych jaziev bola
dokdzana nadmerna expresia génu pre prokolagén ktorého sa nasledne vytvara kolagén typual. N
rozdiel od keloidov, u hypertrofickych jaziev saspgpne posttranskidpe upravuje génova expresia pre
al prokolagén. U keloidov navySe dochadza k natigkai kolagénu typu Il (Friedman 1999).

Pre hojenie rdn bez hypertrofie je dbélezity pomeownovaha medzi Thl a Th2 bunkovou
imunitnou odpovéou. Wluwovanie a aktivacia cytokinov a mediatorov Th1l/Thfumitnej odpovede
pocas zapalovej fazy hojenia, je predpokladom pregsycako su angiogenéza, proliferéacia fibroblastov
a reepitelizacia (Tonnesen 2000, Stenn 1992).

Zapal a nadmerna zapalova reakcia nie su jedinidinpa v rozvaoji fibrotickej reakcie. Jednym
z dévodov pre podporu tejto hypotézy je zlyhaniatipdpalovej terapie, a to aj v kombinacii so sihy
imunosupresivami, s diem zlepsf vysledky u fibroproliferativnych ochoreni, ako japr. gucna
fibréza (Sasaki 2011). Sasny vyskum prevencie fibrozy sa zameriava namrimhibiciu Specifickych
induktorov fibrogenézy, ako su prozapalové cytokimliferacia fibroblastov a zloziek extraceluléjrn
matrix spojiva (Ross 1992).

V8eobecne ku vzniku hypertrofickych jaziev a zvli&sloidnych jaziev prispieva zmena fenotypu
u fibroblastov (Teofoli 1999, Herndon 2007). Fiblasty derivované z keloidov produkuju zvySené
mnoZzstvo fibronektinu v porovnani s fibroblastanormalnej jazvy. Toto méze vysvetlizvySenu
koncentraciu fibronektinu najdeného hlavne v pehudarnej oblasti a v kolagénnych uzloch.
V normalnej jazve sa fibronektin stratigas niekdkych dni po uzavreti rany, ale u hypertrofickych
jaziev a keloidov aktivita fibronektinu pretrvava vysokej Urovni mesiace aroky. V porovnani s
normalnymi fibroblastmi, keloidné fibroblasty vykga zvySeny poet receptorov pre rastové faktory
a rychlejSiu odpow# na rastové faktory, ako je PDGF a T@Htoré mbézu zvysovaproliferaciu tychto
abnormalnych buniek od &atku hojenia rany (Smith 1999 ). TGFprispieva k normalnemu hojeniu
ran, ale podika sa aj na mnohych ochoreniach vaziva. Po zrgeérGF{ uvo'nené z trombocytov po
degranulacii, v mieste poranenia, kde pésobi denoatraktant pre lymfocyty, fibroblasty, monocyty
a neutrofilné granulocyty (Smith 1999, Teofoli 1999

Oxygenécia jedalSim faktorom, ktory mdze riavplyv na tvorbu jaziev. Zmeny na urovni
transkrigného faktora HIF-1 (hypoxia inducibile factor), Ktsa podi€a na novotvorbe kozného krytu
u plodu, méze ki ciastaine zodpovedny za pokles v tvorbe jaziev. AvSakenist, podla ktorych s
hypertrofické jazvy vysokovaskularizované, su vp@e s hypotézou, Ze hypoxia vplyva na vznik a
rozvoj jaziev (Scheid 2000, Scheid 2002).

DalSie zistenia z experimentalneho vyskumu potvi@pazitivny vplyv epiteliainych inhibitorov
na proliferdciu fibroblastov (Teofoli 1999), pripe vplyv cytokinov, hlavne TGE-podporujici rast
a proliferaciu fibroblastov (Smith 1999). Z rodinfGF{§ su pre hojenie ran fyziologicky dblezité prve
tri polypeptidy, TGFB1, p2 a TGFB3. Tieto patria medzi najvyznamnejSie stimulatorgtézy kolagénu
a proteoglykanov a ovplywiju zloZenie ECM nielen tym, Ze stimuluju syntézliaigénu, ale tiez tym, Ze
brania jeho rozkladaniu (Lozito 2009). Nadmernaivékt rastovych faktorov z rodiny TGE-byva
spojena s rozvojom hypertrofickych jaziev a kelgiahih formaciami v mnohych pripadoch. Silné a trvalé
expresie humoralneho faktora T@Fboli preukazané u fibroblastov{as vzniku hypertrofickych jaziev
po popaleni (Hall 2003). ZvySena expresia TgEFa - B2 bola zisten u keloidnych fibroblastov, s
vyrazne nizSou expresiou TG#- (Smith 1999, Lu 2011). Pomer koncentracie TBEku TGFS3 sa
v keloidnych jazvach vyrazne zvySuje. DéleZité gegvnanie koncentracie rastovych faktorov TF-
TGFB2 a TGFB3 vo fibroblastoch pre keloidné jazvy, hyperické jazvy a normalnu koZu.
Vyznamne nizSia TGB2 expresia bola zistena u fibroblastov hypertrgfatk jaziev v porovnani
s fibroblastmi ziskanymi z keloidnych jaziev. Z#tigo expresia TGHPB3 bola vyznamne nizSia u
keloidnych fibroblastov v porovnani s fibroblastamiskanych z hypertrofickou jaziev a fibroblastov
normalnej koZe (Chamberlain 2007). Javi sa, Zeiebr expresie izoformy TGEm&zu ma vyznamnu
tlohu (zvySena expresia TGH-a znizena expresia TGR-vo fibroblastoch) na rozvoji keloidnych a
hypertrofickych jaziev (Aggarwal 2005).
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V roku 2007 Okazaki a kol. porovnavali fibroblagtyniest na tele, kde sa hypertrofické jazvy
netvoria (bukalna sliznica), s ostatnymi lokalitamai tele. Bolo zistené, Ze fibroblasty z bukéltiegngce
su vybavené schopnimi vySSej expresie rastovych faktoragho vysledkom je, Ze sa defekty
uzatvaraju rychlejSie nez na ostatnych miestach (€kazaki 2007). TaktieZ v poslednych rokoch
Studované viné radikaly kyslika a dusika, hlavne oxid dusnadzmhra dbéleZitd rolu v etiopatogenéze
hypertrofickych alebo keloidnych jaziev (Ihara 1986mstrong 1995).

Mezenchymalne kméové bunky

Mezenchymalne kmievé bunky (MSC) patria do skupiny multipotentnyaheiovych buniek,
su schopné sebaobnovy a schopné sa diferenabvabuniek spojivového tkaniva ako su osteocyty,
chondrocyty, myocyty, adipocyty. Pre svoju uni&@mos’ nachadzaju v sasnosti Siroké terapeutickeé
uplatnenie. Pojem "mesenchymalna kg bunka“ zaviedol Arnold Caplan v roku 1991,akv8Z 60-
rokoch boli MSC izolované z kostnej drene, ako wedal prace Friedsteina a Petrakovej (1966).
NajbeznejSim zdrojom MSC bola kostnargravsak pre natmy invazivny vykon odberu MSC a pre
nedostatény objem izolovanych MSC z tukového tkaniva, satobto zdroja postupne upiss V
skasnosti je najbeznejSim zdrojom MSC tukové tkanprel'ahkd dostupnasa pre ovéa vysSi zachyt
MSC. Mnozstvo ziskanych MSC z tukového tkaniva gidad lokalizacie odberu lipoaspiratu. MSC
ziskané z povrchovejSich abdominalnych oblasti jneodliehaju apoptéze ako MSC ziskané z hornej
korkatiny, stehien alebo z hibSich abdominalnych ob(&gitkowska —Zimny 2011, Zuk 2002).

Vlastnosti kmeiovych buniek

Existuje niekdko Stadii o vplyve MSC na hojenie ran a regenertiGniv.

Ludské MSC migruju do miesta poranenia a exprinsbgmokinoveé receptorydalSejcinnosti
(Ponte a kol., 2007. Sasaki kol., 2008).

MSC navySe preukézali chemotaxiu k cytokinondaafiujicim sa procesov hojenia ako su
trombocytarny rastovy faktor, IGF-1, IL-8 a TNF. i@ima a kol.,2008. Hemeda a kol., 2010). Po
dosiahnuti miesta poranenia je imunomoduja fenotyp MSC aktivovany IFN; TNF, IL-13 a
adrenomedulinom (Ren a kol., 2008)

DalSou pravdepodobnou vlastios MSC v procese hojenia ran je regulbfiankcie leukocytov
v mieste hojenia. Vplyv MSC sa pozoroval rovnakd-buniek aj B-buniek lymfocytov. (Ren a kol.
2008, Chamberlain a kol., 2007).

T- bunky lymfocytov podporuju MSC v proliferaciiaktivite v mieste poranenia, naopak pri B-
bunkach a NK-bunkach dochadza ku pestdu ich proliferacie, teda ku zmierneniu akutngpalovej
odpovede. (Corcione a kol.,2006, Sotiropoulou a RBD6). Zoslabenie aktivity tychto buniek, spotu s
zmiernenim zapalovej odpovede v rane, méZzu MSCaypbdsobom redukovaeakcie veduce k tvorbe
fibrozneho tkaniva.

MSC vylwuju cely rad cytokinov a rastovych faktorov, kton@ju anti-fibrozne vlastnosti, ako
su HGF, IL-10, adrenomedulin. (Li a kol. 2009). Bgireukazané, ze HGF timi fibrogenézu a rozvoj
jaziev r6znymi mechanizmami. Fibroblasty reagujklesom regulacie génov pre TGHE; a enzymov
pre syntézu kolagénu typu | a Ill. ktoré sa poai@ na fibrogenéze. (Mou a kol., 2009, Schievenbwasc
kol. 2009), HGF taktiez stimuluje zvySenu regulaoatrixovych metaloproteinaz MMP-1, MMP-3 a
MMP-13 u fibroblastov, ktoré naopak menia zloZzdeEM. (Kanemura a kol. 2008).

Pri ochoreniach spbésobenych nadmernou fibrogenébd@f potl&a moznos diferenciacie
fibroblastov do myofibroblastov, a tym sa znizuj@Kcia myofibroblastov, veduca ku tvorbe fibrézneho
tkaniva. (Shukla a kol., 2009) HGF teda prispievivdrbe vysokokvalitného dobre vaskularizovaného
granul&ného tkaniva. (Bevan a kol., 2004).

MSC vplyvaju aj na angiogenézu a vaskularitu. Pkoglu cytokiny FGF and VEGF-A, ktoré
podporuju mitogénnu aktivitu, diferenciaciu a piedéciu cievnych endotelovych buniek. (Gruber a,kol
2003, Keigler a kol, 2003) MSC tiez exprimuju spoary adrenomedulin ako parakrinny faktor na
podporu cievnej stability a vasoprotekcie. (Renawol., 2003).

Existuja in vitro Stadie pddh, ktorych je mozné preuk&zaliferenciaciu MSC do dermdlych
typov buniek. Na zaklade in vitro definovanych paginok doslo ku transdiferenciacii MSC do
endotelovych a epidermélnych buniek. (Sasaki g2@d8, Fu a kol.,2009, Lozito a kol.,2006).

MSC sa mézu transdiferencavdo keratinocytov a su schopné komunikbwaprirodzenymi
epiderméalnymi bunkami. (Wu a kol., 2010). Tieto di¢&i nazn&uju, Zze MSC sa priamo Zastuju
Strukturalnej regeneracie dermalneho a epiderméltiemiva.
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MSC vyuzité v lietbe hypetrofickych jazviev

Klinger a kol. v roku 2008 pristupil k terapii hytpafickych jaziev popalenin na tvari pomocou
autolégneho tukové tkaniva spracované Colemanovetdaou na vzorke 3 pacientov. Tukové tkanivo
bolo aplikované intralezionélne 2-krat s 13 ndeyan odstupom, pred aj po vykone bola realizovana
biopsia tkaniva. Klinické priznaky a subjektivnecipp pacientov boli sledované po dobu 6 mesiacoch.
Vysledky ukazuju vyrazné zlepSenie mimickych fumkaiznizenie hribky jazvy. Histologické vySetrenie
ukdzalo nové depozicie kolagénu, hypervaskulakiniva a dermalnu hyperplaziu pri novotvorbe
tkaniva.

Majani a kol. v roku 2012 pouZil v terapii jaziew popaleni autolégne tukové tkanivo a PRP
(platelet-rich plasma) na vzorke 28 pacientov.3odioch od vykonu doSlo u vSetkych pacientov k
zlepSeniu elasticity jaziev a estetickému zlepSepierovanych oblasti.

Guisantes a kol. v roku 2012 usk&ndi Studiu na vzorke 8 pacientov s jazvami a kabny
defromitami na bruchu, tvari a ramene. VSetci lielkeni autolégnym tukovym tkanivom, ktoré bolo
aplikované intralezionélne. U vSetkych pacientoglddk zlepSeniu estetického Vadu jaziev. Jedna
operacia bola nutnd v 5 pripadoch a 2 operaciepvifgadoch . U kazdého pacienta, nenastali Ziadne
komplikacie a vysledky boli trvalé vo vietkych @éloch. Priemerna doba sledovania bola 18 mesiacov.

Klinger a kol. (2013) na vzorke 20 pacientov uskotth Stadiu liecby jaziev pomocou
autologneho tukového tkaniva spracovaného Colenmnawetddou. VSetci pacienti v subore mali
kontrahujtce a bolestivé jazvy, obmedzujlice pohyibech. Subjektivne boli jazvy pred aj po vykone
hodnotené metddou POSAS (Patient and Observer/&sassment Scale) a objektivne boli hodnotené
koZnou durometriou. Vo vSetkych dienych jazvach bolo preukdzané kvalitativne zlegSemito ako z
estetického tak aj z futdkého Hadiska. DoSlo ku zniZeniu alebo Uplnej strate hiokesku zvySeniu
pruznosti jazvy,co bolo objektivhe vyhodnotené vo vSetkych pripaddghpacientov hodnotenych
koZnou durometriou a POSAS skore, mali plochy e®&trautolégnym tukovym tkanivom Statisticky
vyznamné nizSie namerand hodnotu odolnosti koZze@reymani s oblaami infiltrovanymi roztokom
chloridu sodného.

Diskusia a zaver

Okrem rozvoja kontraktdr, jazvy neZiaduco ovgiypl fyzicky vzi'ad pacienta a fuky stav
kon¢atin, ¢im invalidizuju pacienta a znemafU mu navrat do pracovného procesu, so psychdsoadia
izol4ciou a rizikom rozvoja tzv. ,socialnej smrti“.

Presny mechanizmus vzniku jaziev, napri@ksiahlemu vyskumu hojenia ran v poslednych
desdrociach nie je celkom objasneny. V3etky druhy jaziévraultifaktorialny problém. Vikou nadejou
pri komplikovanom hojeni ran predstavujud MSC. Bagitinsky vyskum kmeovych buniek sa snazi
prenies ziskané skusenosti a pozitivne vlastnosti MSCliptbe chronickych chorobnych stavov z
experimentov na zvieratach do humannej mediciegndu z vyniménych vlastnosti mezenchymalnych
kmeiovych buniek je, Ze svojim pésobenim dokazu nalirgobsobenie mnohych doteraz sieaych
alebo malo é&nnych liecebnych postupov, bez viEgjSich a neziaducichtiinkov.

Ukazuje sa moZnds Zze MSC podané allogénnym alebo autolognym spdspbudzu prispié k
urychleniu hojenia. MSC svojim parakrinnym pésobenhaju na ranu analgeticky, anti-intely a
imunomodul&ny efekt,cim prispieva k priaznivému priebehu hojenia a reetécdi jaziev.
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Abstract

The clinical behavior of PCa is highly variable.rtamt ,traditional* prognostic markers cannot
reliably distingish the potientially life-threatgnicancer from indolent cancer. Therefore,
identification of additional new predictors of cancaggressiveness are therefore urgently
required. Pubmed systematic search was performedlliect both original and review articles
addressing CaP prognostic biomarkers using key svgahetics, prostate cancer, biomarkers,
prognosis. The development of molecular and immistothemical methods enabled the
identification of potential biomarkers in relatido diagnosis and prognosis of PCa. Some of
these markers may be translated into clinical practfter verification in larger prospective trials
in future, and can help to determine diagnosis pragnosis of CaP more accurately.

Key words: prostate cancer, biomarkers, diagnostics and pstigiso

Introduction

Prostate cancer (CaP) is most common nondermatmgignancy of men in Western Europe (1).
The clinical behaviour of PCa is highly variable iflentify patient subgroups that require lesstineat
from those that should be targeted with more agiyestherapy is therefore urgently required.
Overtreatment of CaP is a particular concern lgatnsubstantial cardiovascular and skeletal mdsbid
(2-6) This is typical for many prostrate-specificstigen (PSA) screen-detected cancers, which in the
absence of treatment, may never become life tmggfe and thus does not regiure any treatment.
Conversely, more conservative approaches to disgetsetion and management can leave potentially
aggressive cancers untreated. Therefore, improi@daokers are required to allow radical therapges t
be targeted to men with potentially lethal canceeosthat the others, with more benign-behaving levato
cancers, are spared inappropriate treatment.

Current ,traditional” clinicopathologic prognostimarkers predictive of outcome in men with
CaP after radical retropubic prostatectomy (RRisisb of Gleason score, TNM stage, surgical margin
status, and preoperative serum prostate-specifiigesm (PSA) (7-10). Beyond the current
clinicopathologic parameters, there have been otliemarkers and approaches proposed to: (i)
distinguish between indolent and potentially lifeeiatening disease (ii) aid the decision for regjyopn
previous negative biopsies with rising PSA, (iiipmitor the disease progression and its responsvies
therapy These approaches and markers include gendtie association studies (GWAS), chromosomal
aberrations, DNA-based markers, RNA-based biomsslk&nd protein markers (tissue, serum, urine
biomarkers) (11). Available methods to identify graial biomarkers include genomics, proteomics and
tissue based immunohistochemical staining (12).nfagion of cancer biomarker transcripts using-rea
time quantitative polymerase chain reaction (QRTRPGf large samples may help in the search for
clinically useful cancer biomarkers that can begnated into clinical trial design (12). Gene esggren
array technology applied to PCa has resulted inidbatification of a number of genes that have been
associated with outcome. More recently, next-gdimraequencing (NGS) have been described, which
could bring promising information in our understaagdof the cancer genome of several tumor typey (13

This article provides review of current most premg molecular and immunohistochemical
biomarkers in CaP diagnosis, prognosis, and cliiehavior.

Methods

Pubmed systematic search was performed to colleth loriginal and review articles
addressing CaP prognostic biomarkers using key swgedietics, prostate cancer, biomarkers, prognosis.
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Genetics and prostate cancer

Initiation of prostate cancer is a process rasglfrom the progressive accumulation of genetic
disorders (14). On the basis of the constellatibrpalymorphisms of germ cell cancer the risk of
developing cancer is individual (15). The cumulateffect of polymorphism genome may lead to one or
more disorders, and / or may "offer" an environnfentfurther genetic alterations in prostate epitte
cells. Over time, additional somatic genetic disosdalter the behavior of prostate epithelial cefisl it
represents signs of malignancy (16). Epigeneteraibns are other common events in carcinogenesis,
including CaP, which may lead to aberrant expressiocritical genes such as tumor suppressors and
oncogenes. Although most CaP are classified intiregle group of adenocarcinomas, there is no
universal molecular path of CaP development. #ise unlikely that two prostate adenocarcinomasesha
the same genetic path in the development of cafi@enetic and genomic technologies have helped to
clarify the changes in genes that lead to the dgweént of CaP. These changes provide a molecular
basis from which diagnostic, prognostic and prkc biomarkers can be developed (17). For
genetically determined diseases, genetic altermtoam be identified via methods of molecular geseti
(e.g. polymerase chain reaction, fluorescence tm Bybridisation, genome sequention etc.). These
alterations, when identified, can be in turn usetiamarkers for prognosis of CaP and other cancers

Criteria for a candidate biomarker

The National Cancer Institute defines a biomarlsefaabiological molecule found in blood, other
body fluids, or tissues that is a sign of a normiabbnormal process or of a condition or diseasde.”
biomarker may be objectively measured and evaluagedn indication of normal biologic processes,
pathogenic processes, or pharmacologic responses particular treatment or condition (18,19).
Biomarker is an analyte that signifies the presemicdegree of a biological process, which in ftgel
frequently directly linked to the clinical expresss and result of a particular disease (20) Thecteh
of a cancer biomarker should have a biologicaherapeutic basis or, at minimum, the biomarker khou
indicate a reliable correlation with the presera®aracteristics, or aggressiveness of the candeso, A
there should be an evaluation of the strength efrttarker in relation to the outcome of the disease,
which, together with other factors, should be earout as an independent predictor in a multivéiab
assay In the general population. (21). Biomarkergte diagnosis and prognosis of PCa include DNA-
based markers, RNA-based biomarkers, and proteikarg They may be useful for prognostic purposes
in the outcome of diseases, with particular attentn the quantitative biomarkers that demonstate
relationship with the clinical manifestation of ttisease and that have an effect on quality of figk of
complications, or survival. Surrogate biomarkergeha significant function in disease monitoringeaft
accepted treatments are introduced. Surrogatepadtieularly important for those treatments thag ar
uncommon, such as cases in which the direct stadyploved to be very difficult because of the ladit
number of patients and varying expression of tpeimary illness or in which the efficiency of the
treatment must justify the high cost (20).

Identifying Discriminating Markers

With the completion of the Human Genome Project tublication of the International
Haplotype Map Project (a catalog of millions of goon single nucleotide polymorphisms, or SNPs, in
the human population), and adecrease in the cbshigh-throughput genotyping, an unbiased
genomewide search for inherited variants associatfdPCa risk has become feasible. This approach,
called a genomewide association study (GWAS), sttamentire genome, evaluating common inherited
variants (minor allele frequency >1-5% in the pagioh) in large numbers of cases and controls (11).

GWAS indicate genetic heterogeneity for the ondetlisease with numerous low risk loci
described along with two notable high-risk loci8a24 and 7q31. The linked loci on 8924 are located
immediately downstream of the MYC gene that is gplated in PCa (see below,22,23).

The Practical consortium recently reported the kmion of their successive GWAS studies.
They evaluated over 500,000 alleles (SNPs) in Zurse¢@ cohorts of cases/controls (up to 30,000 men
(24). The consortium eventually identified alleies7 genomic regions (encompassing 11 genes) that
were linked to PCa diagnosis. The allele penetraaicged from 6-50% of the population and eacheallel
altered PCa risk by 0.35-1.89 (odds ratio). Itrigefiesting, that the risk markers reside largely in
noncoding regions of the genome. The mechanismladrited risk is therefore not readily apparent and
the risk alleles provide an opportunity to gainigh$ into prostate carcinogenesis. There are skvera
potential mechanisms by which a genetic variant bragssociated with altered cancer risk, includfpg:
genetic linkage to a coding variant in a cancesvaht gene (ie, the risk SNP is merely a proxytiier
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true causal exonic variant that was not testetiénGWAS), (ii) alteration in promoter/enhancer lgd
sites or chromatin structure affecting expressibradjacent or distant genes, or (iii) change in the
expression of noncoding RNAs. There is also a pigibability that PCa genes/alleles act cooperativel
in the aetiopathogenesis of the disease suppdttmgotion that it is unlikely that any one bionmeark
alone is likely to be conclusive in detecting ameldicting outcome of cancer (25).

Novel biomarkers for CaP diagnosis

PCA3 and TMPRSS2:ERG fusion

PCA3 is a noncoding RNA with expression confinedtiie prostate, and which is highly
overexpressed in 95% of PCas compared with normbénign hyperplastic prostate tissue (26). PCA3
has been assayed from urine following prostaticsages in 11 separate clinical studies totalling 2737
men from Western countries (27,28,29) with an aveemsitivity of 69% and specificity of 70% for me
with PCa. The role of PCA3 in clinical practiceaasommercially-available test remains uncertairh wit
most advocates indicating a place in patients wihe talready had TRUS biopsies with a negative tresul
for cancer but in whom PCa remains suspected.

Detection of the TMPRSS2:ERG fusion in urine hasnbeeported to yield >90% specificity and
94% positive predictive value for PCa detection)(3lthough a clinical diagnostic test is not yet
available. The combination of urinary PCA3 and TMFER- ERG with serum PSA levels has been
reported to improve screening performance compswelSA alone (31). Moreover, the recent study
indicates that integration of levels TMPRSS2:ER&hscripts in urine, with PCA3-score, androgenic
status, genetic status and traditional clinicalaldes could significantly increase detection afhhrisk
localized PCa. (32)

Early Prostate Cancer Antigen

Leman et al. (31) reported results on a serum hikenacalled early prostate cancer antigen
(EPCA) using an antibody assay against the EPCA-2fdtope. The study involved 385 men and
reported a 92% specificity for healthy men and méth benign prostatic hyperplasia and a 94%
sensitivity for overall PCa detection. In additiahe authors indicated that EPCA-2.22 was highly
accurate in differentiating between localized axilazapsular disease (33).

SPINK1

SPINK1 (also referred to as TAT1) is a biomarker RCa that can be detected in prostatic
massage urine. SPINK1, a trypsin inhibitor secrétexh pancreatic acinar cells, is thought to fuorietin
the prevention of trypsin-catalyzed premature atibn of zymogens within the pancreas and the
pancreatic duct. Mutations of this gene are astetiaith hereditary pancreatitis and tropical dalci
pancreatitis (34,35).

Laxman et al. (36) showed that a multiplexed gP€sag including SPINK1 on sedimented urine
from patients presenting for prostate biopsy oisfatectomy outperformed serum PSA or PCA3 alone.
SPINK1 expression in urine is also an independeadiptor of biochemical recurrence after resection.
On the other hand, recent study concludes thatNISPI protein expression (evaluated by
immunochemistry) may not be a predictor of recureenr lethal PCa amongst men treated by radical
prostatectomy (37).

a-Methylacyl Coenzyme A Racemase (AMACR)

AMACR is an enzyme localized to the peroxisome emtblved in fat metabolism and has been
identified to function as a growth promoter, indegent of androgens, in prostate cancer (38,39), ) B
using various experimental methods and differerdt Becimens, the AMACR gene has been shown to
be overexpressed in PCa tissue at the mRNA aneiprtivels and making it a highly specific tissue
biomarker currently used to aid in the pathologaiagnosis (40).

When PCa tissues were compared with normal conteoB-fold increase in mRNA levels of
AMACR was discovered in 88% of the sample PCa &isq41). Imnmunodetectable serum autoantibodies
generated in response to the AMACR tumor-associatgihgen may also be useful in preliminary
diagnosis, especially if combined with PSA scregniA considerably more enhanced sensitivity and
specificity in PCa patients with mid-range PSA Isveave been observed with AMACR antibodies than
that with PSA. This demonstrates that AMACR canukeful in discriminating control subjects from
those with PCa (42). Interestingly, it has beercdeed, that trifluoroibuprofen, an AMACR inhibitor
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reduces cancer cell proliferation and Inhibits imovtumor growth in aggressive PCa models (43)sThi
makes AMACR one of possible therapeutical targefsiture.

Glutathione S-transferase P1 (GSTP1)

GSTs are aubiquitous family of multifunctional enms that conjugate reactive substrates with
reduced glutathione (GSH), and are involved in xitation. Their role is in protecting the cellom
oxidative attack (44) The GSTP1 gene has beenwi$éo be unmethylated in all normal human tissues
and BPH, but hypermethylated in specimens of P&adis (45). GSTP1 has been shown to be acutely
sensitive in detecting the presence of prostatiaépithelial neoplasia and PCa, thereby distirgogs
patients with these diseases from patients with Bl

DAB2IP

DAB2 interacting protein (DAB2IP) is a Ras GTPaséwating protein that functions as a tumor
suppressor. The human DAB2IP gene is located oonubsome 9933.1-033.3 (47), and is frequently
observed to be downregulated in PCa cell lines. (88)dies have shown that loss of expression of
DAB2IP may be a result of altered epigenetic retiphs, for example DNA methylation and histone
modification (49). The abnormal methylation in theomoter region of the DAB2IP gene has been
reported to be responsible for transcriptionalngileg and consequently performs a significant fimmcin
the progression of PCa (50). Duggan et al. in theidy reported a link between a genetic variation
DAB2IP and the risk of aggressive PCa (51). Thgeaech indicates that DAB2IP protein, after further
studies, can potentially be used as a very effeatiovel biomarker for PCa diagnosis, though larger
prospective trials are warranted.

NK3 homeobox 1(NKX3.1) gene

The product of the NKX3.1 gene, which is a prostatricted homeobox protein that is involved
in the regulation of prostate development, is esped in normal prostate epithelium and is often
decreased in PIN lesions and in prostate tumos ¢&H,53).

NKX3.1 protein has also been implicated in helptogdecrease oxidant genome damage by
virtue of its ability to activate expression of gsninvolved in scavenging oxidant radicals (54) Tduct
that NKX3.1 is expressed in most PCa, and not istrother tumor types, suggests that NKX3.1 may be
an excellent immunohistochemical marker of PCa.&&e studies indicate, that the loss of NKX3 gene
leads to poorer prognosis in PCa (56).

Biomarkers for determining CaP prognosis and progresion

TMPRSS2, ERGand ETV1 fusions, ETS family

Transmembrane protease serine proteinase 2 (TMPR&San androgen-regulated, type Il
transmembrane-bound serine protease that is loeallyessed in the prostate and overexpressed in
neoplastic prostate epithelium. TMPRSS2 was thotmiplay a possible role in PCa metastasis through
the activation of protease-activated receptor-2RF2A (57). An extensive study focusing on genedusi
transcripts in PCa identified the fusion betweenPR&S2 (located at 21922.3) with the transcription
factor genes ERG (21g22.2) and ETV1 (7p21.1) (B8 TMPRSS2 allele loses its promoter, and one of
the ERG alleles gains it, resulting in an overesggi@n of ETS family members) in the cancer cel® (5
and consequently tumor progression (60). TMPRSS@-ERthe most frequent oncogenic gene fusion
rearrangement in PCa (61):

ERG and ETV1 show mutually exclusive overexpres&oRCa tissues, suggesting a redundant
function in PCa development. In addition, ERG arfid/IE gene fusions have been detected in only a
limited number of BPH and High-Grade Prostate hefpéhelial Neoplasia (HGPIN) lesions, albeit i th
absence of ETS upregulation (62).

ETS fusions are strongly linked with survival whassociated with loss of PTEN (P < 0.001)
(63) and have been identified in 48% of men whal diecastrate-resistant disease (64)

Loss of PTEN

The PTEN gene on 10923 is mutated in up to 1/3 ambne refractory PCa (65) and
homozygous deletions and mutations have been fadehin a subset of primary PCa (65) Loss of PTEN
protein in primary PCa, as determined by immunaolsis¢mistry, correlates with high Gleason score and
advanced stage (66). PTEN is a dual protein and liphosphatase that is responsible for
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dephosphorylation and inactivation of phosphatityditol 3,4,5-trisphosphate (PIP3), a second
messenger that is produced after activation of RIR&se in response to ligation of several growittdr
receptors, including IGF-1. PIP3 activates thegrokinase AKT. AKT signalling results in inhibiticof
apoptosis in response to a variety of signals amacreased cell proliferation (67).

In assessing the relationship of PTEN deletion with TMPRSS2-ERG fusion, two independent
groups found that patients with neither lesion adavorable
prognosis (68, 69).

Other markers tested in combination with PTEN mssprognostic information include tumor
protein p27 gene loss (70), hemoxygenase-1 ovegsgium (71), and HER2/3 overexpression (72). A
four-protein signature, as assessed by immunolmistoical staining for PTEN in combination with a
subset of proteins involved in tumor growth fadbosignaling: SMAD4, cyclin D1, and SPP1, was found
to predict biochemical recurrence significantlytbethan Gleason score alone (73). The most piogis
pathway in which this is likely to be employed hetnear future is the PTEN/PI3K pathway as a number
of clinical trials using inhibitors of this pathwaye in development or underway in PCa (74).

Thus, the measurement of PTEN protein levels amthdtveam targets of AKT in prostate needle
biopsies may have value in the future if thesdstishow promise (74)It remains to be determinecthvhi
combinations of events will provide the most reaprognostic information to guide clinical decisio
making. Moreover, it has been found that PI3K andragen receptor (AR) pathway crosstalk plays an
intortant role in castrate resistant PCa developmeiith potentially important implications for PCa
etiology and therapy (75)

Conclusion

There is an urgent need for novel biomarkers fesessing CaP diagnosis and prognosis, due to
the highly variable natural history of CaP. , Traalital* markers cannot reliably distingish the potially
life-threatenig cancer from insignificant canceneTdevelopment of molecular and immunohistochemical
methods enabled the identification of potentiainéokers in relation to prognosis. Numerous prorgisin
markers and approaches have been identified amtl (lees of PTEN, fusion of genes TMPRSS2 ERG
and ETV1, GWAS, next generation sequencing, contimmaof ,traditional® markers with novel
biomarkers...) In addition, attempts to identifyncars with different response to hormonal theragyeh
been used. The common feature of most currentestuslitheir lack of prospectivity, limited mumbédr o
patients and have to be verified in larger prospedtudies. However, some of these markers may be
translated into clinical practice in future, anah ¢eelp to assess prognosis of CaP more accurately.
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Abstract

In this paper we discuss the ductal invasive breaster and the subsequent adjuvant therapy
based on standard chemotherapy FAC (5FU / Adriameydi cyclophosphamide) and the
palliative therapy selected according the resuftgenetic analysis of selectedlBC genes
responsible for multidrug resistance. The geneésting before palliative therapy could
optimalize the choice of therapeutic agents anddteease became stabilized.We can conclude,
that genetic testing #&BC genes can help to select the most effective tlyeagd so it should be
beneficial for cancer patients. The idea that campagients should be tested for multidrug
resistance before treatment is becoming increastigllenging.

Key words: ABC genes , individual treatment, breast cancer

Uvod

Nadmerna expresia ABC génov hra podstatnt ulohuligkovej odolnosti onkologickych
pacientov. Onkologicka lida poda Standardného protokolu vyuZiva konkrétnéili@ ale v pripade
zlyhania terapie ateda progresie ochorenia je ga3tora ina liecbu. V tomto¢lanku sa zaoberame
konkrétnou ligbou karcinomu prsnika s neo-adjuvantnym, adjuvantng paliativnym ligebnym
postupom poth Standardného protokolu. V tomto pripade boli jyhani liecby detekované metastazy
mozgu. Nasledovala paliativhadim& zaloZzena na zéklade vysledkov genetického tasi@wybranych
ABC génov a topoizomerazy2Pomocou genetickych analyz sme identifikovatilia, ktoré mézu bty
substratom pre nadmieru exprimované ABC transpgrt&m sa zniZzuje &inok liecby. Nadmerna
expresia topoizomerazywje povazovana za marker preche zaloZzenu na antracykline.

Pacienti a metddy

Pacientka (46 md) s duktalnym invazivnym karcinomom prsnika éfeti stupia s metastazami
vo vSetkych dvanastich axilarnych lymfatickych nalkkh s desapercentnou pozitivitou na estrogénovy
receptor, pozitivita na progesterénovy receptoraboégativna. Pozitivita na receptor Her2/neu bola
signifikantne pozitivna (3+). S nasadenim neoadjtng chemoterapie (CHT): FAC sa dosiahol len
¢iastainy Ustup ochorenia. Pacientke boli odobrané obpigaiky. Nasledovala geneticka analyza ABC
génov a expresie topoizomerazy. 2Adjuvantnd chemoterapia pomocou Docetaxelu, Hititve
a Tamoxifénu nezabrala a ochoreniel’@l@j progredovalo. Zvysila sa hladina CA15-3 a wytksa
metastazy v kostiach a mediastinalnych lymfatickyehlinach. Po paliativnej Kbe Navelbinom
a Herceptinom ochorenie dialej progredovalo. Vyskytli sa metastdzy v obidvoohozgovych
hemisférach. Ochorenie postupovalo aigmsamotnej lighy. Nasadila sa radioterapia CNS. Potom bola
pouZitd ciastane personalizovana fba Gemzarom s Navelbinom. Po tejtoclie sa ochorenie
stabilizovalo.

Vysledky 1/2

Pomocou gRT-PCR (relativna kvantifikacia AACt) bolo nadorové tkanivo pacientky
analyzované na zvySenu expresiu dsmich vybranyct® 4Bnov, génu pre topoizomerazu @ OP2y)
a pd referegnych génov pre normalizaciu dat (Tabl.). Hodndfa(Rodnota nadmernej expresie) bola
akceptovattna v pripade akACtSE < 1,7. ABC gény s RQ >2 boli povazované za nadmerne
exprimovane.
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Tab. 1.Zoznam vybranych ABC génov a refetag gény pre normalizaciu.

ABC TRANSPORTERS + topoisomerase 2o
ABCBI1, ABCCI1, ABCC2, ABCC3, ABCC4, ABCC5, ABCG2, ABCCI11 + TOP2ZA
REFERENCE GENES
GAPDH, IPOS, EIF, PPIA, B2M

Vysledky 2/2

V neoadjuvantnom rezime &by bol aplikovany komplex ligv - Sfluorouracil, Adriamycin
a cyklofosfamid (FAC). P&om 5-fluorouracil je substratom pre ABCC11l, ABCCHamnsportéry
a cyklofosfamid je substratom pre ABCC1, ABCC4 a G® transportéry. Pri tejto tibe bol
zaznamenany lefiastainy Ustup nadorového ochorenia.

V nadorovom tkanive po hore uvedenej neoadjuvariia&pe a mastektémii bola detekovana
nadmerné expresia génov ABCB1, ABCC3 a mierne ng&xpresia ABCC4, ABCC11 a TOR2
Nasledovala prva adjuvantnadim Docetaxelom s Herceptinom a Tamoxifénomcddni Docetaxel je
substratom pre ABCBL1 transportéru, Tamoxifen jesgdibom pre ABCC2 a Herceptin nie je substratom
pre ABC transportéry. U pacientky boli zaznamenamgtastdzy v kostiach a lymfatickych uzlindch
mediastina.

Prva paliativna ligba Navelbinom a Herceptinom. Navelbin je substratome RABCB1
a ABCC1-C3 transportéry. Bol zaznamenany postuprmattia a rozvoj metastaz.

Druha paliativha liegbha Gemzarom a Navelbinom. Gemzar je substratom pr€@® ktorého
expresia v nddorovom tkanive pacientky bola lemikréd. A ako sme uz spominali skér, Navelbin je
substratom pre ABCB1 a ABCC1-C3 transportéry. R teecbe sa ochorenie stabilizovalo a hladina
prognostického nddorového markeru pouzivanéhogpcikkdéme prsnika - CA15-3 klesla.

Diskusia

Zistili sme progresiu ochorenia po prvej neoad]jimaenchemoterapii a prvej adjuvantnej terapii.
Je vysoko pravdepodobné, Ze vSetky Standardne tporegdimy li€by boli suboptimalne a umoznili
progresiu ochorenia a vyskyt metastaz (3).

Paliativna ligba ciastaine zaloZena na vysledkoch genetickych analyz ABfhsportérov
znamenala stabilizaciu ochorenia a pokles nadomwugrkeru CA15-3 (3).

Pod’'a popisanej lithy mézeme predpokladaZze onkologicki pacienti by mohli mgrospech
z personalizovanej liby zaloZzenej na genetickej analyze ABC génov airopeeraz. Zda sa, Ze je
potrebné rozSitigenetické analyzy na vSetky ABC geény.
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Variacie Arteria communicans posteriomorfologicka Studia
Peter Weismann, Hisham EIl Falougy

Anatomicky Ustav, Lekarska fakulta, Univerzita Kosk&ho v Bratislave, Sasinkova 2, 813 72
Bratislava, Slovensko

Abstrakt

NajcastejSia beznd variacia cievneho priemerliudi sa vyskytuje pri arteria communicans
posterior (ACoP). Obidve artérie predstavuju kotdtee cievy medzi arteria carotis interna a
vertebrobazilarnym systémom. Cien tejto Stadie je zhodnotenie diameterov ACoP, P1
segmentu a vyskyt cievnych usporiadani ACoP. \tipsane pouzili 200Pudskych mozgov
(post mortem), ktoré sme ziskaligas anatomickych pitiev na LF UK v Bratislave. Jestamné
fetalne usporiadanie sme nasli na 21 mozgoch (1(E%adov) a bilateralne na siedmich
mozgoch (3,5% pripadov). Jednostranné usporiad&ypeké pre dospelého jedinca sa
vyskytovalo na 37 mozgoch (18,5% pripadov) a hifdtee usporiadanie na 11 mozgoch (5,5%
pripadov). Jenostranna hypoplasticka artéria sakywygala v 32,5% pripadoch. Rézne
usporiadanie ACoP méze tha klinického poliadu rdzne dbsledky hlavne na okcipitalny lalok,
ktory je cievne zasobeny z arteria cerebralis pmste

Kruacéové slova:morfolégia, arteria comunicans posterior, morfometrariacia, hypoplazia

Uvod

Anomalie a zmeny p@s embryonalneho Stadia vyvoja mdézu zapii mnoho varicii v
usporiadani a diametere mozgovych artérii. Jedsrdodrérie tvoriace Willisov okruh mézu dwchyba,
byt hypoplastické, zdvojené alebo aZ strojenéchbdpjSie sa vyskytujlca variacia diameteru cievy (v
tejto oblasti) medzi jedincami, sa vyskytuje pritesia comunicans posterior. Parové arteriae
communicantes posteriores predstavuju kolaterélrievyc medzi arteria carotis interna a
vertebrobazilarnym systémom. Fadmorfologickych Stadii je ACoP definovana ako hylasticka ak
ma priemer mensi ako 1 mm (1, 2). Arteria cerebrpbisterior je koncova vetva arterie basilaris na
arovni fossa interpeduncularis. Je rozdelen&'agej pripojenia s ACoP na prekomuniké ¢cag’ (P1) a
postkomunikanu ¢ag’ (P2). Mnohi autori na zéklade t@hu diameteru ACoP k diameteru P1,
rozpoznavaju a popisuju tri typy usporiadani ACBH. dospelom usporiadani je v oblasti P1 diameter
P1. Pri fetalnom usporiadani je diameter ACog5ivako diameter pri P1 (3, 4).

Ciel'om tejto Studie bolo zmeranie diameterov ACoP asdmentu a vyhodnotenie vyskytu
jednotlivych cievnych usporiadani ACoP.

Material a metody

Pracu sme realizovali na 20fudskych mozgoch (post mortem), ktoré sme ziskaiapo
anatomickych pitiev na LF UK v Bratislave. Mozgyliboypreparované z lelseej dutiny a fixované v
roztoku formalinu a benzinalkoholu. Kvéli hodnoterdiametru ciev sme z mozgovej bazy opatrne
odpreparovali arachnoideu. Na dokumentaciu circudueriosus Willisi a jeho vetiev sme pouZili
fotoaparat Camedia C-5050 (Olympus). Vonkajsi peierodnotenych ciev a ichizku sme merali
pomocou poitacoveho programu Cell F (Olympus). Nasnimané obraaly pre &ely paitacovej
morfometrie kalibrované pomocou mierky priloZzenej kazdej nasnimanej fotografii hodnoteného
materialu.

Vysledky

Jednostranny fetalny spdsob usporiadania sa vyiskyto21l mozgoch (10,5% pripadov) a
bilateralny pri siedmich mozgoch (3,5% pripadovedhodny sp6sob usporiadania sa vyskytoval v 4%
pripadov. Jednostranny sp6sob usporiadania sa toygky 37 mozgoch (18,5% pripadov) a obojstranny
pri 11 mozgoch (5,5% pripadov).

Obojstranna hypoplazia ACoP bola zaznamenana aZz7primozgoch (38,5%) pripadov.
Jednostrannd hypoplasticka artéria sa vyskytovab®,%8% pripadoch. Pritorfavostranna hypoplazia
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bola pozorovana pri 39 mozgoch (19,5% pripado\gv&stranna hypoplazia ACoP sa vyskytovala pri 26
mozgoch (13% pripadov). ACoP chybala v 5% pripad®rnavostranna aplazia sa vyskytla pri troch
mozgoch davostrannd pri siedmich.

VonkajSi diameter P1 bol bilaterdlne mensi ako lprmpiatich mozgoch (2,5%). Pravy P1
segment bol menSi ako 1 mm pri deviatich mozgocs%4 pripadov) alavy P1 segment bol
hypoplasticky pri Styroch mozgoch (2% pripadov)v@éna ACoP bola najdena v jednom pripade.

Tab. 1. Rozsah diametrov a stredny priemer (x smerodagighydka priemeru) arteria communicans
osterior (ACoP) a prekomunikaej ¢asti arteria cerebralis (P1).

ACoP P1
rozsah (mm) 0,34-2,78 0,423 -3,41
stredny priemer (mm) 1,05 + 0,035 1,88 +£ 0,038

o 4
Obr. 1. Bilateralny fetalny spdsob usporiadania arteri@¢r).
ACI - arteria carotis interna.
P1 — prekomunikenacag’ arteria cerebralis posterior.
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Obr. 2. Bilateralna hypopléazia arteria communicans po&nteﬁACoP).
ACI — arteria carotis interna.

P1 — prekomunikanacag’ arteria cerebralis posterior.
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Diskusia

Variacia mozgovych ciev méze tyspésobena: 1. vyberom nezaynych ciest z
primitivneho cievneho zvézku, 2. pretrvavanie égjme obliterovanych ciev, 3. vymiznutie
zvycajne pretrvavajucich ciev, 4. nekompletny vyvojflizia a absorbcia bezne odliSnyisti
ciev (5,6).

Definicia hypoplastickej ACoP sa liSi dadtypu Studie a pdd pouzitého spbsobu
merania. V réznych morfologickych Stadiach sa peaziodnota 1 mm ako prah preiemie
cievnej hypoplazie. Radiologické Studie povazujiprahovd hodnotu 0,4 az 0,8 mm (7). My
sme povazovali za prahovl hodnotu 1 mm. Pri niz&ietinotdch sme artérie povazovali za
hypoplastické. Diameter ciev nie je konStantny &en€a priebezne v malom rozsahu meni
Vonkajsi diameter hypoplastickej artérie sa prefivenoltas zvésit' a dosiahnti 1 mm (8).
Merania post mortem su aplikované na prazdnychvekisatych cievach¢o moéze zapiinit
odliSnosti v nameranych hodnotach diametrov medoirfametrickymi a radiologickymi
Stadiami.

V predchédzajucich Studidch inych autorov vykazovasporiadanie ACoP pomerne
vysoku roznorodas Vyskyt fetalneho spdsobu usporiadania sa pohybonalzi 15 az 40%
pripadov. Prechodny spésob bol dokazany v 8 az g8padov a dospely spdsob usporiadania
bol zisteny v rozsahu od 30 do 77% pripadov.

Hypoplazia ACoP bola v rozmedzi 18 az 32%. PravaRAChybala v 2,2 az 4,5 W’ava
v 0,85 az 6,5% pripadov (3, 4, 9, 10). &ajtejSim nalezom v naSej praci bola hypoplazia ACoP
(38,5% bilateralne a 32,5% unilateralne). Vyskyaligeho spésobu usporiadania bol v rozsahu
obdobnom ako v predchadzajucich pracach inych aut@le vyskyt prechodného a dospelého
usporiadania bol nizSi. Netypické konfiguracie uggmania ACoP moézZu niiaz klinického
hradiska r6zne désledky, hlavne na lobus occipitkty je cievne zasobeny z arteria cerebralis
posterior (3, 11). Vo fyziologickom pripade su kévntlaky v oboch systémoch -
vertebrobazilarnom aj arteria carotid interna, aké ako v ACoP aich krv sa teda sa nemieSa.
Na druhej strane, ak sa vyskytne v niektorom zttydystémov obStruktivna choroba, krv bude
prudit z ,normalneho” systému do toho ktory budetm&si tlak cez komunikaé artérie (5, 7,
12).

Hypoplazia ACoP sa stava rizikovym faktorom ischel®j mozgovej rftvice v pripade
vyskytu ipsilaterdlneho uzaveru arteria caroti®rind. Pri vyskyte hypoplazie ACoP je vysSi
vyskyt aneuryziem v pripadoch vo fetalnom a precdood systéme usporiadania ciev ako je
tomu pri dospelom systéme (4).
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Abstract

Prostate cancer belongs to most common cancerg ensecond leading cause of cancer death in men.
A genetic predisposition with epigenetic change®MA contributes to the development of the disease.
The methylation of the cytosine located within dileotide CpG of promoter regions of specific genes
belong to most studied epigenetic changes. Thigdears aimed at brief review of information in pext

to DNA hypermethylation and prostate cancer deveki.

Key words: prostate cancer, biomarkers, epigenetics, DNA hypérylation

Introduction

Prostate cancer (PCa) belongs to most common caacerit is second leading cause of cancer
death in men (over 250.000 men dies worldwide eyegy). A genetic predisposition or acquired geneti
and epigenetic changes with effect of other factsush as advanced age, race and environmentatdact
contribute to PCa development (Demichelis and $tan2014).

PCa is a very heterogeneous disease that is charad by different clinical behaviour, from
indolent, slow-growing tumors to aggressive, fastaing tumors with lethal progression. Early
diagnostics and identification of PCa type are ialuprerequisites for efficient treatment of patgen
Recently, the diagnostics of early stages of P@ased mostly on evaluation of prostate-speciftgan
(PSA) in serum of patients (Lilja et al., 2008). iMeith high levels of PSA undergo biopsy in order t
determine histopatological grading of PCa — Gleasaming which classifies tumors from 1 to 5 (mtost
least differentiated) (Epstein, 2010) as well amisty — determination of the status of their priynar
tumors (T1 — T4; from bounded to fully invasive)ittwor without lymph node involvement (NO or 1)
(Cheng et al., 2012). The results from this scrgediagnosis lead into conventional treatment Lidiclg
radical prostatectomy and brachytherapy. In caseleéinced PCa, conventional treatment continuds wit
with androgen deprivation therapy. However, in maages the cancer recurs (Michaelson et al., 2008).

At present, the clinicians and researchers areetbto find more precise and sensitive biomarker
suitable for PCa diagnostics as well as prognostitd therapy. The excessive study of epigenetical
mechanisms, including DNA hypermethylation proviggemising results in this context (Chin et al.,
2011).

The main goal of the present artideto offer brief review of information in respetct DNA
hypermethylation and PCa development.

DNA hypermethylation

Methylation of DNA is their covalent modificatiory lbinding of the methyl group to cytosine in
dinucleotides containing cytosine and guanine (Cpldese dinucleotides are present in the DNA
sequence and they are termed as CpG islands. Tdeey o about 60% of all genes in the human
genome. They are responsible for controlling theegexpression and their methylation lead into
silencing of transcriptional activity of the dowredim gene. There are a lot of different genesydicy
tomor supresor genes, genes involved in metabdisthgenes responsible for cell invasion, which has
been extensively studied in respet to PCa riskidleeir methylation (Yang and Park, 2012).

The most known genome alteration in PCa is hyptytetion of CpG at promoter of
Glutathione S transferase P1 (GSTP1). It occursajority (>90%) of PCa cases but it is not present
normal tissues (Lee et al., 1997). The lost of GB&#tivity lead into increasing of oxidative danwfe
DNA which may lead in increase of PCa risk. GSTRpemmethylation is ussualy detected in high
frequency in urine, blood and ejaculates of PCeeptst

Another frequently investigated is gene for Tiséunleibitor of metalloproteinase-2 (TIMP-2)
which is involved in PCa progression and metastéisisas documented that hypermethylation of gene
for TIMP-2 lead into its down-expression in PCa whmmpared with normal tissue (Pulukuri et al.,
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2007). On the contrary, there are several workshvdiescribed the overexpression of TIMP-2 in PCa.
Moreover, Ross et al. (2003) showed corelation dvetVIMP-2 expression and clinical stages and
recurrence.

The lack of Retinoic acid recept®(RARp) expression is typical for tumor tissues. Thidug tu
hypermethylation of promoter RARwhich occures in 40 — 84% of PCs tissues (Nakayetnad., 2001,
Zon et al., 2009). Moreover, moderate or high fesmies of RAR promoter methylation were also
documented in urine or blood samples (Bastian €t28108; Rouprét et al., 2008). It makes AR
promoter hypermethylation promising biomarker farlg PCa detection.

Recent studies, reported hypermethylation in ptemof Caveolin-1 (CAV1) gene in respect to
PCa. CAV1 belong to tumors suppressor genes whiehraolved in vesicular transport, cholesterol
balance, transformation and tumorigenesis. Moreavects as metastasis-promoting gene (Chang,et al
2013; Patra and Bettuzzi, 2007). It was shown ithaieased DNA hypermethylation of CAV1 gene is
associated with biochemical recurrence in patiente PCa (Bachmann et al., 2008). On other hand
CAV1 overexpression was recorded in patients wggressive PCa recurrence (Karam et al., 2007).
These conflicting data suggest that hypermethylatb CAV1 may not be unfailing biomarker for
detection of PCa.

The table 1 provides overview of different genebiclw has been studied in respect to
hypermethylation and PCa development.

Table. 1.0Overview of different genes studied in respectypenmethylation and PCa development.

Group Examples

Tumor suppressor genes Caveolin-1

Cyclin-dependent kinase inhibitors
Death-associated protein kinase
Fragile histidine triad

Lipoprotein lipase
Prostaglandin-endoperoxide synthase 2
Tumor necrosis factor receptor superfamily
Genes involved in metabolism Androgen receptor

Estrogen receptors

Retinoic acid receptdy

Glutathione S transferase P1

Cellular retinol-binding protein 1
Endothelin B receptor Gene

Aldehyde dehydrogenase 1A2 and 1A3
Tumor cell invasion / metastasisi  Adenomatous pdigcoli (APC)
CD44

E-cadherin

H-cadherin

S100 calcium-binding protein A2
Tissue inhibitor of metalloproteinase-2
SRC family tyrosine kinase

Neutral endopeptidase 24.11

DNA repair genes Methylguanine-methyltransferase

Clinical application of DNA hypemerthylation

The “classical” diagnostics of PCa is based maoilyevaluation of PSA levels in serum and
evaluation of needle biopsies. In some cases thdtsemay be false negative. Recently, these stdnda
approaches are supplemented by molecular diagapstiduding evaluation of DNA hypermethylation
in selected genes. It was shown that the utiliatimltigene methylation panel including GSTP1, APC,
TIG1 and RAR2 significantly increases the sensitivity of diagiics of PCa in comparison with
histological evaluation (Rosenbaum et al., 2005).

For a more exact interpretation of the resultsetfage available several scoring systems, such as
methylation index (MI) which is defined as the oatf methylated genes and the total number of
analyzed genes (Tilandyova et al., 2010). The pesitorrelation betveen Ml and Gleason score was
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demonstrated. It was also demonstrated that inedel@sel of methylation in APC promoter seem to be
good predictor of unfavorable prognosis. The higaeel of methylation of GSTP1 and APC are in good
correlation with high level of PSA. Moreover, hypeathylation of two genes, including GSTP1 and APC
correlated with pT stage or Gleason score. Theeagad levels of their hypermethylation were also
associated with progression of PCa and lead inbchgimical recurrence after radical prostatectomy
(Ellinger et al., 2008).

On the other hand, the utilization of hypermettigla of selected genes in clinical practice may
be affected by biological variability (in selectpdpulation) as well as by preparation of materiad a
methological approaches; but this may be avorlapgdunification and standardization of selected
methods.

Conclusion

A number of studies were established to check #palgility of quantitative changes in DNA
hypermethylation, as measured either in PCa tissues serum and urine, to augment prediction of
outcome for PCa patients. Although large trials maguired prior clinical implementation, several of
these studies suggest that hypermethylation bicensrknay add value to existing models used for
prediction of outcome in PCa.
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