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ABSTRAKT

Uvod: Délozni myom (leiomyom) je nejcastdji se vyskytujicim nezhoubnym nadorem
v oblasti zenského genitadlniho traktu a predstavuje nejéastéjsi indikaci k provedeni
hysterektomie. Jeho etiologie vSak stile zistdvd nezndma. V poslednich letech jsou
podrobnéji zkoumany genetické faktory podilejici se na vzniku déloznich myomt. Cilem nasi
prace bylo najit mozné genetické faktory pouzitelné jako prognosticky marker k evaluaci

zvyseného rizika vzniku tohoto onemocnéni.

Metodika: Do studie jsme zatadili 102 pacientek s déloznimi myomy, jako kontrolni skupina
slouzil soubor 145 zdravych Zen. VSem témto Zenam bylo provedeno ultrazvukové vySetieni
malé panve a odebran vzorek nesrazlivé krve. Ve skupiné pacientek s déloznim myomem
nasledovala vzdy po zvolené operacni intervenci histologicka verifikace nalezu. Princip
detekce polymorfismi cytokinovych gent byl zalozen na jednoduché PCR reakci s vyuzitim

sekvencné specifickych primeri.

Vysledky: Porovnali jsme Siroké spektrum SNP (z angl. single nucleotide polymorphisms)
TH2/Th2 cytokinovych gent celého souboru pacientek s kontrolnim souborem. Frekvence
vétsiny testovanych SNP nedoséhla u pacientek statisticky vyznamného rozdilu. Nasli jsme
vSak zajimavy rozdil v distribuci genotypt promotoru genu pro IL-4. Genotyp CC v pozici -
590 a -33 byl zastoupen u pacientek s mensi frekvenci nez u kontrol (p=0,03). Déle jsme
porovnavali pacientky s kontrolami po rozdéleni souboru pacientek do dvou skupin dle jejich
véku <35 a >35. Pozorovali jsme stejny trend v nizsi frekvenci genotypu CC v pozicich -590 a
-33 u pacientek starsich 35 let (p=0,09), nikoliv v§ak u mladsich pacientek. Krom¢ IL-4 jsme

zaznamenali rozdil v distribuci genotypt i u v rdmci promotoru genu TNFa (SNP -308 A/G).



Frekvence genotypu AA byla vyssi u pacientek pod 35 let (p=0,02). Tento rozdil nebyl u

starSich pacientek potvrzen (>35).

Souhrn: Nase prace jako prvni analyzuje pomoci molekularné-genetickych metodik (PCR-
SSP) takto rozsahlé spektrum cytokint a jejich polymorfismii. Vysledky nasi prace naznacuji
moznou souvislost mezi ptitomnosti nékterych genovych polymorfismut cytokinti (IL-4, TNF-
a) a zvySenym rizikem vzniku délozni myomatdzy. Pochopitelné budou za potiebi dalsi

vyzkumné projekty k objasnéni mechanismu ptisobeni vyse uvedenych souvislosti.

KLiCOVA SLOVA
Délozni myom, leiomyom, cytokiny, interleukin 4 (IL-4), tumor nekrotizujici faktor alfa

(TNFa), genovy polymorfismus



ABSTRACT

Background: Uterine fibriod (UF) or leiomyoma is the most frequent benign tumour upon
lower genital tract and represents the most frequent indication for hysterectomy. The
aetiology remains still unknown. The genetic factors contributing for the development of UF
are being intensively investigated. The aim of our study was to look for possible genetic
markers which could be used as prognostic tools for evaluation of an increased risk for

development of UF.

Methods: The study group enrolled 102 patients diagnosed with UF and 145 healthy controls.
Ultrasonographic examination of the pelvis was performed and a single blood sample was
taken in all women. Histological verification followed the surgery in the patient group. The
principal of the cytokine gene polymorphisms detection is based on PCR reaction with

sequence-specific primers.

Results: A large spectrum of Th1/Th2 cytokine gene polymorphisms in patients with uterine
fibroid was compared with control group. The frequencies of the majority of tested cytokine
gene SNP in the patient cohort were not statistically different from the cytokine SNP in the
control group. However, an intriguing association between polymorphisms of the IL-4 gene
promotor at positions -590 C/T and -33 C/T, and the risk of leiomyoma was observed. The
CC genotype of IL-4 at position -590 and -33 was less frequent in the patient group than in
the control group (p=0.03). Besides IL-4, we observed different genotype distribution of the
gene for TNF-a -308A/G. The frequency of genotype AA was higher in the younger (<35

years) patient group (p=0.02).



Conclusion: This study as a first has analysed such a large spectrum of cytokines and their
polymorphism using molecular and genetic techniques (PCR-SSP). Our results suggest that
certain cytokine gene polymorphisms, especially of the IL-4 and TNF-a genes may be
associated with increased risk for development of uterine fibroid. Further investigation will be

needed for elucidation of the mechanisms responsible for these associations.

KEY WORDS
Uterine fibroid, leiomyoma, cytokines, interleukine 4 (IL-4), tumour necrosis factor alpha

(TNF-a), gene polymorfism
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SEZNAM POUZITYCH ZKRATEK

AH

bFGF

BMI

CDh

CSF

DNA

EGF

FasL

HDL

HWR

IGF

IL

INF

LAVH

LM

LT

MCP

adenin

abdominalni hysterektomie

fibroblastovy rastovy faktor (basis fibroblast growth factor)
body-mass index

par bazi (base pair)

cytosin

zkratka CD nésledovana ¢iselnym kodem urcuje bunééné membranové
receptory v ramci jednotné mezinarodni klasifikace (clusters of differentiation)
kolonie stimulujici faktor (colony stimulating factor)
deoxyribonukleotidova kyselina

epidermalni ristovy faktor (epidermal growth factor)

membranovy protein (ligand) pfitomny na NK buiikéch a aktivovanych
cytotoxickych T lymfocytech

guanin

lipoprotein s vysokou hustotou (high densiti lipoprotein)
Hardy-Weinbergova rovnovéha

inzulin pfipominajici ristovy faktor (insuline-like growth factor)
interleukin

interferon

laparoskopicky asistovana vaginalni hysterektomie

laparoskopickd myomektomie

leukotrieny

monocyte chemotactic protein
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MIP

NFkB

NK
NSA
ocC

oM

PCR
PDGF
SCF
SD
SHBG
SNPs

SSP

TCRM
TGF-B
Th
TLH
TNF
UF
VEGF

VIP

macrophage inflammatory protein

vyznamny transkripéni faktor (nuclear factor kappa)

pocet jedincti ve skupiné

ptirozeni zabijeci (natural killer cells)

nesteroidni antirevmatika

peroralni kontraceptivum (oral contraception)

oteviena myomektomie

statistickd vyznamnost

polymerazova fetézova reakce

rustovy faktor z desti¢ek (platelet derived growth factor)

stem cell factor

smérodatnd odchylka

globulin vézajici sexualni hormony (sex hormone binding globulin)
jednonukleotidové polymorfismy (single nukleotide polymorphisms)
sekvencné specificky primer

thymin

transcervikalni resekce mymomu

transformujici riistovy faktor (transforming growth factor)
pomocné T tymfocyty

totalni laparoskopicka hysterektomie

tumor nekrotizujici faktor (tumor necrosis factor)

délozni myom (uterine fibroid )

vaskularni endotelialni riistovy faktor (vascular endothelial growth factor)

vazoaktivni intestinalni peptid
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UVOD DO PROBLEMATIKY
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1. UVOD DO PROBLEMATIKY

1.1 DéloZni myomy

1.1.1 Etiopatogeneze, symptomatika, histopatologie

Dé¢lozni myomy piedstavuji pomérné dilezity zdravotni problém soucasnosti a pro
mnoho Zen znamenaji ohroZeni jejich reprodukéniho zdravi. Az do nedavné doby byla vzniku
leiomyomt navzdory jejich prevalenci vénovana jen mala pozornost. Diivodem byl mozna
jejich nizky potencial k maligni transformaci. Ackoli jsou pfic¢iny vzniku déloznich myomu
stadle neznamé, soucasna védeckd literatura obsahuje fadu informaci tykajicich se
epidemiologie, genetiky, hormondlnich aspekti a molekularni biologie téchto tumori.
Myomat6zni déloha je navic nejcastéjsi indikaci k provedeni hysterektomie (Flake, 2003).
Podle lokalizace myomi ve vztahu k vrstvdm stény délozni rozliSujeme submukozni,
intramurdalni, subser6zni, ptipadné pendulujici ¢i intrakavitalni myomy (obr. 1).

NejcastéjSim symptomem tohoto onemocnéni je hypermenorrhoea, nepravidelné
krvaceni, bolesti a tlak v podbftisku, problémy s mocenim, defekaci nebo pii pohlavnim styku,
dale pak sterilita nebo opakované tchotenské ztraty vcetné¢ tfady riznych téhotenskych
komplikaci jako je predCasny porod, abrupce placenty, patologické polohy plodu, atd.

Myomy jsou benigni, monoklondlni nadory slozené z hladkych svalovych buné¢k
myometria, extracelularni matrix obsahujici kolagen (zvl. typu I a III), fibronektinu a
proteoglykanu. Kolagenni vldkna jsou uspofaddna podobné jako v keloidnich jizvach (Parker,
2007).

Podle WHO Kklasifikace se leiomyocelularni nddory délohy déli na leiomyom obvyklé
struktury, hladkosvalovy néador nejist¢tho maligntho potencidlu a leiomyosarkom

(Hendrickson, 2003). Naprostou pievahu téchto tumorl tvoifi benigni leiomyomy, které jsou

zaroven nejcast¢jSimi nadory téla délozniho (obr. 2).
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1.1.2 Incidence

D¢lozni myom (leiomyoma uteri, uterine fibroid) je nejcastéji se vyskytujicim
nezhoubnym nddorem v oblasti zenského genitalniho traktu. Nejvyssi frekvence vyskytu
myomu, 30-40% se udava u zen ve véku 40 let (Stewart, 2001; Wallach, 2004).

Cetnost vyskytu se v literatufe znaéné lisi, protoZe vyskyt, velikost, &etnost a
lokalizace nekoreluji vzdy s klinickou symptomatologii. Pfi cilené histologické diagnostice se
délozni myom vyskytuje v 69% (Kjerulff, 1996) az 77% (Cramer, 1990) vSech benignich
panevnich onemocnéni. Na zakladé¢ literatury l1ze odhadnout 40-90% pokles vyskytu myomi
po menopauze (Kjerulff, 1996; Romieu, 1991).

Incidence myomil je u Zen Cerné rasy signifikantné vyss$i nez u bélosek (Marshall,
1997). U Zen cerné pleti kromé vyssi incidence déloznich myomt dochdzi také k casnéjsi
manifestaci klinickych obtizi pod obrazem mnohocetné myomatézy. Byly dolozeny
signifikantni rozdily v metabolismu estrogent u rtznych etnik, nelze vSak fici, zda jde o

faktory genetické nebo enviromentélni (Al Hendy, 2006).

1.1.3 Rizikové faktory

Rizikové faktory vzniku nebo diagndézy myomu se zvysuji s vékem (urceni diagndzy
myomu je nejpravdépodobnéjsi u zen, které prekrocily vékovou hranici 40 let), ¢asnéjSim
nastupem menarche, roli hraji genetické faktory, etnicky piivod (myomy u afroamerickych
Zen jsou Castejsi, objevuji se v mlad$im véku, jsou Cetnéjsi a vice symptomatické), obezita
(zvySuje konverzi nadledvinovych androgenti na estron a snizuje hladinu SHBG s vysledkem
vzestupu biologicky disponibilniho estrogenu, svou roli hraje také zvysSena konverze

estrogentl v tukové tkani), hypertenze a zvySeni HDL a cholesterolu (Mara, 2009; Sato, 1998).
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Naopak koufeni je povazovano za protektivni faktor ve smyslu vyvoje myomu snizenim
biologické pfitomnosti estrogent v cilovych tkanich pomoci redukce konverze androgenti na
estron nasledkem nikotinem indukované inhibice aromatazy a zvysené hydroxylace estradiolu
nebo stimulace vyssSich hladin SHBG (Parker, 2007). S poctem vykoufenych cigaret za den
relativni riziko jesté vice klesa. Tento ochranny efekt vSak u exkutacek mizi.

Parita je nepfimo umérna prevalenci myomu (Arici, 2003; Lumbiganon, 1995; Ligon,
2001; Toro JR, 2003). Téhotenstvi v priabéhu stiedniho reprodukéniho véku (25-29 let)
poskytuje nejvétsi ochranu proti vyvoji myomd.

Na vliv kontraceptiv, exogennich hormonti a hormondalni substitu¢ni terapie jsou
rozporuplné nazory. Pfiznivy vliv OC na vyvoj déloznich myomu Ize ofekéavat pouze u Zen
pravé uzivajicich kontraceptiva nebo kratce po skonceni jejich aplikace (Mara, 2009).
Pozitivni efekt vedouci ve svém dasledku ke snizeni rizika vzniku myomu ma pravdépodobné
depotni medroxyprogesteronacetat (Schwartz, 2000). Hormonalni substitu¢ni terapie (HRT) v
postmenopauze mize mirné stimulovat rist leiomyml nebo alesponi blokovat jejich
zmenSovani po menopauze. Rozhodujici neni ani tak davka nebo zptsob aplikace HRT, jako

typ pouzitého gestagenu. Zmenseni myomt naopak obvykle nastdva i¢inkem GnRH agonistt.

1.1.4 Iniciatory tumorogeneze a genetické predispozice

Piesna pfic¢ina vzniku myomu je neznamd. Ziskané genetické predpoklady (vlohy) ke
vzniku myomu indukuji prostfednictvim hormont a ristovych faktori zvySenou expresi
estrogennich receptort. (Arici, 2003; Stewart, 2006).

Bylo prokazano, ze délozni myomy se vyskytuji Castéji u Zen s pozitivni rodinnou
zatézi (Lumbiganon, 1995). Je referovan vyssi vyskyt déloznich myomii u monozygotickych
dvojcat oproti dizygotickym, coz nahrava nékterym genetickym teoriim (Gross & Morton,

2001).
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Karyotyp leiomyomu je asi v 40% abnormalni. NejcastéjSim typem aberaci jsou
translokace chromozomii 12 a 14, delece chromozomu 7 a trizomie chromozomu 12 (Ligon,
2001). Histologicky pak nachazime Castéji zvySen¢ bunééné myomy nebo myomy s atypiemi.
S velikosti myomi roste i pocet atypii.

Dvé skupiny genovych proteinii (High Mobility Group Proteins Genes) HMGIC a
HMGIY jsou konzistentné spojeny s uvedenymi chromozomalnimi aberacemi. Podileji se na
architektonické transkripci a jsou pravdépodobné odpovédné za odchylny rist myomut (Van
de Ven WJ, 1998).

Bunééné, atypické a velké myomy jsou s vysokou pravdépodobnosti spojeny
s pritomnosti chromozomalnich abnormit. U zbyvajicich 60% tzv. normalnich karyotypi
nelze vyloucit pfitomnost nedetekovanych mutaci. U vice nez 100 genli v nadorovych
buitkach byly nalezeny poruchy regulace, vcetné¢ genl spojenych s produkei sexudlnich
steroidll (estrogenové receptory a a B, progesteronové receptory A a B, receptor rdstového
hormonu a prolaktinu, matrixové a kolagenni geny). Rada z téchto genii se podili na fizeni
bunécného ristu, diferenciaci, proliferaci a mitogenezi. Dalsi poznatky z cytogenetiky by
mohly poskytnout vysvétleni pro familidrné a rasové podminény zvySeny vyskyt myomu
(Mara, 2009).

Mnohocetny vyskyt leiomyomi (v kizi a d¢loze) provazi tzv. hereditarni
leiomyomatozu neboli Reediiv syndrom (Hereditary Leiomyomatosis and Renal Cell
Carcinoma). Onemocnéni postihuje muze i Zeny. Mutaci genu pro fumarat hydratdzu dochéazi
ke ztraté tumorsupresorovych mechanismi. Jde o autozomalné¢ dominantni typ dédi¢nost
s netiplnou penetranci s rizikem maligni transformace leiomyomu na leiomyosarkom nebo
vznikem renélniho papildrniho karcinomu (Alam, 2005).

Genetické rozdily mezi leiomyomy a leiomyosarkomy ukazuji, ze jejich ptivod je

vysoce pravdépodobné rozdilny a ze leiomyosarkomy nevznikaji na podkladé maligni
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degenerace myomti. Porovnani pomoci hybridizace genomti nenaSlo spole¢né specifické
anomalie pro d¢lozni myomy a sarkomy (Parker, 2007).

Rist myomu je pod vlivem steroidnich hormonti a ¢etnost vyskytu myomu stoupa
v pribehu reprodukéniho obdobi a klesd po menopauze (Parker, 2007; Lumbiganon, 1995;

Faerstein, 2001; Rein M, 1995).

1.1.5 Cytokiny jako promotori ristu myomii

Ristové faktory (TGF-B, bFGF, EGF, VEGF, PDGF, IGF, prolaktin), proteiny nebo
polypeptidy, produkované lokalné buikami hladkého svalu a fibroblasty kontroluji proliferaci
téchto bunék a mohou také stimulovat rist myomu. TGF-f je jedinym prokdzanym rlistovym
faktorem se zvySenou expresi ve tkani leiomyomu oproti zdravému myometriu (Arici, 2000;
Sozen, 2006). Basis fibroblast growth factor (bFGF) plisobi na proliferaci bunék hladké
svaloviny v€etné myometria a leiomyomu a je hojné ulozen v extracelularnim matrix myom.
Je pravdépodobné, ze fada vyznamnych ristovych faktorti bude teprve objevena. Zatim se
zda, ze ristové faktory, cytokiny a ptipadné dalsi latky plisobi pti vzniku a ristu myomt jako
medidtory puisobeni ovaridlnich steroidd, jez hraji roli regulatori genové exprese v buiikach
(Sozen, 2006).

V soucasné dobé¢, kdy stale vyssi poCet zen Casuje zahajeni reprodukce do obdobi nad
tficaty rok veku a skutecnost, Ze vyskyt délozniho myomu nepiiznivé ovliviiuje kvalitu Zivota
zeny, zvl. nepravidelnym déloznim krvacenim a bolesti a mize neptizniveé ovlivnit pribéh a
vysledek téhotenstvi, je vyzkum rizikovych faktorti pro vznik a vyvoj déloznitho myomu

podstatny.
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Obrazek 1: Schematicka klasifikace deloznich myomui dle lokalizace

pendulujict

intrakavitalni _
mtramuralid

subserozni

Podle ulozeni myomii ve vztahu kvrstvam delozni stény rozliSujeme submukozni,
intramuralni, subserozni, pripadné pendulujici (stopkaté) ci intrakavitdalni myomy. Prevzato a

upraveno (zdroj: myomy.cz)

Obrazek 2: Leiomyom obvyklé histologické struktury
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Leiomyom — barveno hematoxilin-eosin. Bunky leiomyomu jsou na rozdil od bunék myometria
dlouhé, vietenovité s protahlymi jadry se zakulacenymi konci (tzv. doutnikovitd jadra). Na
rozdil od leiomyosarkomu nevykazuji bunky leiomyomu mitotickou aktivitu. Tyto tumory maji

vyraznou tendenci k fibrotizaci, kalcifikaci a regresnim zmendm.

1.2 Cytokiny

1.2.1 Obecna charakteristika

Cytokiny jsou zakladni regulatory imunitniho systému, tkdnové hormony - proteiny
(glykoproteiny, peptidy) produkované buikami imunitniho systému, které pisobi
prostiednictvim specifickych receptorti na rizné bunky imunitniho systému i mimo n¢j
(Hoftejsi, 2002). Na jejich produkci se podili jak buiiky pfirozené, tak adaptivni imunity.
Cytokiny jsou schopné navodit naptiklad rychlé déleni a diferenciaci uréitych typt bunck v
boji proti patogentim, ptipadné dalsi procesy imunitni obrany (Lennarz, 2001). Cytokiny hraji
diilezitou roli v z&nétu a pii vzniku autoimunity.

VétSina cytokinll je ve svém ucinku pleiotropni (plisobi na nékolik riznych typt
bun¢k), Casto plisobi v kaskad¢é (jeden cytokin indukuje tvorbu druhého) a cely imunitni
systém je do jist¢ miry redundantni (jednotlivé druhy cytokinii mohou byt ¢asto nahrazeny
jinymi). Cytokiny maji z hlediska piisobeni U¢inky bud’ na samotnou buiku, kterd je
produkuje (apokrinni funkce), nebo pisobi na okolni buiiky (parakrinni funkce), pfipadné na
delsi vzdalenost (endokrinni funkce). Pro nékteré ucely je zfejmé nezbytné koordinovat
spoluptisobeni né¢kolika rtiznych cytokint. Tyto slozité synergistické a antagonistické
interakce v cytokinovém systému se oznacuji jako cytokinova sit’ (Hotejsi, 2002).

Pivodni nomenklatura cytokinll je zalozena na jejich bunéném zdroji. Cytokiny,

které jsou produkovany monocyty a makrofagy byly oznaCovany za monokiny, cytokiny
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produkované lymfocyty za lymfokiny. Postupem Casu vSak bylo ziejmé, ze nékteré z téchto
proteinii jsou produkovany riznymi typy bunék imunitniho systému a téz nckterymi
tkanovymi bunikami, buitkami endotelidlnimi ¢i vyjime¢né 1 bunkami epitelu. Ve snaze o
zavedeni jednotné nomenklatury byly tyto proteiny oznacovany jako interleukiny a ¢islovany
podle potadi, ve kterém byla jejich struktura pozndna. V nékterych ptipadech vSak nebyla
nomenklatura interleukini zavedena a byl ponechan tradi¢ni nazev (napt. tumor nekrotizujici
faktor, interferony, transformujici ristové faktory apod.) Z téchto diivodu se zacal pouzivat
obecnéjsi termin cytokin. V poslednich letech bylo téz zjisténo, ze nékteré hormony (VIP,
prolaktin) mohou v urcitych situacich fungovat jako cytokiny. V soucasnosti je zndmo néco

okolo 120 rtiznych cytokint a 1ze pfedpokladat, Ze jejich pocet bude nartistat.

1.2.2 Klasifikace cytokinii

1.2.2.1 Klasifikace dle nazvu:

Interleukiny: IL-1 az IL-23. Reguluji vyvoj a aktivaci leukocytt

Chemokiny: IL-8 a fada ptibuznych molekul regulujici chemotaxi

Interferony: INF-o, IFN-B, INF-y, vyznamné pro neadaptivni protivirovou imunitu,
regulatory imunity

Transformujici ristové faktory: TGF-a, TGF-f

Faktory simulujici kolonie: CSF, jedna se o cytokiny stimulujici v kostni dfeni diferenciaci
bun¢k — granulocytti (G-CSF), monocytt (M-CSF) nebo obou typti (GM-CSF)

Faktory nekrotizujici nadory: TNF — zvany téz kachektin a lymfotoxin. Tyto faktory ptisobi
cytotoxicky — indukci apoptdzy a regulacné.

Jiné ristové faktory: rustovy faktor kmenovych bunék, erytropoetin, ristovy faktor
fibroblastd, riistovy nervovy faktor apod.

(Ferencik, 2005; Vokurka 2007; Hotejsi, 2002)
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1.2.2.2 Klasifikace dle struktury:

Primarni struktura (poradi aminokyselin) vSech popsanych cytokini je zndma. U
vétSiny je t€Z znamo prostorové usporadani molekul cytokind i jejich receptort. Cytokiny Ize
rozdelit do skupin s podobnou prostorovou strukturou a podobnou sekvenci aminokyselin.
Zakladni strukturalni skupiny cytokint jsou:

Hemopoetiny: (IL-2, IL-3, IL-4, IL- 5, IL- 6, IL-7, IL- 9, IL- 11, IL- 12, IL- 15, IL- 23, G-
CSF, M-CSF, GM-CSF, onkostatin M)

Interferony: (INF-a, INF-, INF-y, IL-10, IL-19, IL-20, IL-21)

Skupina TNF: (TNF, LT, CD30L, CD40L, FasL, CD70 a dalsi)

Skupina TGF-

Chemokiny: IL-8, MIP 1, MCP 1, 2

Ostatni: struktury nepodobné jinych cytokintim — IL-12, IL-16, IL-17, IL-18, SCF

(Hoftejsi, 2002; Abbas, 2000).

1.2.2.3 Klasifikace podle funkce

Prozanétlivé cytokiny: jednd se o cytokiny podporujici zanét vcetné¢ chemotaktickych
faktort — IL-1, IL-6, IL-8, IL-12, IL-18, TNF

reakce — IL-1Ra, IL-4, IL-10, TGF-beta

Riistové faktory: jedna se o cytokiny s aktivitou ristovych faktorit hemopoetickych bunck —
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-11, IL-14, IL-15, C-CSF, M-CSF, GM-CSF, TGF-
beta

Cytokiny uplatiiujici se v humoralni (protilaitkové) imunité - TH2: IL-4, IL-5, IL-9, IL-

13
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Cytokiny uplatiiujici se v bunééné zprostiedkované imunité — TH1: IL-2, IL-12, IFN-y,
GM-CSF
Cytokiny s antivirovym ucinkem: INF-a, INF-3, INF-y

(Hotejsi, 2002; Abbas, 2000)

1.2.3 U¢inek cytokinii

Utinek cytokinti je zprostiedkovan pies specifické receptory o dvou (vyjimeéné o
ttech) podjednotkach. Jedna z nich je zodpovédna za specifickou vazbu cytokinu, zatimco
druha ¢i tieti zajistuje spojeni se signaliza¢nimi intracelularnimi molekulami. Vazba cytokinu
na specificky povrchovy receptor zptsobi v receptorové molekule konformacni zménu, kteréd
se projevi v intracelularni ¢asti receptoru a zahdji pfenos signalu do builky. VétSina
cytokinovych receptorti je v intracelularni ¢asti nekovalentné spojena s cytoplazmatickymi
proteinkindzami. Proteinkindzy jsou enzymy fosforylujici jiné proteiny. Timto je spusténa
signalizacni kaskada. Vysledek signalizace pfes cytokinové receptory zavisi na typu buiiky,
povaze receptoru a na spoluptisobeni jinych signdlti. V koneéném dusledku mutze dojit od
stimulace bunééného dé¢leni a diferenciaci, pies spusténi efektorovych mechanismi
(degranulace, aktivace membranovych enzymu, chemotaxe apod.) az po zablokovani

bunécného cyklu a k apoptoze (Hotejsi, 2002; Abbas, 2000).

1.2.4 Terapeutické vyuZziti cytokinii:

Na ucast cytokinti v terapii onemocnéni je nutné pohlizet ze dvou zcela opacnych
pohledt. Na jednu stranu lze nékteré cytokiny podévat a timto vyuzivat jejich ptisobeni na
jednotlivé systémy a na stranu druhou je v nékterych ptipadech zadouci ptisobeni cytokint
blokovat, jak ptimou blokddou jejich tvorby, tak blokddou receptorti, kterymi je jejich ucinek

zprostiedkovan.
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1.2.4.1 Substitucni lécba

Podéavani rekombinantniho erytropoetinu pacientiim s chronickym renalnim selhanim
fesi stimto onemocnénim spojenou anémii. Pro klinické i laboratorni ucely se pouziva
rekombinantni rstovy faktor granulocytovych kolonii (G-CSF) u vrozené agranulocytozy
(Kostrmaniiv syndrom), u pacienti po chemoterapii a po transplantaci kostni diené.
Interferon-o je v dne$ni dob¢ jiz bézné pouzivan k IéCbé virovych hepatitid, nckterych
leukemii, pfednich i zadnich uveitid. Interferon- se pouziva obdobné jako interferon-o a

navic jesté k 1é¢be roztrousené skler6zy. IL-2 je pouzivan v 1é¢bé rendlniho adenokarcinomu.

1.2.4.2 Inhibicni lécba

Nespecificka imunosupresivni 1écba: Nespecifickd imunosupresivni 1é¢ba je takova,
ktera postihuje nejen autoreaktivni, ale i normalni populace lymfocytl. S timto souviseji
rizika sniZené protiinfekéni a protinadorové imunity. Do této skupiny fadime kortikosteroidy,
které blokuji aktivitu T lymfocyti. Je potlacena exprese nékterych genti pro produkci
cytokini. Dale do této skupiny patfi imunosupresiva selektivné inhibujici T lymfocyty
(Cyklosporin A, takrolimus, rapamycin) a imunosupresiva zasahujici do metabolismu DNA
(cyklofosfamid, metotrexat, azathioprim, mykofenolat mofetil).

Specificka inhibice zanétlivych cytokinl: Hlavnimi prozénétlivymi cytokiny byly
identifikovany IL-1 a TNF. Cilem je specificka inhibice jejich uc¢inku. Antagonista receptoru
pro IL-1 IL-1Ra je v dneSni dobé pouzivan k 1écbé revmatoidni artritidy. UvaZzuje se i o
vyuziti téchto antagonistii v 1é€bé schizofrenie. Selektivni protilatka proti TNF je jiz bézné
pouzivana k l1écbé revmatickych chorob, zanétlivych stfevnich onemocnéni (Crohnova

choroba) ¢i v 1é¢be prednich i zadnich uveitid (Dinarello, 1994; Kim, 2004).
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1.3 Genové polymorfismy

Geneticky polymorfismus je dle definice existence dvou nebo vice alel (variant genti)
v jednom lokusu, pievySujici svym vyskytem 1% vyskyt v populaci. Jednonukleotidové
polymorfismy (z angl. single nucleotide polymorphisms neboli SNP) jsou nejcastéji
nachdzenou genetickou zménou v lidské populaci (0,1% lidského geonomu). Kazdy SNP
reprezentuje rozdil (odchylku) pravé v jednom nukleotidu v sekvenci DNA (Shastry, 2002).
SNP mohou byt souc¢asti kddujicich useki — exond, ¢astéji se ale vyskytuji v nekodujicich
oblastech — intronech. SNP jsou vhodné pro genetické ¢i evolu¢ni studie clovéka, nebot” jsou
stabilni a jsou roztrouSeny po celém lidském geonomu s frekvenci asi 1 SNP na 1000bp
(Bruchova, 2005). Vétsina SNP pravdépodobné nema piimy vliv na lidské zdravi, ale mohou
pozménit ucinek 1€kt nebo odpovéd’ organismu na rizné (stresové) situace. SNP se oproti
ndhodné mutaci pfedavaji z generace na generaci a jde tedy o vrozenou zélezitost. Mutace
vznikéd naopak u jedince ndhodné a neni zaruceno, Ze se predd do dalsi generace. Somatické
mutace se do potomstva nepiendseji, gametické ano. V oblasti genomiky dnes probiha velmi
intenzivni vyzkum pomoci tzv. asocianich genomickych studii (z angl. genome-wide
association studies). Tyto studie mapuji vyskyt SNP v lidském genomu a snazi se najit
souvislost s konkrétnim onemocnénim.

Cytokiny, signaliza¢ni proteiny produkované riznymi typy buné€k, jsou nezbytné pro
rozvoj a fungovani vrozené a adaptivni imunitni odpovédi. Genova exprese cytokind je pfisné
regulovdna a zmény v této regulaci (genovy polymorfismus, vnéjsi vlivy) mohou ovlivnit i
jejich funkci. Mohou také souviset s fadou onemocnéni, s nadchylnosti k infekcim ¢i s reakei
na lécbu. Cytokiny a jejich receptory jsou vysoce polymorfni (Bidwell, 1999). SNP mohou
ovlivnit funkci genu nékolika zplisoby — napt.: zaménou aminokyseliny (IL-13), pfesko¢enim

exonu (IL-7Ra), vznikem proximalnich promotorovych variant (IL-1B, IL-2, IL-6, IL-10,
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TNF, TGF-B), distalnich promotorovych variant (IL-6, IL-18) a intronové varianty (IL-8)
(Smith & Humphries, 2009). Promotorové polymorfismy mohou narusit nebo Upln¢ zrusit
pusobeni nékterych regulacnich transkripcnich faktort (NFkB) a tak pfimo ovlivnit celou
signalni transdukci. Zména v intronech muze ovlivnit enhancer/silencer sekvence a
modifikovat tak expresi genti (Wilson, 1997). SNP u cytokinli se vyuzivaji pfedev§im v
asociacnich studiich nékterych onemocnéni nebo u transplanta¢nich studii. Nicméné tada
onemocnéni je komplexni polygenni porucha a vyznam jednotlivych cytokini a jejich
polymorfismii na vyvoj nebo vznik choroby je nejasny. U transplantaci mohou nékteré
cytokinové polymorfismy predstavovat urcité rizikové faktory pro vyvoj akutni rejekce.
Drtivd vétSina provedenych studii zahrnuje analyzu jednotlivych SNP, nicméné
nejnovejsi metody sleduji tisice SNP najednou a umoziuji tak komplexnéjsi pohled na danou

problematiku.
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2 HYPOTEZA A CiLE DIZERTACNI PRACE

Ptestoze délozni myom (leiomyom, uterine fibroid) predstavuje nejcastejsi nezhoubny
nador u Zen ve fertilnim véku a postmenopauze, jeho etiopatogeneze neni stale dostate¢né
objasnéna. Az do nedavné doby byla vzniku leiomyomt, navzdory jejich prevalenci,
vénovana jen mald pozornost. Divodem byl mozna jejich nizky potencidl k maligni
transformaci. Pro znacnou ¢ast zen vSak ptredstavuji ohrozeni jejich reprodukénich plant a
socioekonomicky dopad tohoto onemocnéni je znacny.

Cilem nasi prace bylo najit mozné genetické faktory pouzitelné jako prognosticky
marker k evaluaci zvySeného rizika vzniku déloZznich myomt. I kdyz je znama cela tada
rizikovych faktorG a predisponujicich stavii, které hraji vice ¢i méné vyznamnou ulohu v
etiologii délozni myomatdzy, jsou v posledni dobé podrobnéji zkoumany piednostné
genetické faktory. Souvislost genovych polymorfism cytokini s patogenezi déloznich
myomi podporuji neékteré konkrétni studie (Hsieh, 2007; Hsieh, 2004; Litovkin., 2007;
Pietrowski, 2009).

Nase hypotéza mozné asociace genovych polymorfismi cytokinti a zvySené incidence
délozni myomatdzy byla zalozena na skutecnosti, ze cytokiny mohou zvySovat produkci
matrix metaloproteindz, které mohou nésledn¢ stimulovat d¢lozni rist. (Inagaki, 2002). Tyto
polymorfismy nemusi byt pfimo spojeny se vznikem tohoto onemocnéni, ale mohou byt
uziteCnym voditkem pfi studiu této multifaktoridlni choroby (Andersen, 1994). Nékteré
cytokiny navic pusobi jako tzv. rastové faktory, které svym promitotickym ucinkem
(proliferace a diferenciace bun¢k) nebo indukci syntézy extracelularni matrix nebo jeji
remodelaci vedou k fibrotizaci a rGstu tumorti. Napf. transformujici rtstovy faktor beta (TGF
B) patii mezi multifunkéni cytokiny s promitotickym ucinkem nebo vlivem na syntézu

extracelularniho matrix (Arici, 2000). Fibroblastovy rustovy faktor (bFGF) ptsobi na
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proliferaci bunék hladké svaloviny vcetné myometria a leiomyomii a je hojné¢ ulozen v
extracelularnim matrix myoma (Wolanska & Bankowski, 2005). Epidermal growth factor
(EGF) kromé& promitotické aktivity podléha ucinku progesteronu b&hem lutedlni faze
menstruacniho cyklu se zvySenim jeho aktivity. Platelet-derived growth factor (PDGF) jako
potentni mitogen ptisobi v synergii s ostatnimi riistovymi faktory. Uloha vascular endothelial
growth faktoru (VEGF), ktery neni mitogenem pro buiikky hladké svaloviny, je stimulace
angiogeneze a vzestup cévni permeability, kterd je esencialni pro rist tumort. Mnoho
rozporuplnych idaji poskytuje literatura v souvislosti s insulin-like growth faktorem (IGF),
ktery se asi také podili na ristu déloznich myomi pfes své receptory typu I (Dixon, 2000).
Smyslem této prace byla tedy analyza genovych polymorfismii Sirokého spektra
porovnéni vysledkl se zdravymi kontrolami. Takto Siroké spektrum vySetfovanych genovych
polymorfismi konkrétnich cytokini nebylo dosud v souvislosti stimto onemocnénim

vySetfovano.
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3 MATERIAL A METODIKA

3.1 Soubor pacientek

Do prospektivni studie bylo zatazeno 102 pacientek s déloznimi myomy proti souboru
145 zdravych kontrol. Vybér pacientek a zdravych kontrol vhodnych k zatazeni do studie
probihal od za¢atku roku 2007 az do konce roku 2008 na Gynekologicko-porodnické klinice
VFN a 1. LF UK v Praze. VSechny Zeny zatazené do studie podepsaly informovany souhlas a
provedeni studie bylo schvaleno etickou komisi VSeobecné fakultni nemocnice a 1. LF UK
v Praze. Vhodné kandidatky byly ziskany na zaklad¢ odbéru anamnestickych dat, vysledku
transvaginalni sonografie (ultrazvukovy pftistroj SIEMENS Sonoline Sienna) na ptitomnost,
velikost a charakter ¢i absenci déloZznich myomi s vhodnym BMI ve stanoveném vékovém
rozmezi. Vzhledem k rasovym rozdilim genovych polymorfismi cytokini v rtiznych
populacich byly primarné vylouceny Zeny jiné nez ¢eské narodnosti. VSem zZendm zafazenym
do studie byl pracovniky Gynekologicko-porodnické kliniky odebran vzorek nesrazlivé krve
(2 ml), ktery byl transportovan do Institutu klinické a experimentalni mediciny v Praze 4 na

oddéleni imunogenetiky.

Ve skupiné pacientek s déloznim myomem nasledovala vzdy po zvolené operacni
intervenci histologicka verifikace nalezu na Ustavu patologie 1. LF UK a VFN. Kvuli
zachovani diveéryhodnosti studie a homogenity doslych histologickych nalezii byly ze studie
vylouceny néckteré ojedin€lé nalezy jako leiomyom se zvySenou bunécnou aktivitou,
adenomyom nebo stromalni sarkom. Proto byl jedinym vstupnim histologickym kriteriem
studie tzv. leiomyom obvyklé histologické struktury.

Soubor pacientek s déloznimi myomy tvofily jednak Zzeny (skupina A; n=40) do véku
35 let vcetné, prumérny veék 30.8 £ 3.3(SD), s BMI<25, s negativni farmakologickou a

onkologickou anamnézou a abnormalni ultrasonografii malé panve (tj. s pfitomnosti
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délozniho myomu/li), jednak zeny (skupina B; n=62) star§i 35 let, pramérny vék 47.9 +
4.2(SD) s BMI<25, s negativni farmakologickou a onkologickou anamnézou a abnormalni
ultrasonografii malé panve (tj. s pfitomnosti délozniho myomu/ti). Jako minimalni velikost
myomu byla v nasi studii stanovena velikost 3 cm v pfipad¢ solitarniho myomu, nebo vyskyt
alespoit 4 drobnych myomu vétSich nez 1 cm u mnohocetnych d€loznich myomatdz.
Primérma velikost myomu ¢inila 5.7 cm + 1.8(SD). NejcastéjSim symptomem téchto
pacientek byly bolesti v podbfisku, silnd menstruace a nepravidelné krvaceni. Zptsob
opera¢niho odstranéni myomu byl rizny. Ve skupiné A se jednalo o tzv. délohu Setfici
vykony (vzhledem k ptani zachovat fertilitu), tj. laparoskopickd myomektomie (LM) 85%,
laparotomickd neboli oteviend myomektomie (OM) 10%, event. transcervikalni resekce
myomu (TCRM) 5%. Ve skupiné B byla naopak provedena laparoskopicky asistovana
vaginalni hysterektomie (LAVH) 93%, totalni laparoskopicka hysterektomie (TLH) 5% nebo
abdominalni hysterektomie (AH) 2%. Zdravou kontrolni skupinu tvotily zeny (n=145) ve
véku 20-55 let, primérny v€k v tomto rozmezi zde ¢inil 45.0 = 8.5(SD) let, s BMI < 25, s
negativni rodinnou, farmakologickou a onkologickou anamnézou a normalni ultrasonografii

malé panve (tj. bez ptitomnosti délozniho myomu).

3.2 DNA analyza

DNA byla izolovana z plné krve soupravou QIAamp (Qiagen, Némecko). Princip této
soupravy spocivd v zachyceni DNA na specidlni DNA-vazajici kolonku. Tato kolonka je
umisténa v mikrozkumavce a pomoci centrifugaéni sily dochazi k protlacovani roztok,
véetné DNA, pies kolonku, ¢imz dochéazi jednak k jejimu zachyceni a jednak k jejimu
promyvani. Nukleova kyselina se na konci rozpusti do eluéniho pufru a centrifugaci se
prenese z kolonky do sbérné zkumavky. Primérny vytézek této metody je 10 pg z 200 pl

krve. Nasledn¢ jsme provedli kontrolu kvality izolace DNA za pomoci spektrofotometrického
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méteni. M¢EFili jsme absorbanci roztoku DNA pti vinové délce 260 a 280 nm. Absorbéni
maximum je pro DNA 260 nm, pro proteiny 280 nm. Pro kontrolu Cistoty DNA jsme pak
pouzili pomér absorbanci pii 260 a 280 nm. Pomér ¢isté DNA se pohyboval v rozmezi 1.7 —
1.9. DNA jsme uchovavali pfi teploté -20°C.

Pro typizaci polymorfismi cytokinovych genii jsme zvolili soupravu Cytokine
Genotyping Kit (Invitrogen, Némecko), s kterou je na pracovisti (IKEM) dlouholeta
zkusenost. Princip detekce polymorfismt je zalozen na jednoduché PCR reakci s vyuzitim
sekvencné specifickych primertt (SSP-PCR). Tyto primery maji své specifické 3’-koncové
nukleotidy, které piekryvaji konkrétni SNP (single nucleotide polymorphism) pozice.
V ptipadé Gplné kompatibility primeru (zvlasté na 3’-konci) s cilovou sekvenci genomické
DNA dojde knasednuti termostabilni polymerdzy a probchne syntéza nového fetézce.
V opacném ptipadé nikoliv. Vysledné produkty PCR reakce se nésledné rozde€li v agarosové
elektroforéze dle své velikosti a vizualizuji se pod UV svétlem. S pomoci dokumenta¢niho
zafizeni se pofidi fotografie gelu. Na vysledné fotografii se hodnoti pfitomnost/neptitomnost
produktu, jinymi slovy pfitomnost/nepfitomnost SNP v genomické DNA. Test v sob¢
zahrnuje interni kontrolu, kterd je predstavovdna parem primert obvykle pro gen lidského
ristového hormonu. Pfitomnost produktu interni kontroly validuje, zda byly splnény vSechny
podminky pro spravné provedeni PCR reakce. Reakce bez pozitivni interni kontroly je 1)
v pripad¢ neptitomnosti specifického produktu povazovana za chybnou a musi se opakovat, 2)
v pfipad€ pfitomnosti specifického produktu je i bez interni kontroly validni. Pozitivni
specifickd reakce se hodnoti porovnanim velikosti PCR produktu se standardnim
hmotnostnim markerem.

Souprava Cytokine Genotyping Kit obsahuje predkapanou PCR desticku specifickymi
pary primeru pro detekci nasledujicich cytokint a jejich polymorfismi: interleukin IL-1a

(—889 T/C), IL-1B (-511 T/C a +3962 T/C), IL-1R (pst11970 C/T), IL-1RA (mspall1100
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T/C), IL-4Ra (+1902 G/A), IL-12 (-1188 C/A), interferon (IFN)-y (+874 A/T), TGF-B1
(kodon 10 C/T a kodon 25 G/C), tumor nekrotizujici faktor (TNF)-a (—308 G/A a —238 G/A),
IL-2 (=330 T/G a +166 G/T), IL-4 (-1098 T/G, =590 T/G a —33 T/C), IL-6 (—174 G/C a
nt565 G/A) a IL-10 (—1082 G/A, —819 C/T a =592 C/A).

PCR reak¢ni smés byla ptipravena dle pokynt vyrobce nasledujicim zptisobem. K 140
ul reakéniho pufru bylo ptidano 5.6-9.3 ng DNA, 20U Taq polymerazy (koncentrace SU/pul,
TopBio, AVCR, Ceska republika) a cela smés byla doplnéna PCR vodou do kone¢ného
objemu 501 pl. Deset mikrolitri tohoto mastermixu bylo rozplnéno do jamek PCR desti¢ky s
predpiipravenymi primery. PCR reakce pak probéhla v termocyklerech typu Biometra T1
(Schoeller, Némecko) s upravenou rychlosti zmény teploty na 1 °C/s. Protokol pro PCR
reakci byl nasledujici: uvodni denaturace pii 94 °C 2 minuty byla ndsledovana 10 cykly pti 94
°C 15 s a pfi 65 °C 60 s. Poté reakce pokracovala 20 cykly pii 94 °C 15 s, 61 °C 50 s a 72 °C
30 s. Po skonceni PCR reakce byly produkty elektroforeticky rozdéleny v 2% agarosovém
gelu (obr. 2) barveném UV-citlivou latkou GelRed (Biotium, USA). Gel byl zdokumentovan

v zafizeni typu GeneGenius Bio-Imaging system (Syngene, Velka Britanie).
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Obrazek 2: Agarozova elektroforéza produktit PCR

- -

Fotografie agarozového gelu dvou testovanych vzorkii. Vysetreni jednoho pacienta obsdahlo
48 jamek. Jamky 1-26 obsahuji kontrolni prouzek o velikosti 440 bp a jamky 27-48 o velikosti
89 bp. Kazda devata jamka vradku predstavuje standardni velikostni marker. Smer

elektroforézy byl shora doli.
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3.3 Statisticka analyza

Genotypové a alelické frekvence byly urCeny piimym spocitanim a statisticky
porovnany s kontrolni skupinou chi-kvadrat testem nebo Fischerovym testem v ptipadech,
kde neslo pouzit chi-kvadrat test. K pocitani statistiky byl pouzit programovy balicek
MedCalc. Hladina vyznamnosti p byla povazovana za statisticky vyznamnou pii hodnotach
mensich nebo rovnych 0,05. Pro detekci vyznamnych velkych rozdilti byly pomoci algoritmu
Z-score prizpuisobeny standardni odchylky mezi pozorovanymi a ocekdvanymi hodnotami
v kazd¢ buiice. V ptipadech mnohocetného porovnavani, kde v ramci jednoho genu byly

sledovany 2 a vice SNP, byla pouzita Bonferroniho metoda korekce.
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4 VYSLEDKY

4.1 Demograficka data

Demograficka data, kterymi jsou soubory charakterizovany, jsou shrnuty v tabulce 1.
Pacientky souboru byly podle véku rozdéleny do dvou skupin. Skupinu A tvotilo 40 zen <35
let, primérny veék v této skupiné byl 30.8 + 3.3(SD). Skupinu B tvofilo 62 zen >35 let,
pramérny veék v této skupiné byl 47.9 £ 4.2(SD). Kontrolni skupinu tvofilo 145 zen,

primémy vék byl 45.0 + 8.5(SD).

Tabulka 1: demograficka data

Vék (pramér) (SD) BMI (pramér) [kg/m’]
Skupina A 30.8 33 22.8
Skupiny B 47.9 4.2 23.9
Kontroly 45.0 8.5 23.6

4.2. Operacni data

VSechny pacientky zahrnuté do studie podstoupily opera¢ni vykon na Gynekologicko-
porodnické klinice VFN a 1. LF UK v letech 2007-2008. Pro skupinu A byly typické délohu
Setfici vykony (LM, OM, TCRM), pro skupinu B naopak vykony definitivni (LAVH, TLH,
AH). Procentuelni zastoupeni jednotlivych vykonli shrnuje tabulka 2. Primérnd velikost
solitarnich myomt byla 5.7 cm + 1.8(SD).

Tabulka 2: operacni data

LM oM TCRM LAVH TLH AH
N (%) N (%) N (%) N (%) N (%) N (%)
Skupina A 34 (85) 4 (10) 2(5) 0(0) 0(0) 0(0)
<35 let
Skupina B 0 (0) 0 (0) 0(0) 58 (93) 3(5) 1(2)
>35 let
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4.3 Polymorfismy

Pro kazdy sledovany polymorfismus byla spocitina Hardy-Weinbergova rovnovaha
(HWR) a zadny z nich nedosahl statisticky vyznamného rozdilu, tedy jak soubor pacientek,
tak kontrolni soubor dosahoval rovnomérného rozlozeni alel mezi homozygotnimi a
heterozygotnimi jedinci. Nejprve jsme porovnali SNP cytokinovych genti celého souboru
pacientek s kontrolnim souborem. Frekvence vétSiny testovanych SNP nedosahla u pacientek
statisticky vyznamného rozdilu. Nasli jsme vSak zajimavy rozdil v distribuci genotypt
interleukinu 4. Genotyp CC v promotorové pozici -590 a -33 byl zastoupen u pacientek s
mensi frekvenci nez u kontrol. Tento rozdil byl statisticky vyznamny (p=0,03) (Tab. 3).
Frekvence genotypii CC obou téchto polymorfismi byla stejna a Cinila jen 63% proti 78%
v kontrolnim souboru. Mezi témito SNP je dokonce silnd vazebna nerovnovaha (D+0).

Dale jsme porovnavali pacientky s kontrolami po rozdéleni souboru pacientek do dvou
skupin dle jejich véku <35 a >35. Pozorovali jsme stejny trend v nizsi frekvenci genotypu CC
v pozicich -590 a -33 u pacientek starSich 35 let (p=0,09). Frekvence genotypti CC obou
téchto polymorfismt byla 61% oproti 78% v kontrolni skupiné. Tento trend vSak nebyl u
mladsSich pacientek potvrzen (Tab. 4). Kromé IL-4 jsme zaznamenali rozdil v distribuci
genotypt i u genu TNFa (promotorovy SNP -308 A/G). Frekvence genotypu AA byla vyssi u
pacientek pod 35 let. Tento vysledek byl statisticky vyznamny (p=0,02). Frekvence genotypu
AA ve skupin¢ mladSich pacientek Cinila 8% oproti 1% vyskytu v kontrolnim souboru. Sila

testu Cinila v tomto piipadé 42%. Tento rozdil nebyl u starSich pacientek potvrzen (>35).
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Tabulka 3: srovnani genotypovych frekvenci pacientek a kontrolni skupiny

Cytokin SNP Genotyp Kontroly N Pacienti N P hodnota
(%) (%)
IL-1a -889 CcC 69 (48) 51 (50) 0.70
CT 59 (41) 42 (42)
TT 16 (11) 8(8)
IL-1pB =511 CcC 79 (54) 46 (45) 0.35
CT 54 (37) 46 (45)
TT 12 (8) 10 (10)
IL-1B +3962 CC 74 (51) 55 (54) 0.78
CT 55(38) 39 (38)
TT 15 (10) 8(8)
IL-1R Pst 1970 CC 55 (38) 40 (39) 0.66
CT 67 (46) 50 (49)
TT 23 (16) 12 (12)
IL-1RA Mspal 11100 CC 13 (9) 13 (13) 0.62
CT 63 (43) 41 (40)
TT 69 (48) 48 (47)
IL-4Ra +1902 AA 84 (58) 60 (59) 0.62
AG 56 (39) 36 (35)
GG 503) 6 (6)
IL-12 -1188 AA 85 (59) 54 (53) 0.24
AC 55(38) 42 (42)
CC 3(2) 6 (6)
IFN-y +874 AA 40 (28) 32(31) 0.85
AT 70 (49) 47 (46)
TT 32 (23) 23 (23)
TGF-p1 codon 10 CC 25 (17) 13 (13) 0.17
CT 66 (46) 61 (60)
TT 54 (37) 28 (27)
TGF-p1 codon 25 CC 1(1) 1(1) 0.76
CG 20 (14) 11 (11)
GG 124 (86) 90 (88)
TNF-a -308 AA 1(1) 4(4) 0.14
AG 29 (20) 25 (25)
GG 113 (79) 73 (72)
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TNF-a 238 AA 0 (0) 0 (0) 0.16
AG 14 (10) 5(5)
GG 129 (90) 97 (95)
IL-2 -330 GG 15 (10) 12 (12) 0.95
GT 63 (44) 44 (43)
TT 65 (45) 46 (45)
IL-2 +166 GG 61 (43) 48 (47) 0.76
GT 62 (43) 42 (41)
TT 20 (14) 12 (12)
IL-4 -1098 GG 0 (0) 0 (0) 0.21
GT 22 (15) 10 (10)
TT 122 (85) 92 (90)
IL-4 -590 CcC 112 (78) 64 (63) 0.03
CT 27 (19) 34 (33)
TT 5(3) 4 (4)
IL-4 33 CcC 112 (78) 64 (63) 0.03
CT 27 (19) 34 (33)
TT 5(3) 4 (4)
IL-6 -174 cC 27 (19) 19 (19) 0.23
CG 72 (50) 41 (40)
GG 45 (31) 42 (41)
IL-6 nt565 AA 25(17) 18 (18) 0.21
AG 73 (51) 41 (40)
GG 46 (32) 43 (42)
IL-10 -1082 AA 42 (29) 32 (31) 0.45
AG 83 (57) 51 (50)
GG 20 (14) 19 (19)
IL-10 -819 ccC 74 (51) 56 (55) 0.82
CT 64 (44) 41 (40)
TT 7(5) 5(5)
IL-10 -592 AA 7(5) 5(5) 0.82
AC 64 (44) 41 (40)
ccC 74 (51) 56 (55)




Tabulka 4: distribuce IL-4 -590 a -33 genotypii u skupiny pacientek <35 let a >35 let;

srovnadno s kontrolni skupinou (p = 0.09)

IL-4 -590 CC CT TT
N (%) N (%) N (%)

Kontroly 112 (78) 27 (19) 503)
Pacienti <35 let 25 (63) 13 (32) 2 (5)
Pacienti >35 let 38 (61) 22 (36) 2(3)

1L-4 -33 CC CT TT
Kontroly 112 (78) 27 (19) 5(3)
Pacienti <35 let 25 (63) 13 (32) 2 (5)
Pacienti >35 let 38 (61) 22 (36) 2(3)

Tab. 5: distribuce TNF-a -308 genotypu u skupiny pacientek <35 let a >335 let; srovnano

s kontrolni skupinou (p = 0.02)

TNF-0. -308 AA AG GG

N (%) N (%) N (%)
Kontroly 1(1) 29 (20) 113 (79)
Pacienti <35 let 3(8) 6 (15) 31(77)
Pacienti >35 let 1(2) 20 (32) 41 (66)
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5 DISKUZE

D¢lozni myomy predstavuji bez nadsazky pomérné velky socioekonomicky problém
soudasnosti a pro stale vét§i pocet Zen znamena i ohroZeni jejich reprodukénich pland. Rada
z nich pfichazi konzultovat moznosti konzervativni, radiologické nebo chirurgické terapie.
Zatimco na poli etiopatogeneze myomu nebylo pfes nesporné uspéchy bazalniho vyzkumu,
zejména v oblasti genetiky, dosazeno vyrazngj$ich, klinicky aplikovatelnych vysledkd,
diagnostické a predevsim terapeutické moznosti se v poslednich letech rozsitily nevidanou
meérou. Rozsifeni spektra ucinné 1écby se dotyka zejména konzervativni terapie myomu neboli
1é¢by zachovavajici délohu a fertilitu (Mara; Holub, 2009).

Soucasna odborna literatura se opakované vénuje rozdiliim v produkci nebo aktivité
cytokinl ve vztahu k zvySené vnimavosti nebo rezistenci k nejriznéj$§im infekénim procestim,
autoimunitnim chorobam, nadorovym onemocnénim ¢i vztahu k rejekei transplantovanych
organi. Cytokiny a jejich receptory jsou navic vysoce polymorfni. Jednonukleotidové
polymorfismy mohou riznymi zptsoby ovlivnit funkci cytokinovych genli a polymorfismy
v promotorech téchto geni mohou tak ptimo ovlivnit celou signalni transdukci.

Hypotéza mozné asociace genovych polymorfisma cytokini s predispozici k vzniku
délozni myomatdzy vychéazi ze skuteCnosti, Ze cytokiny (glykoproteiny, polypeptidy) jako
rustové faktory produkované lokalné fibroblasty a myocyty, reguluji proliferaci a diferenciaci
téchto bunck a indukcei syntézy extracelularni matrix mohou déle stimulovat riist myomd.

Cilem studie bylo najit mozné genetick¢é markery, které by slouzily jako vhodny
prognosticky faktor zvySeného rizika rozvoje délozni myomatozy a ptispét tak k optimalizaci
rizikovych faktorti a progndzy tohoto velmi Castého onemocnéni. Dosud je ale malo studii

analyzujicich jednonukleotidové genetické polymorfismy v téchto souvislostech. Navic
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recentné publikované studie podobného designu zdaleka neanalyzuji genové polymorfismy
tak Sirokého spektra (Th1/Th2) cytokini jako poskytuje nase prace.

Podob¢ designovana studie autorti z IKEM vysetfila 30 pacientd s idiopatickou plicni
fibrézou (intersticidlni plicni proces s nekontrolovanou fibroprodukci) proti souboru 103
zdravych dobrovolnikli na genovy polymorfismus podobného spektra cytokini (Vasakova,
2006). Zminéna studie prokézala signifikantné vyssi frekvenci genotypi CT v pozicich -590 a
-33 promotoru genu pro IL-4 ve skupiné pacientt s idiopatickou plicni fibrozou a podporila
tak nazor na moznou roli genovych polymorfismi nékterych cytokind v etiopatogenezi této
vazné choroby. V této studii byly sledovany také polymorfismy TNF-a v pozicich -308 a -
238, statisticky vyznamné rozdily se ale mezi frekvencemi jednotlivych genotypii nepotvrdily.

Literatura piinaS§i omezend data tykajici se vyznamu jednotlivych cytokind
v souvislosti se vznikem délozni myomatdzy jako je napi. role epidermal growth faktoru
(EGF) (Shimomura, 1998), transforming growth faktoru B (TGF-B) (Arici and Sozen, 2000) a
dalsich chemokint a jejich receptorii (Syssoev, 2008). Arici 2000 kvantifikuje mnozstvi TGF-
B mRNA u 18 pacientek s déloznimy myomy, které bylo signifikantné vyssi nez TGF-B
mRNA v normdlnim myometriu 16 zdravych zen. Stejny trend zvySené exprese mRNA
vykazovalo 1 méfeni mRNA fibronektinu v obou téchto skupindch. Sozen (2002) prokazal ve
své studii zvySenou expresi pouze v piipadé TGF a dale potvrdil mozny regulacni vliv
estrogenil a progesteronu v expresi tohoto multifunkéniho cytokinu mezenchymalniho
puvodu. Za klicovou roli v patogenezi leiomyomt pak poklad4d kromé cytokinli komponenty
extracelularni matrix jako jsou kolagen, fibronektin, proteoglykany, matrix metaloproteindzy
a jejich tkanové inhibitory. Fujita jiz v roce 1985 publikoval, Ze myomy obsahuji dvakrat vice
extracelularni matrix, neZz okolni myometrium. Jiné publikované prace hodnoti vyznam
estrogendl a progesteronu jako iniciatori zvySené exprese cytokintl a cytokinovych receptorii

v tkdni myometria (Maruo, 2003). Naproti tomu literatura poskytuje mnoho dat podporujich
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skute¢nost, ze jednonukleotidové polymorfismy (SNPs) mohou mit vliv na genovou expresi
konkrétnich cytokinii (Fishman, 1998; Smith & Humphries 2009; Turner, 1997; Wilson,
1997).

V prezentovaném souboru jsme prokazali moznou souvislost mezi polymorfismem
promotoru genu pro IL-4, konkrétné v pozicich -590 C/T a -33 C/T, a rizikem vzniku myomu.
Pfitomnost alely T na pozici -590 totiz zvySuje expresi genu pro IL- 4 a je spojena s rostouci
koncentraci IL-4 v séru (Rosenwasser & Borish, 1997). Naproti tomu pfitomnost alely C
v této pozici vede ke snizené expresi genu. Nase vysledky prezentuji nizsi frekvenci genotypu
CC ve skupiné pacientek s déloznim myomem. Mlizeme nyni pouze teoretizovat o tom, co je
modulujici aktivaci fibroblastdl v nddorové tkani a inhibujici tumorem aktivovanou
angiogenezi (Blankenstein, 2005). V nasem souboru zdravych kontrol jsme prokazali
signifikantné Castéjsi vyskyt pravé alely C, coz by potvrzovalo ptedstavu, ze zdravi jedinci
bez nadoru by vyssi koncentraci IL-4 v séru nepotiebovali. Rovnéz byla zkoumana jeho role v
procesu inhibice a regrese nadorového procesu (Golumbek, 1991; Hock, 1993; Hock, 1994;
Tepper, 1989).

Naproti tomu Hsieh, 2007 také testoval mj. polymorfismus promotoru genu pro 1L-4
ve stejné pozici a kromé IL-12RP (vyssi frekvence genotypu GG u pacientek s myomy)
neprokazal ve skupin€ svych pacientek asociaci se zvySenym vyskytem déloznich myomd.
Moznym vysvétlenim rozporu mezi timto zavérem a nami prezentovanymi vysledky je
skute€nost, ze autor vySetfoval populaci premenopauzélnich taiwanskych zen, nikoli tedy nasi
kavkazskou populaci jako my. Skorpil a kol., 2007 ve své praci dobfe demonstruje rasové
rozdily v genovych polymorfismech cytokinl ve tiech evropskych populacich. V této studii
bylo sledovano 22 SNP ve 13 genech pro rizné cytokiny a nasledné byly porovnany genotypy

v jednotlivych populacich (nizozemskd, italska, cCeskd). Rozdily byly nalezeny hned
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v n¢kolika genech (IL-1, IL-2, IL-10, TNF-a), kdy nékteré genotypy byly castéjsi u jedné
populace (-380 GG TNF-a u italské populace), nékteré byly naopak minoritni. Dobie
dolozené jsou téz signifikantni rozdily v incidenci délozni myomatozy u rtiznych etnik na
podkladé nejenom genetickych, ale téZ enviromentalnich faktord (Al Hendy, 2006).

Nase vysledky ukazuji i na moznou roli genového polymorfismu TNF-a na vzniku
ruznych infekénich a autoimunitnich chorobach. Kromé vyse zminénych ucinkl se uplatiuje
pii regulaci exprese povrchovych receptortt vaskularnich endotelovych bunék napt. pro
VEGF. Mozna role VEGF v patogenezi myomu byla jiz vyse zminéna. Popsana je také uloha
genu pro TNF-o v patogenezi tumorogeneze. Literdrni data prokazuji vliv TNF-a
polymorfismu v promotorové pozici -308A/G na vznik riiznych druhti nddort se signifikantné
vyssi frekvenci alely A mezi pacienty s malignitami (Chouchane, 1997). Bylo prokazano, Ze
zdmeéna alely A misto G v pozici — 308 je ¢asti haplotypu vedouciho ve svém dusledku ke
zvySené expresi genu pro TNF-a. Alela A vtéto pozici takto zvySuje produkci tohoto
cytokinu az sedminasobné (Wilson, 1997). NaSe studie prokazala v souladu se zminénou
skutecnosti rovnéz vyssi frekvenci distribuce genotypu AA polymorfismu TNF-a v pozici -
308 ve skupiné mladsich pacientek. Je tfeba konstatovat, ze budou potieba dalsi studie, které
objasni, jakou roli hraje TNF-a v etiologii a patogenezi déloznich myomi. Skupina autort
v Cele s Hsiehem v roce 2004 referuje ve své praci o signifikantné vyssi frekvenci pfitomnosti
alely G v pozici -308 u TNF-a genu ve skupiné taiwanskych premenopauzalnich Zen s
leiomyomem (Hsieh, 2004). Tento vysledek jsme v nasi praci nepotvrdili, ale ani nevyvratili.
V Gvahu nutno vzit hlavné skutecnost jiz vySe zminéné etnické heterogenity vySetifovanych
polymorfismi, kde u taiwanské populace prevlada v pozici -308 alela G proti predominatni

alele A u evropské populace.
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Litovkin a kol., 2007 ve své studii genového polymorfismu -174 G/C genu pro IL-6
uvadi, ze tento SNP neni rizikovym faktorem velkého vyznamu pro rakovinu prsu (ukrajinska
populace), nicméné popisuje jisty trend asociace mezi mutantni alelou C a nachylnosti
k déloznimu leiomyomu. V nasi studii jsme tento trend nepotvrdili, pfestoze patiime do stejné

kavkazské populace.
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6 ZAVER

Ackoli jsou pfi¢iny vzniku dé€loznich myomu stidle nezndmé, soucasnd veédecka
literatura obsahu tfadu informaci tykajicich se epidemiologie, genetiky, hormonalnich aspekti
a molekularni biologie téchto tumord. V poslednich letech je vénovana zvysena pozornost
genetickym zméndm v souvislosti s predispozici k vyskytu myomid a jejich dédi¢nosti.
Zkouman je vliv etnicity, zvySeny familiarni vyskyt nebo incidence leiomyomu u dvojcat.
V tomto smyslu byla navrzena i tato studie s cilem nalézt nové poznatky v oblasti predikce
vyskytu a diagnostiky tohoto onemocnéni a vysledky aplikovat v prevenci. NasSe prace jako
prvni analyzuje pomoci molekularné-genetickych metodik (PCR-SSP, sekvenovéni) takto
rozsahlé spektrum nasledujicich cytokinli a jejich polymorfismi: interleukin IL-lo (—889
T/C), IL-1B (-511 T/C a +3962 T/C), IL-1R (pst11970 C/T), IL-1RA (mspal11100 T/C), IL-
4Ra (+1902 G/A), IL-12 (-1188 C/A), interferon (IFN)-y (+874 A/T), TGF-B1 (kodén 10 C/T
a kodoén 25 G/C), tumor nekrotizujici faktor (TNF)-a (=308 G/A a —238 G/A), IL-2 (—330
T/G a+166 G/T), IL-4 (—1098 T/G, =590 T/G a —33 T/C), IL-6 (=174 G/C a nt565 G/A) a IL-
10 (—1082 G/A, —819 C/T a =592 C/A). Frekvence vétSiny testovanych SNP nedosadhla u
pacientl statisticky vyznamného rozdilu. Zaznamenali jsme ale zajimavy rozdil v distribuci
genotypt interleukinu 4. Genotyp CC v promotorové pozici -590 a -33 byl zastoupen u
pacientek s mensi frekvenci nez u kontrol (p=0,03). Mezi témito SNP je dokonce silna
vazebna nerovnovaha (D+#0). Prace dale srovnava pacientky s kontrolami po rozdéleni
souboru pacientek do dvou skupin dle jejich véku <35 a >35. Byl pozorovan stejny trend v
nizsi frekvenci genotypu CC v pozicich -590 a -33 u pacientek starSich 35 let (p=0,09),
nikoliv v§ak u mladsich pacientek. Krom¢ IL-4 jsme zaznamenali rozdil v distribuci genotypt
iu genu TNFa (promotorovy SNP -308 A/G). Frekvence genotypu AA byla vyssi u pacientek

pod 35 let (p=0,02). Tento rozdil nebyl u starSich pacientek potvrzen (>35). Zavérem miizeme
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tedy konstatovat, ze vysledky nasi prace naznacuji moznou souvislost mezi pfitomnosti
nekterych genovych polymorfismi cytokinG (IL-4, TNF-a) a zvySenym rizikem vzniku
délozni myomatozy. Pochopitelné budou za potiebi dalsi vyzkumné projekty k objasnéni

mechanismu pisobeni vySe uvedenych souvislosti.
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Abstract. Uterine fibroid or leiomyoma is a frequent
non-malignant tumour with unknown aetiology and
pathogenesis. The aim of our study was to look for
possible genetic markers which could be used as
prognostic tools for evaluation of an increased risk
for development of uterine fibroid. A large spectrum
of Th1/Th2 cytokine gene polymorphisms in 102 pa-
tients with uterine leiomyoma was compared with
145 healthy controls. An association between poly-
morphisms of the IL4 gene promotor at positions
-590 C/T and -33 C/T, and the risk of leiomyoma was
observed. The CC genotype of IL4 -590 and at posi-
tion -33 was less frequent in the patient group than in
the control group (P = 0.03). Besides IL-4, we ob-
served different genotype distribution of the TNFA
gene -308 A/G. The frequency of genotype AA was
higher in the younger (< 35 years) patient group (P =
0.02). Our study thus suggests that certain cytokine
gene polymorphisms, especially of the IL4 and TNFA
genes, may be associated with increased risk for de-
velopment of uterine fibroid. Further investigation
would be needed to elucidate the mechanisms re-
sponsible for these associations.
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Introduction

Uterine fibroid (UF) or leiomyoma is diagnosed in
30-40 % of women in reproductive age. UF becomes
symptomatic in one-third of diagnosed patients and is
the most frequent indication for hysterectomy (Falcone
and Walters, 2008). UF is a benign monoclonal tumour
of smooth muscle cells of the uterus and also contains
large amounts of extracellular matrix components such
as collagen, fibronectin and proteoglycans (Parker,
2007). The clinical symptoms are related to the local
mass effect, resulting in pressure upon adjacent organs,
excessive uterine bleeding or problems related to infer-
tility and pregnancy. Leiomyomas can be usually diag-
nosed by gynecologic palpatory examination, transvagi-
nal ultrasonography or hysteroscopy and MRI. Although
the tumour represents the most common benign female
tumour, its aetiology remains unknown. The influence
of several genetic, hormonal, anthropometrical and re-
productive factors is supposed (Flake et al., 2003; Stew-
art and Morton, 2006; Evans and Brunsell, 2007).

The genetic factors contributing to the development of
UF are being intensively investigated. The possibility for
a role of certain cytokine gene polymorphisms in the
pathogenesis of UF has been suggested in several previ-
ous works (Hsieh et al., 2004, 2007; Litovkin et al., 2007;
Pietrowski et al., 2009). The aim of our study was there-
fore to examine a large spectrum of Th1/Th2 cytokine
gene polymorphisms in patients with uterine leiomyoma
and to compare them with healthy controls. Our hypoth-
esis of a possible association between cytokine single nu-
cleotide polymorphisms (SNP) and the incidence of UF
was based on the fact that cytokines may enhance eleva-
ted production of matrix metalloproteinases, which may
further stimulate leiomyoma growth (Inagaki et al., 2003).
These polymorphisms may not be directly linked to the
disease, but may be useful tools in the study of this multi-
factorial disorder (Andersen et al., 1994). To our best
knowledge, our study is the first to analyse such a wide
range of cytokine gene polymorphisms in UF patients.

Folia Biologica (Praha) 56, 206-210 (2010)
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Material and Methods

Patients

The study group enrolled 102 patients diagnosed with
UF between 2007 and 2008 at Charles University in
Prague, First Faculty of Medicine and General Faculty
Hospital in Prague. The study design and Informed Con-
sent form was approved by the Ethics Committee of the
General University Hospital, Prague. Informed consent
was obtained from all patients. Ultrasonography target-
ed on the size and character of the leiomyoma was per-
formed in all patients. Patients also underwent elective
surgery such as laparoscopic myomectomy, open myo-
mectomy, transcervical resection of myoma or hysterec-
tomy. Histological verification was performed after sur-
gery. Several undefined cases were excluded, such as
leiomyomas with increased cell activity, adenomyosis
and one case of stromal sarcoma. Only UF with typical
histology were enrolled into the study.

Patients with UF for the statistical analysis were di-
vided into two groups: A) < 35 years of age, BMI < 25,
B) > 35 years of age, BMI < 25. None of the patients
took any long-term medication and all also had negative
oncology history. The diameter of UF was verified by
abdominal and transvaginal ultrasonography. The mini-
mal size of UF was set to 30 mm in diameter in case of
single leiomyoma or the occurrence of at least four
small-sized leiomyomas more than 10 mm in diameter
(in case of multiple leiomyomas). The most common
symptoms and complaints were pelvic pain and abnor-
mal bleeding.

As a control group we used 145 control samples from
female volunteers without leiomyoma and mean age of
45 (20-55 years). No women from the control group
took any long-term medication and all had negative on-
cology history. The absence of UF was verified by ab-
dominal and transvaginal ultrasonography.

DNA analysis

DNA was isolated from whole blood using the
QIAamp kits (provided by Qiagen GmbH, Hilden, Ger-
many). The quality of DNA was measured both with gel
electrophoresis and by a spectrophotometer. DNA with
the ratio of absorbancies A260/A280 between 1.7 and
1.9 was considered for further analysis. A Cytokine
Genotyping Kit (Invitrogen, Darmstadt, Germany) was
applied to cytokine genotyping. The following cytokine
SNPs were detected (Table 1): interleukin (IL)-10 (-889
T/C), IL-1B (-511 T/C and +3962 T/C), IL-1R (pst11970
C/T), IL-1RA (mspal11100 T/C), IL-4Ra (+1902 G/A),
IL-12 (-1188 C/A), interferon (IFN)-y (+874 A/T), TGF-
B1 (codon 10 C/T and codon 25 G/C), tumour necrosis
factor (TNF)-a (-308 G/A and —238 G/A), IL-2 (-330
T/G and +166 G/T), IL-4 (-1098 T/G, -590 T/C and -33
T/C), IL-6 (-174 G/C and nt565 G/A) and IL-10 (-1082
G/A, -819 C/T and -592 C/A). The principle of SNP de-
tection is based on PCR reaction with sequence-specific
primers. Briefly, a master mix was prepared according
to manufacturer’s instructions — 140 ul reaction buffer,

5.6-9.3 ug DNA, 20 U Taq polymerase (TopBio, Prague,
Czech Republic) and PCR water added up to a final vol-
ume of 501 ul. Ten microlitres of the master mix were
aliquoted to lyophilized primer mixes. The following
PCR protocol was run in a Biometra Thermocycler
(Schoeller, Goéttingen, Germany) with an optimized
ramp speed to 1 °C/s. The PCR started with an initial
denaturation at 94 °C for 2 min followed by 10 cycles at
94 °C for 15 s and 65 °C for 60 s. The final step involved
20 cycles of 94 °C for 15 s, 61 °C for 50 s and 72 °C for
30 s. PCR products were detected after electrophoresis
in 2% agarose gel by staining with GelRed (Biotium,
Hayward, CA). The gel was documented with a Gene-
Genius Bio-Imaging system (Syngene, Cambridge, UK).

Statistical analysis

Genotype and allele frequencies were determined by
direct counting and were compared with the control
population by Fisher’s exact test or > test. Statistical
analysis was performed using MedCalc statistical soft-
ware (Mariakerke, Belgium). P values lower than 0.05
were considered significant. Adjusted standardized de-
viates between observed and expected values for each
cell were approximated by Z scores to identify large dif-
ferences. Bonferroni correction was used for multiple
comparisons if more than one SNP at the same locus
were assessed.

Results

Hardy-Weinberg equilibrium (HWE) was counted for
each locus and none of them reached a statistically sig-
nificant difference. First, we compared the cytokine
gene SNP of the entire patient cohort with the SNP of
the control group. The frequencies of the majority of
tested cytokine gene SNP in the patient cohort were not
statistically different from the cytokine SNP in the con-
trol group. However, we found an intriguing difference
in the distribution of /L4 genotypes. The CC genotype
of IL4 -590 and at position -33 was less frequent in the
patient group than in the control group (P = 0.03) (Ta-
ble 1). The power of the test reached 73 % for both pol-
ymorphic positions. Furthermore, there is a strong link-
age disequilibrium between these two positions (-590
and -33 (D#0)).

In addition, we compared the cytokine gene polymor-
phisms of patients with the control group after separa-
tion of patients into two cohorts according to age —< 35,
and > 35. The same trend of lower frequency of the CC
genotype /L4 -590 and /L4 -33 in patients compared
with controls was preserved in older individuals
(> 35 years) (P = 0.09) but not in patients younger than
35 (Table 2). Besides /L4, we observed a different geno-
type distribution of the TNFA gene -308 A/G. The fre-
quency of the AA genotype was higher in the younger
patient group (P =0.02) (Table 3), but this result was not
conclusive due to the small power of the test (42 %).
This difference was not found in the patient group with
> 35 years of age.
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Table 1. Comparison of genotype frequencies between the patient group and the control group

Cytokine SNP Genotype Controls Patients P value
N (%) N (%)
IL-la -889 cc 69 (48) 51 (50) 0.70
CT 59 (41) 42 (42)
TT 16 (11) 8(8)
IL-1B 511 cc 79 (54) 46 (45) 0.35
CT 54 (37) 46 (45)
TT 12 (8) 10 (10)
IL-1B +3962 cc 74 (51) 55 (54) 0.78
CT 55 (38) 39 (38)
TT 15 (10) 8(8)
IL-1R Pst1 1970 cc 55 (38) 40 (39) 0.66
CT 67 (46) 50 (49)
TT 23 (16) 12 (12)
IL-1RA Mspal 11100 cc 13 (9) 13 (13) 0.62
CT 63 (43) 41 (40)
TT 69 (48) 48 (47)
IL-4Ra +1902 AA 84 (58) 60 (59) 0.62
AG 56 (39) 36 (35)
GG 5(3) 6 (6)
IL-12 -1188 AA 85 (59) 54 (53) 0.24
AC 55 (38) 42 (42)
cc 3(2) 6 (6)
IFN-y +874 AA 40 (28) 32(31) 0.85
AT 70 (49) 47 (46)
TT 32 (23) 23(23)
TGF-B1 codon 10 cc 25(17) 13 (13) 0.17
CT 66 (46) 61 (60)
TT 54 (37) 28 (27)
TGF-B1 codon 25 cc 1(1) 1(1) 0.76
cG 20 (14) 11 (11)
GG 124 (86) 90 (88)
TNF-o -308 AA 1(1) 4(4) 0.14
AG 29 (20) 25 (25
GG 113 (79) 73 (72)
TNF-o 238 AA 0(0) 0(0) 0.16
AG 14 (10) 5(5)
GG 129 (90) 97 (95)
IL-2 -330 GG 15 (10) 12 (12) 0.95
GT 63 (44) 44 (43)
TT 65 (45) 46 (45)
IL-2 +166 GG 61 (43) 48 (47) 0.76
GT 62 (43) 42 (41)
TT 20 (14) 12 (12)
IL-4 -1098 GG 0(0) 0(0) 0.21
GT 22 (15) 10 (10)
TT 122 (85) 92 (90)
IL-4 -590 cc 112 (78) 64 (63) 0.03
CT 27(19) 34 (33)
TT 5(3) 44)
IL-4 33 cc 112 (78) 64 (63) 0.03
CT 27(19) 34 (33)
TT 5(3) 4(4)
IL-6 -174 cc 27(19) 19 (19) 0.23
CG 72 (50) 41 (40)
GG 45 (31) 42 (41)
IL-6 nt565 AA 25(17) 18 (18) 0.21
AG 73 (51) 41 (40)
GG 46 (32) 43 (42)
IL-10 -1082 AA 42 (29) 32(31) 0.45
AG 83 (57) 51 (50)
GG 20 (14) 19 (19)
IL-10 819 cc 74 (51) 56 (55) 0.82
CT 64 (44) 41 (40)
TT 7(5) 5(5)
IL-10 -592 AA 7(5) 5(5) 0.82
AC 64 (44) 41 (40)

cC 74 (51) 56 (55)
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Table 2. Genotype distribution of IL-4 -590 and -33 in the
two patient groups (< 35 years and > 35 years of age);
compared with the control group (P = 0.09)

1L-4 -590 CC CT TT
N (%) N (%) N (%)
Controls 112 (78) 27 (19) 5(3)
Patient age < 35 24 (63) 12 (32) 2 (5
Patient age > 35 38 (61) 22 (36) 2(3)
1L-4 -33 CC CT TT
Controls 112 (78) 27 (19) 503)
Patient age <35 24 (63) 12 (32) 2(5)
Patient age > 35 38 (61) 22 (36) 203)

Table 3. Genotype distribution of TNF-o. -308 in the two
patient groups < 35 years and > 35 years of age); com-
pared with the control group (P = 0.02).

TNF-a -308 AA AG GG
N (%) N (%) N (%)
Controls (D) 29 (20) 113 (79)
Patient age <35 308 5(13) 30 (79)
Patient age >35 1(2) 20 (32) 41 (66)

Discussion

Our study was designed to search for possible genetic
markers which could be used as prognostic tools for
evaluation of increased risk for development of UF. The
role of various cytokines in leiomyoma development
has been investigated, like that of epidermal growth fac-
tor (EGF) (Shimomura et al., 1998), transforming
growth factor B (TGF-B) (Arici and Sozen, 2000), chem-
okines and chemokine receptors (Syssoev et al., 2008).
Besides, it is known that leiomyoma growth is depend-
ent on oestrogen and progesterone production (Maruo et
al., 2003), which on their part may influence the gene
expression of several cytokines and growth factors.

In our study we selected several “candidate” SNPs of
pro- and anti-inflammatory cytokine genes which could
be associated with UF development. Besides, there is
extensive literary data that the studied SNPs may influ-
ence the level of gene expression of the corresponding
cytokines (Turner et al.,1997; Wilson et al., 1997; Fish-
man et al., 1998; Smith and Humphries, 2009).

Our study suggests a possible association between
the polymorphisms of the /L4 gene promotor, namely
SNP -590 C/T and -33 C/T, and the risk of leiomyoma
development. T allele substitution at position -590 in-
creases /L4 gene expression and is associated with ele-
vation of serum IL-4 concentrations (Rosenwasser and
Borish, 1997). On the contrary, the C allele at this posi-
tion leads to decreased gene expression. It is a matter of
speculation what might be the reason for the observed
association. As a strong anti-inflammatory cytokine, 1L-4
has been shown to modulate the activation of tumour-as-
sociated fibroblasts (Blankenstein, 2005). Its role in tu-
mour clearance and reduction of tumour load has also
been investigated (Tepper et al., 1989; Golumbek et al.,

1991; Hock et al., 1993, 1994). The study of Hsiceh et al.
(2007) tested the same /L4 -590 polymorphisms and other
SNPs; however, no association with the incidence of UF
was found with the exception of IL-12RB1. This contra-
diction may be caused by differences between the pa-
tient groups studied (premenopausal Taiwanese women)
or by a race difference as it was previously shown in the
study of Skorpil et al. comparing CGP among three Eu-
ropean populations (Skorpil et al., 2007).

Our results indicated a possible role of TNFA poly-
morphism on the risk of leiomyoma development. Tu-
mour necrosis factor participates in the induction of in-
flammatory responses and acute phase reactions, which
in turn cause many of the clinical problems associated
with various infectious and autoimmune diseases. The
effect of the TNFA gene on tumour pathogenesis has
also been described. There are reports in the literature
about the influence of TNFA4 -308 A/G polymorphism on
various tumours with a significantly increased frequen-
cy of the A allele among patients with malignancies
(Chouchane et al., 1997). It has been shown that the sub-
stitution of the -308 A to G is a part of haplotype which
influences TNFA gene expression. The A allele at this
position increases cytokine production up to 7-fold
(Wilson et al., 1997). However, further studies would be
needed to clarify to what extent TNF-a may play a role
in the aetiology and pathogenesis of UF. The group of
Hsieh et al. (2004) found association of TNFA -308 G
allele with leiomyoma in premenopausal Taiwan Chi-
nese women. This result, however, cannot be confirmed
or rebutted based on our results, but one should take into
account the oriental ethnic background, where the G al-
lele is the most frequent at position -308 in Taiwanese
women, whilst the A allele is predominant in the Euro-
pean nations.

In conclusion, our study suggests that certain cy-
tokine gene polymorphisms, especially those of /L4 and
TNFA, may be associated with increased risk for devel-
opment of uterine fibroid. Further investigation would
be needed to elucidate the mechanisms responsible for
these associations.
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Abstract The purpose of this study was to compare the
midterm results of a radiological and surgical approach to
uterine fibroids. One hundred twenty-one women with
reproductive plans who presented with an intramural
fibroid(s) larger than 4 cm were randomly selected for
either uterine artery embolization (UAE) or myomectomy.
We compared the efficacy and safety of the two procedures
and their impact on patient fertility. Fifty-eight emboliza-
tions and 63 myomectomies (42 laparoscopic, 21 open)
were performed. One hundred eighteen patients have fin-
ished at least a 12-month follow-up; the mean follow-up in
the entire study population was 24.9 months. Embolized
patients underwent a significantly shorter procedure and
required a shorter hospital stay and recovery period. They
also presented with a lower CRP concentration on the
second day after the procedure (p < 0.0001 for all
parameters). There were no significant differences between
the two groups in the rate of technical success, symptom-
atic effectiveness, postprocedural follicle stimulating
hormone levels, number of reinterventions for fibroid
recurrence or regrowth, or complication rates. Forty
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women after myomectomy and 26 after UAE have tried to
conceive, and of these we registered 50 gestations in 45
women. There were more pregnancies (33) and labors (19)
and fewer abortions (6) after surgery than after emboliza-
tion (17 pregnancies, 5 labors, 9 abortions) (p < 0.05).
Obstetrical and perinatal results were similar in both
groups, possibly due to the low number of labors after UAE
to date. We conclude that UAE is less invasive and as
symptomatically effective and safe as myomectomy, but
myomectomy appears to have superior reproductive out-
comes in the first 2 years after treatment.

Keywords Comparison - Myomectomy - Reproduction -
Uterine fibroid embolization

Embolization of uterine fibroids, which was first introduced
by Ravina et al. [1] in 1995, is now a well-established
therapeutic procedure. Uterine artery embolization (UAE)
is mostly performed in women with symptomatic fibroids
who do not plan further pregnancy. Its use in women with
reproductive plans is still controversial. Evidence exists
that there is a possible risk of infection, which may lead to
sepsis and hysterectomy and premature ovarian failure in
these patients [2—4].

Myomectomy is considered to be a standard treatment
procedure for the removal of myomas in patients of fertile
age [5]. This procedure can also be associated with dra-
matic complications such as perioperative bleeding and
uterine rupture during subsequent gravidity, which may
require hysterectomy. We thus decided to compare the
efficacy and safety of these two approaches in women with
reproductive plans who presented with intramural uterine
fibroids. The first results of this trial have already been
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published [6]. The aim of this paper is to present midterm
clinical and first reproductive results obtained in a larger
group of patients.

Materials and Methods
Trial Design

The trial was approved by the Ethics Committee of the First
Medical Faculty of Charles University. It was designed as
prospective and randomized. Every newly recruited patient
was randomly assigned a computer-generated integral
number from 1 to 100 (using a random number generating
program available at http://www.random.org, by Mads
Haahr, Distributed Systems Group, Department of Com-
puter Science, University of Dublin, and Trinity College,
Ireland). This was always done at the point of randomiza-
tion, so that no researcher could know or predict any
subsequent number. Patients who were assigned an odd
number were included in group E (embolization), and
patients who were assigned an even number in group M
(myomectomy). The researcher in charge of patient
recruitment and detailed instruction has always been dif-
ferent from the researcher accomplishing randomization.
This second doctor did not know any patient details at the
time of randomization and was only notified that the patient
met the criteria for trial entry.

Study Population

One hundred forty-nine women with uterine fibroid or
fibroids and unfinished reproductive plans were examined
from November 2001 to December 2005. All patients
entering the trial underwent gynecological examination and
abdominal and transvaginal ultrasonography (US) exami-
nation of the small pelvis, including Doppler examination
of uterus and fibroids. Serum levels of follicle stimulating
hormone (FSH) luteinizing hormone (LH), and estradiol
were measured on the third day of the cycle in all patients.
Additionally, pelvic magnetic resonance imaging (MRI)
was performed (i) when clinical examination or US was
suspicious for adenomyosis or uterine sarcoma, (ii) in
virgins where vaginal US was impossible, and (iii) starting
in April 2004, in all patients before UAE. Other possible
causes of infertility were systematically investigated in
couples with primary or secondary sterility or a history of
consecutive abortions.

All patients completed a questionnaire relating to
myoma-related symptoms before the start of the thera-
peutic procedure. Each patient had to define the intensity of
symptoms on a scale from 1 to 10, where 1 = absence of
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symptoms and 10 = maximal intensity of symptoms. The
following symptoms were evaluated: (i) menorrhagia and/
or hypermenorrhea, (ii) dysmenorrhea, (iii) dyspareunia,
(iv) pelvic pain, (v) dysuria and/or urinary frequency, and
(vi) pressure symptoms.

The following inclusion criteria were set: (i) US-verified
intramural fibroid at least 4 cm at its largest diameter (in
the case of multiple fibroids, at least one with a size of 4
cm), (ii) age <40 years, (iii) serum FSH concentration <30
IU/L (on the third day of menstrual cycle), and (iv) planned
pregnancy. Intramural fibroids were defined using US as a
uterine wall expansion of typical echo structure with the
prevalent part of its volume inside the myometrium.

Exclusion criteria included (i) nonintramural localiza-
tion of the main fibroid (submucosal and subserous); (ii)
size of the dominant myoma >12 cm in its largest diameter
(according to US) or uterus enlarged to the size corre-
sponding to >4 months of pregnancy (according to
bimanual pelvic examination); (iii) previous myomectomy,
embolization, or hormonal therapy of fibroids with GnRH
agonists or Danazol; (iv) suspected uterine sarcoma or
diffuse adenomyosis (according to US or MRI); and (v)
serious disease contraindicating gravidity.

Embolization Procedure

Patients included in group E underwent bilateral UAE. The
access for the procedure was from the right groin via the
right common femoral artery. The aim was to bilaterally
embolize the ascending branches of the uterine artery
supplying the fibroid in order to achieve a complete loss of
fibroid perfusion and, at the same time, leave free flow in
the main stems and in cervico-vaginal branches of both
uterine arteries. We refrained from embolization of sites
displaying significant utero-ovarian anastomoses of type III
(main ovarian blood supply arises from the uterine artery)
[7], which could not be overcome by microcatheter.

The technique of “free flow embolization” was
employed to perform all procedures, using a 5-Fr catheter
(RUC, COOK; William Cook Europe, Bjeeverskov, Den-
mark) and always with the aid of a coaxially introduced
microcatheter (Embocath; BioSphere Medical Inc., Rock-
land, MA, USA). Trisacryl gelatin microspheres
(Embospheres; BioSphere Medical, S.A., Roissy, France)
were used for embolization in all cases. At the start of the
study (first five patients), we chose particles 300 to 900 pm
in diameter. Later, in accordance with data published in the
literature, particles larger than 500 um were used exclu-
sively, to prevent possible nontargeted ovarian
embolization via utero-ovarian anastomoses [8].

A single dose of antibiotics (sultamicillin; 1.5 g intra-
venously) was administered to every patient 30 min before
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the embolization. For pain management during the first 24
h after the procedure patients were given either epidural
analgesia (10 ml of 0.5% bupivacain plus 5 pg of sufen-
tanyl in 50 ml of normal saline, administered continually at
5 to 10 ml per hour) or intravenous analgesia (5 pg of
sufentanyl plus 0.15 mg of clonidin in 50 ml of normal
saline as a continual infusion at 5 to 10 ml per hour).
Nausea and postembolization discomfort during sub-
sequent days were treated by thiethylperazin, diclofenac,
and paracetamol. The minimal length of hospitalization
after the procedure was 48 h.

Embolization leading to bilateral occlusion of ascending
branches of urinary arteries and a complete loss of fibroid
perfusion, as detected by angiography, was considered
technically successful. Dissection or spasm of uterine
arteries, adverse reaction to administered drugs, hematoma
in the groin, and other complications of angiography were
considered periprocedural complications. All procedures
were performed by the same interventional radiologist.

Myomectomy

The myomectomy procedure was always initiated with
hysteroscopy: a finding of a submucous fibroid of type 0 or
type I (according to the classification of European Society
for Hysteroscopy) would eliminate the relevant patient
from the study. Hysteroscopy was followed by laparoscopy
and the access for myomectomy was chosen according to
predefined criteria. Open myomectomy (OM) was pre-
ferred when a fibroid was larger than 8 cm, in the case of a
finding of multiple intramural fibroids, and in the case of a
very unfavorable localization of a fibroid (e.g., in uterine
edges reaching the pelvic wall or deep in the posterior
uterine wall reaching the insertions of sacro-uterine liga-
ments). In all other cases myomectomy was performed by
laparoscopy. The suture of the uterine wall defect required
after myoma enucleation was performed using atraumatic
stitches in two layers (vicryl 2/0, polyglactin 910; Ethicon,
Brussels, Belgium). Myomectomy was also covered by a
single dose of antibiotics (sultamicillin, 1.5 g i.v. 30 min
before the procedure), by the corresponding protocol of
continuous intravenous analgesia (sufentanyl plus clonidin
for the first 24 h after the procedure), and by the same
symptomatic therapy (antiemetics, antipyretics, analgesics)
such as UAE. The minimal length of hospital stay was 48 h
after LM and 120 h (5 days) after OM.

Myomectomy was evaluated as successful when all
detectable fibroids larger than 4 cm were completely
removed. The following were considered to be periopera-
tive complications: (i) injury of organs in the abdominal
cavity (fallopian tube, ovaries, urinary bladder, intestines)
or major pelvic vessels, (ii) blood loss exceeding 1000 ml,

(iii) unexpected penetration of the uterine cavity (in women
in whom fibroid prominence in the cavity was not previ-
ously detected by hysteroscopy), (iv) unplanned conversion
from LM to laparotomy (during myoma enucleation), and
(v) early reoperation because of uterine bleeding, hemo-
peritoneum, or hematoma. The same two surgeons
performed all myomectomies.

Follow-up

The occurrence of the following early postoperative com-
plications were monitored during the first 30 days: fever,
signs of pelvic infection, severe vaginal bleeding, severe
pain not responsive to analgesics, prolonged hospital stay
(>48 h after UAE, 72 h after LM, and >144 h after OM),
the necessity for antibiotics or blood transfusion, rehospi-
talization, allergic reactions, wound complications after
myomectomy, ischemic phenomena after UAE, surgical
intervention due to hematoma (pelvic, subfascial, retro-
peritoneal,or inguinal) or infection, thromboembolic
complications, and hysterectomy.

Patients were examined (clinically and using ultraso-
nography) 1 month and 6 months postprocedurally and
subsequently every 6 months. The levels of FSH, LH, and
estradiol (on the third day of the cycle or at another time in
the case of amenorrhea) were measured and myoma-related
symptoms were again evaluated (the same questionnaire) 6
months after the procedure. The FSH level was monitored
in the subsequent course of follow-up in women with signs
of ovarian failure. Patients were examined immediately in
the case of difficulties, complications, or signs of
pregnancy.

The following late complications were assessed more
than 30 days after the procedure: (i) signs of uterine
infection or sepsis; (ii) permanent or transient signs of
ovarian failure (clinical, i.e., amenorrhea not related to
pregnancy, with or without vasomotor symptoms of men-
opause, requiring hormone replacement therapy [HRT]; or
laboratory, in the case of FSH increase by >5 IU/L, com-
pared to pretreatment values); (iii) ischemic phenomena
after UAE; (iv) chronic pelvic pain or dyspareunia; (v)
sudden severe uterine bleeding; (vi) chronic malodorous
vaginal discharge; (vii) loss of libido; (viii) emergency
myomectomy or hysterectomy; (ix) vaginal fibroid expul-
sion; and (x) uterine rupture.

Great emphasis was placed on ultrasonographical scan
of the uterus 6 months after the procedure. The following
outcomes were evaluated as favorable, with regard to
planned gravidity: (i) absence of a fibroid larger than 5 cm
or a fibroid deforming the uterine cavity and (ii) absence of
a hematoma or thinning of the myometrium in place of
previous myomectomy. MRI was performed 6 months after
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embolization in patients who underwent MRI before UAE
(all patients starting from April 2004) and also in patients
who showed no sign of a fibroid decrease by US. The main
benefit of MRI in these patients was confirmative deter-
mination of fibroid reperfusion or its insufficient infarction.

Reproductive Follow-up and Reinterventions

All patients with reproductive plans were recommended to
wait for at least 6 months after the therapy. Women with a
history of infertility who had a favorable outcome of a US
uterus scan 6 months after the procedure were referred to a
center of assisted reproduction to undergo causal infertility
treatment (according to associated factors), including in
vitro fertilization (IVF). History of reproductive attempts
and results of all patients were systematically recorded
during regular checkups (every 6 months). In the case of
pregnancy, prenatal monitoring and delivery at our hospital
were offered to all patients. The type of delivery and
possible indications for operative delivery were subjected
to standard rules: cesarean section was not primarily indi-
cated (only if other indications were also present) except
for cases where persisting fibroid formed an obstetric
obstruction and in patients who underwent intrauterine
penetration during myomectomy.

Secondary myomectomy was recommended in the case
of undetectable fibroid shrinkage at 6 months after UAE
and/or in the case of a persisting fibroid >5 cm. Similar
reintervention was recommended anytime later (except
during pregnancy) when fibroid regrowth after UAE (over
5 cm) or recurrent fibroid >5 cm after myomectomy was
detected. The intervals between checkups after surgical
reintervention were also 6 months, and patients were rec-
ommended to delay their pregnancy plans for at least
another 6 months.

Analysis of the Results

The results were analyzed on an intent-to-treat basis. For
statistical comparison of qualitative parameters from both
groups (e.g., rehospitalization: yes or no), chi-square test
and Fischer’s test were used. For comparison of quantita-
tive parameters (e.g., FSH level), Student’s t-test and
Mann-Whitney test were used. p < 0.05 was determined to
be statistically significant.

Results

Twenty-one patients (15.4%) of 149 refused to participate
in the trial and 7 patients were excluded from the study
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based on the elimination criteria; the remaining 121 women
were randomized into one of the two groups (58 for UAE
and 63 for myomectomy) and they underwent appropriate
therapy (Table 1). Of this count, 120 patients have finished
a 6-month follow-up and 3 patients have dropped out of the
trial: 1 patient did not turn up for the checkup at 6 months
after myomectomy and 2 patients did not turn up at 12
months after UAE.

Of the total number of 121 patients, 110 patients were
symptomatic (90.9%). The mean age of women was 32.4
and 32.0 years in groups E and M, respectively. Sixty-six
patients were nulligravidae (54.5%), 35 were sterile
(28.9%; 11 in group E and 24 in group M; p < 0.05), 18
had miscarried in the past (14.9%), and 51 had another
subfertility factor other than myoma (42.1%). Mean FSH
levels before the procedure were 6.98 + 2.9 TU/L in group
E and 6.73 £ 1.9 TU/L in group M. Six patients had a FSH
value >10 IU/L before embolization, and four women
before myomectomy. Except for the rate of sterility, there
were no statistically significant differences in any afore-
mentioned factors or in other entry parameters (size of
dominant fibroid, number of fibroids) between the two
groups. A detailed summary of US scan findings prior to
both procedures is given in Table 2.

Periprocedural results are shown in Table 3. The rate of
technical failures was about 10% in both groups. Six
patients were embolized unilaterally (four due to atypical
branching or spasms of uterine arteries not responding to
vasodilators and two because of large utero-ovarian anas-
tomoses). In five women myomectomy was incomplete due
to unfavorable localization, resulting in the retention of a
fibroid larger than 4 cm. Forty-two (67%) myomectomies
of 63 were performed by LM. The frequency of laparo-
conversions, i.e., myomectomies started by LM which had
to be completed as an open surgery because of complica-
tions (i.e., bleeding and/or difficult tumor enucleation from
the uterus), was 4.5%. The following complications have
occurred: in group E, one case of artery dissection and
three cases of uterine artery spasms; and in group M, three
myomectomies with unexpected intrauterine penetration
and two nonelective laparoconversions.

There were no significant differences in most monitored
parameters of early postprocedural results between the two
groups (Table 4). The average length of hospitalization and
postoperative recovery were significantly longer and the
mean serum C-reactive protein concentration was signifi-
cantly higher in the group of women treated by surgery.
There were no significant differences in the frequency of
early complications between the two groups. All these
complications can be considered as mild or moderately
serious. It was the febrile status in most cases which
required therapy with antibiotics (eight patients in group E,
five patients in group M). After UAE 1 patient required a
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Table 1 Flowchart of 142 patients (pt) eligible (according to inclusion criteria) to enter the trial

Pt no. Pt initials Year of birth Date of randomization Randomized into group Date of procedure Type of procedure
1 Z1. 1969 2.11.2001 E 20.11.2001 UAE
2 M.H. 1967 2.11.2001 E 22.11.2001 UAE
— K.S. 1965 — Refused — —

3 L.N. 1973 7.12.2001 M 9.1.2002 OM
4 D.D. 1965 14.12.2001 E 24.1.2002 UAE
5 D.K. 1964 11.1.2002 M 21.2.2002 OM
— J.B. 1973 — Refused — —

6 M.M. 1976 8.2.2002 E 28.3.2002 UAE
— B.C. 1970 — Refused — —

7 M.L. 1974 15.3.2002 M 11.4.2002 OM
8 D.L. 1973 22.3.2002 M 15.4.2002 oM
9 V.H. 1976 22.3.2002 E 3.5.2002 UAE
10 K.S. 1968 12.4.2002 M 22.5.2002 LM
— P.K. 1964 — Refused — —
— M.P. 1976 — Refused — —

11 M.M. 1972 31.5.2002 M 4.7.2002 OM
— L.H. 1977 — Refused — —
12 L.B. 1971 21.6.2002 M 7.8.2002 OM
13 D.M. 1975 6.9.2002 E 11.10.2002 UAE
14 E.M. 1976 13.9.2002 E 15.10.2002 UAE
15 M.K. 1973 27.9.2002 M 27.11.2002 OM
16 J.C. 1974 4.10.2002 E 14.11.2002 UAE
17 L.S. 1975 18.10.2002 M 27.11.2002 LM
18 A.H. 1970 25.10.2002 M 16.12.2002 OM
19 LK. 1970 25.10.2002 E 21.11.2002 UAE
— H.S. 1966 — Refused — —
20 M.K. 1975 13.12.2002 M 22.1.2003 OM
21 M.C. 1966 20.12.2002 E 9.1.2003 UAE
22 D.H. 1976 20.12.2002 M 28.1.2003 LM
23 D.V. 1967 10.1.2003 E 30.1.2003 UAE
24 J.B. 1971 24.1.2003 E 6.3.2003 UAE
— S.B. 1968 — Refused — —
25 V.H. 1970 7.2.2003 E 20.3.2003 UAE
26 M.O. 1967 21.2.2003 M 2.4.2003 OM
27 LT. 1968 28.2.2003 M 14.5.2003 OM
28 H.A. 1964 28.3.2003 E 30.4.2003 UAE
29 L.V. 1969 4.4.2003 E 7.5.2003 UAE
30 JM. 1963 25.4.2003 M 3.6.2003 OM
31 M.K. 1974 25.4.2003 E 19.5.2003 UAE
32 L.T. 1968 2.5.2003 M 17.6.2003 OM
33 S.B. 1971 2.5.2003 E 29.5.2003 UAE
34 E.T. 1968 23.5.2003 E 3.7.2003 UAE
35 B.P. 1973 13.6.2003 M 9.9.2003 OM
36 L.K. 1974 13.6.2003 E 3.7.2003 UAE
— LS. 1964 — Refused — —
37 M.S. 1966 10.10.2003 M 26.11.2003 LM
38 M.H. 1964 24.10.2003 E 4.12.2003 UAE
— A.H. 1965 — Refused — —
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Table 1 continued

Pt no. Pt initials Year of birth Date of randomization Randomized into group Date of procedure Type of procedure
39 K.K. 1975 19.12.2003 M 10.2.2004 LM
40 LJ. 1967 19.12.2003 E 9.1.2004 UAE
41 LF. 1971 9.1.2004 E 23.1.2004 UAE
42 D.L. 1977 16.1.2004 M 17.2.2004 LM
43 J.V. 1977 16.1.2004 E 17.2.2004 UAE
44 E.S. 1972 30.1.2004 M 2.3.2004 LM
45 R.K. 1966 6.2.2004 E 5.3.2004 UAE
46 J.H. 1972 13.2.2004 E 12.3.2004 UAE
47 M.M. 1967 13.2.2004 M 23.3.2004 LM
48 M.Z. 1970 20.2.2004 E 12.3.2004 UAE
49 E.S. 1970 5.3.2004 M 20.4.2004 LM
50 M.M. 1965 12.3.2004 M 20.4.2004 OM
51 K.K. 1968 12.3.2004 E 2.4.2004 UAE
52 D.M. 1968 19.3.2004 M 21.4.2004 OM
53 N.V. 1969 19.3.2004 M 21.4.2004 LM
54 M.T. 1970 26.3.2004 M 8.6.2004 LM
55 LS. 1966 26.3.2004 E 29.4.2004 UAE
— EZ. 1971 — Refused — —
56 M.P. 1974 23.4.2004 M 7.7.2004 LM
57 E.K. 1972 23.4.2004 E 14.5.2004 UAE
58 P.S. 1967 7.5.2004 M 19.7.2004 OM
59 L.D. 1974 14.5.2004 M 21.7.2004 LM
60 1.S. 1968 14.5.2004 E 11.6.2004 UAE
61 H.K. 1965 21.5.2004 M 7.9.2004 OM
62 M.M. 1972 28.5.2004 M 12.10.2004 LM
63 AM. 1970 28.5.2004 M 9.11.2004 LM
64 V.H. 1978 31.5.2004 E 11.6.2004 UAE
65 K.W. 1970 4.6.2004 E 9.7.2004 UAE
— L.S. 1975 — Refused — —
66 K.H. 1973 18.6.2004 E 20.8.2004 UAE
67 E.B. 1983 25.6.2004 E 20.8.2004 UAE
68 K.F. 1968 2.7.2004 E 9.9.2004 UAE
69 M.R. 1973 9.9.2004 M 16.11.2004 LM
70 M.H. 1967 9.9.2004 E 1.10.2004 UAE
— J.P. 1976 — Refused — —
— D.R. 1965 — Refused — —
71 K.F. 1976 23.9.2004 M 29.11.2004 LM
72 P.C. 1975 23.9.2004 E 22.10.2004 UAE
73 P.P. 1972 30.9.2004 E 22.10.2004 UAE
74 B.S. 1972 7.10.2004 M 19.1.2005 LM
75 P.H. 1969 14.10.2004 E 3.11.2004 UAE
76 J.L. 1979 14.10.2004 M 26.1.2005 LM
77 J.E. 1968 21.10.2004 M 27.1.2005 LM
78 L.A. 1969 21.10.2004 E 19.11.2004 UAE
79 M.D. 1975 4.11.2004 M 2.2.2005 LM
80 MR. 1972 11.11.2004 E 10.12.2004 UAE
81 M.Z. 1966 18.11.2004 M 17.2.2005 LM
82 SZ. 1971 9.12.2004 M 17.2.2005 LM

@ Springer



M. Mara et al.: Embolization Versus Myomectomy

79

Table 1 continued

Pt no. Pt initials Year of birth Date of randomization Randomized into group Date of procedure Type of procedure
83 H.S. 1968 16.12.2004 E 21.1.2005 UAE
84 M.S. 1974 6.1.2005 E 18.2.2005 UAE
— E.K. 1965 — Refused — —
— S.D. 1970 — Refused — —
85 L.L. 1972 27.1.2005 E 18.3.2005 UAE
86 L.M. 1972 3.2.2005 M 21.3.2005 LM
87 I.C. 1970 17.2.2005 M 23.3.2005 LM
88 P.Z. 1971 24.2.2005 E 8.4.2005 UAE
89 M.K. 1969 24.2.2005 M 11.4.2005 LM
— M.T. 1975 — Refused — —
90 H.K. 1967 3.3.2005 M 26.4.2005 oM
91 B.Z. 1974 10.3.2005 E 6.5.2005 UAE
92 M.K. 1965 24.3.2005 M 4.5.2005 LM
93 A.G. 1977 31.3.2005 M 16.5.2005 LM
94 L.P. 1972 7.4.2005 M 17.5.2005 LM
95 L.H. 1977 7.4.2005 M 18.5.2005 OM
96 JK. 1976 14.4.2005 E 13.5.2005 UAE
97 M.L. 1976 21.4.2005 M 23.5.2005 LM
— H.V. 1965 — Refused — —
98 M.K. 1974 12.5.2005 M 6.6.2005 LM
99 P.L. 1978 26.5.2005 E 1.8.2005 UAE
100 E.P. 1971 23.6.2005 E 1.8.2005 UAE
101 K.K. 1977 30.6.2005 M 7.9.2005 LM
102 L.F. 1969 14.7.2005 E 21.9.2005 UAE
— E.S. 1966 — Refused — —
103 JR. 1980 8.9.2005 M 26.9.2005 LM
104 E.H. 1972 8.9.2005 E 23.9.2005 UAE
105 O.S. 1967 15.9.2005 M 5.10.2005 LM
106 LK. 1970 15.9.2005 M 12.10.2005 LM
— H.A. 1966 — Refused — —
107 P.P. 1966 22.9.2005 E 14.10.2005 UAE
108 M.A. 1977 29.9.2005 M 26.10.2005 LM
109 EZ. 1973 29.9.2005 M 2.11.2005 LM
110 LS. 1979 29.9.2005 M 2.11.2005 LM
111 D.M. 1967 6.10.2005 E 21.10.2005 UAE
112 J.B. 1967 6.10.2005 M 2.11.2005 LM
113 A.G. 1983 13.10.2005 M 9.11.2005 OM
114 J.P. 1973 13.10.2005 E 15.11.2005 UAE
115 S.S. 1969 20.10.2005 M 16.11.2005 LM
116 H.D. 1974 27.10.2005 M 1.12.2005 LM
117 L.B. 1973 27.10.2005 E 2.12.2005 UAE
— D.v. 1976 — Refused — —
118 K.K. 1970 10.11.2005 E 2.12.2005 UAE
119 M.J. 1972 10.11.2005 M 1.12.2005 LM
120 R.L. 1977 10.11.2005 E 9.12.2005 UAE
121 D.R. 1975 24.11.2005 E 9.12.2005 UAE

Note. LM, laparoscopic myomectomy; OM, open myomectomy; UAE, uterine artery embolization. Dates given as day.month.year
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Table 2 Ultrasound findings for 121 patients prior to uterine artery embolization (UAE) or myomectomy

UAE (n = 58) Myomectomy (n = 63) P

Average size of dominant fibroid, mm + SD (range) 62.3 £ 19.1 (42-107) 59.8 £ 16.5 (41-110) NS*
No. women with myoma >80 mm 8 (13.8%) 7 (11.1%) NSP
No. myomas >2 cm + SD (range) 1.95 + 1.8 (1-8) 1.84 + 2.1 (1-16) NS*
No. women with Solitary myomas 39 (67.2%) 40 (63.5%) NSP
2-5 fibroids 15 (25.9%) 21 (33.3%) NsP
>5 fibroids 4 (6.9%) 2 (3.2%) NS°
Uterine cavity deviated by fibroid(s) 30 (51.7%) 22 (34.9%) NS
Note. NS, nonspecific difference; SD, standard deviation. Tested by: * Mann-Whitney test; b chi-square test; © Fisher’s test
Table 3 Periprocedural evaluation

UAE (n = 58) Myomectomy (n = 63) P
Technical success 52 (89.7%) 58 (92.1%) NSb
Average time of procedure, min + SD (range) 59.2 + 23.1 (30-140) 108.9 + 27.7 (54-173) <0.0001*
Fluoroscopy time, min + SD (range) 16.8 + 6.3 (5-33) —
No. women with utero-ovarian anastomoses 25 (43.1%) —
Average perioperative blood loss, ml + SD (range) — 296.0 = 122.6 (100-700)
Type of analgesia 38 EDA/20 IVA 63 IVA
Complications 4 (6.9%) 5 (7.9%) NS¢

Note. UAE, uterine artery embolization; NS, nonspecific difference; SD, standard deviation; EDA, epidural analgesia; IVA, intravenous
analgesia. Tested by: ® Mann-Whitney test; © chi-square test; © Fisher’s test

Table 4 Early postprocedural results (from day 1 to day 30 after procedure)

UAE (n = 58) Myomectomy (n = 63) P
Average hospital stay, h £ SD (range) 60.2 + 32.3 (36-216) 86.1 + 40.4 (48-192) <0.0001%
Prolonged hospital stay” 9 (15.5%) 6 (9.5%) Ns®
Hospital stay >7 days 1 (1.7%) 3 (4.8%) NS¢
Readmissions to hospital 2 (3.4%) 1 (1.6%) NS¢
Febrile morbidity 7 (12.1%) 7 (11.1%) Ns®
Day 2 serum CRP, mg/L + SD (range) 23.8 +£27.3 (3-168) 36.9 + 28.1 (6-137) <0.0001%
Need for antibiotics 8 (13.8%) 6 (9.5%) NsP®
Necessity for transfusion 0 2 (3.2%) NS¢
Recovery period, days + SD (range) 11.9 + 5.9 (3-30) 22.1 = 12.3 (7-65) <0.0001*
Disability >2 wk 13 (22.4%) 36 (57.1%) <0.0001°
Complications 12 (20.7%) 10 (15.9%) Ns®

Note. UAE, uterine artery embolization; NS, nonspecific difference; SD, standard deviation; CRP, C-reactive protein. Tested by: * Mann-

Whitney test; ° chi-square test; © Fisher’s test

*Longer hospital stay than usual (i.e., more than 48 h after UAE, 72 h after laparoscopic myomectomy, and 144 h after open myomectomy)

prolonged hospital stay due to severe vaginal bleeding
(treated by pharmacotherapy), one patient developed a rash
as a probable reaction to analgesics, and one woman was
treated for postpuncture headache after epidural anesthesia.
Additionally, a subcutaneous hematoma of approximately
5 cm developed in one woman at the site of puncture in the
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right groin and was managed by conservative therapy.
After myomectomy two patients (one after LM and one
after OM) required transfusion due to severe anemia, one
woman developed a urinary tract infection, and one woman
a wound infection. One patient underwent surgical evacu-
ation of subfascial hematoma 1 day after OM.
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Table S Late postprocedural results

UAE (n = 58) Myomectomy (n = 62) P
Mean follow-up, mo + SD (range) 26.2 = 14.2 (6-55) 23.7 £ 13.9 (6-54) NS?
Relief from symptoms* 88.5% (46/52) 87.9% (51/58) NS
6 mo after procedure Serum FSH, IU/L + SD (range) 7.89 + 6.0 (4.0-48.9) 6.49 £ 2.0 (3.6-12.3) NS*
FSH >10 IU/L 8 (13.8%) 2 (3.2%) <0.05¢
Significant elevation of FSH' 3 (5.2%) 0 NS¢
Regrowth or recurrence of fibroid(s) 6 (10.3%) 5 (8.1%) NSP
Reinterventions 19 (32.8%) 2 (3.2%) <0.0001°
Reinterventions for regrowth or recurrence of fibroid(s) 4 (6.9%) 2 (3.2%) NS¢
Complications 8 (13.8%) 5 (8.1%) NS

Note. UAE, uterine artery embolization; NS, nonspecific difference; SD, standard deviation. Tested by: * Mann-Whitney test; b chi-square test; ¢

Fisher’s test

*Lower sum of six followed symptoms at 6 months after procedure than preprocedurally (based on the questionnaire)

T At least 5 IU/L increase at 6 months after procedure (compared with preprocedural level)

Tables 5 and 6 summarize late clinical results and
results of imaging studies at 6 months after the procedure.
The mean length of follow-up was approximately 2 years
in both groups; 81% of women after embolization and 79%
after surgery have been followed for more than 1 year, and
50% of patients in group E and 43% in group M have been
followed for at least 2 years. Both methods were similarly
effective when cumulative evaluation of all symptoms at 6
weeks after the procedure was considered. While it seemed
at preliminary evaluation of results that representation of
patients with total relief from all myoma-related symptoms
would be significantly higher in group M, it now appears
that their number is only insignificantly higher (32 of 58
women, i.e., 55 %) in this group than after embolization
(26 of 52 women, i.e., 50%).

With respect to the main goal of the therapy (gravidity)
and trial design, both groups differed significantly in the
frequency of reinterventions. Secondary myomectomy was
performed in 19 cases in group E: 9 by LM, 8 by lapa-
rotomy, and 2 by hysteroscopy. The mean interval from
UAE to reintervention was 12.4 months (£12.2 months;
median, 7.0 months). The persistence of a large fibroid (>5
cm) at 6 months after UAE was the most frequent indica-
tion (15 cases, including 5 patients with UAE technical
failure), and in 4 cases we reintervened due to regrowth of
a fibroid (see Table 5). In group M, the reintervention was
indicated only in cases of clinically significant recurrence.
Remyomectomy was performed in two women (one by LM
and one by open surgery) at a 15- and 30-month interval
from primary therapy, respectively.

We recorded a relatively low frequency of late com-
plications. All these incidents (dyspareunia, pelvic pain,
endometritis, and one episode of metrorrhagia) after
myomectomy were regarded as mild and nonserious. No

Table 6 Results of imaging studies 6 months after uterine artery
embolization (UAE)

Mean shrinkage of diameter of 31.7%
dominant fibroid on US (58 patients)

Mean shrinkage of volume of 58.7%
dominant fibroid on MRI*

Mean volume of dominant 69 cm®

fibroid on MRI*

Partial infarction of dominant
fibroid on MRI*

No infarction of dominant
fibroid on MRI*

(pre-UAE: 166 cm®)
28.9% (11 / 38)

2.6% (1/38)

*Calculated from only 38 patients with both (pre- and post-UAE)
MRI scans

serious or life-threatening complications have occurred
after UAE either, but in four women there were compli-
cations related to ovarian function. One patient with 6
weeks of amenorrhea had no further menopausal symp-
toms, had a normal FSH level (6.4 TU/L) at 6 months after
UAE, and is pregnant now. A transitory, but significant
FSH elevation, to 15.0, 30.4, and 48.9 IU/L, respectively,
occurred in three women with preprocedural FSH <10 TU/
L (Table 5). One of these women suffered amenorrhea for
2 months and did not respond to progesterone, but her cycle
adjusted spontaneously. This woman has not tried to con-
ceive to date. Another two patients with FSH elevation
were clinically asymptomatic (from the time of emboliza-
tion until now, which is 53 and 35 months, respectively),
but they both underwent unsuccessful therapy for sterility,
including two and three IVF cycles, respectively, to date.
Low response to ovarian stimulation with gonadotropins
(high consumption of FSH, low number of reacting folli-
cles) and poor development of most embryos were
common for their cycles.
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Fig. 1 Reproductive results of 26 women after uterine artery
embolization (UAE) and 40 women after myomectomy. Statistical
difference between the groups (p value): pregnancy, NS®; delivery,
<0.05"; abortion, <0.05°; ectopic gestation, NS°; pregnancy termi-
nation, NS¢; pregnant now, NS°. Tested by: l’chi-square test; Fisher’s
test. NS, nonsignificant

Overall there were eight patients with a FSH concen-
tration >10 IU/L at 6 months after UAE (including four
women with a pre-UAE value >10 IU/L and three with an
increase of >5 IU/L) and two patients with FSH > 10 TU/L
at 6 months after myomectomy (including one with pre-
procedural FSH > 10 IU/L and no case of significant
increase). No patients had climacteric vasomotor symp-
toms and no patient required HRT. Two patients
complained of temporarily decreased sexual appetence
after embolization (this improved within 12 months): 1 of
them in connection with noticeable hypomenorrhea and the
other patient in connection with the feeling of “vaginal
dryness.” No case of uterine rupture, urgent hysterectomy
or other emergency surgery, or hospitalization for late
complications after embolization or myomectomy has
occurred in the whole cohort to date.

Existing reproductive and first perinatal results are
summarized in Fig. 1 and Table 7. From the limited cohort
of patients who have already tried to conceive (26 after
UAE and 40 after myomectomy), 13 from group E (mean
age, 32.8 years; range, 22 to 40 years) and 31 from group
M (mean age, 34.3 years; range, 27-42 years) have already
become pregnant. Four women after embolization and one
patient after myomectomy have already become pregnant
two times; one woman after myomectomy gave birth to
twins (after [IVF). The mean interval between the procedure
and gravidity was 18 and 13 months in groups E and M,
respectively. This difference could be partially influenced
by the rate of secondary myomectomy in the two groups of
pregnant women: it was performed in 5 of 13 pregnant
women after UAE but in 1 only patient of 31 pregnant
patients in group M. Presenting the results in the language
of reproductive medicine, the pregnancy rate after UAE
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was 50% to date, delivery rate 19%, and abortion rate 64%,
while after myomectomy the pregnancy rate was 78%,
delivery rate 48%, and abortion rate 23%. The differences
in all these parameters were statistically significant
(» < 0.05, ;(2 test). Relative risk (RR) of women treated
with UAE not to get pregnant was 2.22 (95% confidence
interval, 1.11 < RR < 4.44); not to deliver, 1.54 (1.08 <RR
< 2.18); and to abort, 2.79 (1.25 < RR < 6.22).

Discussion

Comparison of myomectomy and UAE, two very different
therapeutic approaches, is difficult and could appear mis-
leading, particularly in some parameters (invasiveness,
complication rate, reinterventions). Nevertheless, the
question of possible use of uterine fibroid embolization in
young women with active reproductive plans is very
important from the point of view of gynecology and
reproductive medicine. The surgical therapy is, especially
in some patients, technically difficult, invasive, and risky,
and therefore comparison of UAE with myomectomy as a
possible alternative to existing standard therapy is most
desirable [9].

There are many reports about gravidities and repro-
ductive results after embolization in the literature today
[10-15]. Surprisingly, there is an apparent nearly absolute
lack of prospective studies comparing not only myomec-
tomy and UAE, but also different fibroid treatments in
relation to fertility (e.g., myomectomy with expectation).
Only four papers [16-19] compare clinical results of
embolization and myomectomy. But they are not ran-
domized studies, only one is prospective [19], and only one
is aimed at obstetrical, not just reproductive results [17].

In this study we confirmed in a midterm time horizon
and in a larger cohort of patients most of the results from
our preliminary evaluation [6]. Myomectomy and emboli-
zation were comparable as far as technical success rate,
frequency of early and late complications, and symptom-
atic effectiveness are concerned. We also verified lower
invasiveness of the radiological approach compared to
myomectomy (hospital stay, recovery period, acute phase
markers). The rate of serious complications was very low
in both groups. The trial does not give the answer to the
management of large or recurrent fibroids (see exclusion
criteria) but our goal was to keep the study group as
homogeneous as possible, which is always difficult in
uterine fibroid patients. Unlike other studies, we did not
focus on economical comparisons between the two treat-
ment methods [20], mainly because the cost of UAE is
many times higher than that of myomectomy at the site of
this study, and there are significant differences between
open and laparoscopic myomectomy.



M. Mara et al.: Embolization Versus Myomectomy 83
Table 7 Perinatal results
UAE (n =5) Myomectomy (n = 19) 4

Mean age of mothers, yr + SD (range) 32.2 + 4.1 (29-39) 344 + 4.4 (2742) NS?
Mean birth weight, g + SD (range) 3042 + 316 (2830-3600) 3035 + 538 (1600-3940) NS*
Mean completed gestational weeks + SD (range) 38.8 + 0.6 (38-40) 37.5 + 2.4 (3140) NS*
Preterm delivery (<37th week) 0 5 (26.3%) NSP
Cesarean section 3 (60.0%) 13 (68.4%) NS®
Postpartum hemorrhage 1 (20.0%) 0 NSP
Perinatal hypoxia of neonate 0 0 —
Pre-eclampsia 0 2 (10.5%) NsP
Fetal intrauterine growth restriction 0 2 (10.5%) NS®

Note. UAE, uterine artery embolization; NS, nonspecific difference; SD, standard deviation. Tested by: * Mann-Whitney test; ® Fisher’s test

The relatively high rate of LMs (two-thirds) might seem
surprising and it certainly does not represent a typical
picture of a broad gynecological practice. But we believe
that these patients should always be referred to centers of
reproductive surgery with experienced endoscopic sur-
geons. With respect to certain limits for LM (mentioned
under Materials and Methods), many studies have already
proved the equal safety and potency of the laparoscopic
approach in comparison to the open procedure [21, 22].

The technical failure rate of UAE was higher than the
rates reported in other studies [23, 24], mainly as a result of
the unusual or unfavorable anatomy (anastomoses to
ovarian artery) present. Another reason for the higher
failure rate could be the nature of our patient group,
comprised of young women desiring pregnancy. This
might account for a particularly careful approach to their
treatment. Only the results of the EMMY trial showed a
similar frequency of technical failures [25], but in their
case, in addition to difficult anatomy, the absence of one of
the uterine arteries was the most common reason.

In accordance with our expectations, there were far
more reinterventions in the group treated by embolization
(Table 5). But these numbers do not reflect the frequency
of method failure or the rate of recurrence. Instead, they
seem to be the logical consequences of the different char-
acter of the two procedures (UAE leaves fibroids in situ), of
the main goal of the therapy (to optimize the uterine con-
dition before planned conception), and of methods adapted
to it (specific strategy for indications of reinterventions).

The fact that in the initial study postprocedural MRI was
performed only in patients where significant shrinkage of
fibroid had not occurred (including 6 patients with unilateral
embolization only) could account for the relatively high
number of cases with at least partially maintained fibroid
perfusion at 6 months after UAE (12 patients of 38 evalu-
ated; see Table 6). If we had performed this examination in
all women, including those with a good clinical response

and Doppler US evidence of infarcted fibroid, this number
would have been expected to be significantly lower.

Existing reproductive results could be partially influ-
enced by the short duration of the follow-up and mainly by
the unequal number of patients who tried to conceive in each
group: 40 after myomectomy and only 26 after embolization
(p < 0.05, y* test). Nevertheless, the statistically significant
differences observed in the number of successful deliveries
(19 after myoma enucleation and only 5 after UAE) and in
the number of early pregnancy losses (6 after myomectomy
and 9 after embolization; in all cases spontaneous or missed
miscarriage in the first trimester) were in support of the
surgical approach. We can only speculate whether these
reproductive results are due to an error of small numbers,
whether they reflect the influence of UAE on ovarian
function, uterine perfusion, and implantation quality, or
whether they reflect a direct influence of embolization on the
uterine cavity and endometrium [26-28].

The fact that the rate of abortions after UAE was higher
than 60% (in contrast with 23% after myomectomy) is the
most alarming result of the study to date, in contrast to
existing reports from other authors [10, 12, 17]. The post-
UAE abortion rate was 16.7% in the Ontario multicenter,
prospective trial (24 pregnancies in 21 women of mean age
34 years), 27% in the retrospective trial of Carpenter and
Walker (26 pregnancies; mean age of patients, 37 years),
and 24% after UAE and 15% after laparoscopic myomec-
tomy in the controlled retrospective multicenter trial of
Goldberg et al. (53 pregnancies; mean age, 38 years), but
the difference was not statistically significant. In our cohort,
the mean age of pregnant women after UAE was lower
(32.8 years) than that of pregnant women after myomec-
tomy (34.3 years), and at the same time, it was lower than in
the aforementioned trials. The mean age of women who
aborted after embolization was only slightly higher (33.0
years), and that is why the age factor does not explain the
frequency of abortions after UAE. The abortion rate was
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expressed as a quotient of all abortions in all begun preg-
nancies, thus including two patients with terminations
in early gravidity (one termination due to extrauterine
gravidity and one termination in the eighth week of gesta-
tion). Even when excluding these two cases from the overall
abortion rate, this number would still be notably higher
(53%). On the other hand, the pregnancy success rate after
UAE is significantly higher in our cohort (50%) than the
rate reported by Carpenter and Walker, where only 26
(33%) of 79 women conceived after embolization.

It is difficult to compare obstetrical results at the
moment because only a small number of patients after
embolization have passed the first trimester of pregnancy.
The statistical analysis did not prove any significant dif-
ferences in any of the parameters studied between the two
groups, however, Table 6 provides an interesting summary
of existing perinatal results and complications. It is
remarkable to point out that, provided a pregnant woman
after UAE successfully passed the first trimester, we sub-
sequently did not record any of the serious pregnancy
complications (e.g., gestational hypertension, fetal growth
retardation, malpresentation, or prematurity) repeatedly
described in other trials [10, 12, 17].

At the beginning of this trial we asked ourselves the
question whether the less invasive method of fibroid
embolization in women with reproductive plans is as
effective and safe as myomectomy. After more than 4 years
of the trial duration it can be concluded that both methods
are comparable in terms of technical success rate, safety,
and symptomatic efficacy. UAE is a less invasive
approach, but also, as it appears at this midterm following,
it is less definitive if the aim is to maximally eradicate
fibroids before gravidity. For a definitive case comparison
of reproductive and perinatal results we need to analyze
more patients who try to conceive after the procedures and
use a longer follow-up. However, the existing results
clearly indicate that myomectomy is a method with a
greater chance of success in women who plan to get
pregnant early after the procedure.
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Soucasné poznatky o etiopatogenezi déloZnich myomil
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ABSTRACT

Objective: To sum up the knowledge of etiology and pathogenesis of uterine fibroids.

Type of study: Review,

Setting: Department of Obstetrics and Gynaecology, 1st Faculty of Medicine, Charles University, Prague.
Subject of study: A summary of what is known about development of uterine fibroids,

Conclusion: In this overview of etiology and pathogenesis of uterine fibroids we have attempted to anan-
Iyze the literature and present prevailing evidence and opinions.

Key words: uterine fibroid, leiomyoma, risk and growth factors, initiators of tumorigenesis.

SOUHRN

Cil studie: Shrnuti poznatki o etiologii a patogenezi déloZnich myomii.

Typ studie: Prehled.

Ndzev a sidlo pracoviité: Gynekologicko-porodnicka klinika 1. LF UK a VFN v Praze.
Predmét studie: Soubor pornatkia o vyvoji déloZnich myomil,

Zdvér: V tomto pirehledu etiopatogeneze déloini myomatozy jsme se pokusili analyzovat dostupna lite-
rarni data a prezentovat prevladajici nazory a dilkazy.

Kilicovd slova: déloini myom, leiomyom, rizikové a rastové faktory, inicidtory tumorogeneze.
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UVOD

DéloZni myom (leiomyom, uterine fibroid) predstavu-
Je nejéasté)ii nezhoubny nidor u Zen ve fertilnim véku
a postmenopauze. Vytvaii se u velké ¢dsti Zen a stiva se
symtomatickym asi u jedné tfetiny z nich. Nejéasidj&im

steskemn Zen s myomatozni délohou jsou hypermenorea,

bolesti v podbiisku, problémy s mofenim, defekaci nebo
pii pohlavnim styku, sterilita nebo opakované i¢hotenské
ziraty [7]. Myomatdeni déloha je navic nejéastéjdi indi-
kaci k provedeni hysterektomie. AZ do nedivné doby
byla vzniku leiomyomi navedory jejich prevalenci véno-
viina jen mald pozomost. Divodem byl moznd jejich niz-
ky potencidl k maligni transformaci. Ackoli jsou pFiciny
veniku déloZnich myomi stile nezndmé, soudasni
védecki literatura obsahuje fadu informaci tykajicich se
epidemiologie, genetiky, hormonalnich aspektd a mole-
kulidrni biologie téchio tumort. Smyslem tohoto review
Je analyza a sumarizace dostupnych dat pro lepii pocho-
peni etiopatogeneze déloni myomaldzy.

RIZIKOVE FAKTORY
A PREDISPOZICE

[ kdyZ budou jednotlivé rizikové faktory (RF) probiri-
ny jednotlivé, ¢asto dochizi k jejich vzdjemné interakci
a prekryvini a je rovndZ nutné podotknout, fe mnohdy
pljde pouze o domnénky a piedpoklidané mechanismy
vlastni etiopatogeneze ¢i lumorogeneze.

Casny ndstup menarche se pokladd za mim$ RF vzni-
ku déloini myomatdzy. S Casnym nastupem pravidel-
nyvch menstruacnich cykli nastivd pravdépodobné zvy-
fend mutace genl kontrolujicich proliferaci bunék
myometria [3].

Za daldi rizikovy faktor se povaZuje nuliparita &i infer-
tilita oproti sniZené incidenci déloZnich myomi u vicero-
dicek, ¢of se vysvétluje vysii expozici neoponovanymi
estrogeny pil anovulacnich cyklech nulipar a en se sniFe-
nou fertilitou [ 10]. Obvyklé literdmi zdroje naopak pova-
Zuji leiomyomy za pricinu, nikoliv ndsledek infertility.

Nékolik epidemiologickych studii demonstruje zviie-
nou prevalenci déloini myomatoey v zdvislosti na rostou-
cim véku Fen [18]. Za kritickou hranici véku pro veznik
myormu povaduji néktefi antofi vek kolem Eryficitky. Pozo-
rovany ndriist miiZe ale také souviset s akceleraci rlistu jiz
preexistujich fibroidi nebo manifestaci klinickych obtizi.
U posmenopauzdlnich Zen v klidovém obdobi dochidei spi-
Se jen ke zmendovdni objemu myomi absenci stimulace
estrogeny a progesteronem, protofe histologicka verifikace
podtu déloznich myomi u premenopauzdlnich a postme-
nopauzilnich Zen nevykazuje signifikantni roedil.

Ziejme existuje 1 asociace zvyiené incidence déloZ-
nich leiomyomi u pacientek s obezitou. Rozsdhlé pro-
spektivni studie potvrdily zvyiené riziko vzniku myomi
v zavislosti na rostoucim body mass indexu [11]. Takiés
mezi pacientkami po hystercktomii nebo myomektomii
mirmné pirevazuji Zeny s nadvihou. Z hlediska patofyzio-

logie jde o sniZenou produkei sex hormon binding glo-
bulinu v jatrech obéznich fen rezultujici ve vy3si hladiny
volného aktivniho estrogenu v periferni krvi. Svou roli
hraje také zvyiend konverze estrogenil v tukové tkini.

Potencidlnim rizikovim faktorem jsou i nékteré diete-
tické zvyklosti. U konzument hovéziho masa. jiného
cervencho masa a Sunky oproti konzumaci zeleniny
dochizi ke stfednimu ndrlistu rizika tvorby déloZnich
myomi [B]. To zfejmé souvisi se zvyienym pfijmem
tuku v potravé, ale objektivni studie chybi. Je viak jasné,
Ze nizkotulnd dicta a evySeny piijem vidkniny sniZuji
sérové hladiny estrogenii. V posledni dobé je sledovin
1 vliv fytoestrogeni obsaZenych napf. v sdje. Pozorovany
antiestrogenni efekt Iytoestrogenid moze byt &istedénd
vysvétlen jejich kompetici s endogennim estradiolem na
estrogenov¥ch receptorech nebo jejich modulaci (selec-
tive estrogen receptor modulators podobng jako napf.
tamoxifen). Jako preventivai faktor ctiopatogencze
déloinich myomi se uvidi zvviend lesnd akiivita, coZ
potvrzuji studie provedené na skupindch atletii.

Rizikovym faktorem pro vznik leiomyomi je 1 rasovi
piisluinost. U Zen ferné pleti kromé vyisi incidence
déloZnich myomi dochdzi k ¢asnéjsi manifestaci klinic-
kych obtizi pod obrazem mnohofetné myomatdey, Byly
doloZeny signifikantni rozdily v metabolismu estrogeni
u riienych etnik, nelze viak fici, zda jde o faktory gene-
tické nebo enviromentalni [1].

Paradoxné za protektivny faktor vzniku déloZnich
myomil je povaiovino koufeni. § poftem vvkoufenych
cigaret za den relativni riziko jefté vice klesda. Tento
ochranny efekt viak u exkuracek mizi. Inhibici aromarti-
2y Ucinkem nikotinu dochidzi ke snizené konverzi andro-
genil na estrogeny a u kufacek rovné? byvaji vyssi hladi-
ny sex hormon binding globulinu, a tim niZsi
koncentrace aktivniho volného estrogenu [12].

Nejasnost panuje v nizoru na vliv ordlni kontracepee
na venik myomil. Zdi se, ale e s délkou uZivini ordl-
nich kontraceptiv klesd riziko vzniku déloZnich myo-
mi. Pozitivni efekt vedouci ve svém disledku ke snize-
ni rizika vzniku myomu mid pravdépodobné depotni
medroxyprogesteronacetit [13]. Hormondlni substitud-
ni terapie {HRT} v postmenopause mife mirné stimu-
lovat rilst leiomymil, nebo alespoi blokovat jejich
¢menfovini po menopauze. Rozhodujici neni ani tak
divka nebo zplsob aplikace HRT, jako typ pou#itého
gestagenu.

Ackoliv experimentilné na hlodaveich dochdzi déin-
kem tamoxifenu {(antiestrogen) k regresi déloZnich myo-
mil, prokdzaly nékteré recentni studie opaény udinek
u fen s karcinomem prsu na terapii tamoxifenem ve
smyslu ristu nebo zvéSeni myomi [3]. ZmenSeni myo-
mi naopak obvykle nastivi u¢inkem GnRH agonisti.
Zkoumin je i vliv exogennich estrogend {xenoestrogeni)
5 jejich agonistickfm nebo antagonistickym i¢inkem
v lidském organismu. Prokidzdn je estrogenni vliv nékie-
rych dnes jiZ nepouZivanych pesticidii, jako je DDT
(dichlordifenylirichloretan), ktery je i po delii dobé dete-
kovatelny v tukové tkini savell. Prokazatelng vyE3i kon-
centrace DDT byly detekovdny v déloznich leiomyo-
mech oproti normdlnimu myometriu.




Zvysené riziko tvorby myomd provéizi i dlouhodoba
antihypertenzni terapie nebo anamnéza hlubokého pane-
vniho zanétu pfi nitrodéloznim télisku.

INICIATORY TUMOROGENEZE
A GENETICKE PREDISPOZICE

Zajimava teorie patogeneze leiomyomi srovndva
jejich tvorbu s tkinovou odpovédi pii traumatu s tvorbou
keloida (hypertrofickych jizev). Potenciondlnim ,trau-
matem” muze byt napf. ischemie myometria uvolnénim
vazoaktivnych medidtori (prostaglandiny, vazopresin)
pii menses. Nastdvd tak zvySend proliferace bunék hlad-
ké svaloviny a extraceluldrni fibréza [15]. Aktivace
endotelu pfi jeho mikrotraumatu, vede k nérastu tvorby
FGF (fibroblast growth factor), coz rovnéZ piisobi proli-
feraci bunék myometria. V leiomyomech byla opakova-
né prokdzdna zvysend exprese FGF.

V poslednich letech je vénovina zvySend pozornost
genetickym zménam v souvislosti s vyskytem déloZnich
myomii co do predispozice a heredice. Zkouman je vliv
etnicity, zvySeny familiarni vyskyt nebo incidence leio-
myomu u dvojcat. Je referovan vySsi vyskyt déloZnich
myomi u monozygotickych dvojcat oproti dizygotic-
kym, coZ nahrivd nékterym genetickym teoriim [6].
Rovnéz se zdd zvySeny vyskyt mezi piimymi piibuzny-
mi sledovanych probandek. Mnohocetny vyskyt leiomy-
omii (v kiizi a déloze) provizi tzv. hereditirni leiomyo-
matézu neboli Reediv syndrom. Onemocnéni postihuje
muze i Zeny. Mutaci genu pro fumarat hydratdzu doché-
zi ke ztrat¢ tumorsupresorovych mechanismi. Jde
o autozomalné dominantni typ dédicnosti s netplnou
penetranci s rizikem maligni transformace leiomyomu na
leiomyosarkom nebo vznikem rendlniho papildrniho kar-
cinomu [ 14].

V literatuie je vSeobecné pfijimina premisa, Ze tyto
nddory jsou monoklondlni. Leiomyomy tak rostou prav-
dépodobné z jednoho typu bunék. Nejvice genetickych
vyzkum stile vyuziva k zjisténi chromozomalnich abe-
raci (translokace, delece, duplikace) metody klasické
karyotypizace. Ukazuje se, ze asi 40-50 % déloznich
myomu vykazuje ur¢ité chromozomadlni aberace. Nejcas-
t&j5i je translokace mezi 12, a 14, chromozomem, delece
raménka 7. chromozomu a trizomie 12 [9]. Histologicky
pak nachdzime castéji zvySené bunééné myomy nebo
myomy s atypiemi. S velikosti myomi roste i pocet aty-
pii. Nejméné atypii vykazovaly myomy submukdzni
oproti intramurdlnim a subser6znim.

V t€hotenstvi dochdzi naopak spiSe k rlistu myomi a pla-
ti, ze ¢im vetsi myom, tim vétsi tendence k ristu. Muaze
tak dochdzet k jejich degeneraci a ischemii provdzenymi
krvicenim a bolestmi v podbiiSku. Navozeny hypo-
estrinni stav pfi 1é¢bé GnRH analogy vede naopak k cel-
kovému zmenseni délohy a regresi mnoha myomi. Na
mechanismu zmensen{ se podili atrofie bunék leiomyo-
mu, apoptéza, hypoperfuze a ischémie. Ukonceni terapie
GnRH analogy v3ak vede k rychlému nartstu fibroidi do
témér pavodni velikosti. Proto jsou tyty preparity vyuZzi-
vany v rdmei predoperalni piipravy, na niz navazuje pro-
vedeni myomektomie nebo hysterektomie [16].

Néktef1 autori demonstruji zvySenou aktivitu aromata-
zy v leiomyomech a akceleraci konverze estradiolu na
estron proti normdlnimu myometriu [17]. To plati
i 0 expresi receptorti pro estrogeny a progesteron s maxi-
mem u submukoznich myomi. Nejasnost panuje
i v ndzoru na zastoupeni estrogenovych receptori alfa
a beta v leiomyomech a normdlnim myometriu, zda se
viak, Ze jejich exprese se méni v zdvislosti na menstru-
atnim cyklu. Progesteronové receptory A ale jasné pie-
vladaji v tkani leiomyomu i normdlnim myometriu proti
receptorim typu B.

RUSTOVE FAKTORY A JEJICH
RECEPTORY

ESTROGEN A PROGESTERON JAKO
PROMOTORI RUSTU LEIOMYOMU

Vliv estrogen(l , antiestrogend a progesteronu na rust
fibroidii byl jiz vySe zminén. Pfi 1é¢bé antiprogestero-
nem (RU 486) dochdzi k regresi déloznich myomu se
snizenou expresi progesteronovych receptorit v nich.

Mitogenni efekt estrogenti je zprostfedkovin pres tzv.
ristové faktory, které jsou lokdlné produkovany bunkami
myometria nebo fibroblasty. Jednd se o polypeptidy nebo
proteiny s Sirokym spektrem biologickych a¢inki. Zvy-
§end exprese rustovych faktorGi nebo jejich receptort
miZe vést az k tumorogenezi.

V posledni dobé byly v myometriu i tkani fibroidd
identifikovany rizné ristové faktory nebo jejich recepto-
Iy.

Transforming growth factor beta (TGF beta) patff
mezi multifunkéni cytokiny s promitotickym tcinkem
nebo indukei syntézy extracelularntho matrix vedouci
k fibrotizaci [2]. Basis fibroblast growth factor (bFGF)
pisobi na proliferaci bunék hladké svaloviny vletné
myometria a leiomyomi a je hojné uloZen v extracelu-
Jarnim matrix myomda. Epidermal growth factor (EGF)
kromé& promitotické aktivity podléha ucinku progestero-
nu béhem lutedlni faze menstruacniho cyklu se zvysenim
jeho aktivity. Platelet-derived growth factor (PDGF) jako
potentni mitogen pusobi v synergii s ostatnimi ristovymi
faktory [4].

Uloha vascular endothelial growth faktoru (VEGF),
ktery neni mitogenem pro buiiky hladké svaloviny, je sti-
mulace angiogeneze a vzestup cévni permeability, kterd
je esencidlni pro rast tumorl. Mnoho rozporuplnych tda-
ju poskytuje literatura v souvislosti s insulin-like growth
faktorem (IGF), ktery se asi také podili na ristu déloz-
nich myomu pies své receptory typu I. Ackoli znime
prolaktin hlavné v souvislosti s jeho hypofyzarni pro-
dukci, byl tento hormon izolovdn i z myometria, endo-
metria a tkdné leiomyomi, kde jeho produkce pravdépo-
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dobné podiéha vlivu ovaridlnich hormoni. Zatim co est-
rogeny jeho produkci stimuluji, progesteron vykazuje
inhibi¢ni efekt na sekreci prolaktinu v téchto tkdnich.
Proto se o prolaktinu uvaZuje jako o potenciondlnim
- ristovém faktoru pro myometrdlni i myomové bunky.

Podporovino grantem GA UK ¢. 38108.

ZAVER

Smyslem tohoto piehledu je shrnuti poznatki o etio-
patogenezi délozni myomatdzy, kterd v podstaté tvofi
velky zdravotni problém ve spolecnosti poslednich 20
let. A¢koli je§té neddvno byl pivod déloznich myomu
pomérné neprobadanou oblasti, soucasné literdrni zdro-
je poskytuji dostatek informaci, zavért a hypotéz na toto
téma. Bliz&i objasnéni zmén na genetické a molekuldrni
urovni snad v budoucnu pfinese exaktnéjsi vysvétleni
vzniku tohoto onemocnéni. Vzhledem k vysoké inciden-
ci fibroidd u Zen nejraznéjsich etnik, se u nich pfedpo-
klidi jeden spole¢ny pavodce. Ze zdvéri Cetnych studii
by tedy mély do budoucna vyplynout i doporuceni
a opatieni ke sniZeni vyskytu déloZni myomatdzy, a tak
se posunout z oblasti terapeutické do oblasti preventiv-
ni. '
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