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1. Uvod

Habilita¢ni prace je souborem 10 publikovanych odbornych praci, které se vénuji tématu
chronického zilntho onemocnéni a jeho komplikacim, zejména chronickym bércovym

ulceracim vendzni etiologie, jejich genetické podminénosti a také jejich 1€cbé.

Problematika kvality zivota u pacienti s chronickymi bércovymi viedy byla obsahem
dizertacni prace z roku 2013. V poslednich letech byly zkoumany zejména genetické aspekty
chronického zilniho onemocnéni. Dalsi prace se tykaji moznosti 1€cby chronickych bércovych
ulceraci venodzni etiologie. Tyto prace prezentuji zejména vysledky klinickych studii, které
probihaly na I. dermatovenerologické klinice FN u sv. Anny v Brn¢ a zkoumaly vliv jednak
kultivovanych epidermalnich alograftli, jednak oxidované celulézy na hojeni bércovych

viedu.
Publikované prace jsou rozdéleny do 3 casti.

I. Genetické aspekty chronického zilniho onemocnéni

Il. Terapie chronickych bércovych ulceraci vendzni etiologie — kultivované epidermalni
keratinocyty

I11. Terapie chronickych bércovych ulceraci ven6zni etiologie — oxidovana celuloza

Komentatr charakterizujici stav problematiky, cile prace, pouzitou metodiku, dosazené
vysledky i kvantitativni a obsahovy autorsky podil uchazece je uveden zvlast' pro kazdou Cast

habilitacni prace. Souhrn literatury je uveden na konci této prace.
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3. Komentar k problematice s aktualnimi poznatky

|. Genetické aspekty chronického zilniho onemocnéni

1. Slonkova V, Slonkova V Jr, Vaski A, Vaska V. Genetic predisposition for chronic
venous insufficiency in several genes for matrix metalloproteinases (MMP-2, MMP-9,
MMP-12) and their inhibitor TIMP-2. JEADV 2017; 31:1746-1752.

(kvantitativni podil uchazece - 70% - sbér a analyza dat, klinické vySetfovani pacientd,

vyhledévani a analyza literatury, ptiprava textu publikace)

2. Slonkova V, Vagka V, Vaska A. MMP-9 gene polymorphism in patients with chronic

venous disease, 18th Meeting of the European Venous Forum, Book of Abstracts p. 76

(kvantitativni podil uchazece - 80% - sbér a analyza dat, klinické vySetfovani pacientd,

vyhledavani a analyza literatury, text publikace)

Od r. 2015 do r. 2017 probihal na 1. dermatovenerologické klinice FN u sv. Anny v Brn¢ ve
spolupraci s Ustavem patologické fyziologie LF MU vyzkumny projekt ,,Geneticka
predispozice progrese chronického zilniho onemocnéni®. Cilem prace bylo nalezeni
rizikovych gent, které ovliviiuji vznik a progresi CVD a dale pribéh hojeni bércovych vieda
zilni etiologie, tak aby bylo moZno predikovat pribéh CVD u kazdého pacienta a
individualizovat tak 1éCebny plan. Prvni ¢ast vysledki byla publikovana v Journal of
European Academy of Dermatovenereology v fijnu 2017. Tato prace shrnuje vysledky
asociacni case-control studie, ktera hodnotila vztah mezi polymorfismy MMP-2 (rs243864),
MMP-9 (rs3918242), MMP-12 (rs7123600) a TIMP-2 (rs8176329) a rizikem vzniku CVD.

Rovnéz byla provedena studie genotyp — fenotyp v ramci souboru pacienti s CVD.

Druhé prace byla publikovana ve formé e-posteru na 18. kongresu European Venous Forum
vroce 2017 v Portugalsku. Zahrnuje dil¢i vysledky tykajici se polymorfismu MMP-9

(rs3918242) u pacientu s chronickym zilnim onemocnénim.



Stav problematiky

Chronické zilni onemocnéni (CVD - chronic venous disease) piedstavuje zavazny
celosvétovy zdravotni problém (61). Podle epidemiologického prizkumu zr. 2012 je
prevalence CVD vV populaci vysoka, uvadi se 84 % (véetn¢ stadia COs — symptomaticti
pacienti bez viditelnych znamek nemoci), z toho 64% populace méa néektery z klinickych
projevit C1-C6 (92, 106). V Ceské republice byla zjisténa prevalence CVD 70 % (Czech Vein
Program), pfi¢emz naklady na 1é&bu v CR dosahuji az 350 miliont K& roéné a 10-15 %
pacientl je v pracovni neschopnosti (60, 62, 133). Onemocnéni ma progredujici charakter,
vyrazn¢ snizuje kvalitu Zivota a bércovymi viedy trpi 1-2% populace (97).

Chronické zilni onemocnéni je definovano jako dlouhodobé morfologické a funkéni
abnormality Zilniho systému, které se projevuji symptomy a /nebo zndmkami vyzadujicimi
vysetieni a /nebo 1é¢bu (26). Projevy chronického zilniho onemocnéni nejlépe popisuje CEAP
klasifikace, kterd kromé klinickych ptiznakli zohledniuje i etiologii, anatomii a patofyziologii
choroby (26, 27). Podle klinickych projevii se CVD déli na nékolik stadii, které jsou oznacené
jako CO — C6. Stadium CO zahrnuje subjektivni potize (flebalgie, nocni kiece, pocit
neklidnych nohou), ale bez viditelnych znamek zilniho onemocnéni. Stadium C1 piedstavuje
teleangiectasie nebo retikularni varixy, stadium C2 kmenové varixy, stadium C3 varixy a
edém (tzv. flebedém), stadium C4 varixy a trofické kozni zmény, stadium C5 varixy a
bércovy vied. Stadium C4 se dale noveé déli na Cda — varixy s pigmentaci nebo ekzémem a
C4b — varixy s dermatoliposkler6zou nebo atrophia blanche. Stadia C3-C6 predstavuji
pokrocily stupent chronického Zilntho onemocnéni a jsou oznacovana jako chronicka Zilni
insuficience (CVI) (26, 27, 96).

Mezi hlavni rizikové faktory pro vznik CVD patii v€k, Zenské pohlavi, obezita, t¢hotenstvi,
anamnéza hluboké Zilni trombdzy a pozitivni rodinna anamnéza (64). Geneticka predispozice
je velmi dilezitym rizikovym faktorem vzniku CVD (41, 47, 54, 87, 88, 89, 135).
Pravdépodobnost vzniku kmenovych varixi je az 90 %, pokud oba rodice trpi CVD (18, 63).
Geneticka variabilita u genti matrix metalloproteinaz (MMP) mohou hrat dilezitou roli

v progresi CVD a vzniku Zilniho bércového viedu (51).

Matrix metalloproteindzy (MMP) jsou proteolytické enzymy vyZadujici ke své aktivité kov
(86). Jsou to endopeptidazy zavislé na zinku, maji schopnost $tépit témét vSechny slozky

extracelularni matrix (ECM) a bazalni membrany (BM). Hraji diilezitou roli ve vSech
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biologickych procesech, pii kterych dochazi k degradaci a remodelaci ECM. Fyziologicky se
uplatiiuji napf. pii embryogenezi, angiogenezi a hojeni ran, avSak ucastni se i patologickych
dé&ju, napt. nadorovych onemocnéni ¢i chronickych zanétlivych chorob (7, 32, 76, 77, 114,
131).

MMP byly poprvé popsany v roce 1962 Jerome Grossem a Charlesem Lapierem u Clovéka,
pozdé&ji byly prokazany i u jinych obratlovci, bezobratlych i rostlin (86). V lidském genomu
je 24 gent, které koduji 23 matrix metalloproteindz, MMP- 23 ma duplicitni gen. Jednotlivé
MMP maji podobnou strukturu, 1i$i se substratovou specifitou (86). MMP se n¢kdy oznacuji
také jako matrixiny a patéi do SirSi skupiny zinek-dependentnich metalloproteinaz, tzv.
metzincintl. Skupina metzincinti zahrnuje kromé¢ MMP jest¢ adamalysiny (ADAM - a
disintegrin and metalloproteinase), dale ADAMTS (ADAM s thrombospondin motifs),

astaciny, dale bakterialni serralysiny a protozoarni leishmanolysin (86).

Klasifikace MMP

MMP lze délit jednak podle struktury, jednak podle toho, jaky je jejich cilovy substrat, ktery

Steépi.

Podle struktury se MMP déli na archetypdlni (patii sem kolagenazy, stromelysiny a dalsi

MMP, napt. MMP-12), matrilysiny, Zelatinazy a MMP aktivované furinem (napf.

membranoveé vazané MMP) (32).

Podle substratu, ktery $tépi, se MMP déli také do nékolika skupin (80, 86):

- kolagendzy — §tépi zejména intersticialni kolagen I, II a III na mensi fragmenty, ale mohou

Stépit 1 jiné molekuly ECM a solubilni proteiny (132). Patii sem MMP-1 (kolagenaza-1),

MMP-8 (kolagenaza-2), MMP-13 (kolagenaza-3), MMP -18 (kolagenaza-4) — tato se u

cloveéka nevyskytuje

- Zelatinazy — $tépi zejména zelatinu, ale také kolagen IV, V a XI, déle laminin a dal$i — patii

sem MMP-2 (zelatinaza A) a MMP-9 (Zelatinaza B)

- stromelysiny — $té€pi kolagen, Zelatinu, kasein a dalsi, patii sem MMP-3 (stromelysin-1),

MMP-10 (stromelysin-2), MMP-11 (stromelysin-3) a MMP-19

- matrilysiny — chybi u nich hemopexinova doména, $tépi kolageny, zelatinu a dalsi, patii sem

MMP-7 (matrilysin-1) a MMP-26 (matrilysin-2)

- membranove vazané MMP (MT-MMP) — jsou aktivovany intracellularné, patii sem 4

transmembranové proteiny — MMP-14 (MT1-MMP), MMP-15 (MT2- MMP), MMP-16

(MT3-MMP) a MMP-17 (MT4-MMP) a 2 kotvici proteiny - MMP-24 (MT5-MMP) a MMP-
9



25 (MT6-MMP)

- ostatni MMP — patii sem MMP-12 (makrofagova metalloelastaza), MMP-20 (enamelysin),
MMP-23 a MMP-28 (epilysin). MMP-12 stépi elastin, kolagen IV, Zelatinu, laminin,
fibrinogen, kasein a dalsi, primarn¢ je exprimovana makrofagy a je nezbytna pro jejich
migraci (66, 86, 130).

Za fyziologickych podminek je trojSroubovice kolagenu Stépena specifickymi protedzami —
kolagenazami. Nejdulezitéjsi z nich je kolagenaza -1 (MMP-1), ktera $t€pi nativni, intaktni
kolagen typu I-111I, coz vede ke zméné tepelné stability trojSroubovice kolagenu. Tato zména
tepelné stability umoziuje dokonceni procesu degradace kolagenu dalSimi protedzami, a to

zelatinazami (MMP-2 a MMP-9) (81).

Struktura MMP

Typickou MMP tvofi nékolik ¢asti — propeptid (signalni sekvence a prodoména), dale
katalyticka metalloproteindzova doména, spojovaci peptid (oznacovany jako flexibilni zavées)
a hemopexinova doména. U Zelatinaz (MMP-2 a MMP-9) se v ramci katalytické domény
navic nachazi Zelatinu vazajici oblast — 3 fibronektin typ II ,,motif, repeats®. V ptipadé¢ MT-

MMP je navic ptfitomna transmembranova doména (Obr.1) (86).
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Obr. 1: Struktura MMP

Requlace MMP
MMP jsou produkovany aktivovanymi zanétlivymi buiikami (neutrofily, makrofagy), dale

keratinocyty, fibroblasty a endoteliemi (37). Vétsina MMP je uvoliiovana z bunék do ECM.
Vyjimku tvofi membranové vazané MMP (MT-MMP), které zlstavaji spojeny s BM a hraji
dulezitou roli v aktivaci jak dalsich MMP, tak i v aktivaci TNF (37). MMP jsou secernovany
Z bunék v neaktivni form¢ jako proenzymy (pro-MMP), Kk jejich aktivaci dochazi odstépenim
propeptidové domény (proteolyticka aktivace), a to bud’ jinymi MMP (zejména MT-MMP)
nebo serinovymi protedzami (endoproteazy obsahujici serin v reak¢énim centru, patii sem
plazmin, neutrofilni elastaza, mastocytova chymaza) (37, 80).

Aktivita MMP je pfisné regulovana. Jednak je fizena na urovni genové exprese (aktivace nebo

suprese), dale je to jiz vySe zminéna aktivace proenzymu (pro-MMP), a to mechanismem
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»cystein-switch®. Poslednim mechanismem je regulace enzymatické aktivity - existuji 2
hlavni typy endogennich inhibitorQ, a to alpha-2-makroglobulin a tkédnové inhibitory MMP
(TIMP) (65, 86).

Alpha-2-makroglobulin je plazmaticky glykoprotein, ktery inhibuje vétSinu proteaz
mechanismem endocytozy.

aktivované MMP. TIMP tvoii s MMP komplexy a blokuji vazebnid mista. Rovnéz blokuji
aktivaci pro-MMP (37). U obratlovca byly identifikovany celkem 4 TIMP (TIMP-1, TIMP-2,
TIMP-3 a TIMP-4), pti¢emz nejdulezitéjsi je TIMP-3, ktery je povazovan za hlavni regulator
aktivity MMP in vivo (86, 132). V nedavné dobé prob¢hla fada klinickych studii, které
zkoumaly vyuziti syntetickych TIMP pii 1é¢bé fady nemoci, zejména nadorovych onemocnéni
a revmatoidni artritidy. Syntetické TIMP v téchto studiich nebyly pfili§ ucinné,
pravdépodobné vzhledem ke slozitym vztahiim regulace mezi MMP a jejich inhibitory. Proto
se vyvijeji nové selektivni TIMP, které¢ jsou zamétfeny na identifikaci enzyml zasadnich
Vv progresi daného onemocnéni (86).

TIMP-2 inhibuje vSechny aktivované matrix metaloproteindzy. Kromé& toho ma schopnost
inhibovat neaktivovanou pro-MMP-2. TIMP-2 tvoii tfimolekulovy komplex s MT1-MMP a
pro-MMP a tento komplex zprostredkovava aktivaci pro-MMP-2. Proto je pti absenci TIMP-2
znemoznéna aktivace pro-MMP-2. Gen pro TIMP-2 se nachazi na chromozomu 17q25 (84,

132). Diky vazbé¢ s integrinem o331 mtze TIMP-2 zamezovat angiogenezi.

Kromé endogennich inhibitordt MMP existuji i farmakologické inhibitory MMP, napf.

doxycyklin, chelatory zinku a dalsi, mohou vSak mit vaZzné&jsi neZadouci ucinky.

MMP a CVD

V patogenezi CVD hraje roli zilni reflux, ktery vede k Zilni hypertenzi a dilataci Zilni stény.
Bylo prokazano, Ze chronicka Zilni hypertenze zvySuje expresi a aktivitu MMP, které ptisobi
na endotelie a hladkou svalovinu v cévnich sténach, vedou k zilni dilataci a brani svalové
kontrakci (107, 116). MMP-2 mize vést k Zilni relaxaci nebo mize inhibovat Zilni kontrakci
(31). Poskozené endotelie aktivuji leukocyty, vznika zanétliva reakce, jejimz dusledkem je
dalsi poSkozeni zilni stény. V soucasné dobé je snaha o nalezeni specifickych inhibitord
MMP, které by mély minimalni nezddouci u€inky a byly by schopny zabranit progresi CVD a

rekurenci varixti po operacich (6, 61).
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MMP a hojeni ran

MMP hraji za fyziologickych podminek velmi dtilezitou roli v procesu hojeni ran, a to ve
vSech fazich — tj. fazi zanétlivé, proliferacni, ve fazi remodelace (2, 37). V zanétlivé fazi $tépi
poskozenou ECM a rozrusuji biofilm (29). Biofilm je tvofen bakteriemi, které produkuji
zelatinovou ECM chranici bakterie pfed imunitnim systémem. V proliferacni fazi se uplatiiuji
pfi degradaci bazalni membrany kapildr, coz umoziiuje angiogenezu. MMP jsou také
nezbytné pii migraci keratinocytt, fibroblastii a endotelidlnich bunék na spodiné rany. Jedna
se zejména o MMP-1, ktera je produkovana keratinocyty, $t€pi kolagen I, ¢imz umoziuje
pohyb keratinocyti po spodiné rany. MMP se také uplatituji ve fazi kontrakce a remodelace
jizvy (37).

MMP se objevuji v ECM ihned po tkdilovém poskozeni. Bylo zjisténo, Ze na rozdil od
akutnich ran jsou jejich hladiny u chronickych ran mnohonésobné& vyssi, protoze je snizena
hladina jejich tkanovych inhibitord (TIMP) (117). Chronicky vysoka hladina MMP vede
k tomu, Ze MMP zac¢nou degradovat proteiny, které za normalnich okolnosti nepatii mezi
jejich substraty — riistové faktory, receptory a proteiny ECM nezbytné pro hojeni rany, napf.
kolagen (37). Vysledkem je zpomaleni hojeni rany. Bylo prokdzano, ze MMP inaktivuji i
ristové faktory ptridané exogenné, napi. rekombinantni z desticek odvozeny rtustovy faktor
(PDGF — platelet derived growth factor); proto v fadé klinickych studii zjistujicich efekt
ristovych faktor méla tato terapie jen omezeny tspéch (37).

Nekteré MMP maji navic schopnost inaktivovat alpha-2-makroglobulin a alpha-1 proteazovy
inhibitor, coz jsou dulezité inhibitory sérinovych protedz (non-MMP) - elastazy a plazminu
(37). Vysoké hladiny MMP tak nepifimo vedou k vysokym hladindam plazminu a také
neutrofilni elastazy, kterd vede k degradaci elastinu a fibronektinu. Navic produkty vzniklé
degradaci fibronektinu stimuluji dal$i uvoliiovani MMP, ¢imz vznika circulus vitiousus (37).
Cilem lécby je proto zménit prostfedi chronickych ran zménit na prostfedi podobné randm
akutnim, které se za normalnich okolnosti hoji rychle.

Pfi hojeni ran a vzniku bércového viedu hraji dilezitou ulohu zejména MMP-1, MMP-2,
MMP-8 a MMP-9 (9).

Zelatindzy (MMP-2 a MMP-9)
Mezi zelatinazy patti MMP-2 (Zelatindza A) a MMP-9 (Zelatinaza B). Ob¢ tyto protedzy hraji

vyznamnou roli pfi vzniku bércového viedu. Bylo zjisténo, ze v ECM nehojicich se ran chybi
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intaktni fibronektin (37). Fibronektin je naprosto zasadni adhezivni protein, protoze
fibroblasty a endotelialni buriky mohou migrovat jen v jeho ptitomnosti (81). Bylo prokazano,
ze intaktni fibronektin se znovu objevi na spodin€ rany, pokud se rdna za¢ne hojit. U Zelatinaz
se v ramci katalytické domény nachazi Zelatinu vazajici oblast, coz jsou 3 fibronektin typ II
opakujici se motivy (,,motif repeats”). Tyto fibronektinové motivy jsou zodpovédné za $tépeni
kolagenu IV, zelatiny a elastinu (132). Navic, jak jiz bylo zminéno, produkty vzniklé
degradaci fibronektinu stimuluji dalsi uvoliiovani MMP.

Zelatinazy jsou povazovany za velmi dileZité, protoZe jsou schopny $tépit kolagen mnohem
efektivngji neZ ostatni MMP (137). Zelatinazy jsou nezbytné pro remodelaci tkani a také pro
zahdjeni epitelizace.

Polymorfismy promotorovych oblasti MMP-2, -9 a -12 byly zkoumany u rtiznych chorob, u
kterych destrukce ECM hraje vyznamnou roli, napf. u diabetu, onemocnéni koronarnich

artérii aj (9, 95, 105).

Material a metody

Charakteristika souboru

Do vysetfovaného souboru bylo zatazeno postupné celkem 150 pacienti (63 muzt a 87 Zen)
lécenych na I. dermatovenerologické klinice FN u sv. Anny v Brné s diagn6zou chronického
zilniho onemocnéni (klinicka stadia C2-C6 dle CEAP klasifikace). Primérny vék pacientt byl
70 let, pficemZ u muzl to bylo 73 let a u zen 67 let. Primérny vék zacatku onemocnéni byl
43,2 let (48,3 let u muzl a 39,5 let u Zen). Zatazeni byli pacienti ve vSech klinickych stadiich

CVD dle CEAP Kklasifikace, tj. stadium CO-C6. VétSina zatazenych pacientd vSak méla

P 4

Nejvice zatazenych pacientii trpélo aktivni bércovou ulceraci (stadium C6 — celkem 79
pacientt, z toho 38 muzl a 41 Zen) nebo prodélalo bércovy vied v minulosti (stadium C5 —
celkem 41 pacientll, z toho 17 muzi a 24 Zen). Do stadia C4 (kozni zmény pii CVD) bylo
zafazeno 15 pacientll (8§ muzi a 7 Zen) a do stadia C3 (flebedém) 12 pacientii (jednalo se jen o

zeny). Vylu€ovaci kritéria zahrnovala pacienty s diabetickymi a aretidlnimi ulceracemi.

Recidivujici ulcerace udavalo 88 pacientit (35 muzii a 53 Zen), zanéty Zil (povrchové i
hluboké) uvedlo v anamnéze shodou okolnosti také 88 pacientd (37 muzl a 51 Zen), erysipely

dolnich koncetin udévalo 56 pacientii (23 muzi a 33 Zen). Rodinna anamnéza stran CVD byla
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pozitivni u 105 pacientd (39 muzi a 66 zen). Operace varixl byla provedena jen u 21 pacientt

(9 muzd a 12 Zen). Pacienti byli 1é¢eni pro fadu komorbidit: pro hypertenzi bylo 1éceno

celkem 105 pacientd (49 muzl a 56 zen), pro ischemickou chorobu srdecni (ICHS) to bylo 50

pacientli (34 muzt a 16 zen), pro diabetes mellitus celkem 51 pacient (24 muza a 27 Zen).

Vice nez polovina pacientii byla obéznich — celkem 81 pacienti (30 muzi a 51 Zen).

Trombofilni stav byl zjistén dle anamnézy u 12 pacientli (7 muzti a 5 Zen), nadorovym

onemocnénim trpélo 21 pacientt (11 muzt a 10 zen) (Tab.1).

Tab.1. Charakteristika souboru

Muzi (N=63) Zeny (N=87) P-value
Rok narozeni (median, rozmezi) 1943 (1915-1975) | 1946 (1923-1990) | 0.069
Zacatek onemocnéni (median, rozmezi) |44 (21-90) 35 (16-80) 0.0004
Pcorr:0.0l*
Doba trvani ulcerace (mésice; median, 2 (0-144) 0 (0-168) 0.434
rozmezi)
Dg dle CEAP klasifikace (%) Cl-0 Cl-1(1) 0.580
C2-0 C2-2(2) 0.335
C3-0 C3-12 (14) 0.001
C4-8(13) C4-7(8) 0.462
C5-17 (27) C5-24 (28) 0.543
C6 — 38 (60) C6 — 41 (47) 0.076
Ulcerace (%) 39 (62) 24 28) 0.050
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Recidiva ulcerace (%) 53 (84) 34 (39) 0.312
ICH DKK (%) 27 (43) 20 (23) 0.008
Rodinna anamnéza CVD (%) 39 (62) 68 (78) 0.05

Operace varixi (%) 9(14) 12 (14) 0.557
Komprese (%) 61 (97) 83 (95) 0.502

Kontrolni soubor tvofilo celkem 227 zdravych osob bez znamek kardiovaskularniho

onemocnéni a diabetu. Primérny v€k a pohlavi pacientli kontrolniho a vysetfovaného souboru

byly srovnatelné.

Studie byla provedena v souladu s etickymi zasadami Helsinské deklarace a byla schvalena
Etickou komisi Masarykovy univerzity v Brné. VSichni pacienti podepsali informovany

souhlas.
Genotypizace

Kazdému pacientovi bylo odebrano 10 ml vendzni krve, kterd byla okamzité pienesena do
kontejnérku s obsahem 0,5ml 0,5M EDTA. Obsah kontejnérku byl ihned peclivé promichan a
odebrana krev byla uloZena do ledni¢ky pii teploté¢ 4°C. Vzorky byly zpracovany ve
spolupraci s Ustavem patologické fyziologie LF MU.

DNA byla izolovana z perifernich leukocytli pomoci opakované centrifugace a proteinazy K.
Nasledn¢ byla provedena polymerdazova fetézova reakce a restrikéni analyza podle
standardizovanych protokold pro genotypizaci MMP-2, MMP-9 a MMP-12 a TIMP-2. Pro
TIMP-2  byly pouzZity primery obsahuyjici v kladném sméru sekvenci 5'-
GCCCAGGGTGTTCTGGATGG-3’ a \% zaporném sméru 5'-
CTCCGGCTGATGGCCCCACT-3. Délka produktu PCR pro TIMP-2 byla 221 bp. Nasledna
restrikéni analyza probihala 4 hodiny ve 2% agarosovém gelu s ethidium bromidem pfi

teploté 65°C, jez je potiebnd pro aktivitu pouzit¢ho enzymu Bsrl. Po ozafeni UV svétlem
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bylo podle délky fragment mozné rozeznat 3 genotypy: GG (221 bp), GA (221, 160, 61 bp) a
AA (160, 61 bp).

Statisticka analyza

Ve vsech sledovanych skupinach byla distribuce genotyptu a frekvence alel porovnavéana
pomoci x* testu a Fisher exakt testu. Distribuce genotypll se porovnavala s Hardyho-
Weinbergovou rovnovahou pomoci y° testu. Ke stanoveni rizikovych genotypi a alel jsme
pocitali odds ratio (OR) s 95% konfiden¢nim intervalem. Pro zji$téni significance OR byl
pouzit Fisher exakt test. Sensitivita a specificita vysledki byla spocitana pomoci Clinical
Calculator 1 (http://faculty.vassar.edu/lowry/clinl.html). Pouzivali jsme programovy balik
Statistica v. 12.0 (Statsoft Inc., Tulsa, OK)

Vysledky a diskuze

Asociaéni case-control studie

MMP-2 rs 243864 (-790 T/G, promoter)

Byl zjistén statisticky signifikantni rozdil mezi frekvenci MMP-2 -790 T/G alel a genotypt u
muzd s CVD a kontrolni skupinou (Pa = 0,02; Pg = 0,01). Mutovana G alela polymorfismu
MMP-2 -790 T/G byla u muzt s CVD 1,85 krat ¢ast&jsi nez u kontrolni skupiny (46/80 vs.
55/177, P = 0,008, Pcorr = 0,03, OR = 1,85 (1,154-2,968), senzitivita 0,365, specificita 0,763,
sila testu 0,693). Genotyp Zen byl vsouladu s Hardy—Weinbergovym zakonem a tyto
souvislosti nebyly zjistény (Tab. 2).

V literatufe jsme nenasli praci, ktera by se zabyvala polymorfismem MMP-2-790/T/G
v souvislosti s CVD. Wallace et al zkoumala polymorfismy gent hrajicich roli pfi normalnim
hojeni ran nebo pfi regulaci zanétlivych procest (135). Mezi vybranymi polymorfismy byl i
polymorfismus MMP-2 (-1306 C/T). Byla provedena asociacni case-control studie, do které
bylo zatazeno 181 pacientli s anamnézou ven6zni bércové ulcerace a 181 zdravych kontrol.
Nebyla prokazana souvislost polymorfismu MMP-2 (-1306 C/T) s bércovou ulceraci.

Gormus et al. zkoumali 2 funkéni genové polymorfismy -735 C/T MMP-2 a -1306 C/T
MMP-2, které jsou ve vazebném disequilibriu S MMP-2 (-790 T/G), a jejich vliv na vznik
varixi a na expresi mRNA MMP-2 (38). Bylo zjisténo, ze polymorfismus MMP-2 -735C/T
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byl Cast&jsi u pacienti s varixy nez v kontrolni skupin¢. CC genotyp a C alela MMP-2 -735
genu byly castgjsi v kontrolnim souboru. Nebyl zjistén signifikantni rozdil v polymorfismu -
1306 C/T MMP-2. Rovnéz nebyl zjistén signifikantni vliv MMP-2 polymorfismu na expresi
MRNA. Hladiny mRNA MMP-2 byly vyssi ve skupiné pacientt s varixy dolnich koncetin a
ICHS nez u pacientl s varixy bez pfitomnosti ICHS.

MMP-2 hraje vyznamnou roli v progresi CVD a pfi vzniku bércového viedu. MMP-2 mtize
vést k zilni relaxaci nebo K inhibici zilni kontrakce (31). Dale bylo zjisténo, ze MMP-2
ovlivituje remodelaci ECM zejména u vaskularnich struktur (38). V exsudatu chronickych ran
byly zjistény vyssi koncentrace MMP-2, coz korelovalo s pomalejsim hojenim (72). Nehojici
se venozni bércové ulcerace jsou asociovany s vyssi hladinou MMP-2 a niz$i hladinou TIMP-
2 v exsudatu (85). Dale byly prokazany vyssi hladiny MMP-2 a MMP-9 u experimentalné

indukované zilni hypertenze (72).

MMP-9 rs 3918242 (-1562 C/T, promoter)

Byly zjistény statisticky signifikantni rozdily mezi frekvenci MMP-9 -1562 C/T alel a
distribuci genotypti mezi pacienty s CVD a kontrolni skupinou (Pa = 8.9 x 10 -6; Pg = 9.4 x
10-6), a to jak u muzu, tak u zen. T alela byla 2,571 krat ¢astéjsi u pacientd s CVD (jak u
muzu, tak u Zen) nez u kontrol, a to s klinicky signifikantni specificitou (61/239 vs. 41/413, P
= 0,0000009, OR = 2,571 (1.678-3.939), senzitivita 0,203, specificita 0,910, sila testu 0,984,
Tab. 2).

MMP-9 (rs3918242) 279 R/Q
V case-control studii nebyly zjistény statisticky signifikantni vysledky (Tab. 2).

V nasi studii jsme prokazali vysoce signifikantni asociaci MMP-9 -1562C/T polymorfismu
s CVD. Zjistili jsme, ze alela T je 2,571x Cast&jsi u pacientti s CVD (stejné u muzil i zen) nez
u kontrol, a to s vysokou specifitou 0,910 a vysokou silou testu 0,984. Funkéni SNP -1562C/T
v promotorové oblasti genu MMP-9 mitiZe regulovat hladinu exprese MMP-9 tak, Ze dochazi
ke zvySené expresi na urovni transkripce. Vyssi exprese T alely vede ke zvySené produkci
MMP-9 s naslednou zvysenou degradaci ECM (119, 139). MMP-9 vykazuje proteolytickou
aktivitu ke kolagenu IV, ktery je hlavni slozkou bazalni membrany v cévni sténé (136).
Pacienti, ktefi jsou nosi¢i T alely, mohou tedy mit vy$$i hladiny MMP 9, s naslednou
zvySenou degradaci nejen ECM, ale i kolagenu IV, coZz miize mit za nasledek poskozeni cévni
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stény, vznik zanétu a ve svém disledku vznik CVD.
Xu et al. zkoumal moznou asociaci mezi polymorfismy MMP-9 a TIMP-2 a rizikem vzniku
varixu v ¢inské populaci (138). Byla zjisténa statisticky signifikantni souvislost polymorfismu
MMP-9-1562 C/T a TIMP-2 -418G/C a pacienty s varixy ve srovnani s kontrolami. Dle této
studie je CC genotyp asociovan s pacienty s varixy ve srovnani s kontrolnim souborem. Tento
vysledek se 1isi od naSich zavérl, coz lze vysvétlit zejména rozdilnym sloZzenim souborii
pacientii. V nasem souboru pifevazovali pacienti s pokroc€ilej§imi stadii CVD, zejména C5 a
C6 dle CEAP Kilasifikace.
Kunt et al. zkoumal vztah mezi polymorfismy MMP-9 -1562 C/T a TIMP-2 -418G/C a
rizikem vzniku varixti v turecké populaci (63). Nebyla zjisténa statisticky signifikantni
souvislost mezi frekvenci alel a genotypi MMP-9 mezi pacienty a kontrolni skupinou.
Rozdilné vysledky této a cinské studie (138) mohou byt vysvétleny rozdilnou populaci a
rozdilnou frekvenci genotypi — V turecké populaci nebyl nalezen CC genotyp ani mezi
pacienty, ani mezi kontrolami.
Rada studii prokdzala asociaci MMP-9 -1562C/T  polymorfismu s n&kolika
kardiovaskularnimi chorobami jako fibrilace sini, ateroskler6za, ICHS, ateroskler6za karotid
(139). Wang et al. (2011) prokazal asociaci MMP-9 -1562C/T polymorfismu s vys$im
rizikem akutniho koronarniho syndromu (ACS) v ujgurské populaci v Cing (136). MMP-9 je
vysoce exprimovana ve vulnerabilni oblasti aterosklerotického platu a hraje zasadni roli ve
vaskularni remodelaci a vzniku aterosklerotického platu. Zminéna studie zkoumala asociaci
mezi dvéma polymorfismy MMP-9 -1562C/T a MMP-9 (R279Q) u pacientll s akutnim
koronarnim syndromem. Bylo zjisténo, ze MMP-9-1562 C/T polymorfismus byl signifikantné
asociovan s ACS - frekvence CT a TT genotypl u pacientti s ACS byla signifikantné vyssi
nez v kontrolnim souboru. Naopak MMP-9 (R279Q) polymorfismus nebyl spojen s vys$§im
rizikem ACS.
Yang et al. (2015) provedl systematicky pichled a meta-analyzu mozné souvislosti mezi
MMP-9 -1562C/T polymorfismem a hypertenzi (139). Bylo zjisténo, ze MMP-9 -1562C/T
polymorfismus je asociovan s hypertenzi (alelicky model, T vs. C, OR=1,36 (1,17-1,59),
P<0.0001). Stejna asociace byla pozorovana u modelu dominantniho (TT+CT vs. CC,
OR=1.30(1.10-1.54), P=0.002) a kodominantniho (CT vs. TT+CC, OR=1.27 (1.05-1.53),
P=0.01), nebyla vsak zjisténa u recesivniho modelu (TT vs. CT+CC, OR=1.30(0.50-3.36),
P=0.59). Zvysené riziko hypertenze je tedy na zakladé téchto genetickych modelt zpisobeno
CT genotypem.
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Singh et al. (2013) zkoumal souvislost MMP-9 -1562C/T polymorfismu s diabetem 2. typu a
diabetickymi ulceracemi v indické populaci (119). Bylo zjisténo, ze distribuce alel se
signifikantné 1i8i u pacientti a u kontrolniho souboru. Pacienti s diabetickymi ulceracemi maji
vys$i expresi T alely. Byla tedy prokdzana vyrazna asociace MMP-9 -1562C/T polymorfismu
sdiabetem 2. typu a diabetickymi ulceracemi v indické populaci. MMP-9 -1562C/T
polymorfismus vede ke zvySené expresi na urovni transkripce, coz vede ke zvySené produkci
MMP-9, a tim ke zvysené degradaci ECM.
MMP-9 je pokladana za hlavni protedzu v degradaci ECM u chronickych ran (137). Je
nezbytna pro migraci keratinocytli, reepitelizaci a angiogenezi. V exsudatu chronickych ran
byla zjisténa vyrazné vyssi hodnota MMP-9 (137). Bylo prokéazano, ze vysoké hladiny MMP-
9 koreluji s pomalej$im hojenim ran (63, 75, 110, 137). Adekvatni hladina MMP-9 je zasadni
pro proces epitelizace. MMP-9 §tépi hlavni slozku BM — kolagen 1V, a tim umoziiuje separaci
keratinocyti z BM a jejich naslednou migraci po spodiné rany (136). Pti nizké hladiné MMP-
9 dochéazi ke zpomaleni epitelizace, pti vyssi hladiné MMP-9 dochazi ke zpomaleni hojeni
rany (137). Hladiny MMP-9 jsou vysoké u pacientd s varixy a u pacientd s venoéznimi
bércovymi viedy (8). Deatrick et al. zjistili, z2 MMP-9 ovliviiuje remodelaci zil tim, Ze
moduluje obsah kolagenu v Zilni sténé, a tim pfispiva k zanétu a fibroze (21).
Ligi et al. nedavno zkoumal zanétlivé a proteolytické biomarkery pii hojeni ran u CVD (70,
71). V ramci studie byly hodnoceny cytokinové profily v exsudatu z zilnich bércovych viedu
v riznych fazich hojeni. Bylo zjiSténo, Ze exsudat béhem zanétlivé faze hojeni Zilnich
bércovych viedli obsahuje signifikantné¢ vyss$i koncentrace MMP-2, MMP-9, MMP-12,
TIMP-1 a TIMP-2 nez exsudat z granula¢ni faze hojeni. Dale bylo prokdzano, ze exsudat
z granulacni faze hojeni Zilnich bércovych viedl obsahuje signifikantné vyssi hladiny MMP-
1, MMP-7, MMP-13 a TIMP-4 ve srovnani s exsudatem v zanétlivé fazi (70, 71).
Caimi et al. hodnotili plazmatické koncentrace Zzelatinaz (MMP-2 a MMP-9) a jejich
inhibitord (TIMP-1 a TIMP-2) u pacientii s vendznimi bércovymi viedy pfed a po aplikaci
kompresivni terapie (15). Plazmatické koncentrace zelatinaz a jejich inhibitort a pomér
MMP-2/TIMP-2 byly signifikantné¢ vyssi u pacientli s vendznimi bércovymi viedy ve
srovnani s kontrolnim souborem. Po aplikaci komprese a zahojeni bércovych viedi doslo
k poklesu hladin MMP-9 a TIMP-1 a ke snizeni poméru MMP-2/TIMP-2, ale ve srovnani
s kontrolami byly hladiny MMP stéle vyssi.
Vyhledové planujeme vySetfeni exsudatu bércovych ulceraci u pacientli zafazenych do této
studie a ur¢eni hladiny pfislusnych MMP.
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MMP-12 rs 7123600 (G/A, Intron)

Bylo zjisténo, ze frekvence MMP-12 alel a genotypu se statisticky signifikantné liSily mezi
zenami s CVD a kontrolni skupinou (Pa = 0,02; Pg = 0,07). Mutovana alela G byla zji$téna
2,082x castéji u Zen s CVD nez u kontrol (P=0,02), a to se statisticky signifikatni specificitou
(27/147 vs. 18/204, P = 0,02, OR = 2,082 (1.105 — 3.920), senzitivita 0,155, specificita 0,919,
sila testu 0,636, Tab. 2).

MMP-12 (makrofagova metalloelastdza) je secernovana aktivovanymi makrofagy a Stépi
nekolik komponent ECM (elastin, kolagen IV, zelatinu, laminin, fibrinogen, kasein), ¢imz
umoznuje migraci makrofagt (35). MMP-12 také mize blokovat angiogenezu, a to pfeménou
plazminogenu na angiostatin, coz je G¢inny inhibitor angiogeneze (35).

Rovnéz byl popsan podil MMP-12 na vzniku aneurysmat a plicniho emfyzému (86).

Gemmati et al. (2009) zkoumal polymorfismus MMP-12 -82A/G u pacientd s CVD (35).
Zjistil, ze AA genotypy maji vyssi riziko vzniku zilnich bércovych viedi (OR=1,96 (1,18-
3,22), P=0,01). Dale bylo prokéazano, ze pacienti s MMP-12 -82GG genotypem maji
signifikantn¢ (P=0,001) mensi pramérnou velikost bércovych viedd nez pacienti s -82AA a -
82AG genotypy (2x mensi). Jedna se paradox protektivniho efektu SNP — specifické genotypy
vedou K rychlej$imu hojeni (9). Piedpoklada se, ze A alela vede k vyssi hladiné MMP-12
Vv ranach pacientd ve srovnani s G alelou. Pacienti s GG genotypy maji niz$i hladiny MMP-12
vV rang, a tim i mensi velikost bércovych viedi. MMP-12 -82A/G polymorfismus muze hrat
roli i v progresi ulceraci a také u jinych onemocnéni, ktera jsou zpisobena degradaci ECM

(kardiovaskularni onemocnéni, endometrioza, nadory plic).

TIMP-2 rs8176329

Pfi porovnavani kontrolniho souboru pacienti a souboru pacientli s diagnostikovanym
chronickym Zilnim onemocnénim nebyl nalezen zadny signifikantni rozdil v distribuci
genotypu (Pg) ani ve frekvenci alel (Pa). Nebyly nalezeny zadné rozdily mezi muzi a Zenami,

ani rozdily mezi zdravymi a nemocnymi (Tab. 2).

Tab.2: Vysledky asocia¢ni case-control studie pro jednotlivé polymorfismy
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MMP-2 (-790 T/G), rs243864

Genotypy a alely TT (%) | TG (%) | GG (%) | Py T G Pa
Pacienti s CVD 25 (40) 30 (47) 8 (13) 0.02 0.01
Muzi (N=63)
Kontrolni soubor 71 (61) 35 (30) 10 (9)
Muzi (N=116)
Pacienti s CVD 40 (46) 27 (31) 20 (23) HWD HWD
Zeny (N=87)
Kontrolni soubor 60 (54) 35 (32) 16 (14)
Zeny (N=111)

MMP-9 (-1562 C/T), rs3918242
Genotypy a alely CC(%) [CT (%) |TT (%) | Py C T Pa
Pacienti s CVD 38 (60) 23(37) 2(3) 0.0008 0.0002
Muzi (N=63)
Kontrolni soubor 99 (85) 16 (14) 1)
Muzi (N=116)
Pacienti s CVD 55 (63) 30 (35) 2(2) 0.007 0.01
Zeny (N=87)
Kontrolni soubor 91 (82) 17 (15) 3(3)
Zeny (N=111)
PacientisCVD - | 93(62) |53(35) |4(3) 9.4x10° |0.80 0.20 8.9x10°
vsichni (N=150)
Kontrolni soubor— | 190 (84) | 33 (15) 4 (1) 0.91 0.09
vsichni (N=227)

MMP-9 279 R/Q
Genotypy a alely GG (%) | GA(%) | AA(%) | Pqg A G P
Pacienti s CVD 24 (38) 28 (44) 11 (18) 0.984 0.60 0.40 0.996
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Muzi (N=63)

Kontrolni soubor 45 (39) 50 (43) 21 (18) 0.60 0.40
Muzi (N=116)
Pacienti s CVD 33 (38) 36 (41) 18 (21) 0.395 0.59 0.41 0.145
Zeny (N=87)
Kontrolni soubor 52 (47) 42 (38) 17 (15) 0.66 0.34
Zeny (N=111)

MMP-12, rs7123600
Genotypy a alely AA (%) | AG (%) | GG (%) | Py A G Pa
Pacienti s CVD 52 (83) 8 (13) 3(4) HWD HWD
Muzi (N=63)
Kontrolni soubor 98 (84) 16 (14) 2(2)
Muzi (N=116)
Pacienti s CVD 62 (71) 25 (28) 1(0) 0.07 0.85 0.15 0.02
Zeny (N=87)
Kontrolni soubor 93 (84) 18 (16) 0(0) 0.92 0.08
Zeny (N=111)

TIMP-2, rs8176329
Genotypy a alely GG (%) |GA (%) |AA (%) | Py G A P,
Pacienti s CVD 47 (75) 16 (25) 0(0) 0.317 0.83 0.13 0-585
Muzi (N=63)
Kontrolni soubor 93 (83) 21 (17) 2 (0) 0.89 0.11
Muzi (N=116)
Pacienti s CVD 72 (83) 15 (17) 0(0) - 0.91 0.09 0.380
Zeny (N=87)
Kontrolni soubor 97 (87) 14 (13) 0 (0) 0.94 0.06

Zeny (N=111)
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Studie genotyp — fenotyp

V nasi studii genotyp-fenotyp bylo zjisténo, Ze bércova ulcerace je asociovana s G alelou
MMP-2-790 T/G polymorfismu a rovnéz s AG genotypem rs7123600 MMP-12
polymorfismu. AG genotyp MMP-12 polymorfismu vede k téméf 5x vys$Simu riziku vzniku
zilnich bércovych viedi u muzi ve srovnani s zenami. Tento vysledek je vysoce klinicky
specificky.

Dale byla zjisténa signifikantni asociace s obezitou (T alela MMP-2 -790 T/G, Q alela MMP-
9 R279Q polymorfismu).

MMP-2-790/T/G:

Zeny s CVD a mutovanou alelou G v MMP-2 -790 T/G polymorfismu maji 2,539x Gast&ji
ulcerace (model alelicky, 41/41 vs. 66/26, P=0,0026, Pcorr =0,01, OR=2,539 (1,356-4,753),
senzitivita 0,500, specificita 0,717, sila testu 0,812). U muzi jsou rozdily mezi ob&éma
skupinami nesignifikantni. Nesignifikantni jsou také rozdily mezi skupinami muzi a Zen
s CVD.

Dale jsme zjistili, ze Zeny s CVD a mutovanou alelou G v MMP-2 -790 T/G polymorfismu
vyzaduji 2,967 krat Castéji domaci péci (home care) oproti zenam s CVD a jinymi MMP-2
genotypy (alelicky model, 11/17 vs. 96/50, OR = 2,967 (1,291-6,818), P = 0,0083, Pcorr =
0,03; senzitivita 0,393, specificita 0,342, sila testu = 0,713). Tyto vysledky odpovidaji
skutecnosti, Ze zeny s ulceracemi Castéji potiebuji zajiSténi domaci péce. U muzi nebyly
zjistény statisticky signifikantni rozdily. Nesignifikantni jsou také rozdily mezi skupinami

muza a zen s CVD.

MMP-9 (R279Q)

Zjistili jsme, Ze u pacienti s CVD je mutovana alela Q v MMP-9 R279Q polymorfismu je
statisticky signifikantné asociovana s obezitou. Dle alelického modelu byla mutovana Q alela
pfitomna 1,767x castéji u obéznich pacienti s CVD oproti $tihlym pacientim s CVD (
alelicky model, 92/46 vs. 86/76, P=0,0115, Pcorr=0,05, OR=1,767 (1,105-2,827), senzitivita
0,469, specificita 0,667, sila testu = 0.313).

MMP-9-1562 C/T
Souvislost mezi polymorfismem genu pro MMP-9 a obezitou u pacientd s CVD byla
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potvrzena i dal$im vySetfenim. Pacienti s CVD s heterozygotni variantou polymorfismu
MMP-9-1562 C/T jsou 2,789x cast&ji obézni nez pacienti s CVD a obéma homozygotnimi
genotypy MMP-9 (model ,,vyhoda heterozygota“, CT vs. (CC+TT): 16/53 vs 37/44,
P=0,0032, Pcorr=0,01, OR=2,789 (1,370-5,664), senzitivita 0,457, specificita 0,768, sila testu
=0,799).

U obéznich pacienti dochazi ke komplikovanému hojeni ran, a to z fady pficin. U obéznich
pacientll je snizena tkanova perfize a oxygenace, dale je to vyssi intraabdomindlni tlak,
imobilizace, infekce, Casto dlouhodoba hospitalizace (81). Role obezity pfi vzniku zilnich
bércovych viedl byla potvrzena i rozsdhlymi longitudinalnimi studiemi (Framinghamska a

Bonnska studie) (9).

MMP-12 rs7123600

Bylo zjisténo, Zze mutovana alela G v polymorfismu MMP-12 se vyskytuje 3,167x Castéji u
zen s CVD a bércovou ulceraci oproti Zzenam s CVD bez ulcerace, a to s vysokou specificitou
(model alelicky, 84/8 vs. 63/19, P=0,0074, Pcorr=0,03, OR=3,167 (1,303-7,698), senzitivita
0,232, specificita 0,913, sila testu 0,669). Je to dano zejména vyssi incidenci heterozygotnich
genotypl u Zen s ulceracemi. U muzl jsou rozdily mezi obéma skupinami nesignifikantni.
Nesignifikantni jsou také rozdily mezi skupinami muzii a zen s CVD.

Dale bylo provedeno srovnani distribuce genotypti mezi muzi a zenami s CVD s klinickym
stadiem C6, tj. s aktivnim bércovym viedem. Bylo zji§téno, ze u muzi S aktivnim bércovou
ulceraci je 4,675x vyssi incidence heterozygotnitho AG genotypu v rs7123600 MMP-12
polymorfismu ve srovnani szenami s CVD a bércovou ulceraci (model ,,vyhoda
heterozygota“, AG vs. (AA+ GG): 5/33 vs 17/24, P=0,0047, Pcorr=0,02, OR=4,675 (1,514-
14,433), senzitivita 0,115, specificita 0,868, sila testu = 0.687). Tento vysledek je vyznamné
klinicky specificky - 0,868.

TIMP-2 rs8176329
Pacienti s chronickym zilnim onemocnénim maji 3,55krat castéji pozitivni rodinnou
anamnézu CVD, pokud maji genotyp AG. Tento test je vyznamné klinicky specificky se
specificitou 0,91. Lze tedy fici, Ze pacient nema s vysokou pravdépodobnosti pozitivni
rodinnou anamnézu CVD, pokud nema genotyp AG (model ,,vyhoda heterozygota“, 27/78 vs.
4/41, OR = 3,55 (1,16-10,83), P = 0,01, Pcorr = 0,04, senzitivita 0,262, specificita 0,911, sila
testu 0,580) (Tab. 3).
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Pacienti s diagnostikovanym chronickym zilnim onemocnénim maji 3,65krat Castéji nador,
pokud maji genotyp AG, oproti pacientim s genotypem GG. Tento test je klinicky vyznamné
specificky se specificitou 0,829, existuje tedy vysoka pravdépodobnost, ze pacient s CVD
nema nador, pokud nema genotyp AG (model ,,vyhoda heterozygota“, 9/12 vs. 22/107,

OR = 3,65 (1,37-9,70), P = 0,01, Pcorr = 0,04, senzitivita 0,429, specificita 0,829, sila testu
0,657) (Tab. 3).

Tab.3: TIMP-2 rs 8176329 a rodinnd anamnéza CVD a osobni anamnéza tumoru

TIMP-2 TIMP-2
Rodinna anamnéza CVD rs8176329 rs8176329 Celkem
GG AG

Negativni 41 (91%) 4 (9%) 45
Pozitivni 78 (74%) 27 (26%) 105
VSechny skupiny 119 31 150

Osobni anamnéza tumoru
Negativni 107 (83%) 22 (17%) 129
Pozitivni 12 (57%) 9 (43%) 21
VSechny skupiny 119 31 150

Polymorfismy genli mohou hrét diileZitou roli pti vzniku zilniho bércového viedu. Geneticky
screening muze pomoci rozliSit pacienty s CVD s vysokym rizikem vzniku bércového viedu a
pacienty s pomalym hojenim ulcerace, a tim individualizovat 1éCebny plan u kazdého
pacienta. Detekce rizikovych variant genti mize vést k rychlejSimu zavedeni preventivnich
opatfeni a v€asné 1é€bé pacientli s CVD, zabranit tak vzniku bércovych viedl a vyrazné

zlepsit kvalitu Zivota pacienttl.
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1. Terapie chronickych bércovych ulceraci venozni etiologie - kultivované epidermalni
keratinocyty

1. Slonkova V, Kino-Oka M, Mazza S, Nievergelt C, Prenosil JE, Burg G, Hafner J:
Cultured epithelial autografts for the management of a chronic pretibial leg ulcer due
to congenital valvular aplasia. Dermatology 1999; 198: 101-103.
(kvantitativni podil uchazece - 70% - klinické vysetrovani, podil na 1é¢bé pacienta,

vyhledéavani a analyza literatury, ptiprava textu publikace)

2. Slonkova V, Navratilova Z, Semradova V: Kultivované epidermdlni keratinocyty v
terapii bércovych ulceraci - &ast I. Cs Derm 2002; 77: 168-171.
(kvantitativni podil uchazece - 70% - koncept, sbér a analyza dat, klinické vySetfovani

pacientil, 1é¢ba pacientl, vyhleddvani a analyza literatury, text publikace)

3. Slonkova V, Navratilova Z, Semradova V: Kultivované epidermalni keratinocyty v
terapii bércovych ulceraci - Cast II. Srovnani ucinnosti kryoprezervovanych a
lyofilizovanych allograftii. Cs Derm 2002; 77: 239-244.

(kvantitativni podil uchazece - 70% - koncept, sbér a analyza dat, klinické vySetfovani

pacienttl, 1é¢ba pacientl, vyhledavani a analyza literatury, pfiprava textu publikace)

4. Navratilova Z, Slonkova V, Semradova V, Adler J: Cryopreserved and lyophilized
cultured epidermal allografts in the treatment of leg ulcers (a pilot study). J Eur Acad
Dermatol Venereol 2004; 18: 173-179.

(kvantitativni podil uchazece - 60% - sbér a analyza dat, klinické vySetfovani pacientt,

1é¢ba pacientti, vyhledavani a analyza literatury, pfiprava ¢asti textu publikace)

5. Slonkova V, Navratilova Z, Semradova V, Adler J: Successful treatment of chronic
venous leg ulcers with lyophilized cultured epidermal allografts. Acta Dermatoven
APA 2004; 13:119-123.

(kvantitativni podil uchazece - 80% - sbér a analyza dat, klinické vysSetfovani a 1écba

pacienta, vyhledavani a analyza literatury, text publikace)
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Prvni zkuSenosti s aplikaci kultivovanych epidermalnich keratinocytli jsem ziskala béhem
tHimési¢ni stize na Dermatologische Klinik, Universitats Spital Zurich ve Svycarsku v roce
1998. Spolupracovala jsem na projektu "Aplikace kultivovanych epidermalnich autografti v
terapii venosnich ulceraci — randomizovana kontrolovana studie". Pacientim s chronickymi
bércovymi ulceracemi byly aplikovany kultivované epidermalni autografty. Prvni prace je
dil¢im vysledkem tohoto projektu. Jedna se o kazuistické sd€leni popisujici uspésnou aplikaci
autolognich KEC mladému pacientovi s chronickou bércovou ulceraci, kterd vznikla na

podklad¢ vzacné kongenitalni valvularni aplazie.

V letech 2000-2002 probihala na I. dermatovenerologické klinice LF MU a FN u sv. Anny
v Brn¢ klinické studie ,,Kryoprezervované a lyofilizované kultivované epidermalni allografty
V terapii bércovych ulceraci (pilotni studie), podporovana grantem IGA MZ CR ¢&. 5876-3.
Jednalo se o prvni aplikaci lyofilizovanych kultivovanych epidermalnich alografti v indikaci
venodznich bércovych ulceraci v Ceské republice. Do studie bylo zahrnuto celkem 50 pacientii
S venoznimi bércovymi ulceracemi. Vysledky této studie byly publikovany v nékolika
recenzovanych ¢eskych casopisech i v zahrani¢nich ¢asopisech s IF.

Prvni vysledky (pilotni studie) byly publikovany v recenzovaném ceském Casopise
Ceskoslovenska dermatologie v r. 2002. Clanek byl rozdélen do dvou &asti, prvni Gast se
vénovala obecné vyznamu kultivovanych epidermalnich keratinocyti pii 1écb€ venodznich
bércovych ulceraci, ve druhé ¢asti byly shrnuty vysledky studie u 20 pacienti.

Souhrnné vysledky pak byly publikovany v JEADV r. 2004. Za ¢lanek byla naSemu kolektivu
autorti udélena Cena prof. Janovského za piinos pro rozvoj ¢eské dermatovenerologie za rok
2004. Tento ¢lanek ma celkem 14 citaci, pficemz na na$i praci navazali nékteti zahrani¢ni
autofi.

Déle byla publikovéana kazuistika 67leté zeny s 4 roky trvajici bércovou ulceraci, kterd se po
aplikaci KEA zhojila béhem 40 dni a pacientka mohla podstoupit nezbytnou operaci

kolenniho kloubu pro gonartrézu.

Stav problematiky

Bércové ulcerace predstavuji zdvazny zdravotni problém. Jejich prevalence se ve vyspélych

zemich udava 1% dospélé populace (39, 115). Incidence stoupa s vékem, v populaci star$i 50
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let se udava 0,3 na 1000 obyvatel (91, 109). Jedna se o chronické onemocnéni - 60 % ulceraci
trva déle nez 6 mésici, 33 % se hoji déle nez 1 rok (42). Zavazny je i fakt, ze u 2/3 pacientl
dojde nejméné 1x k recidivé ulcerace (90, 91). Bércové viedy vyrazné snizuji kvalitu zivota

pacientd, jak bylo prokazano fadou studii (19).

Bércové ulcerace jsou definovany jako defekt kiize, ptipadné i podkozi, rtizné etiologie
lokalizovany v oblasti bérce. Nejvétsi skupinu tvoii bércové ulcerace vendzni etiologie, které
ulcerace tvoii asi 75 % vsech ulceraci, z toho ve 20-25 % ptipadl se jedna o tzv. smiSené

neboli arteriovenozni ulcerace — kromé¢ venozniho postizeni je pfitomno i postizeni arterialni,

tj. ICH DKK (4, 109).

Terapii zilnich bércovych viedi Ize rozdé€lit na konzervativni a radikalni (92). Konzervativni
terapie zahrnuje pfedevsim lokalni terapii ulcerace, diislednou kompresivni terapii, celkovou
terapii venoaktivnimi 1éky a rezimova opatteni (1, 102, 108). Mezi radikalni 1écbu patii
skleroterapie, klasicka chirurgicka 1é¢ba a v poslednich letech velmi pouzivané mini-invazivni

metody, napf. radiofrekvenéni ablace ¢i endovaskularni laser (58, 92, 103).

Lokalni 1écba bércovych ulceraci vychazi z obecnych principii hojeni ran a mé nékolik fazi —
pfiprava spodiny rany (debridement), potlaceni infekce a zanétu, udrZeni vlhkého prostiedi
v ran¢ a podpora epitelizace (103). Hojeni ran ve vlhkém prostfedi znamena vytvofit a udrzet
optimalni hydrataci rany. Vlhké prostredi vytvaii vhodné podminky pro hojeni rany, zajistuje
uéinnou metabolickou aktivitu bungk, jejich vzajemnou interakci a vytvaii podminky pro
uplatnéni ristovych faktor. V soucasné dobé je k dispozici velka Skala kryti umoziujicich
hojeni ran ve vlhkém prostiedi. Jedna se o hydrokoloidy, polyuretanové pény, transparentni
filmy, hydrogely, dale absorpcni kryti — algindty, hydrovldkna, déale kryti s aktivnim uhlim,
kryti obsahujici antiseptika, mokra kryti aj. (123, 128).

Vétsina bércovych ulceraci vendzni etiologie se pii adekvatni terapii hoji rychle — 2/3 jsou
zhojeny do 24 tydnli. AvSak asi 20 % ulceraci nejevi zndmky hojeni ani pii nejlepsi péci —
jsou to tzv. “hard-to-heal ulcers" (obtizné zhojitelné viedy). Cim déle ulcerace trva a &im je
vétsi, tim horsi je progndza stran rychlého zhojeni. Spatnou prognézu maji ulcerace vétsi nez
10 cm? a trvajici déle nez 6 mésicu (30, 79). Pro tyto ulcerace byla v posledni dob¢ vyvinuta
tzv. aktivni kryti, kterd pfedstavuji nejmoderné;jsi kryci prostfedky. Mezi aktivni kryti se fadi

zejména prostiedky s inhibitory matrix metalloproteinaz, kolagenova kryti, kryti s kyselinou

29



hyaluronovou, ristové faktory a kozni nahrady (17, 52, 67, 122). Mezi kozni nahrady patii i
kultivované epidermdlni keratinocyty mohou byt alogenni (alografty) nebo autologni
(autografty). Jsou k dispozici ve formé nativni, kryoprezervované nebo lyofilizované. Hlavni
mechanismus ucinku kultivovanych keratinocyti pfi hojeni chronickych ran spoéiva ziejmé
Vtom, Ze uvoliuji fadu cytokini, které stimuluji migraci a proliferaci rezidualnich
hostitelskych keratinocytll z okrajii rany a z koznich adnex a rovnéz moduluji replikaci

fibroblastii a syntézu kolagenu.

Kultivované epidermalni keratinocyty v podob¢ autograftti ¢i alograftl se pouzivaji v 1écbé
ran od 80. let 20. stoleti. Zakladem metody byla prace Rheinwalda a Greena (1975), kterym se
podarilo piekonat omezeni v proliferaci savéich bun¢k subkultivaci huménnich epiderméalnich
keratinocytti v kultufe in vitro, coZ umoznilo mnohonasobn¢ tyto bunky pomnozit (113).
Metoda byla dale zdokonalena (40) a v roce 1981 v USA byly poprvé pouzity kultivované
autologni keratinocyty u mladého pacienta s tézZkymi popaleninami, a to s velmi dobrym
efektem (93). O dva roky pozdé&ji byly publikovany vysledky prvniho pouziti kultivovanych
epidermalnich alograftt u popaleného pacienta (45). V terapii chronickych bércovych viedu
byly KEC poprvé pouzity r. 1986 (44, 69). Postupné se KEC zacaly vyuZzivat v Sirokém
méfitku v popaleninové mediciné (13, 22, 28, 125), dale pfi terapii kongenitalnich névu,
tetovazi a nékterych forem epidermolysis bullosa (16, 34, 98, 111).

Mechanismus U¢inku kultivovanych epidermdlnich alografti dosud neni plné objasnén.
Zpocatku se nekteti védci domnivali, ze alografty predstavuji trvalé kozni kryty (45, 129).
Vychazeli ztoho, Ze nepfitomnost Langerhansovych bunck v alograftech zabezpecuje
toleranci Stépu proti HLA. Brzy se vSak ukézalo, Ze alografty jsou rychle kolonizovany
Langerhansovymi burikami (101) a ze dochazi k odhojeni alograftt jak u zvitat (25), tak u lidi
(101). Pomoci analyzy DNA bylo prokazano, ze alogenni keratinocyty jsou postupné
nahrazovany hostitelskymi bunikami (3, 11, 14). Hlavni mechanismus t¢inku kultivovanych
keratinocytll pi1 hojeni chronickych ran spociva ziejmé v tom, Ze uvoliiuji fadu cytokind,
které¢ stimuluji migraci a proliferaci rezidualnich hostitelskych keratinocytii z okrajii rany a

z koznich adnex a rovnéz moduluji replikaci fibroblasti a syntézu kolagenu (5, 20, 23, 82,

Vzhledem k tomu, Zze v soucasné dobé neni znamo zastoupeni vSech cytokint ani jejich
vzajemny pomér, ani piima aplikace cytokinli nepiinaSi vysledky srovnatelné se sekreci
darcovské epidermalni bunky (23). Epitelizace zacind vétSinou z okraju rany (tzv. ,.edge
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effect”), coz souvisi s popsanym mechanismem ucinku (stimulace migrace hostitelskych
keratinocytll). Vzacnéjsi tvorba epitelizacnich ostrtivkll v centru rany je dasledkem migrace
hostitelskych keratinocytii ze zbytkt koznich adnex (5, 20, 68, 73, 78, 104).

Ve studii byla srovnavéana ucinnost kryoprezervovanych a lyofilizovanych kultivovanych
epidermalnich alograftti. Kryoprezervace je proces, pifi kterém dojde k prosyceni bunék
kultivaénim médiem a naslednému zmrazeni. Keratinocyty jsou skladovany pfi teploté -80°C
az -150°C. Vyhodou je, ze kryoprezervované $tépy mohou byt vytvofeny v laboratofi ve
veétsim mnozstvi a uschovany v tkanové bance, kde jsou kdykoliv pfipraveny k okamzitému
pouziti (20, 124, 126). Kryoprezervované $§tépy v porovnani s nativnimi $té€py davaji zcela
srovnatelné vysledky pii terapii bércovych ulceraci (20, 126).

Lyofilizace je proces, pii kterém dojde k zmrazeni bunék na teplotu -80°C a nasledné
sublimaci vody ve vakuu. Sterilita je zajiSténa ozafenim davkou 25 kGy. Lyofilizace
umoziuje jak skladovani, tak transport KEC pii pokojové teploté, coz je velkou vyhodou
oproti Stépuim kryoprezervovanym, které vyzaduji skladovaci teplotu -80°C a transport
s pouzitim suchého ledu. Na rozdil od kryoprezervovanych S§tépt, u kterych zistava
zachovana vitalita keratinocytd, dochdzi u lyofilizace ke vzniku lyzati keratinocytd, tzn.
buiikky ztraceji svou vitalitu. Lyzaty si vSak uchovéavaji podobné slozeni jako vitalni
keratinocyty, tj. obsahuji stejné cytokiny (23, 121). Proto maji lyofilizované KEC velmi
podobny efekt jako nativni ¢i kryoprezervované keratinocyty. Jednim z prvnich autorti, ktefi
se zabyvali pouZzitim lyofilizovanych KEC, byl Duinslaeger, ktery prokazal, Ze lyofilizované
lyzaty keratinocytll stimuluji hojeni ran u popélenych pacienti s efektem velmi podobnym

nativnim alograftim keratinocytt (23).

Material a metody

Do studie bylo zahrnuto celkem 50 pacientt 1é¢enych na I. dermatovenerologické klinice LF
MU a FN u sv. Anny v Brné. Jednalo se o pacienty s vendznimi bércovymi ulceracemi,
pfipadné smiSenymi ulceracemi s pfevahou Zilni slozky, které trvaly déle nez 3 mésice a
nehojily se pti zavedené adekvatni kompresivni terapii.

Vsichni pacienti byli komplexné vySetfeni anamnesticky, klinicky, dopplerovskou
ultrasonografii  vcetné¢ stanoveni indexu tlaku kotnik/paze (ABPI) a digitalni
fotopletyzmografii. Bylo provedeno zakladni biochemické vySetfeni vcetné glykovaného
hemoglobinu a bakteriologické vySetfeni ze spodiny ulcerace. Na zéklad¢ vysSetfeni byla
stanovena etiologie ulcerace. Mezi vyluCovaci kritéria patfila Cisté arteridlni ulcerace,
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ulcerace mensi nez 2 cm? a trvajici méné nez 3 mésice, dekompenzovany diabetes mellitus
(glyk.Hb vice nez 85 mmol/l), vyraznd anémie (hemoglobin méné¢ nez 100 g/l),
dekompenzovana srdecni insuficience, vyrazna hypoproteinémie (albumin méné nez 35 g/l),
kotnikovy index méné¢ nez 0,8, maligni tumor s generalizaci a celkova imunosupresivni
terapie.

Vsichni pacienti podepsali informovany souhlas.

Pacienti byli randomizovani do 2 skupin — 25 pacientti bylo 1é¢eno kryoprezervovanymi KEA
(skupina I) a 25 pacientli bylo 1é¢eno lyofilizovanymi KEA (skupina II). Do skupiny I bylo
zafazeno 10 muzi a 15 Zen s pruimérnym veékem 63 let (rozpéti 36-80 let), ve skupiné II bylo
8 muzl a 17 Zen s primérnym vékem 62,8 let (rozpéti 30-82 let). Ob¢ skupiny pacientl byly
srovnatelné stran pohlavi i veéku. Primérna doba trvani ulceraci byla na zékladé
anamnestickych udaju 30,7 mésici (rozpéti 3-204 mésicti) ve skupiné I a 16,7 mésict (rozp&ti
3-111 mésica) ve skupiné II.

Kryoprezervované i lyofilizované KEA byly vykultivovany v Tkanové bance FN Brno.
Zdrojem keratinocytii pro kultivaci byla kliize pacientli podstupujicich elektivni plasticko-
chirurgické vykony, napf. operace apostazy, ptozy vicek, fimézy. U vSech darcti byl proveden
peclivy screening v souladu s v§eobecnymi doporucenimi EATB (European Association of
Tissue Banks), vcetné podepsaného informovaného souhlasu. Vykultivované alografty byly
bud’ kryoprezervovany nebo lyofilizovany.

Pred aplikaci KEA bylo nutno pfipravit spodinu ulcerace tak, aby byla ve stadiu granulace.
Tésné pred aplikaci alografti byla ulcerace obkladovana fyziologickym roztokem po dobu 2-3
dnti. V ptipadé¢ vykultivovaného patogenniho agens byla pacientovi podavéna celkové
antibiotika dle citlivosti. V den aplikace alografti byla zdokumentovana velikost ulcerace
(fotodokumentace, nakres na folii). Poté byly za sterilnich podminek pfilozeny KEA na
nosi¢i. Ty byly kryty silikonovou neadherentni mtizkou, vrstvou gazy, fixovany hydrofilnim
obinadlem a 2-3 kratkotaznymi obinadly. Vzhledem k nutnosti pfisného klidu na 1izku po
dobu 48 hodin a dodrZeni standardnich podminek byla aplikace KEA provadéna za
kratkodobé hospitalizace. Prvni pfevaz nasledoval po 5 dnech — po obkladu fyziologickym
roztokem byl sejmut nosi¢ KEA (mastny tyl) a po fotodokumentaci byla ulcerace oSetfena
neadherentnim silikonovym krytim ¢i krytim s aktivnim uhlim. Nasledovala opét vrstva gazy,
hydrofilni obinadlo a komprese kratkotaznymi obinadly. Dal$i pievazy byly provadény po 2-3
dnech. Pacienti byli sledovani 3 mésice od aplikace KEA za prabézné dokumentace velikosti
viedu (fotodokumentace, nakres na folii).
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Vysledky a diskuze

Po 3 mésicich bylo zhojeno 21 pacientli ze skupiny I a 20 pacientl ze skupiny II, tj. celkem
41 pacientt (82 %) (Obr. 1). U zbyvajicich 9 pacientd (18 %) nebyly sice ulcerace zcela
zhojeny, nicmén¢ doslo k vyrazné redukci velikosti vieda a k tleveé od bolesti. Primérna doba
hojeni viedu byla 32,2 dny (rozpéti 12-90) dnti u skupiny I a 26,9 dnti (rozpéti 10-84 dnt1) u
skupiny Il (Obr. 2). Mezi obéma skupinami nebyly zjistény statisticky signifikantni rozdily
V poc¢tu zhojenych ulceraci a v rychlosti hojeni (RR 1,05, 95% konfidené¢ni interval 0,81 —
1,36).

Obr. 1: Vysledky hojeni béhem 3 mésict (n — pocet ulceraci)

Typ alograftu zhojeno nezhojeno

n % n %
kryoprezervovany 21 84 4 16
lyofilizovany 20 80 5 20
celkem 40 82 9 18
Obr. 2: Rychlost hojeni ulceraci béhem 3 mésicu
Typ alograftu Doba hojeni (dny) Primérna doba hojeni (dny)
kryoprezervovany 12-90 32.2
lyofilizovany 10-84 26.9
celkem 10-90 29.5

Primérna velikost ulceraci pied aplikaci alograftii byla 12,41 cm?® u skupiny | a 9,04 cm? u
skupiny II. Velikost viedi byla planimetricky hodnocena 7., 28. a 90. den od aplikace KEA

(Obr. 3). Vyrazné zmenseni velikosti viedii bylo patrné zejména béhem prvniho tydne od
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aplikace alograft — 7. den byla pramé&ma velikost viedd 6,5 cm? u skupiny | a 5,06 cm? u

skupiny II. Po mésici (28. den) byla pram&rné velikost viedi 2,04 cm? u skupiny I a 1,45 cm?

u skupiny II. Po 3 mésicich od aplikace alograft (tj. 90. den) byla primérna velikost viedi

1,99 cm? u skupiny 1 a 1,05 cm? u skupiny II. Zmény velikosti vied béhem prvniho tydne

1é¢by byly statisticky signifikantni u obou skupin a také byly u obou skupin srovnatelné

(P<0,001).

Obr. 3: Planimetrické hodnoceni ulceraci béhem 1é¢by (T — pocet dnit)

Typ alograftu

Velikost ulcerace (cm?)

Pied aplikaci

Po aplikaci alograftu

alograftu T, Tog Too
kryoprezervovany | 12.41 6.50 2.04 1.99
(n=25)
lyofilizovany 9.04 5.06 1.45 1.50
(n=25)
celkem 10.73 5.78 1.74 1.74

Soucasti studie bylo také hodnoceni bolesti pomoci VAS (vizuélni analogova Skala bolesti).

Intenzita bolesti byla u obou skupin statisticky signifikantné redukovana béhem prvniho tydne

po aplikaci alograftt (P<0,001) (Obr. 4).

Obr. 4: Prubéh bolesti béhem 1é¢by

10

—e— cryopreserved CEA P < 0.001
—&— |yophilized CEA P < 0.001

T0

T

T4

(weeks)
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Zvysledkli na$i studie vyplyva, ze lyofilizované KEA maji efekt zcela srovnatelny
s kryoprezervovanymi KEA. Lyofilizované KEA se tak stdvaji mnohem vyhodnéjsi pro
pouziti v bézné praxi, protoze se daji transportovat i skladovat pii pokojové teploté a jsou tak
kdykoliv ptipraveny k okamzitému pouziti. Rovnéz se tim vyrazn¢ snizi finan¢ni naklady.
Co se tyce aplikace kryoprezervovanych KEA, jsou vysledky hojeni ulceraci u pacientl
V nasem souboru zcela srovnatelné se studiemi zabyvajicimi se touto problematikou. Teepe et
al. udavad ve své studii pramérnou dobu hojeni 26 dni u venoéznich ulceraci 1écenych
kryoprezervovanymi alografty a 83 % kompletné zhojenych ulceraci (i jiné etiologie nez Cisté
vendznich) béhem 12 tydnt (126). De Luca et al. udava pramérnou dobu hojeni vendznich
ulceraci 5,7 tydne (pii opakovanych aplikacich kryoprezervovanych alografti) a 66,6 %
ulceraci kompletné zhojenych béhem 12 tydnt (v souboru byli i pacienti s jinymi ulceracemi
nez vendznimi) (20).
Nejvétsi efekt 1écby byl pozorovan béhem prvniho tydne od aplikace KEA, kdy doslo
k vyraznému zmenseni plochy ulceraci (hodnoceno planimetricky). Toto rychlé hojeni lze
nesporné piicist pusobeni KEC, protoze za standardnich podminek zajiSténych hospitalizaci
byl proveden jen jeden ptevaz (5. den), takZe ostatni zevni terapie nemohla hrat velkou roli.
NaSe zjisténi odpovida 1 vysledkiim jinych studii, v nichz také doslo k vyrazné redukci plochy
ulceraci béhem prvniho tydne (56, 99), a souvisi s pfedpokladanym mechanismem u¢inku
KEC, tj. s uvolnénim fady cytokini. Rychla epitelizace vétSinou zacinala z okraji ulcerace
(popisovany ,,edge effect®), u rozséhlejSich ulceraci doslo i k tvorbé epitelizacnich ostravkil
V centru, ziejm¢ migraci hostitelskych keratinocytii ze zbytka koznich adnex (5, 10, 20, 49,
68, 73, 78, 100, 104, 126).
V nésledujicich tydnech bylo hojeni ulceraci ovlivnéno fadou dalSich faktorh tykajicich se
samotného pacienta (vek, staticka zatéz, pridruZzena onemocnéni), ale 1 ostatni lokalni terapii,
a predevsim aplikaci adekvatni komprese. Nékteré studie popisuji opakovanou aplikaci KEA
S ¢asovym odstupem 1-2 tydntli, pfekdzkou ovSem miize byt financni naro¢nost takového
postupu (5, 20, 43, 57, 74, 78, 126, 127).
U vSech pacienti doSlo okamzité po aplikaci jak kryoprezervovanych, tak lyofilizovanych
KEA ke zmenSeni intenzity bolesti, a tim k vyraznému zlepSeni kvality Zivota jesté pred
zhojenim ulceraci. Uleva od bolesti je popisovana ve viech studiich zabyvajicich se
problematikou aplikace KEC a je zduraziiovana jako jedna z velkych ptednosti této metody
(5, 99, 100).
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Na nasi praci navazali néktefi zahrani¢ni autofi.
Jang et al (2013) ve své preklinické studii srovnavali kryoprezervované a lyofilizované KEA,
a to jejich mikrostrukturu, cytokinovy profil a jejich vliv na hojeni ran na mysich modelech
(53). U lyofilizovanych KEA byly mikroskopicky zjistény intaktni bufiky se zfetelnymi
intracelularnimi junkcemi. Lyofilizované KEA byly slozeny ze 3-4 dobie zachovanych vrstev
epidermis, coz bylo prokdzano expresi keratinu, involukrinu a p63. Struktura epidermalni
vrstvy a exprese proteinli byly u lyofilizovanych a kryoprezervovanych KEA shodné a rovnéz
byly srovnatelné s nativnimi KEA. U lyofilizovanych KEA byly detekovany podobné hladiny
TGF-a, EGF, VEGF, IL-1a a MMP jako u kryoprezervovanych KEA. Déle bylo provedeno
srovnani ucinnosti obou typtt KEA na mysich modelech. Rany 1é¢ené lyofilizovanymi nebo
kryoprezervovanymi KEA se zhojily nejméné o 4 dny rychleji nez nelécené rany. Rany lécené
KEA se tplné€ zhojily do 10 dnfi, zatimco neléCené rany nebyly zahojeny do 14. dne. U ran
lé¢enych KEA bylo ve srovnani s kontrolami nalezeno vyrazné vys$i mnozstvi kolagenu
v dermis v centru rany. Tato studie tedy prokazala, Zze u hojeni ran jsou lyofilizované KEA
klinicky stejné G¢inné jako kryoprezervované KEA. Tento vysledek je v souladu s naSimi
vysledky.
KEA uvolnuji proteiny dileZité pro proliferaci a migraci keratinocytl a fibroblasti. Mezi tyto
proteiny patii ristové faktory — bFGF, TGF-a, TGF-B, EGF, VEGF, PDGF, dale cytokiny -
IL-1a, IL-6, IL-8 a také proteiny ECM — kolagen, laminin a fibronektin. Byly zkoumany
hladiny TGF-a, bFGF, EGF, VEGF a IL-1a u lyofilizovanych KEA. U lyofilizovanych KEA
byly metodou ELISA detekovany vysoké hladiny VEGF a IL-1a. Tyto vysoké hladiny byly
srovnatelné s kryoprezervovanymi KEA. Rovnéz hladiny TGF-a, EGF a bFGF byly
srovnatelné u obou typli KEA. Na zakladé téchto vysledkli bylo prokazano, Ze lyofilizace
neovliviiuje hladinu proteini v KEA.
Soejima et al. (2013) vytvotili nové bioaktivni kryti s obsahem lyofilizovanych KEC a/nebo
fibroblastt (120). Cilem studie bylo potvrdit u¢innost lyofilizovanych produktt diky uvolnéni
rustovych faktorti. Vysledky studie potvrdily, ze kultivované bunky si zachovavaji po
lyofilizaci svou morfologii a dale uvoliluji ristové faktory.
Bylo zjisténo, Ze pii pouziti kryti s obsahem samotnych fibroblasti dochéazi k uvolnéni
rastovych faktori v Signifikantné vyssich koncentracich po lyofilizaci nez po kryalizaci. Napft.
hladina bFGF byla téméf stokrat vyssi u lyofilizovanych bun¢k ve srovnani s
kryoprezervovanymi buiikami. Pokud byly keratinocyty a fibroblasty kultivovany spolu, byly
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hladiny bFGF a VEGF vyssi u kryoprezervovanych kryti. Hladina ristovych faktord je
pravdépodobné regulovana vzajemnou interakci keratinocyti a fibroblastt (36, 118).
O’Donnell (2006) ve své praci podal systematicky ptehled randomizovanych klinickych studii
(RCT), které se zabyvaly krycimi materidly pro hojeni venodznich bércovych ulceraci a
splnovaly vstupni kritéria, tj. aplikace komprese béhem studie jako zaklad konzervativni 1¢€cby
a objektivni cile popisujici procento zhojenych ulceraci (94). Celkem tomuto pozadavku
odpovidalo 20 RCT, mezi nimi i naSe studie. RCT byly rozdéleny do 3 skupin dle pouzitych
krycich materialt — semiokluzivni/okluzivni kryti (celkem 8 studii), ristové faktory (celkem 7
studii) a kozni nahrady (celkem 5 studii, mezi nimi i naSe prace). Autor vyhledaval RCT
v databazich MEDLINE, CINAHL a Cochrane Controlled Trials Registry Database. Ve
skupiné koznich ndhrad meéla nejlepsi vysledky studie srovnavajici Apligraf a Tegapore.
Apligraf je biosynteticky produkt tvofeny 2 vrstvami. Vnitini dermalni vrstvu piedstavuji
kultivované lidské fibroblasty v bovinnim kolagenu typu 1, zevni epidermalni vrstvu tvoii
kultivované epidermalni keratinocyty, které jsou schopny vytvaret stratum corneum. Apligraf
je morfologicky, biochemicky a metabolicky podobny lidské kuzi (24). Tegapore je tkana
polyamidova sitka, neadherentni kryci material s pomémné velkymi pory. Vysledky studie
potvrdily u¢innost koZnich ndhrad, bylo zhojeno 63 % pacientli 1écenych Apligrafem ve
srovnani se 49 % pacientl lé¢enych Tegaporem (P 0,02).

Jones et al. publikovala v roce 2013 posledni systematicky piehled koznich nahrad v 1é¢bé
venoznich bércovych ulceraci z databaze Cochrane (55). Do ptehledu bylo zatazeno celkem
17 randomizovanych klinickych studii (RCT), s celkovym poctem 1034 pacientd. Ve 12
studiich byla soucasné¢ aplikovdna komprese. 11 studii srovnavalo kozni nihrady se
standardni lokalni terapii, v 6 studiich byly srovndvany rizné kozni nahrady mezi sebou. Do

této skupiny byla zafazena i nase prace (Obr.5).

Obr.5: Vysledky nasi studie zahrnuté v databazi Cochrane srovnavajici aktivni kryti pii 1€cbé

bércovych ulceraci venozni etiologie (Jones et al 2013)
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Analysis 9.1. Comparison 9 Frozen allograft compared with lyophilised keratinocyte, Outcome | Healing.
Review: Skin grafting for venous leg ulcers
Comparisorn: 9 Frozen allograft compared with lophilised keratinocyte

Outcome: | Healing

Study or subgroup Frozen allograft Lyophilised Keratino Risk Ratic Weight Risk Ratio
n/N n/MN M-H Fixed 95% CI M-H Fixed 95% Cl

Mavratilova 2004 21125 20025 i 1000 % 057081, 1.38]
Total (95% CI) 25 25 + 100.0 % 1.05 [ 0.81, 1.36 ]

Total events: 21 (Frozen allograft), 20 (Lyophilised Keratino)
Heterogeneity: not applicable
Test for overall effect: 7 = 037 (P = 0.71)

Test for subgroup differences: Mot applicable

Keratinocytes better Allografis batter

Mechanismus hojeni ran je velmi slozity. Ackoliv 1ze k podpote hojeni ran aplikovat samotné
rustové faktory, je 1écba pomoci alogennich kultivovanych bunék mnohem ucinngjsi a

fyziologicka, protoze dochazi k uvolnéni fady mediatorti, které navzajem posiluji své ucinky.

Dale byla publikovana v Acta Dermatoven APA naSe kazuistika 67leté zeny s 4 roky
trvajicimi bércovymi ulceracemi, které se po aplikaci lyofilizovanych KEA zhojily béhem 40
dnti a pacientka mohla podstoupit nezbytnou operaci kolenniho kloubu pro gonartrézu.

Velikost viech ulceraci byla pred aplikaci lyofilizovanych KEA 22,7 cm?, 7. den po aplikaci
doslo k redukci na 16,5 cm?, 28. den byla velikost 2,4 cm? Ihned po aplikaci pacientka
udavala vyrazny ustup bolesti. Ulcerace byly zcela zhojeny po 40 dnech od aplikace
lyofilizovanych KEA. Pacientka pokracovala v aplikaci kompresivni terapie a mohla
podstoupit operaci kolene. Po operaci doslo k vyraznému zlepSeni mobility pacientky, a tim
k aktivaci zilné svalové pumpy a redukci zilni hypertenze. Dusledkem pak byla pomalejsi

progrese CVD.
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I11. Terapie chronickvch bércovych ulceraci venézni etiologie — oxidovana celuloza

1. Slonkova V, Vasku V: Vyuziti oxidované celuldézy v terapii chronickych ulceraci
cévniho piivodu — vysledky klinické studie. Cs Derm 2009; 84: 92-98.
(kvantitativni podil uchazece - 80% - sbér a analyza dat, klinické vySetfovani a 1é¢ba

pacientli, vyhleddvani a analyza literatury, pfiprava textu publikace)

2. Slonkova V, Vaski V: Uspé&sna terapie bércovych ulceraci pomoci hydrogenvapenaté
soli oxidované celuldzy. Referatovy vybér z dermatovenerologie 2009; 51: 80-82.
(kvantitativni podil uchazece - 80% - sbér a analyza dat, klinické vySetfovani a 1é¢ba

pacientil, vyhledavani a analyza literatury, text publikace)

3. Slonkova V, Vaskit V: Vyuziti hydrogenvapenaté soli oxidované celulozy
(Traumacelu biodress) v terapii chronickych ulceraci: shrnuti vysledka klinické studie
a kazuistika. Lékatské listy 2008; 19: 27-29.

(kvantitativni podil uchazece - 80% - sbér a analyza dat, klinické vySetfovani pacientt,

vyhledéavani a analyza literatury, ptiprava textu publikace)

Na I. dermatovenerologické klinice v Brné probihala v letech 2006-2007 klinicka studie,
jejimz cilem bylo ovéfit bezpecnost a tcinnost oxidované celuldozy (OC) v 1é€be bércovych
ulceraci vendzni nebo smisené etiologie a porovnat u¢innost obou forem oxidované celulozy,
tj. ¢isté OC a hydrogenvépenaté soli OC.

Vysledky této klinické studie byly publikovany v ¢eskych recenzovanych ¢asopisech.

Stav problematiky

Oxidovana celuléza je produkt selektivni oxidace celuldzy rostlinného ptvodu (baviny). Je
pln€ biodegradabilni, je resorbovdna do 48-72 hodin v zavislosti na mnoZstvi exsudatu.
V ramci studie byla zkoumdna uc€innost dvou forem OC — C¢isté oxidované celulozy
(polyglukuronova kyselina) a c¢asteéné neutralizované OC (hydrogenvapenata sul
polyglukuronové kyseliny - parcialn¢ neutralizovana OC zachovavajici kysely charakter
latky). Cista OC i hydrogenvapenata siil OC jsou vyuZzivany v chirurgii jiz fadu let predevsim

pro své hemostatické uc¢inky. lonty kalcia pfitomné v hydrogenvapenaté soli OC se pii hojeni
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ran navic vazou na receptory bolesti, ¢imz je blokuji (46). Vysledkem je snizeni bolesti v rané
a tim zlepSeni kvality zivota pacientd jeSté pred zhojenim bércové ulcerace. lonty kalcia
rovnéz podporuji hojeni tim, Ze zvySuji osmoticky tlak v rané, coz podporuje migraci
makrofagii a ristovych faktori do rany. Vysledkem je aktivace fibroblast. Studie in vitro,
které se zabyvaly uUCinkem oxidované celulozy na dermalni fibroblasty, prokazaly, Ze
oxidovana celuléza vede k piimé stimulaci proliferace fibroblastl a signifikantn¢ zvysuje
jejich metabolickou aktivitu (46, 48). Pfesny mechanismus ucinku vsak dosud neni znam.

Lze ptedpokladat i piiznivy vliv OC v obou formach na sniZzeni pH v ran¢, ¢imz dochézi ke
snizeni aktivity matrix metaloproteindz. MMP jsou proteolytické enzymy, které jsou soucasti
exsudatu chronickych ran. MMP zpomaluji hojeni ran tim, ze poSkozuji granulaéni tkan a
podporuji zanétlivou fazi hojeni ran. Aktivita MMP vyznamné zavisi na pH v rané. Chronické
rany maji primérné pH 7.4 - pfi tomto pH vykazuji MMP maximadlni aktivitu. Tato aktivita
klesa pfi niz§im, tj. lehce kyselém pH. Snizenim pH v ran¢ tedy dochazi ke sniZeni aktivity

MMP a tim k urychleni hojeni (86).

Material a metody

Do studie bylo zatazeno celkem 30 pacientl s chronickymi bércovymi ulceracemi vendzni
nebo smisené etiologie, které trvaly déle nez 3 mésice a nejevily znamky hojeni pii standardni
terapii (lokalni terapie a adekvatni kompresivni terapie). Vybér konkrétni formy OC zavisel
na pofadi pacienta ve studii — pacienti ¢. 1-5, dale 11-15 a dale 21-25 byli 1éCeni
hydrogenvéapenatou soli OC (skupina 1), pacienti ¢. 6-10, dale 16-20 a dale 26-30 byli 1éceni
¢istou OC (skupina 2).

Z celkového poctu 30 pacienti bylo celkem 9 muzi a 21 zen. Primémy vek pacientii ve
skuping 1 byl 70,07 let (rozpéti 51-84 let), ve skupiné 2 byl 68,73 let (rozpéti 48-84 let).
Primérna doba trvani ulceraci byla u 1. skupiny 64,27 mé&sicl (s Casovym rozpétim 5 mésicii -
38 let), u 2. skupiny byla 22,20 mésici (s ¢asovym rozpétim 3 mésice - 7 let). ProtoZe doba
trvani ma znacny rozptyl a nema normalni rozdéleni, byla pro srovnédni data zlogaritmovana.
kdyby byly pro srovnani pouZzity nelogaritmované hodnoty). Ve skupiné 1 se jednalo u 7
pacientil o venozni ulcerace a u 8 pacientli o ulcerace smisené etiologie, ve skupiné€ 2 byly u 5
pacientl zjiStény venodzni ulcerace a u 10 pacientl ulcerace smisené.

Vsichni pacienti byli podrobné vySetfeni anamnesticky, klinicky, dopplerovskou
ultrasonografii vcetné stanoveni indexu tlaku kotnik/paze (ABI — ankle/brachial index) a
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digitalni fotopletysmografii. Dale byly provedeny laboratorni odbéry — KO+diff a
biochemické vySetieni - glykemie, urea, kreatinin, cholesterol, AST, ALT, GMT, bilirubin,
CB, albumin, CRP, glykovany Hb. Rovnéz bylo provedeno bakteriologické vysetieni ze
spodiny ulcerace. Na zakladé¢ vySetfeni byl stanoven charakter ulcerace.

Vylucovaci kritéria byla nésledujici: Cisté arteridlni ulcerace, ulcerace mensi nez 2 cm? ¢&i
trvajici méné nez 3 mésice, Spatn¢ kompenzovany diabetes mellitus (glykovany hemoglobin
vice nez 8,5 %), vyrazna anemie (hemoglobin mén¢ nez 100 g/l), dekompenzovand srde¢ni
insuficience, vyrazna hypoproteinemie (albumin méné nez 35 g/l), ABPI méné nez 0,7,
maligni tumor s generalizaci, celkova imunosupresivni terapie a alergie na oxidovanou
celulozu.

Pacienti splitujici kritéria byli na zaklad¢ informovaného souhlasu zafazeni do studie.

Pted prvni aplikaci porovnavanych forem OC byl zdokumentovan charakter ulcerace
(digitalni fotografie, nakres na folii a planimetrické zpracovani), byl zaznamenén stav spodiny
ulcerace i jejiho okoli, stupeii exsudace. Dale byla ¢iseln¢ zaznamenéna bolest, kterou pacient
citi, a to pomoci numerické S$kaly bolesti (NRS). Numericka Skéla bolesti predstavuje jednu z
moznosti, jak kvantitativn€ hodnotit intenzitu bolesti. Pfed aplikaci OC byla ulcerace
obkladovdna Dermacynem, poté bylo oSetfeno okoli ulcerace zinkovym olejem a do ulcerace
byla aplikovana OC, kterd byla kryta mastnym tylem, vrstvou gézy, fixovana hydrofilnim
obinadlem a nasledné 2-3 kratkotaZznymi obinadly. Celkova doba aplikace oxidované celulozy
byla 8 tydnl.. Pfevazy probihaly po 1-3 dnech v zavislosti na stupni exsudace, zpocatku
vétsinou denné, ve 2. mésici od zafazeni do studie vétsinou po 2-3 dnech.

Klinické kontroly probihaly 1. mésic v tydennich intervalech, 2. mésic po 2 tydnech. Pfi
kazdé klinické kontrole byla hodnocena velikost ulcerace (digitalni fotografie, ndkres na folii
a planimetrické zpracovani), charakter spodiny ulcerace, stupeni exsudace, charakter okoli
ulcerace. Pacienti ¢iselné zaznamenali bolest, kterou citi, a to pomoci numerické skaly bolesti.
Pomoci specialniho dotazniku byla hodnocena 1 kvalita Zivota pacientd, a to pied zahdjenim
studie a poté pii ukonceni studie. Rovnéz byla hodnocena spokojenost pacientil s terapii

oxidovanou celulozou.

Vysledky a diskuze

Primérna plocha viedu pied zahdjenim studie byla u 1. skupiny 42,37 cm? a u 2. skupiny

34,55 cm®. Primérna bolest byla pied zahjenim studie u 1. skupiny 6,07 a u 2. skupiny 6,87
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(hodnoceno numerickou skalou bolesti). Hodnoty velikosti ulceraci mély u pacientd velky
rozptyl, a navic nemély v pribéhu 1é¢eni normalni rozdéleni. Z tohoto divodu byly pro dalsi
analyzu pouzity hodnoty relativni, které navic vykazovaly normélni rozdéleni. Pro hodnoceni
ucinnosti 1écby v zavislosti na pouzité formé¢ OC a dobé léceni byla pouzita dvoucestna
metoda ANOVA. Cista OC je v grafech ozna¢ena jako Taf a hydrogenvapenata stl OC je
v grafech oznacena jako T. Ukazalo se, ze hodnoty relativni velikosti ulceraci se u skupiny 1 a
u skupiny 2 vzdjemné v priubéhu 1éCby statisticky nelisi. Statisticky vyznamné vSak doslo ke
zmensSeni velikosti viedd (p=0,00027) - na zakladé nasledného post-hoc Tukey testu se jiz po
2 tydnech 1é¢by hodnoty velikosti ulceraci (stav T2) statisticky 1isi od velikosti ulceraci na
pocatku 1éceni (stav T0). V grafu 1 jsou vyneseny stfedni hodnoty relativni velikosti ulceraci
u obou forem OC béhem 1éCeni. Je ziejmé, ze lepsich vysledkl bylo dosazeno u skupiny 1 (t;.
u pacientll lécenych hydrogenvéapenatou soli OC) - z grafu je zfejmy staly klesajici trend
relativni velikosti viedl. Naopak u pacienti 1éCenych ¢istou formou OC jsou hodnoty
relativni velikosti viedl vyssi nez u skupiny 1 a od kontroly v ¢ase T2 (tj. po 2 tydnech 1é¢by)
se jiz prakticky neméni. Tato skute¢nost je potvrzena také vysledky post-hoc Tukey testu, na
zéklad¢ kterého bylo prokazano, Ze u skupiny 1 dosSlo navic ke statisticky signifikantnimu
zmen$eni relativni velikosti viedi i po 3 tydnech 1é&¢by (T3) v porovnani s pocateénim

stavem, kdeZto u skupiny 2 se hodnoty od ¢asu T2 v celém dalSim priab¢ehu jiz nelisi.

Graf 1: Zavislost stfedni hodnoty relativni plochy viedl u obou typl preparatu béhem léceni

vcetné 95% konfidencnich intervalll (T — hydrogenvépenata stl OC, Taf — ¢ista OC)
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Hodnoty bolesti béhem 1é¢eni byly hodnoceny obdobnym zpiisobem. Pro hodnoceni byly opét
pouzity relativni hodnoty bolesti, ¢imZ se omezi subjektivni hodnoceni pacienta a zdlrazni se
zména béhem léc¢eni. Po provedeni ANOVA testu se signifikantné li§i jak uroven bolesti mezi
skupinou 1 a skupinou 2 (p=0,0057), tak i1 uroven bolesti pii jednotlivych kontrolach (p<
0,000001). Z grafu 2, kde jsou vyneseny prub&hy bolesti béhem 1é¢eni u obou skupin pacientti
je videt, ze u skupiny 2 jsou hodnoty bolesti vyssi nez u skupiny 1. Tato skutecnost byla
potvrzena i post-hoc Tukey testem — skupiny 1 se statisticky vyznamné li§i bolest nejen pii
prvni kontrole po tydnu lécby (T1), ale navic 1 relativni hodnoty bolesti po 4 tydnech 1écby
(T4) jsou statisticky vyznamné niZsi nez v Case T1. V piipad¢ skupiny 2 se bolest statisticky
vyznamné snizi také pti prvni kontrole, ale dale se jiz do konce sledovani statisticky

vyznamné neméni.

Graf 2: Zavislost stfedni hodnoty relativni bolesti u obou typt preparatu béhem léceni véetné
95% konfidencnich intervall (T — hydrogenvapenata sul OC, Taf — ¢ista OC)
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Korelace mezi pribéhem lé€eni a v€kem nebo dobou onemocnéni nebyly zjistény.

Oxidovana celuldza pouzitd v této studii je ziskdvana z dlouhovldkenné baviny nejvyssi
kvality s vysokym obsahem alfa-celulozy. Od ostatnich forem celulozy se 1isi zejména
vychozi surovinou (bavlna) a zpisobem zpracovani. Vlakna totiZ nejsou klasicky lisovana, ale
jsou pfedena kroucenim zakladnich Sroubovic, ¢imZ nevznikaji plnd, ale dutd vlakna s vétSim
specifickym povrchem. Toto specialni zpracovani zajist'uje vyssi ucinnost této formy OC.

V pribéhu studie byl pozorovan velmi piiznivy efekt OC 1 na ulcerace s povleklou spodinou,
postupné doslo k jejimu vyciSténi a navozeni granulacni faze hojeni. Tyto klinické zkuSenosti
byly potvrzeny i laboratorné — bylo prokdzano, ze OC pusobi na nekteré mikroorganismy
baktericidné (Staphylococcus aureus veetné methicilin-rezistentnich kmenti, dale
Streptococcus pyogenes, Streptococcus beta-haemolyticus non A non B), na jiné patogeny
pusobi bakteriostaticky (gramnegativni bakterie - Escherichia coli, Pseudomonas aeruginosa,
Proteus vulgaris) (134). Antibakterialni Gc¢inek vaci Sirokému spektru patogennich
mikroorganismu byl potvrzen jak in vitro, tak in vivo, a je pravdépodobné dan sniZenim pH v

rané. To vede kromé jiného k aktivaci pfirozenych obrannych mechanismu hostitele (59).
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Po aplikaci hydrogenvépenaté soli OC byl zjiStén statisticky signifikantni ustup bolesti, ¢imz
doslo ke zlepSeni kvality Zivota pacientii jesté¢ pfed zhojenim ulcerace. Bolest je jednim
z hlavnich faktorti, které snizuji kvalitu zivota pacientl s bércovymi viedy. Dle literarnich
udajii je bolestivych 60-80 % ulceraci vendzni etiologie, z toho ve 20 % se jedna o bolest
extrémni (50). Bolest a s ni souvisejici snizeni kvality Zivota ma za nasledek pomalejsi hojeni
rany. Chronickd bolest totiz mtize vést k chronickému stresu, ktery negativné ovliviiuje hojeni
(83). Bolest tedy ptsobi na hojeni rany stejné¢ negativné jako napt. infekce v rané (12).

Na zakladé provedené studie lze shrnout, ze ob¢ formy oxidované celulézy urychluji hojeni
chronickych bércovych viedl, dle statistického zhodnoceni byly zjistény lepsi vysledky u
skupiny pacientd lécenych hydrogenvapenatou soli oxidované celulézy. Dle klinickych
zkuSenosti se jedna zejména o urychleni granulace a epitelizace ulceraci. Jiz po tydnu
aplikace obou forem oxidované celuldzy dochéazi k vyrazné tlevé od bolesti, coz vede ke
zlepSeni kvality Zivota pacientl jesté pfed zhojenim bércového viedu. Vzhledem k tomu, Ze se
jedna o pln¢€ resorbovatelny material, probihd vyména kryti bez traumatizace pacienta, coz je
jeden ze zékladnich pozadavk, ktery by mélo moderni kryti spliiovat. Oxidovana celuloza se
velmi snadno aplikuje na rdnu, coz je dal$i nespornou vyhodou tohoto kryti. V pribéhu celé
studie nebyly zaznamenany nezadouci Uc¢inky souvisejici s aplikaci obou forem oxidované
celulozy.

V soucasné dob¢ se hydrogenvapenata stl OC Siroce vyuziva v praxi K hojeni chronickych
ran.

Ptiznivy vliv hydrogenvapenaté soli OC na hojeni chronickych ran prokézala i prace ¢eskych
autort, publikovana vroce 2013 (33). Cilem studie bylo ovéfit hypotézu, zZe
hydrogenvapenata sil OC snizuje hladinu MMP-2, MMP-9 a TNF-alfa v exsudatu z rany,
plsobi antibakteridlné¢ a vede tak ke zmenSeni velikosti rany. U 20 pacientli byly metodou
ELISA analyzovany hladiny MMP-2, MMP-9 a TNF-alfa v exsudatu kazdych 14 dnd po dobu
6 tydnt. U 14 pacientli doSlo ke zmenSeni viedu a u 16 pacientli k ustupu bolesti. Hladiny
MMP-2 odpovidaly produkci TNF-alfa. Hladiny MMP-9 ztstaly béhem studie beze zmén.
RovnéZz doSlo k signifikantnimu sniZzeni bakteridlni kontaminace v rané. Studie potvrdila

ptiznivy vliv hydrogenvapenaté soli OC na hojeni chronickych ran.
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4. Zavér

Chronické zilni onemocnéni predstavuje zavazny celosvétovy zdravotni problém.
Onemocnéni ma progredujici charakter, vyrazné snizuje kvalitu Zivota a naklady na 1écbu
predevsim bércovych ulceraci jsou vysoké. Geneticka variabilita (polymorfismy) v urcitych
genech mohou hrat dulezitou roli pti vzniku zilniho bércového viedu. Geneticky screening
muze pomoci rozlisit pacienty s CVD s vysokym rizikem vzniku bércového viedu a pacienty
S pomalym hojenim ulcerace, a tim individualizovat 1é¢ebny plan u kazdého pacienta.
Detekce rizikovych variant genii mtze vést k rychlejSimu zavedeni preventivnich opatieni a
vcasné 1écbe pacientll s CVD, a zabranit tak vzniku bércovych viedil a vyrazné zlepsit kvalitu
zivota pacientll. Genetické vySetfeni nejdulezitéjSich polymorfismi asociovanych s CVD by
mélo byt zvazeno zejména u pacientl s klinickym staddiem C3 a C4 a pozitivni rodinnou

anamnézou.

Pii 1€cbé bércovych ulceraci venodzni etiologie je Casto nutné vyuzit aktivni kryti. Mezi
nejmodernéjs§i znich patii kryoprezervované a lyofilizované kultivované epidermdlni
alografty, které vyrazné urychluji hojeni ulceraci a také vedou k okamzité tlevé od bolesti,
¢imz zlepSuji kvalitu Zivota pacienttl jesté pfed zhojenim ulceraci. Dal§i moderni aktivni kryti
piedstavuje oxidovana celuloza, kterd rovnéz urychluje hojeni ran a snizuje bolest. Vstupni
naklady na moderni kryti (zejména koZni ndhrady) jsou sice vyssi, ale ve svém konecném
disledku se vyplati, protoZze dochézi k velmi rychlému zhojeni ulceraci a také ke zlepSeni

kvality zivota pacientil, coz by mélo byt prvotnim zajmem lécby.
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6. Abstrakt

A background of chronic venous leg ulcers and their treatment

Background: Chronic leg ulcers represent a major health problem and they have a long-term
negative influence on quality of life of the patients. Venous leg ulcers are the most serious stage
of chronic venous disease. Genetic background of chronic venous disease as well as new

modalities of treatment (cultured epidermal allografts and oxidated cellulose) were investigated.

Aims and methods: Gene polymorphisms can play an important role in the progression of

chronic venous disease and the development of venous leg ulcers. The project was scheduled
as a case—control study to investigate the correlation between MMP-2 (rs243864), MMP-9
(3918242), MMP-12 (rs7123600) and TIMP-2 (rs8176329) polymorphisms and chronic
venous disease (CVD) risk. The genotype and phenotype research envisages the testing of
possible associations between MMP and TIMP-2 genotypes and phenotypes of CVD. 150
patients with CVD and 227 controls were enrolled into the study. The MMPs and TIMP-2
genotypes were identified by the PCR method and restriction analysis according to standard
protocols.

We also investigated new treatment modalities of chronic venous leg ulcers. Two large
studies were conducted. The aim of our first study was to compare the effect of cryopreserved
and lyophilized cultured epidermal allografts in the treatment of venous leg ulcers as there
was no clinical experience with the use of lyophilized allografts in this indication in our
country yet. Fifty patients were selected to this study and the treatment was evaluated over a
3-month period after application.

In our second study, safety and effectivity of oxidated cellulose (OC) in the treatment of
chronic venous leg ulcers were evaluated. Thirty patients were involved in this study. Half of
patients was treated with the hydrogencalcium salt of OC, the other half was treated with the
pure OC. Healing was evaluated weekly for the period of two months.

Results: We found exciting results concerning genetic background of chronic venous disease.
The G allele of MMP-2 -790 T/G was 1.85 times more frequent in men with CVD than in the
control group (P = 0.008). The T allele of MMP-9 -1562 C/T was observed 2.571 times more
frequently in patients with CVD than in the control individuals (both in men and women) with
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clinically significant specificity (P = 0.0000009). The G allele of MMP-12 rs7123600 was
determined 2.082 times more frequently in female patients with CVD than in the control
group with clinically significant specificity (P = 0.02). No significant result in TIMP-2
rs8176329 polymorphism in the case—control study was observed. CVD women with G allele
in MMP-2 -790 T/G in the genotype—phenotype study are seen to develop ulceration 2.539
times more frequently (P = 0.003). The G allele of MMP-12 rs7123600 was detected 3.167
times more frequently in CVD women with ulceration compared with CVD women without
ulceration (P = 0.007). In CVD men in C6 stage, the incidence of AG genotype in rs7123600
MMP-12 polymorphism was found to be 4.675 times higher compared to CVD women with
C6 staging (P = 0.005). The AG genotype in TIMP 2 rs8176329 polymorphism was found

to be associated with higher risk of tumour (P = 0.01).

In our next clinical study, we found that the cryopreserved and lyophilized cultured allografts
are comparable in healing rate, course of healing and relief of pain, and also in planimetric
changes during the healing of venous leg ulcers. Lyophilized allografts are more convenient
for routine use than cryopreserved allografts as they can be stored and transported at room
temperature and the cost of the treatment is lower.

We also proved that oxidated cellulose (OC) accelerates chronic leg ulcers healing especially
influencing granulation and epithelisation. Statistical evaluation showed better results in
patients treated with hydrogencalcium salt of OC than in patients treated with pure OC. After
one week the pain relief was already evident thus improving the quality of life even before

wound closure.

Conclusions: Genetic screening and studying gene polymorphisms can contribute to better
identification of patients who are at higher risk of developing CVD, while providing the most
appropriate prevention and treatment strategies for limiting the progression and complications
of CVD. Application of cultured epidermal allografts takes place in the modern treatment of
chronic leg ulcers. Our results could give rise to the more frequent use of lyophilized
allografts in slowhealing venous leg ulcers. Oxidated cellulose accelerates wound healing and

leads to pain relief and improvement of quality of life.
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7. Seznam zkratek

ABPI ............... index tlaku kotnik/paze (ankle/brachial pressure index)
ACS.......c akutni koronarni syndrom (acute coronary syndrome)
BM...cooooiis bazalni membrana

CVD.....cccoeene. chronické zilni onemocnéni (chronic venous disease)

CVI .o chronicka zilni insuficience (chronic venous insufficiency)
DNA......cor. deoxyribonukleova kyselina

ECM....cooii extracelularni matrix

EDTA ..o ethylendiamintetraoctova kyselina (ethylenediaminetetraacetic acid)
EGF...ccoovviin epidermalni rastovy faktor (epidermal growth factor)
FGF...ooooveiv fibroblastovy rustovy faktor (fibroblast growth factor)
HLA.....ccooiie hlavni histokompatibilni komplex (Human Leucocyte Antigen)
ICH DKK........... ischemickad choroba dolnich koncetin

ICHS.................. ischemicka choroba srdecni

L, interleukin

KEA......cooi kultivované epidermalni alografty

KEC...ooiie kultivované epidermalni keratinocyty

MMP.......ccone matrix metaloproteinazy

MRNA................ messengerova ribonukleova kyselina (messenger RNA)
NRS......ccoeieie numericka Skala bolesti (numerical rating scale)
OC..cooiiiiiiens oxidovana celuldza

OR .o odds ratio

PCR...cccver polymerdzova fetézova reakce (polymerase chain reaction)
PDGF......cccce.... rastovy faktor z desticek (platelet derived growth factor)
RCT..cooiiiiieine randomizovana klinické studie (randomized control trial)
SNP..coveiieiis jednonukleotidovy polymorfismus (single-nucleotid polymorphism)
TGF transformujici rastovy faktor (transforming growth factor)
TIMP.....cocovi. tkanové inhibitory MMP

TNF...oooi tumor-nekrotizujici faktor (tumor necrosis factor)
VAD......cccenes venoaktivni 1éky (venoactive drugs)

VAS...coie vizualni analogové Skala (visual analogue scale)
VEGF................. vaskularni endotelidlni riistovy faktor (vascular endothelial growth factor)
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V. Slonkova,* V. Slonkova Jr,2 A. Vask(,? V. Vask("

"First Department of Dermatovenereology, St. Ann's Faculty Hospital and Faculty of Medicine, Masaryk University, Brno, Czech
Republic

“Department of Pathological Physiology, Faculty of Medicine, Masaryk University, Brno, Czech Republic

*Correspondence: V. Slonkova. E-mail: veronika.slonkova@fnusa.cz

Abstract

Objective The project was scheduled as a case-control study to investigate the correlation between MMP-2
(rs243864), MMP-9 (3918242), MMP-12 (rs7123600) and TIMP-2 (rs8176329) polymorphisms and chronic venous dis-
ease (CVD) risk. The genotype and phenotype research envisages the testing of possible associations between MMP
and TIMP-2 genotypes and phenotypes of CVD.

Material and Methods 150 patients with CVD and 227 controls were enrolled into the study. The MMPs and TIMP-2
genotypes were identified by the PCR method and restriction analysis according to standard protocols.

Results The G allele of MMP-2 -790 T/G was 1.85 times more frequent in men with CVD than in the control group
(P = 0.008). The T allele of MMP-9 -1562 C/T was observed 2.571 times more frequently in patients with CVD than in the
control individuals (both in men and women) with clinically significant specificity (P = 0.0000009). The G allele of MMP-
12 rs7123600 was determined 2.082 times more frequently in female patients with CVD than in the control group with
clinically significant specificity (P = 0.02). No significant result in TIMP-2 rs8176329 polymorphism in the case—control
study was observed. CVD women with G allele in MMP-2 -790 T/G in the genotype-phenotype study are seen to
develop ulceration 2.539 times more frequently (P = 0.003). The G allele of MMP-12 rs7123600 was detected 3.167
times more frequently in CVD women with ulceration compared with CVD women without ulceration (P = 0.007). In CVD
men in C6 stage, the incidence of AG genotype in rs7123600 MMP-12 polymorphism was found to be 4.675 times higher
compared to CVD women with C6 staging (P = 0.005). The AG genotype in TIMP 2 rs8176329 polymorphism was found
to be associated with higher risk of tumour (P = 0.01).

Conclusion Studying these polymorphisms can contribute to better identification of patients at higher risk of develop-
ing CVD, while providing the most appropriate prevention and treatment strategies for limiting the progression and com-
plications of CVD.
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Introduction

The chronic venous disease (CVD) is a common disorder of
lower extremities." CVD has seven clinical stages C0-6 according
to CEAP (clinical-aetiology—anatomy—pathophysiology) classifi-
cation, with CO indicating no visible sign of venous disease, C1
telangiectasies (spider veins), C2 are varicose veins (VVs), C3 is

JEADV 2017, 31, 1746-1752

oedema, C4a are skin pigmentation or eczema, C4b is lipoder-
matosclerosis or atrophy blanche, C5 is a healed ulcer and C6 is
an active ulcer. Stages C4-6 presents the advanced stage of the
disease and they are called chronic venous insufficiency (CVI)."?
Only 10% of individuals with stage C2 (VVs) develop venous leg
ulcers (VLU).?

© 2017 European Academy of Dermatology and Venereology
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The major risk factors for venous disease include age,
female gender, obesity, pregnancy, prolonged orthostasis, his-
tory of deep vein thrombosis (DVT) and family history.*
Genetic predisposition is another important risk factor of
CVD. It has been found that the probability of developing
varicose veins in an individual amounts to 90%, if both par-
ents suffer from this disease, but not more than 20%, if the
family history is negative.”® Genetic risk factors can substan-
tially contribute to the risk of DVT, while impairing the
wound healing process, and can also be related to vein wall
remodelling.”

Venous hypertension and changes in the venous wall structure
play an important role in the pathophysiology of CVD.*® Pro-
longed increase of venous pressure and vein wall tension is
thought to induce MMP activators leading to increased MMP
expression/activity and ECM degradation, VSM relaxation and
venous dilation."!® Leucocyte infiltration and inflammation of
the vein wall cause further increase in MMPs, vein wall dilation
and valve dysfunction.'® Remodelling and fibrosis of the venous
wall is the final result of this vicious circle,® and it leads to pro-
gressive venous dilation and VVs formation." The extracellular
matrix composition depends on MMPs and may affect the vein
wall structure.* Certain unbalanced collagen types in the venous
wall are present in CVD — the level of collagen type III is low,
whereas the collagen type I is seen to have risen. As type I colla-
gen supports rigidity and collagen type III provides distensibility
of tissues, these changes can result in weakening and reduced
elasticity of VV.®

MMPs are zinc-binding endopeptidases that degrade vari-
ous components of ECM, such as collagen and elastin. Gelati-
nases include MMP-2 (gelatinase A) and MMP-9 (gelatinase
B). They digest gelatine, but also type IV, V and XI collagens
and laminin. Gelatinases have three fibronectin type II repeats
inserted in the catalytic domain that bind to gelatin.""!
Pathophysiologically, excess activation of MMPs in tissue is
controlled by their endogenous inhibitors, tissue inhibitors of
metalloproteinases (TIMPs). An imbalance between activities
of MMPs and TIMPs can cause increased levels of different
MMPs in the tissue, with high probability of resulting in
pathological changes of the vein wall and leading to CVD.'
This imbalance in MMPs and TIMPs expressions can be
modulated genetically.® Therefore, the genetic polymorphisms
of MMPs and TIMPs are considered to be important predis-
posing factors for this imbalance.>'>"?

The study has been envisaged as a case—control study to inves-
tigate the relationship between MMP-2 (rs243864), MMP-9
(rs3918242), MMP-12 (rs7123600) and TIMP-2 (rs8176329)
polymorphisms and CVD risk. In addition to that, it focuses
upon the investigation of genotypes and phenotypes by way of
testing the possible correlations between MMPs and TIMP-2
genotypes and phenotypes of CVD.

JEADV 2017, 31, 1746-1752

Materials and methods

Subjects

A total of 150 Czech patients (63 men and 87 women) with
chronic venous disease (clinical stages C2-6 according to CEAP
classification) and 227 control persons without signs of cardio-
vascular diseases were enrolled in the study.

All these patients were treated at the First Department of Der-
matovenereology, St. Ann Faculty Hospital in Brno, Czech
Republic.

Demographic data are shown in Table 1. The patients with
CVD were treated also for many comorbidities: totally 105
patients were treated for hypertension (49 men and 56 women),
50 patients (34 men and 16 women) were treated for ischaemic
heart disease and 51 patients with CVD for diabetes mellitus (24
men and 27 women). More than 50% of patients with CVD were
obese — 81 patients (30 men and 51 women). In 12 patients,
thrombophilia state in personal history was reported (7 men and
5 women); 21 patients suffered with tumour (11 men and 10
women).

The control group consisted of 227 healthy persons without
signs of cardiovascular diseases and diabetes and without any
associated therapy. Age and sex proportion were comparable
between patients with CVD and controls.

The study was performed in accordance with the ethical stan-
dards of the Helsinki Declaration and was approved by the
Ethics Committee of the Masaryk University in Brno, Czech
Republic. A written informed consent was obtained from each
subject in the study.

Genotyping

Genomic DNA was isolated from peripheral leucocytes by a
standard technique using proteinase K. Genotyping for MMP-2,
MMP-9 and MMP-12 was performed by PCR with restriction
analysis according to standardized protocols.'>"?

Genotype in TIMP-2 polymorphism was identified by PCR
method and restriction analysis according to standard protocols.
PCR was performed using sense 5'-GCCCAGGGTGTTCTG-
GATGG-3' and antisense 5'-CTCCGGCTGATGGCCCCACT-3
primers with a PCR product of 221 bp. After the restriction
analysis with Bsrl at 65°C for 4 h, using 2% agarose with ethid-
ium bromide, UV light enabled to distinguish three genotypes:
GG (221 bp), GA (221, 160, 61 bp) and AA (160, 61 bp).

Statistical analysis

In all investigated cohorts, the distributions of genotype and allelic
frequencies and their differences were calculated using chi-square
tests and Fisher’s exact test. The consistency of genotype frequen-
cies with the Hardy—Weinberg equilibrium was tested using chi-
square tests on a contingency table of observed genotype frequen-
cies vs. the predicted ones. Odds ratio (OR) and 95% confidence

© 2017 European Academy of Dermatology and Venereology



1748

Slonkova et al.

Table 1 Demographic characteristics of patients with CVD

Men (N = 63)
1943 (1915-1975)

Birth year (median, range)

Age of onset (median, range) 44 (21-90)
Duration of ulceration (months; median, range) 2 (0-144)
Dg according to CEAP classification (%) C1-0
C2-0
C3-0
C4-8(13)
C5-17(27)
C6 - 38 (60)
Ulceration (%) 39 (62)
Relapsing ulceration (%) 53 (84)
Ischaemic disease of low limbs (%) 27 (43)
Family history of CVD (%) 39 (62)
Varices surgery (%) 9 (14)
Compression treatment (%) 61 (97)
Detralex therapy (%) 57 (90)
Cyclo 3 fort therapy (%) 1(2)
Anticoagulation therapy (%) 29 (46)
Venous inflammation(%) 37 (59)
Erysipelas (%) 23 (37)
Home care (%) 17 (27)
Ischaemic heart disease (%) 34 (54)
Hypertension (%) 49 (78)
Obesity (%) 30 (48)
Diabetes mellitus (%) 24 (38)

Thrombophilia (%)
Tumour (%)

7 (11)
11 (17)

Bonferroni correction for multiple comparison.

interval were calculated to estimate the risks related to detected
polymorphisms. Then Fisher’s exact test was used to calculate the
significance of OR. Sensitivity and specificity of results were deter-
mined by Clinical Calculator 1 http://faculty.vassar.edu/lowry/c
linl.html). An appropriate correction of multiple comparisons
was achieved by way of Bonferroni correction. The program pack-
age Statistica v. 12.0 (Statsoft Inc., Tulsa, OK) was used.

Results

In demographic characteristics, two significant differences were
observed between CVD men and women: earlier onset of CVD in
women compared to menwith comparablebirthyear (Pco,, = 0.01)
and significantly higher occurrence of ischaemic heart diseases
inCVD mencompared towomen (P, = 0.0003, Table 1).

Case-control study
MMP-2 rs 243864 (-790 T/G, promoter) The frequencies of

MMP-2 -790 T/G alleles and genotypes differed significantly

JEADV 2017, 31, 1746-1752

Women (N = 87) P-value
1946 (1923-1990) 0.069
35 (16-80) 0.0004
Poore = 0.01%
0 (0-168) 0.434
C1-1(1) 0.580
C2-2(2) 0.335
C3-12(14) 0.001
C4-7(8) 0.462
C5-24(28) 0.543
C6 - 41 (47) 0.076
24 28) 0.050
34 (39) 0.312
20 (23) 0.008
68 (78) 0.05
12 (14) 0.557
83 (95) 0.502
79 (91) 0.580
3(3) 0.440
26 (30) 0.032
51 (59) 0.562
33(38) 0.498
14 (16) 0.078
16 (18) 0.00001
Peorr = 0.0003*
56 (64) 0.055
51 (59) 0.121
27 (31) 0.234
5(6) 0.186
10 (11) 0.211

between male patient with CVD and control groups (P, = 0.02;
P, =0.01). The G allele was 1.85 times more frequent in men
with CVD than in the control group (46/80 vs. 55/177,
P = 0.008, P, = 0.03, odds ratio = 1.85, 95% confidence inter-
val 1.154-2.968, sensitivity 0.365, specificity 0.763, power test
0.693). Similar correlations were not calculated in women whose
genotype was in the Hardy—Weinberg disequilibrium of CVD
women (Table 2).

MMP-9 rs 3918242 (-1562 C/T, promoter) The frequencies of
MMP-9 -1562 C/T alleles as well as the distribution of geno-
types significantly differed between patient with CVD and
control groups (P, = 8.9 x 1075 Py =9.4 x 107°), both in
men and women. The T allele was observed 2.571 times
more frequently in patients with CVD than in the control
individuals with clinically significant specificity (61/239 wvs.
41/413, P = 10"> odds ratio = 2.571, 95% confidence inter-
val = 1.678-3.939, sensitivity 0.203, specificity 0.910, power
test 0.984, Table 2).
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Table 2 Case—control study in polymorphisms

Genotypes and alleles MMP-2 (-790 T/G), rs243864

TT (%) TG (%) GG (%) 7 T G [#
CVD group 25 (40) 30 (47) 8 (13) 0.02 0.63 0.37 0.01
Men (N = 63)
Control group 71 (61) 35 (30) 10 (9) 0.76 0.24
Men (N = 116)
CVD group 40 (46) 27 (31) 20 (23) HWD 0.61 0.39 HWD
Women (N = 87)
Control group 60 (54) 35 (32) 16 (14) 0.70 0.30
Women (N = 111)
Genotypes and alleles MMP-9 (-1562 C/T), rs3918242

CC (%) CT (%) TT (%) 7% (o] T P,
CVD group 38 (60) 23 (37) 2(3) 0.0008 0.79 0.21 0.0002
Men (N = 63)
Control group Men (N = 116) 99 (85) 16 (14) 1(1) 0.92 0.08
CVD group 55 (63) 30 (35) 2(2) 0.007 0.80 0.20 0.01
Women (N = 87)
Control group 91 (82) 17 (15) 3(3) 0.90 0.10
Women (N = 111)
CVD group —all (N = 150) 93 (62) 53 (35) 4 (3) 9.4 x 10°® 0.80 0.20 8.9 x 10°°
Control group —all (N = 227) 190 (84) 33(15) 4(1) 0.91 0.09
Genotypes and alleles MMP-9 279 R/Q

GG(%) GA (%) AA (%) [ A G [2s
CVD group 24 (38) 28 (44) 11(18) 0.984 0.60 0.40 0.996
Men (N = 63)
Control group 45 (39) 50 (43) 21 (18) 0.60 0.40
Men (N = 116)
CVD group 33 (38) 36 (41) 18 (21) 0.395 0.59 0.41 0.145
Women (N = 87)
Control group 52 (47) 42 (38) 17 (15) 0.66 0.34
Women (N = 111)
Genotypes and alleles MMP-12, rs7123600

AA (%) AG (%) GG (%) Py A G [2
CVD group 52 (83) 8 (13) 3(4) HWD 0.89 0.11 HWD
Men (N = 63)
Control group 98 (84) 16 (14) 2(2) 0.91 0.09
Men (N = 116)
CVD group 62 (71) 25 (28) 1(1) 0.07 0.85 0.15 0.02
Women (N = 87)
Control group 93 (84) 18 (16) 0 (0) 0.92 0.08
Women (N = 111)
Genotypes and alleles TIMP-2, rs8176329

GG (%) GA (%) AA (%) 7% G A P,
CVD group 47 (75) 16 (25) 0(0) 0.317 0.83 0.13 0-585
Men (N = 63)
Control group 93 (83) 21 (17) 2 (0) 0.89 0.11
Men (N = 116)
CVD group 72 (83) 15 (17) 0(0) NA 0.91 0.09 0.380
Women (N = 87)
Control group 97 (87) 14 (13) 0(0) 0.94 0.06

Women (N = 111)

P4 - significance of a difference in genotype distribution.
P, - significance of a difference in allelic frequencies.

JEADV 2017, 31, 1746-1752
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MMP-9 (rs3918242) 279 R/Q No significant result for the
case—control study was observed (Table 2).

MMP-12 rs 7123600 (G/A, Intron) 1t was found that the fre-
quencies of MMP-12 alleles and the genotypes differed signifi-
cantly between female patient with CVD and control groups
(P, = 0.02; P, = 0.07).

The G allele was observed 2.082 times more frequently in
female patients with CVD than in the control group with clini-
cally significant specificity (27/147 vs. 18/204, P = 0.02, odds
ratio = 2.082, 95% confidence interval 1.105 — 3.920, sensitivity
0.155, specificity 0.919, power test 0.636, Table 2).

TIMP-2 rs8176329 No significant result for the case—control
study was observed (Table 2).

Genotype-phenotype study

CVD women with G allele of MMP-2 -790 T/G polymorphism
develop 2.539 times more frequently ulceration [allelic model of
inheritance, 41/41 vs. 66/26, P = 0.0026, Pcorr = 0.01,
OR = 2.539 (1.356-4.753), sensitivity 0.500, specificity 0.717,
power test 0.812]. No substantial differences were found in men.
As to the comparison between men and women, only insignifi-
cant differences were observed.

In addition to that, CVD women with the G allele in
MMP-2 -790 T/G require 2.967 times more frequently home
care compared to CVD women with other MMP-2 genotypes
[allelic model of inheritance, 11/17 vs. 96/50, OR = 2.967
(1.291-6.818), P = 0.0083, P, = 0.03; sensitivity 0.393, speci-
ficity 0.342, power test = 0.713].

The results reflect a higher incidence of home care need in
women patients with ulceration. No significant differences were
found in men. However, only minor differences were observed
between men and women.

In patients with CVD, the Q allele in MMP-9 R279Q was
found to be significantly associated with obesity. The Q allele
was observed 1.767 times more frequently in obese patients
compared to lean ones with CVD (allelic model of inheritance;
92/46 vs. 86/76, P = 0.0115, P, = 0.05, OR = 1.767 (1.105-
2.827), sensitivity 0,469, specificity 0,667, power test = 0.313).

The CT genotype carriers (-1562 C/T MMP-9) in patients
with CVD appear 2.789 times more frequently in obese individ-
uals, compared to both homozygote genotype carriers (heterozy-
gote advantage model, CT vs. (CC+TT): 16/53 vs. 37/44,
P = 0.0032, Peorr = 0.01, OR = 2.789 (1.370-5.664), sensitivity
0.457, specificity 0.768, power test = 0.799).

The G allele of MMP-12 rs7123600 is detected 3.167 times
more frequently in CVD women with ulceration compared with
CVD women without ulceration (allelic model: 84/8 vs. 63/19,
P = 0.0074, Peorr = 0.03, OR = 3.167 (1.303-7.698), sensitivity
0.232, specificity 0.913, power test 0.669). Other comparisons
are not significant.

JEADV 2017, 31, 1746-1752

Table 3 TIMP-2 rs 8176329 and family history of CVD and per-
sonal history of tumour

Family history TIMP-2 rs8176329  TIMP-2rs8176329 Row
of CVD GG AG Totals
Negative 41 (91%) 4 (9%) 45
Positive 78 (74%) 27 (26%) 105
All Groups 119 31 150
Personal history  TIMP-2 rs8176329  TIMP-2 rs8176329 Row
of Tumour GG AG Totals
Negative 107 (83%) 22 (17%) 129
Positive 12 (57%) 9 (43%) 21

All Groups 119 31 150

In CVD men with C6 staging, 4.675 times higher incidence of
AG genotype in rs7123600 MMP-12 polymorphism compared
to CVD women with C6 staging was found (heterozygote advan-
tage model: AG vs. (AA+ GG): 5/33 vs. 17/24, P = 0,0047,
Porr = 0.02, OR = 4.675 (1.514-14.433), sensitivity 0.115, speci-
ficity 0.868, power test = 0.687).

In TIMP 2 rs8176329 polymorphism, there was a significant
difference of diagnosis related to the age of CVD patients
between GG and AG genotype carriers (P = 0.02). The AG geno-
type has 3.55 times more frequently positive family history of
CVD compared to the GG genotype carriers (heterozygote
advantage model, 27/78 vs. 4/41, OR = 3.55 (1.16-10.83),
P = 0.01, P, = 0.04, sensitivity 0.262, specificity 0.911, power
test 0.580, Table 3). Similarly, the AG genotype in TIMP 2
rs8176329 polymorphism was found to be burdened by higher
risk of tumour (heterozygote advantage model, 9/12 vs. 22/107,
OR = 3.65 (1.37-9.70), P = 0.01, P.o,r = 0.04, sensitivity 0.429,
specificity 0.829, power test 0.657, Table 3).

Discussion

We have found no publication studying the MMP-2 (-790 T/G)
polymorphism association with CVD. We observed that the G
allele was 1.85 times more frequent in men with CVD than in
the control group. In silico, three transcription factors could be
found in the DNA sequence including the T allele, but not G
allele of =790 G/T MMP-2 polymorphism: KLF4 (Kruppel-like
factor 4, S8 and Evil — ectopic viral integration site 1 encoded
factor (according to the Transfac Matrix Table (MatInspector
V2.2)). KLF4 represents the essential transcription factor, which
is critical and selective for the establishment of the proper bar-
rier function of the skin.'* KLF4 was proved to interact with
beta-catenin and to inhibit Wnt signalling.'> Wnt probably
induces a T-cell phenotype capable of migration through colla-
gen.'® The substantial evil is the highly conserved transcription
factor that was shown to upregulate cell proliferation, to impair
cell differentiation and also to induce malignant transforma-
tion."” Gormus et al.’ studied two functional gene polymor-
phisms in -735 and -1306 regions of MMP-2 which are in
linkage disequilibrium with MMP-2 (-790 T/G). The CC
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genotype and C allele for MMP-2 -735 gene region were more
common in the control group. However, there was no significant
difference between groups for MMP-2 -1306 gene polymor-
phism. Wallace et al.'® conducted a case—control study compar-
ing the frequency of gene polymorphisms in 181 Caucasian
patients with a history of confirmed venous leg ulceration and
181 age- and gender-matched healthy controls. Polymorphism
in the MMP-2 (-1306 C/T) was not associated with ulceration in
this study.

MMP-2 plays an important role in the progression of CVD
leading to venous leg ulcer.

It was found that MMP-2 may induce venous relaxation or
inhibit venous contraction’ and that MMP-2 can influence
remodelling of ECM in vascular structures.” MMP-2 and MMP-
9 were also shown to be upregulated in experimentally induced
venous hypertension.'” Higher concentrations of MMP-2 in
wound exudate have been found to correlate with impaired
venous ulcer healing.'”” Non-healing venous ulcers are associ-
ated with high levels of MMP-2 as well as with low levels of
TIMP-2 in the wound fluid.*

We proved a highly significant association of MMP-9 -1562C/
T polymorphism with CVD. The T allele was observed 2.571
times more frequently in patients with CVD than in the control
individuals with clinically significant specificity and power test
values. This is not in agreement with results of Xu et al.*' In
their study, the CC genotype was associated with VVs patients
compared to the controls. The difference between results can be
explained by different composition of the patients group; VVs of
our patient group represent only two persons according to the
CEAP classification (Table 1).

Kunt et al.” investigated the relationship between polymor-
phisms of MMP-9 (-1562 C/T) and TIMP2 (418G/C) and vari-
cose vein risk in the Turkish population. The frequencies of
MMP-9 alleles and genotypes did not differ significantly between
patient and control groups. The difference between this study
and the Chinese study could be explained by the difference
between control groups.

MMP-9 -1562C/T polymorphism has been reported to be
associated with several cardiovascular diseases like atrial fibrilla-
tion, atherosclerosis, carotid atherosclerosis and coronary artery
disease.”** Wang et al.”* proved that MMP-9 -1562C>T poly-
morphism is associated with the susceptibility to acute coronary
syndrome (ACS) in the Uygur population of China. The fre-
quency of CT and TT genotypes in patients with ACS was signif-
icantly higher than that in the control group. Yang et al.?
performed a systematic review and meta-analysis to evaluate the
association of MMP-9 -1562C/T polymorphism with essential
hypertension. MMP-9 -1562C/T polymorphism was associated
with essential hypertension under the allelic model (T vs. C,
P < 0.0001). Singh et al.?® found the T allele risk in MMP-9 -
1562C>T) polymorphism for higher expression MMP-9 in dia-
betic foot ulcers (DFUs).
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Another SNP (R279Q) polymorphism of MMP-9 is not sig-
nificantly associated with the risk of ACS.*

MMP-9 is considered to be the main protease in ECM degra-
dation in chronic wounds.?® It is critical for keratinocyte migra-
tion, reepithelialization and angiogenesis. The levels of MMP-9
are much higher in chronic wounds.*® It has been found that
high levels of MMP-9 correlate with slower wound healing.*® >

MMP-9 levels have been shown to be high in cases of varicose
veins and venous ulcers.” Deatrick et al.*® revealed that MMP-9
influences vein remodelling by modulating vein wall collagen
content, thus contributing to inflammation and fibrosis.

In the near future, the wound exudate is planned to be tested
in patients included in this project for studying the activity of
the corresponding MMPs.

In intron polymorphism rs7123600 in MMP-12, the G allele
was observed 2.082 times more frequently in female patients
with CVD than in the control group with clinically significant
specificity in our study. Gemmati et al’' investigated single
nucleotide polymorphism of MMP-12 -82A/G in patients with
CVD. It was proved that the AA genotype suffered from higher
venous leg ulcer risk in primary venous leg ulcers (P = 0.01).
Patients with MMP-12 -82GG genotype had a significantly
(P = 0.001) smaller mean ulcer size than patients with -82AA a -
82AG genotypes (twofold smaller). This is the result of the
protective effect of SNP-specific genotypes, leading to a faster
healing.®

MMP-12 (macrophage metalloelastase) enables the macro-
phages to migrate by digesting several ECM components. MMP-
12 may block angiogenesis by converting plasminogen to angio-
statin, acting as a potent inhibitor of angiogenesis.”’ MMP-12 is
highly expressed in venous leg ulcers.*” Ligi et al.*® found that
wound fluid (WF) from inflammatory (Infl) phase of venous leg
ulcers (VLU) contained significantly increased concentrations of
MMP-12 compared to WF from the granulating (Gran) phase of
VLU.

In our genotype—phenotype study, leg ulceration was associ-
ated with G allele of MMP-2-790 T/G polymorphism as well as
with the AG genotype of rs7123600 MMP-12 polymorphism.
The AG genotype in MMP-12 carries an almost five times higher
risk of developing the C6 stage in CVD men compared to
women. The result is highly clinically specific.

A significant association with obesity was observed (the T
allele of MMP-2 -790 T/G, Q allele in MMP-9 R279Q polymor-
phisms). It is very well known that obese patients suffer from
more complicated wound healing process due to a number of
reasons: decrease of tissue perfusion, hypoxia, increased intraab-
dominal pressure, immobilization, infection related often to
long-term hospitalization. The risk characteristics of obesity has
been confirmed by several long-time studies.® Although our
case—control study did not reveal significant differences in
TIMP-2 rs8176329 polymorphism, the AG genotype was associ-
ated with family history of CVD as well as with personal history
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related to tumours, reflecting the participation of this polymor-
phism in the disequilibrium between MMPs and TIMPs expres-
sion in tissue during wound healing.

Studying these polymorphisms can support better identifica-
tion of patients who are at higher risk of developing CVD, while
providing the most appropriate prevention and treatment strate-
gies for limiting the progression and complications of CVD and
reducing the recurrence of VVs.
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C1 MMP-9 GENE POLYMORPHISM IN PATIENTS WITH
CHRONIC VENOUS DISEASE

Veronika Slonkova !, Vladimir Vask !, Anna Vask ?
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2 Medical Faculty, Masaryk University, Brno, Czech Republic

Chronic venous disease (CVD) is a common disorder of lower extremities. Genetic pre-
disposition is known to be an important risk factor for CVD. Matrix metalloproteinase-9 (MMP-
9) gene -1562C/T polymorphism has been reported to be associated with several cardiovascular
diseases. The aim of this case-control study was to investigate the relationship between polymor-
phism of MMP-9 (-1562 C/T) and CVD risk.

A total of 150 Czech patients with chronic venous disease (clini-
cal stages C2-6 according to CEAP classification) and 227 controls were enrolled in the study. The
patients were genotyped for the polymorphism in MMP-9(-1562 C/T) gene using the polymerase
chain reaction-restriction fragment length polymorphism-based methodology.

A significant association between CVD and -1562C/T polymorphism in MMP-9
gene was found. The frequencies of MMP-9 alleles and distribution of genotypes significantly
differed between CVD patient and control groups (Pa =8.94x10-6; Pg =9.46x10-6), both in men
and women. The T-allele was observed 2.571times more {requently in CVD patients than in the
control individuals with clinically significant specificity (61/239 ws. 41/413, P= 0.0000009, odds
ratio =2.571, 95% confidence interval = 1.678-3.939; sensitivity 0.203, specificity 0.910, power
test 0.984).

These results suggest that MMP-9 polymorphism (-1562 C/T) is significantly
associated with CVD in the Czech population.




phoma. However, negative results of sporotrichin and tuberculin tests
in our patient indicated reduced cellular immunity, since sporotrichin
made from cultured S. schenckii is a valid antigen for diagnosis of
sporotrichosis with limitation [9]. The duration of the depression of
cellular immunity by the lymphoma may not have been long enough
for the patient to devel op lymphatic and systemic involvement.

Itraconazoleisreported to be suitablefor treatment of HIV-infected
patients with sporotrichosis [10]. Sporotrichosis in our patient with
disseminated malignant lymphoma also responded well to itracona-
zole, suggesting that itraconazol e is effective against sporotrichosisin
immunocompromised patients.

References

1 Honbou S, Urabe H: Sporotrichosis; in Yamamura R, Kukita A, Sano E,
Seiji M (eds): Handbook of Dermatology 7A (in Japanese). Tokyo, Naka-
yama Shoten, 1982, pp 96-109.

2 Heller HM, Fuhrer J: Disseminated sporotrichosis in patients with AIDS:
Casereport and review of theliterature. AIDS 1991;5:1243-1246.

3 Johnson RA, Dover JS: Cutaneous manifestations of human immunodefi-
ciency virus disease; in Fitzpatric TB, Eisen AZ, Wolff K, Freedberg IM,
Austen KF (eds): Dermatology in General Medicine. New York, McGraw-
Hill, 1993, pp 2637-2689.

4 Hiruma M, Katoh T, Yamamoto |, Kagawa S: Local hyperthermia in the
treatment of sporotrichosis. Mykosen 1987;30:315-321.

5 Lynch PJ, Voorhees JJ, Harrell R: Systemic sporotrichosis. Ann Intern Med
1970;73:23-30.

6 Wilson DE, Mann JJ, Bennett JE, Utz JP: Clinical features of extracuta-
neous sporotrichosis. Medicine 1967;46:265-279.

7 Kumar S, Kumar D, Gourley WK, Alperin JB: Sporotrichosis as a present-
ing manifestation of hairy cell leukemia. Am JHematol 1994;46:134-137.

8 Hay RJ, Roberts SOB, MacKenzie DWR: Mycology; in Champion RH,
Burton JL, Ebling FJG (eds): Rook/Wilkinson/Ebling Textbook of Derma-
tology. Oxford, Blackwell Scientific Publications, 1992, pp 1127-1216.

9 Ishizaki H, NakamuraY, Hasegawa A: Low-titer agglutinins to Sporothrix
schenckii in nonsporotrichotic human and animal sera. J Dermatol 1983;
10:501-504.

10 Bolao F, Podzamczer D, Ventin M, Gudiol F: Efficacy of acute phase and
maintenance therapy with itraconazole in an AIDS patient with sporotri-
chosis. Eur JClin Microbiol Infect Dis1994;13:609-612.

Hatsuki Shiraishi, MD

Department of Dermatology, Teikyo University School of Medicine,
Ichihara Hospital, Anesaki 3426-3, Ichihara, Chiba 299-0111 (Japan),
Tel. +81 436 62 1211, Fax +81 436 62 1273

Dermatology 1999;198:101-103

Cultured Epithelial Autografts for the
Management of a Chronic Pretibial Leg
Ulcer due to Congenital Valvular Aplasia

V. Slonkova?, M. Kino-oka®, S. Mazza®, C. Nievergelt®,
J.E. Prenosil®, G. Burg?, J. Hafner?

aDepartment of Dermatology, University Hospital of Zurich,
and

bDepartment of Chemical Engineering, ETH Zurich,
Switzerland

Key Words
Cultured epithelial autografts + Keratinocyte graft - Leg ulcer «
Congenital valvular aplasia

L etters to Dermatology

Cultured epithelial autografts (CEA) and allograftsare apromising
treatment for recalcitrant leg ulcers of various causes [1-4]. Currently,
different methods are under clinical evaluation, such as the classical
Rheinwald and Green method (keratinocyte allografts on a vaseline
gauze) [5], the Limat and Hunziker method using outer root sheath
cells from unplugged hair [3] or keratinocyte allografts on a dermis
equivalent of bovine collagen [6]. In 1996, Prenosil and co-workers at
the ETH of Zurich developed an automated bioreactor that allowed for
the culture of keratinocyte monolayers on a polytetrafluoroethylene
(Teflon) foil [7]. Recently, the method has been modified for secondary
culture in serum-free medium (Keratinocyte Serum-Free Medium™,
Life Technologies). The primary culture entails trypsinization of the
skin sampleand culture on apreformed feeder layer of postmitotic 3T3
mouse fibroblasts for one passage. The medium of the primary culture
contains 10% fetal calf serum, Dulbecco’s modified Eagle’s medium,
Ham's F12, glutamine, hydrocortisone, insulin, transferrin, tri-iodo-
thyronine, cholera toxin and adenine. The subculture for grafts larger
than 75 cm? isgrown in a bioreactor growth chamber where exchange
of the serum-free medium isfully automated and the monitoring of the
gas exchange, pH and temperature is guaranteed. The reactor circum-
vents tedious manual work and makes the production of large surfaces
of CEA more economic. Smaller grafts are cultured manually in Petri
cell culture dishes. Subconfluent keratinocyte monolayers on Teflon
foil are available within 15-21 days after biopsy. Since 1996, we have
had the opportunity to treat selected patients with recalcitrant leg
ulcerswith CEA cultured by thismethod. In thefollowing wereport on
a 30-year-old man with severe chronic venous insufficiency due to
congenital valvular aplasia. He was successfully treated using Pre-
nosil’s CEA method on an out-patient basis.

A 30-year-old male had an 11-year history of bilateral recurrent
pretibial leg ulcers. He was an enthusiastic soccer player and skier.
Progressive dermatoliposclerosisin the gaiter area developed when he
was only 15 years old, especialy at the sites that were exposed to
repeated contusions when playing football in summer and to frictional
trauma caused by the rim of his ski boots in the winter. Currently he
presented with apretibial leg ulcer of hisleft leg that did not improve
under hydrocolloid dressings and class 3 compression stockings
(exerting a compression of 36-45 mm Hg in the gaiter area). Routine
laboratory and immunoserological tests (rheumatoid factor, anti-
nuclear antibodies, antineutrophil cytoplasmic antibodies, cryoglobu-
lins and an immuno-electrophoresis) were unremarkable. Histology
showed non-specific ulceration with granulation tissue, and direct
immunofluorescence was negative. Bidirectional continuous-wave
Doppler sonography revealed deep-vein insufficiency of both legs.
Phlebography (both ascending and descending) showed bilateral
valvular aplasia of both the deep and the superficial veins, except for
onesinglevalveinthe superficial femoral vein on theleft sideand nor-
mal valves in the deep femoral vein on the right side.The veins had
smoothwalls, anormal diameter and did not reveal any postthrombotic
changes, such as intraluminal irregularities or remnants of destroyed
deep valves (fig. 1a, b). Based on these findings the diagnosis of pri-
mary chronic venous insufficiency due to congenital valvular aplasia
was made.

Ten years ago the patient had pinch grafts that failed to take and a
conventional split-skin graft asan in-patient procedure that resulted in
acomplete take. However, the ulcer recurred soon after this procedure
and the patient was not motivated to undergo further in-patient treat-
ment, nor did he accept another course of pinch grafts. Therefore, the
patient was selected for the application of CEA with keratinocyte
monolayers on Teflon foils, according to the method of Prenosil and
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Fig. 1a, b. Ascending and descending ven-
ogram of theleft thigh arearevealing valvular
aplasia of both the deep and superficial vein
systems.

Fig. 2a—d. Pretibial leg ulcer in congenital
vavular aplasia: five sequential CEA trans-
plantations resulted in an ‘edge effect’ and
finally in complete healing (9.5 cm?—4.5 cn?
—2.2 cm? —healed).

2b

Villeneuve[7]. A split-skin graft of 2 x 3cmand 0.3 mm thicknesswas
sampled from his right thigh. The donor site healed with virtualy no
scarring within 3 weeks using a hydro-occlusive dressing. Five con-
secutive CEA transplantations were required within 3 months of out-
patient treatment in order to achieve complete wound healing. Skin
sampling from the thigh had to be repeated once. Each transplantation
induced epithelization from the wound edge until complete healing
was achieved (fig. 2a—d). Under continued compression therapy with
grade 3 calf stockings the patient remained without recurrence for 1
year of follow-up.

Congenita valvular aplasiais an uncommon cause of venous leg
ulcersin young individuals [8-12]. Valvular aplasiaand dysplasiaare

102 Dermatology 1999;198:101-103

both currently classified as forms of venous angiodysplasias [13].
Valvular aplasia results in chronic ambulatory venous insufficiency
which in turn leads to trophic skin changes with cutaneous micro-
angiopathy and eventually to venousleg ulcers[14]. The diagnosiscan
be based on venography (absence of vein valves, but no postthrom-
botic alterations, such as irregularities of the vein walls, incomplete
recanalization or intraluminal septag) or on duplex ultrasound (deep
venousreflux, smooth vein wallsand absence of valves). Compression
therapy is till the mainstay in the prevention and the treatment of
chronic venous insufficiency due to valvular aplasia, while surgical
valve transplantation (e.g. from an arm vein to the popliteal vein) is
experimental and usually leads to thrombosis of the transplanted sec-
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tion [15, 16]. The atypical location of the leg ulcersin our patient can
be attributed to the repeated contusions at the shin during soccer plays
and frictional traumaby the rim of ski boots.

Management of leg ulcers must encompass both treatment of the
underlying disease and local wound care[17]. CEA does not replace the
management of the aetiology of a chronic wound. However, it can
induce wound healing in recal citrant cases where standard therapies are
unsuccessful. In our case, compliance with compression therapy (grade
3 calf stockings) wasexcellent, but neverthel essthewound did not show
atendency to heal. The patient was offered the CEA procedure, because
he wanted to avoid aconventional split-skin graft requiring immobiliza-
tion, as well as pinch grafts that had been applied without any success
several years before. CEA did not result in complete take of the grafted
cells, but induced epithelization from the wound edge, a phenomenon
known as ‘edge effect’ [1]. We therefore hypothesize that CEA stimu-
lates wound healing rather than being directly integrated into the new
epithelium, athough these two processes are difficult to be distin-
guished when autologous keratinocytes are used. In our experience [4],
CEA seemsto be beneficial independently of the aetiology in the man-
agement of recalcitrant wounds with little exudate. Asthe proliferation
capacity of autologouskeratinocytes declineswith age, younger patients
seem to respond better than patients older than 75 years[2]. Automated
culturing of epidermal equivalentsaccording to Prenosil and Villeneuve
[7] might be especially interesting under economical aspects.
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The prognosis of acute adult T-cell leukemialymphoma (ATL), a
malignancy related to human T-cell leukemiavirustype1 (HTLV-1),is
poor with amedian survival time of 6 months[1]. Encouraging results
have been reported with the combination of interferon alpha (IFN-a)
and zidovudine (AZT) [2, 3]. We describe herein the case of an acute
ATL treated with this combination in whom the disease rapidly
relapsed after 3 months.

A 39-year-old woman from French Guiana was admitted in
November 1994 because of vomiting and abdominal pain. She had
no fever, and the physical examination was unremarkable. The leuko-
cyte count was 25-10%1 with 75% leukemic flower cells. The gastric
endoscopy showed 7 antral ulcers. Gastric histological examination
revealed cytomegal ovirus and toxoplasma infections, associated with
aT-cell infiltrate. Bone marrow and gastric biopsy specimens showed
alymphomatous infiltrate of medium-size cells. PCR amplification of
y T-cell receptor showed the same monoclonal T-cell population on
bone marrow and gastric specimens. The immunophenotype of tumor
cellswas CD2+, CD3+, CD4+, CD5+, CD25+, HLA DR+, CD45Ro+
and CD7-. She was seropositive for HTLV-1. Southern blot showed
monoclonal HTLV-1 integration in the tumor cells. The lactate dehy-
drogenaselevel (LDH) was600 |U/I and the serum cal cium concentra-
tion was normal. The diagnosis of acute ATL was made according to
Shimoyama’s criteria [4]. The patient received AZT, 1 g per os, and
IFN-a, 9 million units subcutaneously per day. Because of neutrope-
nia, thedosesof AZT and IFN-a werereduced by half after aweek. By
week 10, the patient was considered as partia responder (75% remis-
sion): the white-cell count had decreased to 1.6 - 10%1 with 15%
leukemic cells. The calcium level was normal, but LDH had increased
to 1,150 1U/1.
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Soubrn

Kultivované epidermdlni keratinocyty v terapii ulcus cruris

Préce shrnuje dosavadni poznatky o terapii chronickych ulceraci dolnich konéetin s pouzitim
kultivovanych keratinocyti. Zaméfuje se hlavné na zhodnoceni vyhod a srovnani jednotlivych typa
kultivovanych keratinocyti - epidermdlnich autografta a alografta. U alografta podtrhuje rozdily
mezi keratinocyty nativaimi, kryoprezervovanymi a lyofilizovanymi.
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Summary

Cultured Epidermal Keratinocytes in the Treatment of Leg Ulcers - Part I

The article presents recent knowledge of use of the cultured epidermal keratinocytes in the

therapy of chronic leg ulcers.

The main part of the article compares advantages and disadvantages of particular types of
cultured keratinocytes - epidermal autografts and allografts. The difference among native, cryopre-
served and lyophilized keratinocytes is emphasized.
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UVOD

Chronické ulcerace dolnich konéetin ptfedstavuji
zédvazny problém jak ve smyslu morbidity, tak i svou
ekonomickou naroénosti pro spoleénost. Udava se, ze
ve vyspélych zemich trpi bércovymi viedy 0,5-1,56 %
populace (36). Terapie zahrnuje jak postupy konzer-
vativni, tak chirurgické, mnohdy i pt¥i hospitalizaci
pacienta. V konzervativni terapii se kromé klasickych
postupti stéle ¢astéji uplatiiuji moderni obvazova kry-
ti (hydrokoloidy, hydrogely, polyuretanové félie aj.),
kterd umozniuji hojeni rany ve vlhkém prostiedi, ¢imz
sniZuji bolestivost, urychluji granulaci, angiogenezi
a epitelizaci. Kozni{ transplantédty predstavuji dalsi
z moznosti, které vyraznéji urychluji hojeni bércovych
viedd. Lze je aplikovat ve formé autotransplantata
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dermoepidermaélnich $tépta (podle Reverdine, Tier-
sche). MozZnosti alotransplantace (transplantace
ktZe z élovéka na ¢lovéka) ¢i xenotransplantace
(transplantace kuZe zvitete na &lovéka) se ukdzaly
jako velmi omezené (30). V modern{ terapii se v pos-
lednich 15 letech zadaly pouZivat i tzv. aktivni bunéé-
né kryty - kultivované epidermalni keratinocyty v po-
dobé autografth ¢i alograftd (36).

Historie

Zakladem metody byla prikopnickd prace Rhein-
walda a Greena (31). Tito badatelé prekonali omezeni
v proliferaci savéich bunék subkultivaci huménnich
epidermélnich keratinocytt v kultu¥e in vitro, coZ
umoznilo mnohondsobné tyto butiky pomnoZit. Meto-
da byla dale zdokonalena (16) a v roce 1981 v USA
byly poprvé pouZity kultivované autologni keratinocy-
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ty u mladého pacienta s t&Zkymi popaleninami, a to
s velmi dobrym efektem (24). O dva roky pozdéji byly
publikovédny vysledky prvnfho pouziti alograftd kulti-
vovanych epidermélnich bun&k rovnéz u popéleného
pacienta (18). Postupné se kultivované epidermélni
keratinocyty zadaly vyuzivat v Sirokém méritku ze-
jména v oblasti popdleninové mediciny, kde hraji ne-
zastupitelnou roli u popdlenin stupné IIb (10, 14, 35).
V terapii chronickych bércovych viedd byly kultivova-
né epidermaln{ keratinocyty poprvé pouzity v r. 1986
(17, 20). Metoda nasla uplatnéni i pii terapii kongeni-
talnich névii, tetovazi a n&kterych forem epidermoly-
sis bullosa (8, 15, 25).

METODIKA

Zpusob kultivace

Kultivované epidermdalni keratinocyty jsou pfipra-
vovany v laboratofi ve sterilnim prostredi. Maly vzo-
rek ktiZze ziskany biopsii je trypsinizovan, takZe dojde
k separaci epidermis od dermis. Izolované keratinocy-
ty jsou resuspendovany v zivném roztoku s rastovymi
faktory a poté inokulovany na vyzivnou vrstvu (napi.
3T3 my# fibroblasty) (16). Kultivace probiha v plasti-
kovych lahvich v pfesné definovanych podminkach.
Jiz po 24 h vznikaji kolonie novych bunék, po 3 dnech
doch4zi ke spojovani bunéénych kolonii a asi po tydnu
se vytvaFi souvisly ,monolayer” epitelovych bunék.
Primokultura je vé&t8inou sériové subkultivovana,
&m?% dojde k mnohondsobnému pomnoZeni bunék.
Dalsi kultivaci vznikd ,multilayer, v némz uz dochazi
k diferenciaci bunék (1, 5).

V terapii chronickych ulceraci 1ze pouZit jak auto-
grafty, tak alografty, pfi¢emz butiky mohou byt nativ-
ni, kryoprezervované nebo lyofilizované.

Kultivované epidermalni autografty

Zdrojem keratinocytt pro kultivaci je v tomto pti-
padé ktiZze pacienta, jde tedy o autologni keratinocyty.
Kultivované epidermdlni autografty proto predstavuji
trvalé kozni kryty. Dalsi vyhoda spociva v moZnosti
kryti velkych ploch 5tépy z jedné malé koZni biopsie,
s dobrymi kosmetickymi vysledky. Kryoprezervace
bunék umoziiuje okamzité pouZiti u téhoZ pacienta
v budoucnu (12).

Pouziti autolognich keratinocytt ale s sebou pfina-
81, zvl48té u starsich pacientt - kterych je vSak vétsina
- nékolik nevyhod. Je nutno odebrat biopsii, kterd
byva bolestiva, autografty jsou k dispozici az za 3-4
tydny (zhruba tuto dobu trva kultivace) a navic je
znamo, ze keratinocyty starsich lidi majf in vitro men-
§i rastovy potencial (3, 27).

Kultivované epidermalni alografty

Zdrojem keratinocytd pro kultivaci je v tomto pii-
padé ktZe dédrce, jde tedy o alogenni keratinocyty.
Darcem muzZe byt: 1. pacient podstupujici elektivni
plasticko-chirurgicky vykon (napf. operace apostazy,

ptoézy vicek, fimézy aj.), 2. kadaverdézni dospély dérce,
3. kadaverézni fétus. Podminkou je peélivy screening
- vylouéeni dérct s infekénimi chorobami, malignita-
mi, negativni sérologické vySetifeni pfenosnych one-
mocnéni (v CR je povinny screening HIV 1, 2, HBsAg,
HCV, RRR a TPHA).

Vyhodou alografti je jejich okamzita dostupnost,
neinvazivnost (odpad4d nutnost koZni biopsie),
promptni dleva od bolesti po jejich aplikaci (26, 27, 36).
Podstatny je i fakt, Ze neonatalni keratinocyty maji
vysoky ristovy potencidl (26, 27). Nevyhodou je moz-
nost pfenosu infekénich onemocnéni.

Mechanismus tc¢inku kultivovanych epiderm4l-
nich alograftéi dosud neni plné objasnén. Zpocatku se
nékteri autoti (18, 37) domnivali, Ze alografty pfedsta-
vuji trvalé kozni kryty. Vychézeli z toho, Ze nepiitom-
nost Langerhansovych bunék v alograftech zabezpe-
tuje toleranci §tépu proti HLA. Brzy se v8ak ukazalo,
Ze alografty jsou rychle kolonizovany Langerhansovy-
mi butikami (28) a Ze dochézi k odhojeni alografta jak
u zvirat (13), tak u lidi (28). Pomoci analyzy DNA bylo
prokédzano, Zze alogenni keratinocyty jsou postupné
nahrazovdny hostitelskymi (vlastnimi) butikami (2, 4,
7). Hlavni vyznam alograftd pfi urychleni hojent spo-
¢iva predevsim v tom, Ze uvoltiuji fadu cytokind. Tyto
cytokiny stimuluji migraci a proliferaci rezidudlnich
hostitelskych keratinocytt z okraji rdny a z koznich
adnex a rovnéz moduluji replikaci fibroblastd a syn-
tézu kolagenu (3, 9, 11, 23, 30). Mezi nejdtlezitéjsi
cytokiny produkované kultivovanymi keratinocyty
pati{ EGF (epidermal growth factor), TGF-a,B (trans-
forming growth factor), IL-1 a fada dalsich. Vzhledem
k tomu, Ze v sou¢asné dobé neni znamo sloZeni viech
cytokint ani jejich vzdjemny pomér, ani ptima aplika-
ce cytokin®l nep¥indsi vysledky srovnatelné se sekreci
zivé darcovské epidermdlni buniky (11).

Epitelizace zalind vét§inou z okraji rany (tzv.
»edge effect®), coZ souvisi s popsanym mechanismem
udinku (stimulace migrace hostitelskych keratinocy-
t). Vzacnéjsi tvorba epitelizaénich ostrivkd v centru
réany byvé pfipisovana migraci hostitelskych keratino-
cytt ze zbytkd koZnich adnex (3, 9, 19, 21, 22, 29).

Keratinocyty nativni

Nativni keratinocyty jsou ziskany expanzi kerati-
nocytd v podminkéch in vitro a ihned aplikované v na-
tivnim stavu.

Keratinocyty kryoprezervované

Kryoprezervace je proces, pii kterém dojde k pro-
syceni bunék kryoprezervaénim médiem a nésledné-
mu zmrazeni. Keratinocyty jsou skladovany p¥i teplo-
té-80 °C az-150 °C. Vyhodou je, Ze kryoprezervované
§tépy mohou byt vytvofeny v laboratofi ve vétsim
mnoZstvi a uschovany v tkédfiové bance, kde jsou kdy-
koliv ptipraveny k okamzitému pouziti. Kryoprezer-
vace vyrazné redukuje problémy spojené s dostupnos-
ti a transportem kultivovanych epidermalnich kerati-
nocyt. Daji se transportovat a jejich aplikace je snad-
nd, zcela nezatézujici pro pacienta (9, 34, 36). P¥itom
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kryoprezervované §tépy v porovndni s nativnimi §té-
py déavajf zcela srovnatelné vysledky p¥i terapii bérco-
vych ulceraci (9, 36).

Keratinocyty lyofilizované

Lyofilizace je proces, pfi kterém dojde k zmrazeni
bunék na teplotu -80 °C a ndsledné sublimaci vody ve
vakuu. Sterilita je zajisténa ozdtenim davkou 25 kGy.
Lyofilizace umoziiuje jak skladovani, tak i transport
kultivovanych keratinocytt pii pokojové teploté, coz
je nesporng velkou vyhodou oproti §téptm kryopre-
zervovanym, které vyZzaduji skladovaci teplotu -80 °C
a transport s pouZitim suchého ledu.

Na rozdil od kryoprezervovanych §tépd, u kterych
zlstava zachovéna vitalita keratinocyti, dochdzi u lyo-
filizace ke vzniku lyzatd keratinocytd, tzn. Ze buriky
ztraceji svou vitalitu. Lyzaty si viak uchovavaji podo-
bné slozeni jako vitdln{ keratinocyty, tj. obsahuji stej-
né cytokiny. Z tohoto diivodu by mély mit Iyofilizované
keratinocyty velmi podobny efekt jako nativni ¢i kryo-
prezervované keratinocyty. Pouzitim lyofilizovanych
keratinocyt se dosud zabyvalo nékolik autorti. Jed-
nim z prvnich byl Duinslaeger, ktery prokdzal, Ze
lyofilizované lyzaty keratinocyt stimuluji hojeni ran
u popélenych pacientd s efektem velmi podobnym na-
tivnim alograftdm keratinocytd (11). Lyofilizované
keratinocyty byly s velmi dobrymi vysledky pouzity
i p¥i stimulaci epitelidlniho hojeni u chronické poope-
raéni otorei po tympanoplastice (33).

ZAVER

Kultivované epidermalni keratinocyty urychluji
hojeni ran v&etné bércovych viedd. Léebny ucinek
spodiva predevsiim v tom, Ze uvoliiuji fadu cytokind,
které stimuluji migraci a proliferaci rezidudlnich hos-
titelskych keratinocytil z okrajd rény a z koznich ad-
nex a rovnd% moduluji replikaci fibroblastii a syntézu
kolagenu.

Nabizi se samoziejmé argument, Ze 1ze aplikovat
jednotlivé cytokiny syntetické, ziskané rekombinant-
nf DNA technologii. Tyto syntetické ristové faktory
jsou v8ak extrémné finanéné ndkladné, nejsou vse-
obecné k dispozici a navic v sou¢asné dobé neni zndmo
pFesné sloZeni viech cytokind, jejich vzajemny pomér
ani synergistické ¢ antagonistické interakce mezi jed-
notlivymi cytokiny. Nelze opomenout ani fakt, Ze né-
které ristové faktory jsou produkovény ve formé pre-
kurzort. Vzhledem k tomu, Ze keratinocyty obsahuji
cytokiny ve fyziologickém mnoZstvi, ve vysoce stabili-
zované form&, mohou byt klinicky mnohem dé¢inné&jsi
neZ aplikace jednoho rastového faktoru.

Kultivované epidermdlni keratinocyty se pouzivaji
k 166bé& dlouhodobych, na terapii rezistentnich ulcera-
ci. Nejlepsich vysledkt byva dosaZeno u ulceraci ve-
nézni etiologie. Kultivované epidermdalni keratinocyty
vyrazné urychluji hojeni bércovych viedi, ¢im? jedno-
znaéné zlepsuji kvalitu Zivota pacientt.
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Souhrn

Kultivované epidermalni keratinocyty v terapii ulcus cruris
Cést I1. Srovnani Géinnosti kryoprezervovanych a lyofilizovanych alografti

Vychodisko: V moderni terapii chronickych ulceraci dolnich kondetin se posledni dobou zacaly
uplatiiovat i kultivované epidermaélni keratinocyty v podobe autograft ¢i alograft. Pouziti kryo-
prezervovanych alograftd v 16¢bé tohoto onemocnéni sice hodnoti fada studii, v Ceské republice
viak nejsou v soudasné dobé zadné klinické zkuSenosti s pouzitim lyofilizovanych keratinocyta
v terapii ulcus cruris venosum.

Cil: Cilem projektu je srovnat éinnost kryoprezervovanych a lyofilizovanych kultivovanych
epidermalnich alograftt (KEA) v 1é€bé ulcus cruris venosum.

Materidl a metodika: U 20 pacientt s ulcus cruris venosum byly aplikovany na spodinu viredu
kultivované epidermalni alografty (u 10 pacientd kryoprezervované - skupina I a u 10 lyofilizované
- skupina IT). Technika aplikace byla standardizovana. Srovnavali jsme hojeni viedi u obou skupin
(rychlost hojeni, planimetrické vyhodnoceni).

Vysledky: 9 pacientii ze skupiny I a 7 ze skupiny II se kompletné zhojilo do 3 mésict (80 %).
Pramérna doba hojeni viredu byla 29,7 dnu (28,3 dne u skupiny I a 31,1 u skupiny II). Pramérna
plocha viedd pred aplikaci byla 10,13 cm’> (9,93 em? u skupiny I a 10,32 em? u skupiny II). Po 3
mésicich byla plocha redukovana na 1,67 em? (1,34 cm? ve skuping I a 1,99 cm” ve skuping ID).

Zavér: Udinnost lyofilizovanych KEA v terapii ulcus cruris venosum je zcela srovnatelna s iéin-
nosti kryoprezervovanych KEA. Lyofilizované alografty jsou proto vyhodnéjsi pro pouziti v praxi,
protoZe se daji transportovat i uchovavat pii pokojové teplotd, ¢imZ jsou okamzité k dispozici
a znaéné se snizi finanéni naklady.

Klidovd slova: kultivované epidermalni alografty - bércové ulcerace - kryoprezervace - lyofilizace
- keratinocyty

Summary

Cultured Epidermal Keratinocytes in the Treatment of Leg Ulcers. Part IL
Comparison of the Effect of Cryopreserved and Lyophilized Allografts

Background: Application of cultured epidermal keratinocytes (in the form of autografts or
allografts) took place in the modern therapy of chronic wounds. The use of cryopreserved allografts
in the therapy of leg ulcers is evaluated in some studies. But there are no clinical experiences with
the use of lyophilized allografts in this indication in our country yet.

Objectives: The aim of the project is to compare the cryopreserved and lyophilized cultured
epidermal allografts in the treatment of venous leg ulcers.

Material and methods: 20 patients with venous leg ulcer were treated by cultured epidermal
allografts (10 cryopreserved - group I and 10 lyophilized - group IT). The technique of application was
standardized. We compared the tendency to healing in both groups (healing rate, planimetric
evaluation).

Projekt probihd za podpory graniu IGA MZ CR ¢&. 5876-3
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Results: 9 patients in group I and 7 in group II were healed complety in 3 months (80 %). The
medium healing time was 29.7 days (28.3 in group I and 31.1 in group II). The average area of ulcers
was 10,13 cm® before application (9.93 cm? in group I and 10.32 cm? in group ID). After three months
the average area was 1.67 em® (1.34 em® in group I and 1.99 cm?in group II).

Conclusions: The therapeutic effect of lyophilized cultured epidermal allografts could be compa-
red with therapeutic effect of cryopreserved ones. These results prefer application of lyophilized
keratinocytes, because they could be stored and transported at room temperature and the cost of

the therapy is lower.

Key words: cultured epidermal allografts - leg ulcers - cryopreservation - lyophilization - kerati-

nocytes

UvVoD

V poslednich 15 letech se rozsitily moZnosti tera-
pie chronickych venéznich ulceraci kromé jiného
i o pouziti biologickych kryti v podobé kultivovanych
epidermdlnich keratinocytt ve formé autograftd &
alografti.

Pouziti kryoprezervovanych alograftt v 1é¢bé bér-
covych viedt sice hodnoti fada studii, v Ceské repub-
lice v8ak nejsou v soudasné dobé z4dné klinické zku-
Senosti s pouZitim lyofilizovanych keratinocytl v te-
rapii ulcus cruris (a podle dostupnych informaci dosud
nebyla publikovédna ani v zahraniéi studie zabyvajici
se touto problematikou). Predkldddme proto prvni
vysledky studie srovnavajici déinnost kryoprezervo-
vanych a lyofilizovanych kultivovanych epidermaél-
nich alograft v terapii ulcus cruris venosum.

MATERIAL A METODIKA

Charakteristika souboru

Na I. DVK FN u sv. Anny v Brné byly KEA apli-
kovéany od zai 2000 do dubna 2001 celkem u 20 pa-

Tab. 1. Rozdéleni souboru podle pohlavi a véku

cient s chronickymi venéznimi ulceracemi dolnich
konéetin, trvajicimi déle neZ 3 mésice a nehojicimi se
po zavedené disledné kompresivni terapii. Prvnich 10
pacientt bylo lé¢eno kryoprezervovanymi alografty
(skupina I) a druhych 10 pacientt lyofilizovanymi alo-
grafty (skupina II). Oba typy alograftd byly vykulti-
vovéany ve Tkanové bance FN Brno. Z 20 pacienti bylo
8 muzd (40 %) a 12 Zen (60 %). Pramérny vék pacientt
v souboru byl 59,4 let, z toho u muza 55,3 roku a u Zen
63,6 roku, v rozpéti 43-80 let. Rozdéleni souboru podle
pohlavi a véku uvadi tab. 1. Z tabulky je patrné, Ze
obé skupiny pacientt jsou srovnatelné.

Indikace k aplikaci alograftd byly viedy Zilni nebo
vredy smiSené s pievahou Zilni slozky. U 16 pacientt
§lo o viedy vendzni, pouze u 4 pacientt o viedy smi-
Sené s podilem slozky arteridlni, diabetu ¢i polyneuro-
patie (tab. 2).

Srovnatelnost obou skupin pacientt dokladujii vy-
brana anamnesticka data (tab. 3). Pozitivni flebologic-
kou rodinnou anamnézu mélo celkem 75 % pacientt,
povrchovou flebitidu 50 % pacientt, flebotrombdzu
dolnich konéetin 65 % pacienti.

Pramérna doba trvani ulceraci byla 24,5 mésici,
pridem# u skupiny I to bylo 23,9 mésice s ¢asovym
rozpétim 3-96 mésici a u skupiny II to bylo 25,0 mé-
sict s Casovym rozpétim 5-111 mésica (tab. 4).

Druh KEA Poéet pacientt D vék

muzi Zeny celkem muzi Zeny celkem
Kryoprezervované 5 5 10 53,8 63,2 58,5
Lyofilizované 3 7 10 56,7 64,0 60,4
Celkem 8 12 20 55,3 63,6 59,4

KEA = kultivované epidermdlni alografty
Tab. 2. Charakteristika souboru podle etiologie ulcerace
Druh KEA Vendzni Smisené
+ arteridlni + diabetické + polyneuropatie

Kryoprezervované 9 0 1
Lyofilizované 7 2 0
Celkem 16 2 1
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Tab. 3. Vybrana anamnesticka data

Anamnestické udaje Druh KEA

kryoprezervované lyofilizované celkem
Varixy v roding 7 (70 %) 8 (80 %) 15 (75 %)
Flebitida 5 (50 %) 5 (50 %) 10 (50 %)
Flebotrombéza 7 (70 %) 6 (60 %) 13 (65 %)

Tab. 4. Délka trvani ulcerace (anamnesticky)

Druh KEA Doba trvéni viedu (mésice) & doba trvani viedu (mésice)
Kryoprezervované 3-96 23,9
Lyofilizované 5-111 25,0
Celkem 3-111 24,5

Tab. 5. Vysledky hojeni ulceraci

Druh KEA Zhojeno do 3 mésicl Nezhojeno do 3 mésict | Relaps b&hem 3 mésic Zhojeno po 3 mésicich
a %o a % a % a %
Kryoprezervované 9 90 1 10 2 22 7 70
Lyofilizované 7 70 3 30 1 14 6 60
Celkem 16 80 4 20 3 18 13 65

Vysetfeni pacienta
Vsichni pacienti byli komplexné vySetieni anamnes-
ticky, klinicky, dopplerovskou ultrasonografii véetné
stanoveni indexu tlaku kotnik/paze a digitélni fotople-
tyzmografii. Bylo provedeno zdkladn{ biochemické vy-
Setieni vletné glykovaného hemoglobinu (glyk. Hb)
u diabetikii a bakteriologické vy&etien{ ze spodiny ulce-
race. Na zdkladé vySetfeni byl stanoven charakter ulce-
race. Vyludovaci kritéria byla nasledujict:
1. ¢isté arteridlni ulcerace;
2. ulcerace mendi nez 2 cm?® & trvajici méné nez
3 mésice;
3. Spatné kompenzovany diabetes mellitus (glyk.
Hb vice nez 8,5);
4. vyrazna anémie (hemoglobin méné nez 100 g/l);
5. dekompenzovana srdeéni insuficience;
6. vyraznd hypoproteinémie (albumin méné nez
35 g/b);
7. kotnikovy index méné nez 0,8;
8. maligni tumor s generalizaci;
9. celkova imunosupresivni terapie.
Pacienti spliiujici kritéria byli na zdkladé informo-
vaného souhlasu do této studie zatazeni.

Standardizace 1é¢ebného postupu

Pred aplikaci KEA byla u vSech pacient ¥adné
vy¢isténa spodina ulcerace.

K tomu dcelu jsme pouzivali algindty, obvazy s ak-
tivnim uhlim a st¥ibrem, hydrogely, hydrokoloidy, oje-
dinéle i enzymatické prepardty. Tésné pted aplikac{
alograft byla ulcerace obkladovdna fyziologickym

roztokem po dobu 2-3 dnti. V piipadé vykultivovaného
patogenniho agens byla pacientovi poddvana celkové
antibiotika podle citlivosti. V den aplikace alograftt
byla zdokumentovdna velikost ulcerace (fotodoku-
mentace, ndkres na f6lii). Poté byly za sterilnich pod-
minek ptiloZzeny KEA na nosiéi. Ty byly kryty siliko-
novou neadherentni m¥izkou, vrstvou gdzy, fixovany
hydrofilnim obinadlem a 2-3 kratkotaznymi obinadly.
Vzhledem k nutnosti pfisného klidu na lizku po 48
hodin a dodrZeni standardnich podminek byla aplika-
ce provddéna za kratkodobé hospitalizace.

Prvni pfevaz nédsledoval po 5 dnech - po cbkladu
fyziologickym roztokem byl sejmut nosi¢ KEA (mastny
tyl) a po fotodokumentaci byla ulcerace osetiena ne-
adherentnim silikonovym krytim & krytim s aktivnim
uhlim. Nasledovala opét vrstva gézy, hydrofilni obi-
nadlo a elastickd band4dz. Dalsi ptevazy byly provadé-
ny po 2-3 dnech. Pacienti byli sledovdni 3 mésice od
aplikace KEA za pribéiné dokumentace velikosti vie-
du (fotodokumentace, nakres na f6lii).

VYSLEDKY

B&hem 3 mésict se zhojilo 9 pacientt ze skupiny
I (1é¢ené kryoprezervovanymi KEA) a 7 pacienti ze
skupiny II (1é¢ené lyofilizovanymi KEA), tzn. celkem
16 pacienti (80 %). Nezhojeni zhstali 4 pacienti - 1 pa-
cient ze skupiny I a 3 pacienti ze skupiny II. Slo
o pacienty s rozsdhlymi dlouhotrvajicimi viedy a s fa-
dou ptidruzenych chorob. I u nich jsme v8ak pozoro-

Cesko-slovenska dermatologie

241



Obr. 1. 70leta zena, 8 let trvajici ulcus cruris venosum, Obr. 5. 80leta zena, 2 roky trvajici ulcera cruris venosa,
pired aplikaci kryoprezervovanych KEA. pred aplikaci lyofilizovanych KEA.

Obr. 2. T4Z pacientka 5. den po aplikaci, stav posejmuti  Obr. 6. TaZ pacientka 5. den po aplikaci, stav po sejmuti
nosi¢e KEA. nosice KEA.

Obr. 3. Taz pacientka 28. den po aplikaci, epitelizace Obr. 7. Taz pacientka 28. den po aplikaci, edge-effect
z okrajui. (epitelizace u okrajii).

Obr. 4. T4Z pacientka 2 mésice po aplikaci, vired zhojen.  Obr. 8. TéaZ pacientka 2 mésice po aplikaci, vied zhojen.
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Tab. 6. Rychlost hojeni ulceraci

Druh KEA Doba nutnd ke zhojeni & doba nutnd ke zhojeni

(dny) (dny)
Kryoprezervované 12-84 28,3
Lyofilizované 10-84 31,1
Celkem 10-84 29,7

Tab. 7. Planimetrické zhodnoceni ulceraci v priabéhu terapie
Druh KEA Velikost ulcerace (cm®)
pied aplikaci KEA po aplikaci KEA
Te Tos Too

Kryoprezervované 9,93 2,98 1,43 1,34
Lyofilizované 10,32 5,86 1,76 1,99
Celkem 10,13 4,42 1,60 1,67

Vysvétlivky: T = podet dnii od aplikace

vali zmengen{ plochy v¥edd, vyraznou stimulaci gra-
nulace a vilevu od bolesti. Z 16 zhojenych pacientii doslo
béhem nami sledované doby 3 mésict u 3 z nich k relap-
su (u 2 pacienttt ze skupiny I a 1 pacienta ze skupiny 1D,
co¥ oviem nepovazujeme za selhani terapie KEA. Davo-
dem relapsu byla ve viech p¥ipadech 8patna kompresiv-
nf terapie nebo obezita a vyrazna staticka zatéZ vedouct
k selhdni zilniho ndvratu.

Po 3 mésicich tedy ztistalo zhojeno celkem 13 pacientl
(65 %) - T pacientti z I. skupiny a 6 pacienti ze I1. skupiny
(obr. 1-8). Vysledky hojent ulceraci znazoriiuje tab. 5.

Doba nutné ke zhojeni viedu byla pramérné 29,7 dnt.
Behem této doby se zhojilo 8 pacientt lé¢enych kryopre-
zervovanymi KEA (z celkového pottu 9 zhojenych) a 5
pacientt 1é¢enych lyofilizovanymi KEA (z celkového poc-
tu 7 zhojenych). Priim&rna doba nutnd ke zhojen{ viedu
byla u skupiny I 28,3 dne s dasovym rozpétim 12-84 dnd
a u skupiny II byla 31,1 dne s ¢asovym rozpétim 10-84
dn#. Rychlost hojeni ulceraci uvadi tab. 6.

Pramérnd plocha viedd pred aplikaci alograftll
byla 10,13 em? (9,93 cm® u skupiny I a 10,32 cm®
u skupiny II). Velikost viedd byla dale planimetricky
hodnocena 7., 28. a 90. den od aplikace KEA. Vyraz-
né zmengeni plochy viedd je patrné zejména béhem
pryniho tydne od aplikace alograftd - 7. den byla
priomérnd plocha vieda 4,42 em? (2,98 cm” u skupiny
I 2 5,86 cm® u skupiny II), po 3 mésicich (tj. 90. den)
byla primérnd plocha vieda 1,67 cm? (1,34 cm® u sku-
piny1a1,99 cm? u skupiny II). Planimetrické zhodno-
cenf viedu v priibdhu terapie zachycuje tab. 7.

DISKUSE

Cilem nas$i préce bylo porovnat i¢innost kryopre-
zervovanych a lyofilizovanych KEA v 1é¢bé chronic-
kych venéznich ulceraci dolnich konéetin. Z dosavad-

nich vysledki studie vyplyva, Ze lyofilizované kultivo-
vané epidermalni alografty maji efekt zcela srovnatel-
ny s kryoprezervovanymi alografty. Lyofilizované
KEA se tak stévaji mnohem vyhodné&jsi pro pouziti
v bé7né praxi, protoze se daji jak transportovat, tak
i uchovavat p¥i pokojové teploté. Jsou tak kdykoliv
piipraveny k pouZiti a vyrazné se snizi finanéni na-
klady. Je jisté, Ze zatim jde o pFedbdiné vysledky
malého souboru (lze je chépat jako pilotni studii),
studie poéita s aplikaci KEA u celkem 50 pacienti.

Co se tyte aplikace kryoprezervovanych alograftd,
jsou vysledky hojeni viedd u pacient v nasem soubo-
ru zcela srovnatelné se zahraniénimi studiemi zaby-
vajicimi se touto problematikou. Teepe et al. (14)
udava ve své studii pramérnou dobu hojeni 26 dnd
u venéznich ulceraci lééenych kryoprezervovanymi
alografty a 83 % kompletné zhojenych viedi (i jiné
etiologie neZ &sté vendznich) béhem 12 tydnd. De
Luca et al. (2) udava primérnou dobu hojeni venéz-
nich ulceraci 5,7 tydne (p¥i opakovanych aplikacich
kryoprezervovanych alografti) a 66,6 % ulceraci kom-
pletng zhojenych b&hem 12 tydnt (v souboru jsou
i pacienti s jingmi ulceracemi nez vendznimi).

Z tabulky 7 zachycujici planimetrické zhodnoceni
viedu v pribéhu terapie vyplyva i velky efekt lécby
b&hem prvniho tydne od aplikace KEA, kdy doglo
k vyraznému zmengeni plochy viedd. Toto rychlé ho-
jeni lze nesporné pFicist pisobeni kultivovanych epi-
dermalnich keratinocytd, nebot za standardnich pod-
minek zajisténych hospitalizaci byl proveden jen jeden
prevaz (5. den), takZe ostatni zevni terapie nehrala
velkou roli. Rovnéz nékteré studie popisuji nejdramatic-
t&j8f zmengen{ plochy viedu béhem prvniho tydne, coZ
souvisi s uvolnénim fady cytokint (9). Rychlé epitelizace
vétdinou zadinala z okrajil ulcerace (popisovany ,edge
effect*), u nékolika pacientt, ktefi méli rozsghlejsi ulce-
race, doslo i k tvorbé epitelizaénich ostriivkd v centru
ulceraci zfejmé migraci hostitelskych keratinocytt ze
zbytkd koznich adnex (1-5, 7, 10, 11, 14).

Cesko-slovenska dermatologie

243



V nésledujicich tydnech jiz bylo hojeni ulceraci
jisté ovlivnéno radou dalgich faktord tykajicich se
jednak samotného pacienta (vék, staticka zatéz, pii-
druzend onemocnéni), jednak ostatni zevni terapii
a pfredevsim, vzhledem k etiologii venéznich ulceraci,
spravnou aplikaci kompresivni terapie. Je nutné si
uvédomit, Ze 1lééba KEA je pouze jednim ze zplsobt
zevni terapie a proto spravné noseni komprese je nej-
nf etiologie (14). V dals$im vyvoji je proto tfeba uvazo-
vat o opakované aplikaci alografti s ¢asovym odstu-
pem 1-2 tydnd, tak jak je popisovana v nékterych
studiich (1,2, 6,7, 14). Problémem je zde ovSem otazka
ekonomicka.

Vyhodnoceni ekonomické ndrofnosti bude dalsf
¢asti studie, tj. srovnani finanénich ndkladd nutnych
ke zhojeni viredu pti klasickém zptsobu terapie a pfi
terapii alografty. Lécba KEA je sice drah4 (cena obou
typt alograftt je 4200,- K& za 20 cm®), ale porovname-
li dobry efekt 1é¢by, rychlost hojeni, pocet zhojenych
pacientli a vyrazné zlepSeni jejich kvality Zivota na
strané jedné a ndklady na materidl, oSetfeni atd.
u dlouhodobé nezhojenych viedd pii klasickém zptso-
bu terapie na strané druhé, potom se 1é¢ba alografty
jiz tak finanéné ndrofnd nejevi. Je oviem nutné zda-
raznit, ze aplikaci KEA lze doporuéit az u dlouhotrva-
jicich vieda, rezistentnich na jinou obvyklou terapii,
ne jako metodu prvni volby. Nejlepsich vysledkd byva
dosaZeno u ulceraci vendzni etiologie, kdezto ulcerace
smisené, arteridlni, diabetické & revmatoidni se hoji
pomaleji (1, 2, 7, 14).

Vsichni pacienti shodné udavali okamZitou dlevu
od bolesti po aplikaci jak kryoprezervovanych, tak
lyofilizovanych KEA. Tim do8lo k vyraznému zlepSeni
jejich kvality Zivota jesté pred zhojenim ulceraci. Ule-
va od bolesti je popisovdna ve v8ech studiich zabyva-
jicich se problematikou aplikace kultivovanych epi-
dermaélnich keratinocyth a je zdtirazniovana jako jed-
na z velkych pfednosti této metody (1, 9, 10).

ZAVER

Z vysledk této pilotni studie vyplyva, Ze lyofilizo-
vané kultivované epidermadlni alografty maji efekt
zcela srovnatelny s kryoprezervovanymi. Lyofilizova-
né KEA se tak stdvaji mnohem vyhodnéjsi pro pouZiti
v bézné praxi, protoZe se daji jak transportovat, tak
i uchovavat p¥i pokojové teploté. Jsou tak kdykoliv
pripraveny k pouZiti a vyrazné se sniZi finanéni né-
klady. Lédbu lze doporudit u dlouhotrvajicich, na os-
tatni terapii rezistentnich viedd. Vzhledem k etiologii
venéznich ulceraci je v dalsi pééi o pacienta nejdiilezi-
t&j81 spravnd aplikace kompresivn{ terapie, nebot 16¢-
ba kultivovanymi alografty je pouze jednim, byt vyso-
ce ufinnym a modernim, zptisobem zevni terapie. Di-
lezity je i fakt, Ze po aplikaci KEA dochdzi k okamZité
dlevé od bolesti a tim ke zlepSeni kvality Zivota pa-
cienta jesté pred zhojenim ulcerace.
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Successful treatment of chronic venous
leg ulcers with lyophilized cultured

epidermal allografis

V. Slonkova, Z. Navratilova, V. Semradova and J. Adler

SUMMARY

The case of a 67-year-old woman with chronic venous leg ulcers and severe gonarthrosis is described.
In spite of intensive therapy, the leg ulcers had persisted for 4 years and made the intended ortho-
paedic operation of the right knee impossible. The patient was treated with lyophilized cultured epider-
mal allografts and her leg ulcers healed within 40 days. Lyophilized cultured epidermal allografts repre-
sent a modern type of active wound dressing that leads to rapid healing of chronic venous leg ulcers
and enables patients to undergo surgical intervention.

Introduction

Standard treatments of leg ulcers comprise mechani-
cal and enzymatic debridement, various types of dress-
ing (alginates, hydrocolloids, hydrogels, dressing with
active charcoal and silver etc.) and an appropriate com-
pressive therapy.

Cultured epidermal allograft (CEA) is a method of
active wound dressing and represents a modern therapy
for leg ulcers. The best results are seen in venous leg
ulcers while leg ulcers of other origin (ischaemic, dia-
betic, theumatoid) heal more slowly (1-4). The CEA
were prepared in the Tissue Bank under sterile condi-
tions. Skin biopsies were obtained from patients under-
going plastic surgery. All donors were screened accord-
ing to EATB general standards for HIV 1 and 2, hepatitis
B antigen (HbsAg), hepatitis C virus (HCV) and syphi-

lis. Skin samples were trypsinized which led to separa-
tion of keratinocytes. Isolated keratinocytes were re-
suspended in a culture medium and then inoculated to
a 3T3 fibroblast feeder-layer. In the stage of subcon-
fluency, repeated subculturing was made according to
a slightly modified version of the Rheinwald-Green pro-
cedure.

The treatment can be recommended in the case of
long-lasting, non-healing leg ulcers that are resistant to
conventional therapy. In our patient, a rapid healing of
the leg ulcers was necessary in order to prepare her for
an orthopaedic operation.

Case report

A 67-year-old woman was admitted to the phlebol-
ogy clinic of our department with ulcers on the right leg
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which had persisted in spite of intensive therapy for
four years. She was hospitalized in the Orthopaedic de-
partment where she was treated for gonarthrosis of her
right lower limb, and an operation on the right knee
(which displayed total endoprosthesis) was planned
following the healing of the leg ulcers. The patient had
diabetes mellitus that was being treated with oral
antidiabetics, a history of hypertension, and had under-
gone hysterectomy and bilateral adnexectomy with
subsequent radiotherapy because of a cancer 6 years
previously. In August 2002 she was admitted to our
department. At that time there were three ulcerations
on the medial aspect of the right shin with a granulat-
ing, slightly covered ulcer base that encompassed an
area of 22,7 cm? (Fig. 1). Phlebologic examination
showed chronic venous insufficiency with incipient
peripheral diabetic microangiopathy.

The patient was treated with mechanical debride-
ment, nonadherent wound dressings and compression
therapy. Systemic treatment included peroral cipro-
floxacin (bacterial culture revealed Escherichia coli and
Pseudomonas aeruginosa) administered for 10 days,
and intravenous pentoxifylline. Lyophilized cultured
epidermal allografts were applied on the clean, granu-
lating wound bed under sterile conditions. The allografts
were covered with a layer of nonadherent silicone dress-
ing, several layers of dry gauze pads, a gauze bandage
and a low-strength elastic bandage. The patient was
advised to rest in bed with the limb elevated for 48
hours after grafting. The dressings were first removed
after 5 days, and subsequent dressings were changed at
3-day intervals using a nonadherent dressing and low-
strength bandages. The initial ulcer size (evaluated by
planimetry) was 22,7 cm? before grafting (Fig. 1) and
had reduced to 16,5 cm? on the 7" day (Fig. 2), and to
2,4 cm? on the 28" day after grafting (Fig. 3). The pa-
tient reported immediate pain relief following the ap-
plication of CEA. The leg ulcers healed completely
within 40 days of grafting (Fig. 4) and the patient was
able to undergo the planned orthopaedic operation. To
date there has been no recurrence of the leg ulcers.
The patient has continued with an appropriate com-
pressive treatment that constitutes the most important
part of the conservative therapy of chronic venous in-
sufficiency.

Discussion

Successful treatment of chronic venous leg ulcers
with cultured epidermal allografts (CEA) was first re-
ported in 1987 (5). Initially some authors (6, 7)
hypothesised that the CEA were not rejected and that
the absence of Langerhans” cells in the allografts pro-
moted a graft tolerance with respect to the major histo-
compatibility barriers. However it has been found that
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the allografts are rapidly colonized by Langerhans” cells
(8) and are rejected both in animals (9) and in humans
(8). DNA fingerprint analysis has showed that alloge-
neic keratinocytes are rapidly replaced by the recipient’s
keratinocytes (10-12) and that the epidermal regen-
eration is due to the migration and proliferation of the
recipient’s residual keratinocytes (3). CEA release many
cytokines, such as epidermal growth factor (EGF), trans-
forming growth factors (TGF) alpha and beta, platelet-
derived growth factor (PDGF), interleukin-1 and fur-
ther mediators (2, 13, 14). These cytokines stimulate
migration and proliferation of the recipient’s
keratinocytes and modulate fibroblast replication and
collagen synthesis (2, 3, 15, 16).

CEA can be used fresh, cryopreserved or lyophilized.
Fresh allografts are limited for common use because
they must be applied immediately, and in a fresh state.
Cryopreservation facilitates the availability and trans-
port of CEA (1). Cryopreserved allografts can be pro-
duced on a large scale by the same laboratory and stored
at -80 °C in a tissue bank where they remain ready for
use at any time (1, 3). Their application is a simple and
safe procedure that causes no discomfort to patients (1,
3, 17). Cryopreserved CEA give comparable results to
fresh CEA in the healing of chronic leg ulcers (1, 3).

Although cryopreserved allografts are more conve-
nient to use than fresh ones, there are a number of limi-
tations to their common clinical use. They must be trans-
ported at the temperature of -80 °C, which is expen-
sive and time-consuming in case of hospitals located at
a major distance from the laboratory. Lyophilized CEA
solve such problems. They can be stored and trans-
ported at room temperature and they are immediately
available, and so reduce the cost of treatment consider-
ably in comparison to cryopreserved allografts. During
lyophilization, CEA are frozen at temperatures of up to
-80 °C and then dried in high vacuum (10 Pa). This
process leads to keratinocyte lysis, which means that
the keratinocytes loose their integrity. However
keratinocyte lysates contain the same cytokines as na-
tive keratinocytes and for this reason the effectiveness
of lyophilized CEA is very similar to that of fresh or
cryopreserved CEA (18).

There are only a few reports concerning the healing
of wounds with lyophilized CEA in medical literature.
Duinslaeger et al showed that lyophilized keratinocyte
cell lysates contain multiple mitogenic activities and
stimulate closure of meshed skin autograft-covered burn
wounds with an efficiency similar to that of fresh alloge-
neic keratinocyte cultures (15). Somers et al reported
stimulation of epithelial healing in chronic post-opera-
tive otorrhea using lyophilized cultured keratinocyte
lysates (19). Recently we reported the results of a pilot
study which compared cryopreserved and lyophilized
cultured epidermal allografts in the treatment of leg
ulcers (18). This study was performed at our depart-
ment in the years 2000 — 2002, and included 50 pa-
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Figure 1. Leg ulcers before application of
cultured epidermal allografts (CEA).

tients with chronic leg ulcers of venous origin. The re-
sults of our study indicate that lyophilized CEA are com-
parable to cryopreserved ones in terms of the healing
rate, the course of healing, relief from pain, and also in
planimetric changes during the healing of venous leg
ulcers (18).

In our patient, re-epithelization started at the wound
edges, the so-called “edge effect” (Fig. 2), and later on
islands of epithelium could be observed in the central
part of the ulcer that represented keratinocyte out-
growth from the hair follicles (2-5, 20, 21).

Figure 3. 28 days after application of cultured
epidermal allografts (CEA).

Figure 2. Seven days after application of cultured
epidermal allografts (CEA), “edge effect”.

Our patient reported immediate pain relief follow-
ing the application of CEA in a way that is comparable
with other studies dealing with cultured epidermal grafts
(2, 13, 14, 22). Pain relief is singled out as a particular
advantage of the method because it contributes to the
improvement of quality of life even before healing of
the leg ulcer.

In our patient, the rapid epithelization of leg ulcers
was crucial to allow for the planned orthopaedic surgery.
A pronounced improvement of the patient’s mobility
led to the enhanced function of the musculo-venous
pump which, in its turn, also improved the healing.

i bl

Figure 4. 40 days after application of cultured
epidermal allografts (CEA), healed ulcers.
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Conclusion

well as a last resort in non-healing chronic leg ulcers that
are resistant to conventional therapy.

CEA treatment is relatively expensive but the rela-
tive cost-effectiveness depends on other circumstances.
The healing time of leg ulcers is significantly reduced Acknowledgements

with CEA. For this reason the treatment is recommended 73,45 work was supported by 1GA MZ CR 5876-2.
in cases in which epithelisation has to be accelerated as )
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treatment of leg ulcers: a pilot study
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ABSTRACT

Background In the conservative therapy of venous leg ulcers modern types of dressings are used most
frequently. In the past 20 years ‘active wound dressings’ — cultured epidermal keratinocytes as autografts
and allografts — were also introduced in the management of leg ulcers.

Methods The aim of our study was to compare the effect of cryopreserved and lyophilized cultured epi-
dermal allografts in the treatment of venous leg ulcers. Evaluation of the therapy was documented as photo-
documentation, planimetry, healing time and evaluation of pain relief over a 3-month period after
application. Fifty patients with venous leg ulcers were selected. Twenty-five patients (group I) were treated
with cryopreserved keratinocytes and 25 (group II) with lyophilized keratinocytes.

Results The final evaluation 3 months after the application of allografts showed 84% of healed ulcers in
group I and 80% in group II. The number of healed ulcers and the healing rate both showed no statistically
significant differences. The size of the ulcer was reduced by half during the first week in both groups. The
size differences during the first week are statistically significant in both groups and they are comparable
(P <0.001). The intensity of the pain was statistically significantly reduced during the first week after appli-
cation in both groups (P < 0.001).

Conclusions The cryopreserved and lyophilized cultured allografts are comparable in healing rate, course
of healing and relief of pain, and also in planimetric changes during the healing of venous leg ulcers. Lyophi-
lized allografts are more convenient for routine use than cryopreserved allografts as they can be stored at
room temperature. These results could give rise to the more frequent use of lyophilized allografts in slow-
healing venous leg ulcers.

Key words: keratinocytes, cryopreservation, lyophilization, leg ulcers
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In the past 20 years ‘active wound dressings’ — cultured

Introduction

In industrialized countries, 0.5-1.5% of the population suffer
from leg ulcers. Chronic ulcers of the lower limbs represent a
major health problem in terms of both morbidity and
economic cost for society. The management of chronic leg
ulcers involves both conservative and surgical treatment and
often requires stay in hospital. In the conservative therapy
modern types of dressings are used most frequently. These
dressings permit wound healing in a moist setting, leading to
reduction in pain and stimulation of granulation, angiogenesis
and epithelization of wounds.

© 2004 European Academy of Dermatology and Venereology

epidermal keratinocytes as autografts or allografts — were also
introduced in the therapy of leg ulcers.! The pivotal work of
Rheinwald and Green? overcame the limitation of propagating
mammalian cells by culturing human epidermal cells in serial
culture, enabling the culture of these cells in large quantity. The
method was later modified3 and the first successful application
of cultured autologous keratinocytes was reported in 1981 in
the USA in a young patient with severe burns.4 In 1983 the
results of the first application of cultured epidermal allografts in
a burn patient were published.> Cultured epidermal allografts
were used increasingly in burn medicine, where they play an

173



174 Navratilova et al.

important role in burns of IIb degree.6-8 Cultured epidermal
keratinocytes were used in the treatment of chronic leg ulcers
for the first time in 1986 as autografts10 and in 1987 as allo-
grafts.!1 This method was also used in the treatment of giant
congenital nevi, tattoos and some types of epidermolysis
bullosa with success.12-14

In cultured epidermal autografts, a small biopsy sample of
the patient’s skin is subjected to trypsin disaggregation to sepa-
rate the dermis from the epidermis. Isolated keratinocytes are
serially subcultured and then expanded by in vitro procedures
into sheets of epidermis over a period of 2-3 weeks. Lethally
irradiated 3T3 cells may be used as a feeder layer.315> The advant-
ages of this method are that it is autologous; it is possible to
cover large areas with sheets from one small skin biopsy, result-
ing in permanent wound coverage with acceptable cosmetic
results and allowing cryopreservation of cells for future use.16
However, the use of autologous keratinocytes causes several dif-
ficulties: a biopsy has to be taken (it can be painful), autografts
are available with 3—4 weeks delay imposed by the culture pro-
cedure, and keratinocytes of older individuals have less growth
potential in vitro.17-19

For these reasons the investigators focused their interest on
cultured epidermal allografts. Keratinocytes for culturing are
obtained from the donor’s skin. The donor can be a patient
undergoing an elective plastic surgery intervention (operation
for apostasis, phimosis, ptosis of eyelids, etc.), a cadaveric adult
or a cadaveric foetus. The basic condition is careful screening
and hence the exclusion of donors with infectious diseases
and malignancies. Serological tests for transmissible diseases
must be negative. The main advantage of cultured allografts
is that they offer immediate availability, the technique is
noninvasive, obviating a skin biopsy, and produces prompt
relief of pain after being applied.1-18:20.21 In addition, neo-
natal keratinocytes have large growth potential in vitro.1820
The disadvantage is a possible transmission of infectious
diseases.

The mechanism of action of cultured epidermal allografts is
not known exactly. Initially some authors>22 claimed that cul-
tured allografts were not rejected and thus served as a perman-
ent skin substitute. The authors postulated that the absence of
Langerhans’ cells in the allografts promoted graft tolerance
across major histocompatibility barriers. However, allografts
are rapidly colonized by Langerhans’ cells?? and are rejected
both in animals24 and in humans.23 DNA fingerprint analysis
showed that allogeneic keratinocytes are rapidly replaced by
host keratinocytes.25-27 The importance of allografts for wound
healing lies in the fact that they release many cytokines that able
to stimulate migration and proliferation of residual recipient
keratinocytes from the wound edges and from the epidermal
appendages and also to modulate fibroblast replication and col-
lagen synthesis.17:28-31 The most important cytokines produced
by keratinocytes are epidermal growth factor (EGF), trans-
forming growth factor (TGF)-alpha and -beta, platelet-derived

growth factor (PDGF), fibronectin, interleukin-1 and others.
At present the precise structure of all cytokines and their
relationships are not known so that the results of application of
cytokines alone are poor compared to application of donor’s
living keratinocytes.2?

The epithelization usually begins from the wound edges (the
so-called ‘edge effect’), which is connected with the described
mechanism of action (the stimulation of the recipient keratino-
cytes’ migration). The occasional formation of islands of epi-
thelization inside the wound can probably be attributed to the
presence of appendageal remnants.11,17,28,32-34

Cultured epidermal keratinocytes can be used fresh, cryo-
preserved or lyophilized. Fresh keratinocytes are obtained by
in vitro expansion of keratinocytes and applied immediately in
the fresh state. In cryopreservation, cultured keratinocytes are
frozen in a medium containing a cryoprotective agent (usually
20% glycerol) up to —80 °C and stored at this temperature. The
main advantage of this process is that cryopreserved allografts
can be produced on a large scale by the same laboratory and
stocked in a skin bank, making them readily available for use.
Cryopreservation reduces problems connected with the availab-
ility and transport of cultured epidermal keratinocytes. These
allografts can be transported readily and their application is a
simple procedure involving no discomfort to the patients.1.28,3
Comparable results have been reported in treating skin ulcers
with either fresh or cryopreserved allografts.1:28 In lyophiliza-
tion, cultured keratinocytes are frozen up to —80 °C and dried
in high vacuum (10-5 Pa). Freeze-dried sheets are stored and
transported at room temperature. This is a great advantage
compared to the storage and transportation of cryopreserved
sheets.

Compared to cryopreserved grafts with active keratinocytes,
the process of lyophilization leads to keratinocyte lysis, that is
cells lose their activity. However, cell lysates contain the same
cytokines as active keratinocytes. As mentioned earlier, the mech-
anism of action of cultured allografts consists of the release of
cytokines and the stimulation of resident keratinocytes from
the wound edges and epidermal appendages.17:28-30 Therefore,
the effect of Iyophilized keratinocytes should be very similar to
that of fresh or cryopreserved keratinocytes. Several investigators
have studied the application of lyophilized keratinocytes.
Duinslaeger et al. showed that lyophilized keratinocyte cell lysates
stimulated wound healing in burn patients with efficiency very
similar to that of fresh allogeneic cultures.2® Lyophilized
keratinocytes have also been used with very good results in
the stimulation of epithelial healing in chronic postoperative
otorrhoea after tympanoplasty.36

Materials and methods

The aim of our study was to compare the effect of cryopreserved
and lyophilized cultured epidermal allografts in the treatment
of venous leg ulcers.

© 2004 European Academy of Dermatology and Venereology JEADV (2004) 18, 173-179
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Donor screening

Skin biopsies were obtained from patients undergoing plastic
surgery. All donors were screened according to European
Association of Tissue Banks (EATB) general standards for tissue
banking, including informed consent. The suitability of donors
was based on their medical and social history, a physical exam-
ination and blood tests. Minimum serological tests include
testing for human immunodeficiency virus (HIV) 1/2, hepatitis B
surface antigen (HBsAg), hepatitic C virus (HCV) and syphilis.

Preparation and storage of cultured keratinocytes

Skin samples were harvested under strongly sterile conditions
during the plastic surgery operations with subsequent washing
out of the disinfection agent/Betadine/and placing the samples
in the transport medium.

Processing consisted of: removal of subcutaneous fat;
incubation in 0.2% trypsin solution for 12 h at 4 °C; dividing
the dermis and the epidermis and separation of keratinocytes
mechanically using forceps; centrifugation and resuspension
of keratinocytes in culture medium; 3T3 fibroblast feeder-
layer preparation; establishing keratinocyte primocultures
according to a slightly modified Rheinwald—Green procedure;
and controlled rate freezing of keratinocyte suspension and
storage at —150 °C.

Preparation of cultured epidermal allograft

The keratinocyte suspension was quarantined for 180 days and
then released for the laboratory procedure after retesting of the
donor for HIV 1/2, HBsAg, HCV and syphilis.

The laboratory procedure consisted of: in vitro expansion via
coculture of keratinocytes and 3T3 fibroblasts; and the prepara-
tion of cultured epidermal grafts.

Storage of cultured epidermal allografts

Cryopreservation consisted of controlled rate freezing of cultured
epidermal allografts and storage at —150 °C.

The freeze drying technique is similar to ordinary vacuum
distillation except that the material to be dried must be frozen
solid before being subjected to a high vacuum. Under these
conditions the water content (in the form of an ice matrix) is
selectively removed via sublimation, that is ice transforming
directly into the vapour phase without going through a liquid
phase. The end result of lyophilization is a product that has been
preserved with a water content < 5%.

Patients

Fifty patients with chronic venous leg ulcers were selected
for treatment at the Department of Dermatovenereology of

Table 1 The group distribution based on sex and age

Number of patients Mean age (years)

Type of allograft Male Female Total Male Female Total

Cryopreserved 10 15 25 58.3 67.6 63.9
Lyophilized 8 17 25 58.4 64.9 62.8
Total 18 32 50 58.3 66.2 63.3

Table 2 Body mass index (kg/m?)

Type of allograft Male Female Total
Cryopreserved 29.7 28.7 29.1
Lyophilized 30.1 30.1 30.1
Total 29.9 30.2 30.1

St Anna’s Hospital in Brno. The study was performed from
September 2000 to September 2002.

The patients were examined thoroughly: a history, a physical
examination, Doppler ultrasonography including ankle index,
and routine laboratory tests — blood count, blood sugar, serum
total proteins, albumin, bacteriological testing. The type of
ulcer was diagnosed according to the examination. Exclusion
criteria were: 1) arterial ulcer; 2) the size of the ulcer < 2 cm?2 or
the ulcer duration <3 months; 3) uncompensated diabetes
mellitus; 4) pronounced anaemia (haemoglobin < 100 g/L); 5)
uncompensated heart insufficiency; 6) pronounced hypopro-
teinaemia (albumin < 35 g/L); 7) ankle index < 0.8; 8) meta-
static malignant tumour; and 9) systemic immunosuppressive
therapy.

Informed consent was obtained from all patients.

Patients were randomized into two groups. Twenty-five
patients were treated with cryopreserved cultured epidermal
keratinocytes (group I) and the other 25 patients with lyophi-
lized cultured epidermal keratinocytes (group II). The study
was randomized (the patients were numbered in the order they
entered the study).

In group I there were 10 males and 15 females with mean age
63 years, range 36—80 years. In group II there were eight males
and 17 females with mean age 62.8 years, range 30—82 years.
The distribution of the patients based on sex and age is compa-
rable in both groups (Table 1). The levels of body mass index
(BMI) are similar in groups I and IT (Table 2).

The mean duration of the ulcers, according to anamnestic
data, was 30.7 months (range 3-204 months) in group I and
16.7 months (range 3—111 months) in group II (Table 3).

Patient management and grafting procedure

The ulcers were treated with mechanical and enzymatic debride-
ment and with various types of dressings (alginates, dressings
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Table 3 Duration of ulcer (anamnestic data)

Table 4 Results of healing during 3 months

Duration of ulcer Mean time of ulcer’s

Type of allograft (months) duration (months)
Cryopreserved 3-204 30.7
Lyophilized 3-111 16.7
Total 3-204 23.7

with active charcoal and silver, hydrocolloids, hydrogels) until
a clean wound with a granulating ulcer base was obtained. Imme-
diately before application of keratinocytes the ulcers were treated
with wet saline dressings for 1-3 days. In the case of signs of infec-
tion, systemic antibiotics were given 1 day before application of
allografts. Prior to grafting, the area of the ulcer was traced
using transparent foil and then measured using Ulcoplan, a
special computer program for planimetry. A photograph of the
ulcer was also taken. Then the sheets of keratinocytes (either
cryopreserved or lyophilized) were applied on the wound bed
with the basal cells down on sterile conditions. The sheets were
covered with a layer of nonadherent silicone dressing, several
layers of dry gauze pads, a gauze bandage and a low-strength
elastic bandage. Patients were advised to rest in bed and
elevate the limb for 48 h after grafting. The grafting procedure
was carried out in hospitalized patients to provide optimal
patient and wound care and to reduce the chance of graft
dislodgement.

Evaluation after grafting

Dressings were first removed after 5 days; the wound was
soaked in normal saline solution and then the vaseline gauze
carrier was removed. The ulcer was photographed and then a
nonadherent type of dressing and low-strength bandages were
applied to the wound. Subsequent dressings were changed at
3-day intervals using a nonadherent type of dressing and low-
strength bandages. Patients were examined weekly and healing
was documented as follows: photodocumentation, planimetry,
healing time and evaluation of pain relief over the 3-month
period after application.

Healed Not healed
Type of allograft n % n %
Cryopreserved 21 84 4 16
Lyophilized 20 80 5 20
Total 41 82 9 18

n, number of ulcers.

Table 5 Healing rate of ulcers

Time required for
healing (days)

Mean time required for

Type of allograft healing (days)

Cryopreserved 12-90 32.2
Lyophilized 10-84 26.9
Total 10-90 29.5
Results

The results are summarized in Table 4. Fifty patients were
treated with cultured epidermal allografts, either cryopreserved
(group I) or lyophilized (group II). By 3 months, complete
healing was obtained in 21 patients from group I and in 20
patients from group II, that is a total of 41 patients (82%)
healed completely. Only nine (18%) ulcers did not heal
completely but there was a reduction in size and significant
improvement and prompt pain relief.

The mean healing time was 32.2 days (range 12-90 days) for
group T'and 26.9 days (range 10—84 days) for group II (Table 5).
Both the number of healed ulcers and the healing rate showed
no statistically significant differences.

The mean initial ulcer size was 12.41 cm? in group I and
9.04 cm? in group II before grafting. The size of the ulcers was
evaluated on the 7th, 28th and 90th day after grafting by plan-
imetry as described earlier (Table 6). A rapid reduction in ulcer
size was seen particularly within the first week after allografting:
the mean ulcer area was 6.5 cm? for group I and 5.06 cm? for

Size of ulcer (cm2)

Table 6 Planimetric evaluation of ulcers during
the therapy

After application of allograft

Before application

Type of allograft of allograft T, T Ty

Cryopreserved (n = 25) 12.41 6.50 2.04 1.99
Lyophilized (n = 25) 9.04 5.06 1.45 1.50
Total 10.73 5.78 1.74 1.74

T, number of days.
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fig. 1 Leg ulcers before application of allografts.

Table 7 The course of the pain during the therapy
10

—o— cryopreserved CEA P < 0.001
—e— lyophilized CEA P < 0.001

Pain
o N &~ O O

TO T1 T4 T12 (weeks)

group II on the 7th day. After a month (28th day), the mean
ulcer area was 2.04 cm? for group I and 1.45 cm? for group IL
After 3 months (90th day), the mean ulcer area was 1.99 cm? for
group I and 1.05 cm? for group II. The size differences during
the first week were statistically significant in both groups and
they are comparable (P < 0.001).

Relief of the pain after application of the allografts was
another point of interest of our study. The visual analogue scale
(10 points) was applied to assess the pain. The intensity of pain
was statistically significantly reduced during the first week after
application in both groups (P < 0.001) (Table 7).

Discussion

The aim of this study was to compare the efficacy of the
cryopreserved and lyophilized cultured epidermal allografts in
the treatment of chronic venous leg ulcers. Our results indicate
that lyophilized cultured epidermal allografts are comparable to
cryopreserved ones in healing rate, course of healing, relief from
pain and also in planimetric changes during the healing of
venous leg ulcers. Lyophilized cultured epidermal allografts are
more convenient for routine use than cryopreserved allografts
because they are more readily available; they can be transported
and stored at room temperature and they are ready for use at
any time. These factors reduce the costs of the treatment
considerably. According to our knowledge, no study on the

treatment of leg ulcers with lyophilized keratinocytes has been
reported previously although several investigators have studied
their application. Duinslaeger et al. showed that lyophilized
keratinocyte cell lysates stimulated wound healing in burn
patients with efficiency very similar to that of fresh allogeneic
cultures.?9 Lyophilized keratinocytes were also used with very
good results in stimulation of epithelial healing in chronic
postoperative otorrhoea after tympanoplasty.36 There is the
possibility of using single synthetic cytokines obtained by recom-
binant DNA technology. However, these synthetic growth
factors are extremely expensive, they are not widely available,
and the exact nature of all cytokines and their synergistic or
antagonistic interactions are still unknown.2® Moreover, some
of these growth factors are produced as precursor forms.
Keratinocyte lysates contain cytokines in physiological amounts,
in a highly stabilized form, so they may be much more clinically
efficient than the application of a single growth factor.29,36

Our results are comparable to the results of other studies on
healing of leg ulcers using cryopreserved cultured epidermal
allografts. Using these allografts, Teepe et al.l reported 83%
healing of various types of skin ulcers with a mean healing time
26 days in leg ulcers of venous origin. De Luca et al.28 reported
66.6% completely healed leg ulcers of various aetiology during
12 weeks with a mean healing time of 5.7 weeks in venous leg
ulcers (the allografts were applied repeatedly).

The size of the ulcer was reduced rapidly within the first week
of allografting, as shown in Table 6. This fast healing is
undoubtedly due to the effect of the cultured allografts because
standard conditions were provided by the hospital stay and the
wound was redressed once only (on the fifth day after applica-
tion of the allograft), hence other local therapy did not play
an important role. Leigh et al. found that hospitalized patients
had much better healing rates than outpatients.1? The fast heal-
ing of ulcers during the first week of allografting is also described
in several studies-17.18,28 and is connected with mechanism of
action of cultured epidermal allografts — their releasing of many
cytokines.20 Some authors have suggested that continued accel-
erated re-epithelization is unlikely to be the result of soluble
factors only, such as growth factors and cytokines, but it probably
also depends on the deposition of insoluble products such as
extracellular matrix and basement membrane components.
In addition, allografts may exert some antimicrobial action, as
cultured human keratinocytes have an inhibitory effect against
several microorganisms.37 Healing of the wounds was certainly
influenced by many other factors concerning the patient (age,
venous stasis, related diseases), other local treatment and, above
all, proper compressive therapy, which is the most important
part of conservative therapy of venous leg ulcers.! Repeated
application of allografts would benefit patients as described in
other studies,1,17,28,34.38,39 but costs could be a problem.

Treatment with cultured epidermal allografts is recom-
mended in nonhealing, chronic leg ulcers that are resistant to
conventional therapy, but not as the treatment of first choice.
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fig. 2 Seven days after application — the ‘edge effect’.

fig. 3 Three months after application — healed ulcer.

The best results are seen in venous leg ulcers (figs 1-3) while leg
ulcers of other origin (ischaemic, rheumatoid, diabetic) heal
more slowly.1,17:28,34

The fast epithelization is usually begun from the wound
edges (the so-called ‘edge effect’), and is connected with the
described mechanism of action (the stimulation of the
recipient keratinocytes’ migration by releasing many cytokines).
The occasional formation of islands of epithelization inside
the wound was seen in several patients with large ulcers and
can probably be attributed to the presence of appendageal
remnants.11,17:28,33,34,40

All the patients reported prompt pain relief within 24 h of
the application of cultured allografts, either cryopreserved or
lyophilized. Thus, there was a significant improvement in their
quality of life before the leg ulcers healed . Prompt pain relief is
described in all studies dealing with the application of cultured
epidermal allografts and is pointed out as a great advance of the
method.17:18,20.41 Other wound coverings, such as cadaver skin,
meshed split-thickness skin grafts and occlusive dressings,
diminish but do not always completely relieve pain.18

Conclusion

The results of our study indicate that lyophilized cultured
epidermal allografts are comparable to cryopreserved allografts
in healing rate, course of healing and relief from the pain, and
also in planimetric changes during the healing of venous leg
ulcers.

Lyophilized cultured epidermal allografts are more conven-
ient for routine use than cryopreserved ones because they
are more readily available; they can be transported and stored
at room temperature and they are ready for use at any time.
These facts, mentioned above, reduce costs for the treatment
considerably. The treatment can be recommended in long-
lasting, nonhealing leg ulcers that are resistant to conventional
therapy. Certainly, compressive therapy must be applied as
the most important part of the conservative treatment of
venous leg ulcers. The great advantage of cultured epidermal
allografts is also the fact that they produce prompt relief from
pain after being applied and thus improve the patients’ quality
of life.
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Vyuziti oxidované celulézy v terapii chronickych ulceraci
cévniho ptivodu - vysledky klinické studie
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Souhrn

Vyuziti oxidované celulézy v terapii chronickych ulceraci cévniho piivodu — vysledky
klinické studie

Na 1. dermatovenerologické klinice FIN U sv. Anny v Brné probihala v letech 2006-2007 klinicka studie,
jejimZ cilem bylo ovéreni bezpednosti a G¢innosti oxidované celulézy (OC) pfi terapii chronickych bérco-
vych ulceraci.

Materidl a metody: Do studie bylo zafazeno celkem 30 pacienti s chronickymi bércovymi ulceracemi
venézni nebo smiSené etiologie, které trvaly déle nez 3 mésice a nejevily znamky hojeni p¥i standardni tera-
pii. Polovina pacientd byla 1é€ena hydrogenvapenatou soli OC (skupina 1), druhd polovina pacientt byla
1é¢ena Cistou OC (skupina 2). Obé skupiny byly statisticky srovnatelné (primérny vék pacientd, doba trva-
ni ulceraci, plocha ulceraci). OC byla aplikovana po dobu 2 mésicii s pFevazy po 1-3 dnech. Prubéh hoje-
ni byl hodnocen v tydennich intervalech.

Visledky: Pro hodnoceni ti¢innosti 1é¢by v zavislosti na pouZité formé OC a dobé 1é¢eni byla pouZita dvou-
cestnd metoda ANOVA. JiZ po 2 tydnech 16¢by doslo ke statisticky vyznamnému zmenSeni plochy viedi
u obou skupin pacientti, pri¢emz u skupiny 1 byl navic patrny staly klesajici trend — hednoty plochy viedi
se statisticky signifikantné liSily od pocatecniho stavu i pe 3 tydnech 1é¢by. Podobné doSlo po aplikaci obou
forem OC i ke statisticky signifikantnimu sniZeni relativnich hodnot bolesti, a to vice u skupiny 1, u které se
statisticky vyznamné 1i8f bolest jednak jiZ p¥i prvni kontrole po tydnu 1é¢by, a dile i po 4 tydnech 1échy.

Zdvér: Obg formy oxidované celulézy urychluji hojeni chronickych bércovych ulceraci, jedna se zejmé-
na o urychleni granulace a epitelizace. JiZ po tydnu aplikace dochézi rovnéz k rychlé dlevé od bolesti, coZ
vede ke zlepSeni kvality Zivota pacientdl je$té pied zhojenim bércového viedu. Podle statistického zhodno-
ceni byly zjistény lep$i vysledky u skupiny pacientti Ié¢enych hydrogenvipenatou soli oxidované celulézy.

Kli¢ovd slova: oxidovana celuléza — bércové ulcerace — hojeni ran — kvalita Zivota

Summary

Oxidated Cellulose in the Therapy of Chronic Leg Ulcers — Results of Clinical Study

Objective: Safety and effectivity of oxidated cellulose (OC) in the therapy of chronic leg ulcers were
evaluated at the First Department of Dermatovenereology of the St. Anna University Hospital in Brno during
years 2006-2007.

Material and methods: 30 patients with chronic leg ulcers of venous or mixed aetiology lasting for longer
than 3 months and without response to standard therapy were involved in the study. Half of patients was
treated with the hydrogencalcium salt of oxidized cellulose (group 1), the second half was treated with the
pure oxidized cellulose (group 2). Both groups were statistically comparable (mean age, size and duration of
ulcers). OC were applied once in 1-3 days for the period of 2 months. Healing was evaluated weekly.

Results: Double-way ANOVA method was used to evaluate the length of therapy and the effect of thera-
py depending on the used OC type. After 2 weeks the statistically significant decrease of ulceration size was
observed in both patient groups, while in the group 1 the continuous decrease was seen — the reduction of ini-
tial size of ulcerations were statistically significant after 3 weeks as well. Similarly, the statistically significant
decrease of relative pain value in both groups was observed mostly in the group 1. In this group the pain was
significantly lower after the first and the fourth week of therapy.

Conclusion: Both types of OC accelerate chronic leg ulcers healing especially influencing granulation and
epithelisation. After 1 week the pain relief is already evident thus improving the quality of life even before
wound closure. Statistical evaluation showed better results in patients treated with the hydrogencalcium salt
of OC.

Key words: oxidized cellulose — leg ulcers — wound healing — quality of life
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Bércové ulcerace predstavuji zavaz-
ny zdravotni problém pro spolecnost.
Udavd se, Ze ve vyspélych zemich je
prevalence bércovych viedl 0,6-3,6
na 1000 obyvatel (8). Jednd se
o chronické onemocnéni — 60 % ulce-
raci trva déle nez 6 mésicu, 33 % se
hoji déle nez 1 rok (2). ZavaZny je
i fakt, Ze u 2/3 pacientl dojde nejméné
1krat k recidivé ulcerace (8). Bércové
ulcerace vyrazné negativné ovliviiuji
kvalitu Zivota, a to zejména kvili
bolesti, kterou pacienti pocituji. Je pro-
to tfeba ovéfit vSechny 1é¢ebné postu-
py. které mohou pfispét k urychleni
hojeni ulceraci.

Na I. dermatovenerologické klinice
v Brn€ probihala od listopadu 2006 do
listopadu 2007 klinicka studie, jejimZ
cilem bylo ové&fit bezpecnost
a acinnost oxidované celulézy (OC)
v 1é¢bé bércovych ulceraci a porovnat
ucinnost obou forem oxidované celu-
16zy, tj. Cisté OC (v grafech oznalend
jako Taf) a hydrogenvépenaté soli OC
(v grafech oznacend jako T). Jednalo
se o prepardty firmy Bioster — Trauma-
cel biodress (hydrogenvapenatd sil
OC) a Traumacel TAF light (¢istd OC).

Oxidovand celuléza je produkt
selektivni oxidace celul6zy rostlinné-
ho pivodu (baviny). Je plné biodegra-
dabilni, je resorbovdna do 48-72
hodin v zavislosti na mnoZstvi exsu-
datu. Byla zkoumdna UGc¢innost dvou
forem OC — Cisté oxidované celuldzy
(polyglukuronova kyselina) a ¢astecné
neutralizované OC (hydrogenvéapena-
ta sl polyglukuronové kyseliny — par-
cialné neutralizovand OC zachovava-
jici kysely charakter latky). Cista OC
i hydrogenvipenatd sl OC jsou vyu-
Zivany v chirurgii jiz fadu let piede-
v§im pro své hemostatické Gc¢inky.
Ionty kalcia pfitomné v hydro-
genvipenaté soli OC se pfi hojeni ran
navic vdZou na receptory bolesti, ¢imz

je blokuji (3). Vysledkem je sniZeni bolesti v rdn€ a tim
zlepSeni kvality Zivota pacienti jeSte€ pfed zhojenim bér-
cové ulcerace. Ionty kalcia rovnéZ podporuji hojeni tim,
Ze zvySuji osmoticky tlak v rané, coZ podporuje migraci
makrofdgl a r@stovych faktorti do rany. Vysledkem je
aktivace fibroblastl. Studie in vitro, které se zabyvaly
ucinkem oxidované celulézy na dermdlni fibroblasty, pro-
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Obr. 1. Porovnani stfedni hodnoty a smérodatné odchylky véku pacienti ve skupi-

néch lé¢enych odliSnym pripravkem.
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Obr. 2. Porovnani stfedni hodnoty a smérodatné odchylky plochy vieda ve skupi-

nach
Pozn.

lé¢enych odliSnym pripravkem.

: T: hydrogenvapenata siil OC, Taf: ¢istd OC

dosud neni znam.

kazaly, Ze oxidovana celulza vede k pfimé stimulaci pro-
liferace fibroblasth a signifikantné zvySuje jejich metabo-
lickou aktivitu (3, 4). Pfesny mechanismus u¢inku vSak

Lze predpokladat i pfiznivy vliv OC v obou formach na
snizeni pH v rané, ¢imZ dochdazi ke sniZeni aktivity prote-
az. Protedzy jsou proteolytické enzymy, které jsou soucds-
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ti exsuddtu chronickych ran. Protedzy
zpomaluji hojeni ran tim, Ze poSkozu-
ji granulacni tkan a podporuji zanétli-
vou fazi hojeni ran. Aktivita proteaz
vyznamné z4visi na pH v rané. Chro-
nické rany maji primérmné pH 7,4 — pii
tomto pH vykazuji protedzy maximal-
ni aktivitu. Tato aktivita klesa pfi niz-
8im, tj. lehce kyselém pH. SniZenim
pH v rané tedy dochézi ke sniZeni akti-
vity protedz a tim k urychleni hojeni.

MATERIAL A POPIS
METODIKY

a) Charakteristika souboru

Do studie bylo zafazeno celkem 30
pacientlt s chronickymi bércovymi
ulceracemi ven6zni nebo smiSené etio-
logie, které trvaji déle neZ 3 mésice
a nejevi zndmky hojeni pii standardni
terapii (lokdlni terapie a adekvatni
kompresivni terapie).

Vybér konkrétni formy OC zavisel
na pofadi pacienta ve studii — pacienti
¢. 1-5, dale 11-15 a dale 21-25 byli
1éCeni hydrogenvapenatou soli OC
(skupina 1), pacienti ¢. 6-10, dale
16-20 a dale 26-30 byli IéCeni Cistou
OC (skupina 2).

Z celkového poctu 30 pacientl bylo
celkem 9 muzl a 21 Zen. Primérny
vék pacientl ve skupiné 1 byl 70,07 let
(v rozpéti 51-84 let), ve skupiné 2 byl
68,73 let (v rozpéti 48-84 let).

Primérnd doba trvani ulceraci byla
u 1. skupiny 64,27 mésici (s ¢asovym
rozpétim 5 mésict — 38 let), u 2. skupi-
ny byla 22,20 mésict (s ¢asovym roz-
pétim 3 mésice — 7 let). ProtoZe doba
trvani ma znaCny rozptyl a nema nor-
malni rozdélenti, byla pro srovnini data
malni rozdéleni a je mozné pouZit
t-test. Jednotlivé skupiny se nelisi (i
kdyby byly pro sroevnani pouZity nelo-
garitmované hodnoty).

Ve skupiné 1 se jednalo u 7 pacien-
th o vendzni ulcerace a u § pacientd
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Vsk_T . Vek_Taf

84
<72 USSR
< 0 U OSSOSO
;8 O NS N
76
74
72
70
68 o
66
64|
62 | T
60
58
B [T

o Mean

Sh [ [ +SE
52 T .sD

Obr. 3. Porovnani stiedni hodnoty a smérodatné odchylky doby trvini onemoc-
néni pacientii ve skupinach lé€enych odliSnym piipravkem.
Pozn.:  T: hydrogenvépenata stl OC, Taf: ¢istd OC
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Obr. 4. Porovnani stredni hodnoty a smérodatné odchylky bolesti pacienti ve sku-
pinach lécenych odlisSnym piipravkem.
Pozn.:  T: hydrogenvapenatd stl OC, Taf: ¢ista OC

o ulcerace smi¥ené etiologie, ve skuping 2 byly u 5 paci- Ky, klinicky, dopplerovskou ultrasonografii véetné stano-
entll zji§tény vendzni ulcerace a u 10 pacientii ulcerace  veni indexu tlaku kotnik/paZe (ABI - ankle/brachial index)

smisené.

b)VySetreni pacientsi

a digitalni fotopletysmografii. Dile byly provedeny labo-
ratorni odbéry — KO+diff a biochemické vySetfeni — gly-
kémie, urea, kreatinin, cholesterol, AST, ALT, GMT, bili-

Vsichni pacienti byli podrobn& vySetfeni anamnestic-  rubin, CB, albumin, CRP, glykovany Hb.
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Effective hypothesis

Typ., LS Means
Current effect F(1, 192)=,68968, p=,40731

decomposition

Vertical bars denote 0,95 confidence intervals

Spatné kompenzovany diabetes mel-
litus (glykovany hemoglobin vice
nez 8,5 %)

vyrazni anémie (hemoglobin méné

0,80

0,78

0,76

neZz 100 g/1)
dekompenzovana srde¢ni insuficien-
ce

vyraznd hypoproteinemie (albumin

0,72

0,70

Plocha_ral

méné neZ 35 g/l)

ABI méné nez 0,7

maligni tumor s generalizaci
celkova imunosupresivni terapie

0,68

alergie na oxidovanou celulézu

Pacienti spliiujici kritéria byli na
zékladé informovaného souhlasu zafa-
zeni do studie.

Taf

Typ

¢) Standardizace 1é¢ebného postupu
Pred prvni aplikaci porovndvanych
forem OC byl zdokumentovan charak-

Obr. 5. Srovnani stfedni hodnoty plochy viedii vSech pacientii 1é¢enych odliSnymi

pripravky.

Pozn.:  T: hydrogenvapenata stl OC, Taf: ¢i

sta OC

ter ulcerace (digitdlni fotografie,
nédkres na f6lii a planimetrické zpraco-
vani), byl zaznamenin stav spodiny
ulcerace i jejiho okoli, stupeti exsuda-
ce. Dile byla {iselné zaznamenéna

Kontrola LS Means
Current effect: F(6, 192)=4,5811, p=,00023
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

bolest, kterou pacient citi, a to pomoci
numerické §kily bolesti (NRS). Nume-
ricka Skéla bolesti piedstavuje jednu
z moZnosti, jak kvantitativné hodnotit

1,0

Plocha_ral

................................................................................................................

intenzitu bolesti.

Pred aplikaci OC byla ulcerace
obkladovana Dermacynem, poté bylo
oSetfeno okoli ulcerace zinkovym ole-

jem a do ulcerace byla aplikovdna OC,
ktera byla kryta mastnym tylem, vrst-
vou gazy, fixovana hydrofilnim obina-
T dlem a nésledné 2-3 kritkotaZznymi
obinadly.

Celkova doba aplikace oxidované
celuldzy byla 8 tydna.

Pfevazy probihaly po 1-3 dnech
v zavislosti na stupni exsudace, zpo-
Catku vétSinou denné, ve 2. mésici od

[ S ta et SRR 1 -------------------
0’5 ............................................................................ ‘. .........................
0,4 : . : : :
TO T T2 T3 T4 T6 T8
Kontrola

zafazeni do studie vétS§inou po 2-3
dnech.

Obr. 6. Srovnani stfedni hodnoty plochy vieda vSech pacientti béhem jednotlivych

kontrol, 1é¢enych odliSnymi pFipravky.
Pozn.:

Rovnéz bylo provedeno bakteriologic
spodiny ulcerace.

T: hydrogenvépenatd stil OC, Taf: ¢ista OC

ké vySetteni ze

Na zakladé€ vySetfeni byl stanoven charakter ulcerace.

Wiucovact kritéria byla ndsledujici:
Cisté arteridlni ulcerace
» ulcerace menSi neZ 2 cm? ¢i trvajici mé

@

né neZ 3 mésice

Klinické kontroly probihaly 1.
mésic v tydennich intervalech, 2.
meésic po 2 tydnech. Pii kaZdé klinické
kontrole byla hodnocena velikost ulce-
race (digitdlni fotografie, ndkres na
folii a planimetrické zpracovani), charakter spodiny ulce-
race, stupeni exsudace, charakter okoli ulcerace. Pacienti
¢iselné zaznamenali bolest, kterou citi, a to pomoci nume-
rické Skaly bolesti. Pomoci specidlniho dotazniku byla
hodnocena i kvalita Zivota pacientil, a to pfed zahdjenim
studie a poté pfi ukonceni studie. RovnéZz byla hodnocena
spokojenost pacientil s terapii oxidovanou celuldzou.
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VYSLEDKY

Typ Kontrola | § Means
Current effect: F(6, 192)=,65535, p=,68578
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

V prvni fazi bylo ovéfeno, zda obé
skupiny pacientll pochazi z jednoho
zakladniho souboru. Obé skupiny paci-
entl byly porovndny pomoci t-testu
pro nezavislé hodnoty. Ve viech sledo-
vanych parametrech (tj. v€k pacienti,
plocha vfedd, doba trvani onemocné-

ni, bolest) bylo zji§téno, Ze skupiny
pacienti se neli§i — hodnoty p jsou vys-
§i nez 0,05 (obr. 1-4).

Pramérna plocha viedu pfed
zahdjenim studie byla u 1. skupiny
42,37 cm? a u 2. skupiny 34,55 cm?.

Priimérna bolest byla pied zahdje-
nim studie u 1. skupiny 6,07 au 2. sku-

Plocha_ral

T Typ T
L. Typ Taf

piny 6,87 (hodnoceno numerickou 8ka- 0.8

lou bolesti).

TO

T1 T2 T3 T4 T6 T8

Kontrola

Pro typ onemocnéni (vendzni
a smiSeny) byl proveden Fisher exact
p test, na zdkladé kterého bylo zjisté-
no, Ze rozdéleni ve skupinich se také
nelisi (p=0,35).

Pozn.:

Obr. 7. Graf z4vislosti stiedni hodnoty relativni plochy vied u obou typa prepa-
ratu béhem lééeni véetné 95% konfidencich intervali.
T: hydrogenvépenaté stil OC, Taf: ¢istd OC

Hodnoty plochy mély u pacientd
velky rozptyl a navic nemély
v pribéhu l1éCeni normélni rozdéleni.
Z tohoto divodu byly pro dalsi analy-

e LS Means
Current effect: F(1, 196)=7,8006, p=,00574
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

0,65
zu pouZzity hodnoty relativni (naméfe-

né hodnoty byly vydéleny hodnotou
maximalni), které navic vykazovaly
normalni rozdéleni.

Pro hodnoceni iicinnosti 16¢by
v zévislosti na pouZzité formé OC
a dobé 1é¢eni byla pouZita dvoucestna
metoda ANOVA.

Ukézalo se, Ze hodnoty relativni
plochy ulceraci se u skupiny 1
a u skupiny 2 vzdjemné v pribéhu 1é¢-
by statisticky nelis{ (obr. 5).

Statisticky vyznamné vSak doSlo ke
zmenSeni plochy viedt (p=0,00027)

0,60

0,55

0,50

Bolest_ral

0,45

0,40

(obr. 6) — na zaklad€ nasledného post-
hoc Tukey testu se jiZ po 2 tydnech léc-

Taf
Typ

by hodnoty plochy ulceraci (stav T2)
statisticky li§{ od plochy ulceraci na
pocdtku 1éCeni (stav TO).

V grafu na obr. 7 jsou vyneseny
stfedni hodnoty relativni plochy obou forem OC b&hem
lé¢eni véetné 95 % konfidencich intervald. Z tohoto grafu
je zfejmé, Ze lep§ich vysledkil bylo dosaZeno u skupiny 1
(tj. u pacientl 1é¢enych hydrogenvapenatou soli OC) —
z grafu je zfejmy stdly klesajici trend relativni plochy vie-
dii. Naopak u pacientl 1é€enych Cistou formou OC jsou
hodnoty relativni plochy viedil vySsineZ u skupiny 1 a od
kontroly v &ase T2 (tj. po 2 tydnech 1é¢by) se jiZ praktic-

pravky.
Pozn.:

Obr. 8. Srovnani stiredni hodnoty bolesti viech pacienti 1éCenych odliSnymi p¥i-

T: hydrogenvépenata sal OC, Taf: Cistd OC

ky neméni. Tato skutecnost je potvrzena také vysledky
post-hoc Tukey testu, na zakladé kterého bylo prokazano,
7e u skupiny 1 doglo navic ke statisticky signifikantnimu
zmenSeni relativni plochy viedl i po 3 tydnech 1é¢by (T3)
v porovndni s pocateénim stavem, kdezto u skupiny 2 se
hodnoty od ¢asu T2 v celém dal§im pribéhu jiZ nelisi.
Hodnoty bolesti béhem l1éCeni byly hodnoceny
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KDntmIaLS Means
Current effect: F(6, 196)=28,839, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

ny pribéhy bolesti béhem Iéceni
u obou skupin pacientii, je vidét, Ze
u skupiny 2 jsou hodnoty bolesti vys-
$1 neZ u skupiny 1. Tato skuteCnost

1,2

byla potvrzena i post-hoc Tukey tes-

tem — u skupiny 1 se statisticky

vyznamné li§i bolest nejen pii prvni
kontrole po tydnu lécby (T1), ale
navic i relativni hodnoty bolesti po 4

Bolest_ral

tydnech 1é¢by (T4) jsou statisticky
vyznamné niz8i neZ v cCase TI.
V piipad€ skupiny 2 se bolest statis-

ticky vyznamné sniZi také pfi prvni
kontrole, ale déle se jiZ do konce sle-
dovan{ statisticky vyznamné neméni.

Korelace mezi pribéhem I1éCeni
a vékem nebo dobou onemocnéni

0,1 formseeonmenennnnen

nebyly zji§tény.

0.0 : f i i
TO T T2 T3 t4
Kontrola

T6 T8

Obr. 9. Srovnani stfedni hodnoty bolesti vSech pacientfi béhem jednotlivych kon-

trol, 1écenych odlisnymi pripravky.

DISKUSE

Oxidovana celuléza pouZitd v této
studii je ziskdvana z dlouhovldkenné

bavlny nejvyssi kvality s vysokym
obsahem «-celulézy. Od ostatnich
forem celuldzy se 1i8i zejména zpiiso-
bem zpracovani. Vldkna totiZ nejsou

Pozn.:  T: hydrogenvapenatd sl OC, Taf: ¢istd OC
Typ Kontrola | § Means
Current effect: F(6, 196)=,85389, p=,52993
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
1,4 T

klasicky lisovédna, ale jsou pfedena
kroucenim zakladnich Sroubovic, ¢imZ

nevznikaji plnd, ale dutd vlikna

s vétS§im specifickym povrchem. Toto
specidlni zpracovani zajistuje vySssi

ucinnost této formy OC.
V pritbéhu studie byl pozorovan vel-

Bolest_ral

mi pfiznivy efekt OC i na ulcerace

s povleklou spodinou, postupné doslo
k jejimu vyc¢isténi a navozeni granulac-
ni faze hojeni. Tyto klinické zkuSenos-
ti byly potvrzeny i laboratorné — bylo

T TypT

prokazano, Ze OC pulisobi na nékteré

I Typ Taf]
mikroorganismy baktericidné (Staphy-

-0,2 : : > : :
TO T T2 T3 T4 T6
Kontrola

T8 lococcus aureus véetné methicilin-rezi-
stentnich kment, dale Streptococcus

Obr. 10. Graf zavislosti stfedni hodnoty relativni bolesti u obou typt preparatu

béhem léceni véetné 95% konfidencich intervalii.
Pozn.:  T: hydrogenvépenata stl OC, Taf: ¢istd OC

obdobnym zplisobem. Pro hodnoceni byly opét pouZity
relativni hodnoty bolesti, ¢imZ se omezi subjektivni hod-
noceni pacienta a zdrazni se zména béhem léceni. Po
provedeni ANOVA testu se signifikantné 1i§i jak Groveii
bolesti mezi skupinou 1 a skupinou 2 (p=0,0057) (obr.
8), tak i urovei bolesti pii jednotlivych kontrolach (p<
0,000001) (obr. 9). Z grafu na obr. 10, kde jsou vynese-

pyogenes, Streptococcus B-haemolyti-
cus non A non B), na jiné patogeny
pisobi bakteriostaticky (gramnegativ-
ni bakterie — Escherichia coli, Pseudo-
monas aeruginosa, Proteus vulgaris).

Antibakterialni ti¢inek vici Sirokému spektru pato-
gennich mikroorganismil byl potvrzen jak in vitro, tak in
vivo, a je pravdépodobné dan sniZzenim pH v rang. To vede
kromé jiného k aktivaci pfirozenych obrannych mechanis-
mil hostitele (6).

Pfesny mechanismus Géinku OC neni dosud zcela
objasnén. Predpoklada se, Ze sniZenim pH v rané dochazi
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ke snizeni aktivity protedz, zejména matrix metalopro-
teinaz.

Matrix metaloproteindzy (MMP) jsou endopeptidazy
zavislé na zinku, produkované granulocyty, keratinocyty
a fibroblasty. MMP se objevuji v extraceluldrni matrix
(ECM) ihned po tkatiovém poSkozeni. Bylo zjiSténo, Ze na
rozdil od akutnich ran je jejich koncentrace u chronickych
ran mnohondsobné vys§i, protoZe je vyrazné snizend hla-
dina jejich tkafiovych inhibitord (10). Napi. v exsudéitu
chronickych vendznich ulceraci byla zjiSténa 116krat vys-
§i koncentrace MMP-1 (kolagenéza §tépici pfedevsim fib-
rilarni kolagen). MMP inaktivuji ritstové faktory a proteiny
ECM (kolagen). MMP inaktivuji i riistové faktory piidané
exogenné (napf. rekombinantni PDGF); proto v fad€ kli-
nickych studif zjiStujicich efekt ristovych faktortt méla
tato terapie jen omezeny Gspéch. Proto je potfeba prostfe-
di chronickych ran zménit na prostfedi podobné ranim
akutnim, které se za normalnich okolnosti hoji rychle.

V poslednich letech se vénuje vice pozornosti i tomu,
jak bércové viedy ovliviiuji Zivot pacientd, tj. jaky je
dopad na jejich kvalitu Zivota. Rada studii totiZ prokédza-
la, Ze bércové viedy vyrazné€ snizuji kvalitu Zivota pacien-
th (9). Proto je velmi dilezity fakt, Ze hydrogenvépenata
sl OC vede k vyraznému sniZeni bolesti v rdné. Bolest je
jednim z hlavnich faktor®, které sniZuji kvalitu Zivota paci-
entfl s bércovymi viedy. Podle literdrnich idajti je bolesti-
vych 60-80 % ulceraci vendzni etiologie, z toho ve 20 %
se jednd o bolest extrémni (5). Bolest a s ni souvisejici sni-
Zeni kvality Zivota ma za nasledek pomalejsi hojeni rény.
Chronick4 bolest totiZ miize vést k chronickému stresu,
ktery negativné ovliviiuje hojen{ (7). Bolest tedy plsobi
na hojeni rany stejné negativné jako napf. infekce v rané
(1). Po aplikaci hydrogenvapenaté soli OC byl zjitén sta-
tisticky signifikantni dstup bolesti, ¢imZ doSlo ke zlepSeni
kvality Zivota pacientl je$té pfed zhojenim ulcerace.

ZAVER

Na zéklad€ provedené studie lze shrnout, Ze ob& formy
oxidované celuldézy urychluji hojeni chronickych bérco-
vych viedd, podle statistického zhodnoceni byly zjiStény
lep$i vysledky u skupiny pacientl lécenych hydrogenvape-
natou soli oxidované celulézy. Podle klinickych zkuSenos-
ti se jednd zejména o urychleni granulace a epitelizace
ulceraci. JiZ po tydnu aplikace obou forem oxidované celu-
16zy dochazi k vyrazné tleveé od bolesti, coZ vede ke zlep-
Seni kvality Zivota pacientl jeSté pfed zhojenim bércové-
ho viedu. Vzhledem k tomu, Ze se jednd o plné

resorbovatelny materidl, probthd vyména kryti bez trau-
matizace pacienta, coZ je jeden ze zdkladnich poZadavkd,
ktery by mélo moderni krytf spliiovat. Oxidovana celulo-
za se velmi snadno aplikuje na ranu, coZ je dalsi nespornou
vyhodou tohoto kryti. V pritbéhu celé studie nebyly zazna-
mendny nezadouci d¢inky souvisejici s aplikaci obou
forem oxidované celuldzy.
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KAZUISTICKE SDELENI

Slonkova, V., Vaska, V.

|. dermatovenerologicka klinika LF MU a FN u sv. Anny v Brné

Bércové ulcerace predstavuji zdvazny zdravotnicky
problém, zejména pro svou chronicitu a sklon k re-
cidivdm. Bércové ulcerace maji negativni dopad
i na kvalitu Zivota pacientti, coz bylo prokdzano fa-
dou studii. Je proto tfeba stdle hledat nové léCebné
moZnosti, které pomohou urychlit hojeni.

Oxidovand celuléza (OC) je 100 % polymer glukozy,
ziskany z rostlinného materidlu. Hydrogenvapenatd
stil oxidované celulézy je pro své hemostatické
Ucinky vyuZivana v chirurgii jiZ fadu let. Kromé
toho, Ze fonty kalcia hraji dlleZitou roli v procesu
hemostdzy, véZou se také na receptory bolesti,
které blokuji. Dochazi tak ke snizeni bolesti v rané,
a tim ke zlep3eni kvality Zivota pacientli jesté pred
zhojenim bércové ulcerace. lonty kalcia rovnéZ

: gxq ulcéljaCerpFed aplikaci
__hydrogenvéapenaté soli oxidovane celulozy
. (Traumacekbiodress). 5

~- g

i
38

80

felevélovy vybér 1 | 2009
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podporuiji hojeni tim, Ze zvySuji osmoticky tlak
v rdng, coZ vede ke zvyené koncentraci riistovych
faktord v rdné. Vysledkem je aktivace fibroblasti.
Hydrogenvépenata stil OC ma rovnéZ vyrazné an-
timikrobidini ucinky, pdsobi jak na Gram-pozitivni
bakterie (Staphylococcus aureus, Streptococcus
pyogenes aj.), tak i na Gram-negativni mikro-
organismy (Pseudomonas aeruginosa, Proteus
vulgaris, Escherichia coli aj.). Velmi vyznamnou
vlastnosti hydrogenvdpenaté soli OC je fakt, Ze
snizuje produkci matrix metaloproteindz (MMP),
konkrétné MMP-2 a MMP-9; kromé toho zvySuje
tvorbu TGF-beta (transforming growth factor
-beta), ktery patii do skupiny tkafiovych inhibitor(
MMP. Oxidovana celuldza déle vede k pfimé stimu-
laci proliferace fibroblastii a signifikantné zvySuje
jejich metabolickou aktivitu, coZ bylo prokdzéno
studiemi in vitro na dermdinich fibroblastech.
Velkou vyhodou OC je i skuteGnost, Ze je plné
biodegradabilni — je resorbovédna do 48-72 hodin
v zavislosti na mnoZstvi exsudatu.

V ndsledujici kazuistice je popsdn pfipad pacientky,
kterd byla lispésné léCena hydrogenvdpenatou soli
0C. Jednalo se o pripravek spole¢nosti Bioster

— Traumace! biodress.

Pacientkou je 67leta Zena, kterd se 16Ci s recidi-
vujicimi ulceracemi levého bérce jiz 22 let. Pred
23 lety prodélala hlubokou flebotrombézu, povr-
chové zanéty Zil ani erysipel neuddvd. Kompresi
kratkotaZznymi obinadly nosi pravidelng. LéCi se
s poruchou glukézoveé tolerance, jinak je zdrdva.



Epikuténnimi testy byla prokdzana kontaktni precit-
livélost na alkoholy lanolinu, formaldehyd, kalafunu
a hefmdnek.

Pacientka byla vySetfena na I. dermatovenerolo-
gické klinice pro recidivu ulceraci na levém bérci
trvajici 11 mésici. Bylo provedeno cévni vysetfeni,
podle kterého se jednalo o ulcerace vendzni etiolo-
gie na podkladé posttrombotického syndromu.

Objektivné se na levém bérci distdlné nachdzelo
neékolik ulceraci nepravidelného tvaru s ¢dstecné
granulujici, Cdstecné povleklou spodinou (obr. 1). 51 WgE,
Okoli ulceraci bylo Klidné, jen s vyrazngj$i desqua- = AUlcerﬁ’Eﬁi“y}hﬁ'iérébier ;
maci. Celkovd plocha ulceraci byla 27,5 cm?. Paci- & e i’ =
entka uddvala velmi silné bolesti v oblasti ulceraci
— €. 9 dle numerické Skaly bolesti (numerical rating
scale — NRS).

Pacientka byla lécena hydrogenvéapenatou soli
0C. Prevazy ulceraci probihaly zpocdtku denné,
poté po 2 dnech. Pred aplikaci OC byla ulcerace
obkladovéna Dermacynem, poté bylo oSetreno
okoli ulcerace zinkovym olejem a do ulcerace byla
aplikovdna OC, kterd byla kryta mastnym tylem,
vrstvou gdzy, fixovédna hydrofilnim obinadlem a né-
sledné 2-3 kratkotaznymi obinadly.

V tydennich intervalech byla hodnocena jednak
velikost ulcerace (fotodokumentace, nékres na folii
k pozdéjsimu planimetrickému zpracovdni), jednak
byl zaznamendn i charakter spodiny ulcerace a jeji-
ho okoli. K hodnoceni bolesti byl pouZita numerickd
Skala bolesti. Po aplikaci hydrogenvapenaté soli OC
doslo postupné k vyciSténi spodiny ulceraci, k navo-
zeni granulace a pfedevSim velmi rychlé epitelizace
z okrajli (obr. 2-4). Po 3 tydnech byla plocha viech
ulceraci méné neZ poloviéni (12,5 cm?). Velmi rych-
4 epitelizace pokracovala i béhem druhého mésice
terapie hydrogenvdpenatou soli oxidované celuldzy
(obr. 5, 6), po 8 tydnech byla ulcerace ventrdné na
bérci zcela zhojena (obr. 7), ostatni ulcerace velmi
rychle epitelizovaly z okrajli. Celkovd plocha ulceraci
byla po 2 mésicich lécby 2,9 cm?.

OTO: SLONKOVA, V.

Obr. 4 — Ulcerace po 3 tydnech terapie




Pacientka uddvala vyraznou dlevu od bolesti jiz po
tydnu terapie — &. 6 dle NRS, po 2 tydnech pak doslo
ke sniZeni bolesti na €. 4 dle NRS a po 6 tydnech
IéEby se bolest velmi zmirnila (€. 2 die NRS). Vyraz-
nym sniZenim bolesti dolo ke zlep3eni kvality Zivota
pacientky jesté pred zhojenim bércovych ulceraci.

Hydrogenvapenata sll oxidované celu-
l6zy predstavuje novou moznost v hojeni
chronickych bércovych ulceraci. Vyrazné
urychluje hojeni bércovych viedl, zejmé-
na fazi granulace a epitelizace. Je piné
biodegradabilni, jeji aplikace je snadna,
pfi pfevazu nedochazi k traumatizaci
pacienta. Vede k vyraznému snizeni bo-
lesti v oblasti ulceraci, ¢imz dochéazi ke
zZlepeni kvality Zivota pacientu jesté pred
zhojenim viedu.

MUDE. Veronika Slonkova

Doc. MUDr. Viadimir Vaski, CS¢.

|. dermatovenerologicka klinika LF MU u sv. Anny v Brné
Pekaiska 53, 656 91 Brno
veronika.slonkova@fnusa.cz
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Obr. 7 - Ulcerace po 8 tydnech terapie
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{Traumacelu biodress) v terapii chronickych ulceraci:
shrnuti
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vysledkii klinické studie.a kazuistika...

MUDr. Veronika Slonkova, doc. MUDy. Viadimir Vaski, CSc.
1. dermatovenerologickd klinika LF MU a FN u sv.Anny, Bro

Hydrogenvdpenatd sil oxido-
vané celulozy z baviny (Trau-
macel biodress] pfispiva k lep-
Simu hojeni chronickych ran.
- Vysledky roéni kiinické studie
- prokdzaly, Ze toto vstieba-
telné kryti urychluje hojeni
chronickych ulceradi, ulevuje
pacientim od bolesti o umoi-
iuje atraumatické prevazy.
Kazuistika popisuje terapii
chronickych ulceraci timto kry-
tim u geriotrické padentky.

Hydrogenvipenatd sil oxidované celulézy
a hojend ran
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cel biodress, ktery byl kryty mastnym tylem,
vrstvou gazy, fixovana hydrofilnim obinadlem
a nésledné 2-3 kratkotaznymi obinadly. Klinické
kontroly probihaly 1. mésjc v tydennichrinterva-
lech, 2. mésic po 2 tydnech: Pfi kaZdé klinické
kontrole byla hodnocena velikost ulcerace (di-
gitéini fotografie, nakres na folii a planimetrické
zpracovani), charakter spadiny ulcerace, stupen
exsudace, charakter okoli ulcerace.

Priibéh terapie

Prevazy ulceraci probihaly zpocatku denng, po-
té po 2-3 dnech. Frekvence prevazl byla dana
stupném exsudace. Zpocatku byl Traumacel
hiodress resorbovan rychleji, takze prevazy pro-
bihaly denné, Pozdsji s pfechodem ulceraci do

sudatu, proto bylo mozné ponechat Traumacel
biodress v rané 2-3 dny, nez doslo k jeho Upiné
resorpci,

Jiz po tydnu doslo k velmi rychlé epitelizaci
obou ulceraci, a to jak vpravo (obr. 2), taki vievo,
kde byla ulcerace pruhem epitelu téméf pre-
maosténa (obr. 2a).

Po 2 tydnech doslo k dalsimu zmenseni ulcerace
vpravo (obr. 3), vievo patrné jiz 2 drobné defekty
se zcela ¢istou, granulujici spodinou a s rychlou
epitelizaci z okiajt (obr. 3a). Celkova plocha ul-
ceraci se zmensila na polovinu (7,9 cm?).

Velmi rychlé hojeni ulceraci pokracovalo i nadd-
le (obr. 4, 4a), po 4 tydnech byla celkova plocha
ulceraci 4,5 cm? (obr. 5, 5a). Po 6 tydnech doslo
k dalgimu zmenseni plochy defekt( na polovinu
(obr. 6, 6a). Po 8 tydnech byla ulcerace vpravo
téméf zhojena, pletrvavala jen pevné Ipici krus-
toskvama (obr. 7), vievo byla proximalni ulcera-
ce zhojena, distaing pretrvavala krusta, po jejim2
odstranéni se na bérci nachdzela ulcerace veli-
kosti 0,8 cm? (obr. 7a), Pacientka udavala vyrazny
Ustup bolesti, v pribéhu 2. mésice terapie neci-
tila Zadnou bolest v oblasti ulceraci-(tab. 1). Tim
doslo ke zlepseni kvality jejtho zivota jesté pied
zhojenim ulceraci.

58 Obr. 6a — Levd ulcerace po 6 tydnech 1échy. | Foro: autorka

epitelizad ni faze hojeni se snizilo mnodstvi ex-.

% 0br. 7 - Pravd ulcerace po 8 tydnech téméf zhojena.
| Foto: autorka

& 0br. 7a - Levd ulcerace po 8 tydnech Iécby. | row: autorka

Zavér

Popsand kazuistika demonstruje velmi piiznivy
efekt hydrogenvapenaté soli oxidované celuld-
zy (Traumacelu biodress) na hojeni ran. U nasf
pacientky doslo velmi rychle k navozeni nejprve
granulacni, poté i epitelizacni faze hojeni ran.
Soucasné pacientka udavala i vyrazné snizen{
bolesti v oblasti ulceraci, &imz se zlepsila kvalita
jejiho Zivota, B
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Ihzerce,

biodress
N hydrogenvipenata sl podporuje granulaci
y % oxidované celuldzy z baviny a epitelizaci rény
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je piné hrazen pojisfovnou,
Ize vykdzat jako ZUM

umozituje
atraumatické prevazy
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BIOAKTIVNI A VSTREBATELNE KRYTI
PRO LECBU AKUTNICH A CHRONICKYCH RAN

inaktivuje protedzy,
snizuje bolest v rané






