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Moznosti a vyznam prodlouzené kultivace embryi

Abstrakt

Cilem dizertani prace je zdlraznit vyznam prodlouzené kultivace embryii do
stadia blastocyst a jeji vliv na UspéSnost asistované reprodukce, umoznéni
praeimplantacni diagnostiky, analyzy kultivanich medii a derivace lidskych

embryonalnich kmenovych bunék.

Autor shrnuje soucasné literarni poznatky v asistované reprodukci a rozebira
souCasné metody. Predklada vlastni experimentalni prace, ve kterych srovnava
vlastni vysledky 1é¢by neplodnosti s pouZitim prodlouzené kultivace do blastocyst
s vysledky jinych technik. Dale predklada vlastni experimentalni publikované prace
vyuzivajici prodlouzené kultivace pro preimplantacni diagnostiku a jeji zdokonaleni.

DalSi experimenalni prace se dotykaji moznosti derivace kmenovych bunék.

Pouziti prodlouzené kultivace do blastocyst pfesveédcivé vede jak na zékladé
vlastnich experimentli, tak dle literarnich poznatkl k vy3Si UspéSnosti [éCby
neplodnosti. Tato skute¢nost je zvlasté vyrazna u matek vySSiho véku. DostateCna
doba kultivace umoznuje nejenom jeho selekci, ale také biopsii a jeji genetické
vySetfeni. Dlouhodoba kultivace umoziuje téZ analyzu kultiva¢nich medii — ta ale pro

zvySeni Uuspésnosti I€Cby nesplnila ocekavani.

Souc€asné sofistikovanost analyzy embryi vnesla do asisitované reprodukce
znaCné zvySeni Uspésnosti, stale v3ak je neuspokojivé a diskutované naruSeni
integrity embrya biopsii a zatim neuspokojivé diagnostikovatelny vliv mozaicismu.
Vyslednym feSenim by mély byt dalSi experimenty s cilem popsat viabilitu embrya a

tim neinvazivné vyselektovat nejlepSi embryo pro single embryotransfer.
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Abstract

The aim of this dissertation thesis is to emphasize the sense of extended
cultivation of embryos to the stadium of blastocyst and its influence on success of
assisted reproduction and facilitation of pre implantation diagnosis, analysis of

cultivation media and derivation of human embryonic stem cells.

Author summarizes current literary findings in assisted reproduction and
examines the currently used methods. Author also submits his own published
experimental works, in which he compares his own results of infertility treatment with
usage of extended cultivation to blastocyst with results of other techniques.
Furthermore author submits his own published experimental works which are using
extended cultivation for pre implantation diagnosis and its improvement. Another

experimental works includes possibility of stem cells derivation.

Usage of extended cultivation to blastocyst convincingly leads, according to
author’s own experiments and simultaneously to available literary findings, to higher
success of infertility treatment. This is especially significant by middle-aged mothers.
Sufficient term of cultivation enables not just selection, but also biopsy and its generic
treatment. Long-term cultivation also enables analysis of cultivation media — but

these didn’t met the expectations for increase of treatment successfulness.

Current sophistication of embryonic analysis brought into assisted
reproduction significant increase of successfulness. But still remains a few critically
discussed facts such as disruption of embryonic integrity when performing pre
implantation genetic analysis and also yet unexplained influence of mosaicism on
results of this technique. The resulting solution should be further experiments with
aimed to describe viability of embryo and by that non-invasively select the best

embryo for single-embryo-transfer.
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Seznam pouzitych zkratek

aPLs antifosfolipidové protilatky

AP alkalicka fosfataza

ART techniky asistované reprodukce

DIR Deutsches IVF Register

DKB dospélé kmenové bunky

DNA deoxyribonukleova kyselina

EKB embryonalni kmenové buriky

ELISA enzymaticka imunoanalyza

FSH folikuly stimulujici hormon

GnRH gonadotropin-releasing hormon, uvolfiovaci hormon pro

gonadotropiny

HKB hematopoetické kmenové buriky

ICSI intracytoplazmaticka injekce spermie

IL interleukin

IL-1 interleukin 1

IL-6 interleukin 6

IVF in vitro fertilizace

LH luteotropni hormon

LIF leukemia inhibitory factor, leukemicky inhibiéni faktor
mEKB mysi embryonalni kmenové buriky

MRNA messengerova = informacni ribonukleova kyselina
PB polarni télisko

PCOS syndrom polycystickych ovarii

PGD preimplantacni geneticka diagnostika

PGS preimplantacni geneticky screening

ZP zona pellucida
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1 Uvod

Soucasné metody asistované reprodukce jsou vysoce sofistikované, presto
ale je efektivita [éCby neplodnosti jen malo uspokojiva — procento embryi, jeZ se po
transferu implantuji, se pohybuje v nejlepSich centrech mezi 20 az 30%. Z toho
davodu fada pracovist i neplodnych péra voli transfer vice neZ jednoho embrya, coz
vS8ak vede k ¢astému vyskytu viceCetnych téhotenstvi.

Aktualnim ukolem reprodukéni mediciny je tedy zdokonalit metody evaluace
embryi a vybirat tak Zivotaschopné embryo s nejlepSim vyvojovym potencidlem, a
pak pro jasné definované podskupiny optimalnich pacientek provadét transfer pouze
jednoho embrya. Tzv. single embryo transfer je jedind cesta k omezeni vice€etnych
téhotenstvi, ktera jako zdvazna komplikace 1é¢by neplodnosti ovliviuji jak matku, tak
plody.

Nézoru, jakym zpasobem zdokonalovat vybér embrya, je mnoho — néktefi
autofi spoléhaji pouze na vybér morfologicky nejlepSich oocytd, jini na prodlouZzenou
kultivaci do stadia blastocyst, dalSi doufaji v pozitivni efekt preimplantaéniho
genetického screeningu ¢i analyzy raznych predik&nich faktord z kultivanich médii.

Prace popisuje souCasny stav védéni na tomto poli mediciny a predklada

nékteré aktudlni vysledky naseho vyzkumu v této oblasti.

MUDr. Petr Uher
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2 Cile prace

Tato prace si klade za cil popsat nejpouzivangjSi a nejdiskutovanéjsi
souCasné techniky asistované reprodukce se zvlaStnim ddrazem na potvrzeni
vhodnosti a uZite€nosti dlouhodobé kultivace embryi do stadia blastocyst jak pro
zvySeni Uspésnosti IéCby sterility, tak pro moZnost jejiho vyuZiti pro preimplantaéni

genetické vySetfeni.

V kapitole ,,Souhrn sou€asnych poznatkd“ autor usiluje o doloZeni teoretickych

predpokladl, prehled vyvoje a dukazl vyhodnosti téchto technik.

Na z&kladé vlastnich vysledkd vychézejicich z nékolikaletych zkuSenosti

s dlouhodobou kultivaci se experimentalni ¢ast zabyva:

1. ZvySenim UspéSnosti |€éCby sterility metodou kultivace do blastocyst a pozitivni

pfinos preimplantacni diagnostiky.

2. MozZnosti kontroly vysledk( metody FISH v preimplanta¢ni genetické analyze

s cilem obhdjit spolehlivost a vyznamnost této metody.

3. MoZnostmi dalSi kokutivace a diferenciace embryonalnich kmenovych bunék.

V zavéru autor klade dlraz na nutnost dalSiho vyzkumu neinvazivnich technik
stanoveni viability embrya, které jsou umoZznény pravé predpokladem dokonalé

dlouhodobé kultivace embryi do stadia blastocyst.
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3 Souhrn sou €éasnych poznatk U
3.1 Vyvojembrya p fed implantaci

3.1.1 Oocyt

Kmenové pohlavni buriky (oogonie) vstupuji do prvniho meiotického déleni
béhem rané oogeneze. Pfed vstupem do prvniho meiotického redukéniho déleni je
v oocytu diploidni sada chromozémi (chromozomy jsou béZzné duplikované
procesem zvanym replikace v syntetické fazi buné&ného cyklu).

Dokonceni meidzy je zastaveno ve stadiu profaze a to az do doby predovulaéniho
zvySeni hladiny luteinizaéniho hormonu (LH), jenZ iniciuje dokon&eni prvniho
meiotického déleni. Pod vlivem tzv. mitosis/meiosis promoting faktoru dojde
k rozpusSténi jaderné membrany a oocyt vstupuje do prvniho redukéniho déleni, pfi
némz je vylou€eno prvni polarni télisko jako odpadni produkt. Tento proces se za
fyziologickych podminek in vivo uskute¢iuje uvnitf folikulu pfed tim, neZ dojde
k ovulaci oocytu.

V prubéhu oogeneze je matefska mRNA kontinuélné transkribovana
a akumulovana v rostoucim oocytu a jeji transkripce se tésné pfed dosaZzenim
zralosti oocytu zastavuje. Akumulovana matefskd mRNA je pak pouZivana k syntéze
proteind v pribéhu meiotického zrani oocytu a dokonce v pribéhu vyvoje embrya po
fertilizaci. Molekuly mRNA, které jsou klicové pro oogenezu, ale nikoli pro ¢asny
preimplantacni vyvoj, jsou po fertilizaci rychle degradovany [Alizadeh et al., 2005].

U in vitro maturovanych oocytl byla pomoci microarray technologie prokazana
dvojnasobné vétSi exprese - pres 3000 transkriptd. To je predevSim vysledek
zapoceti nové transkripce (jenZ je za normélnich okolnosti neaktivni do opétovného
zahdajeni meidzy), dale polyadenylace transkriptt (jenz mély byt rovnéz neaktivni)

a selhani deadenyla¢niho a degradaéniho procesu. Mnoho z téchto transkriptd je
zapojenych v bunéném cyklu a jeho regulaci. Napfiklad pfritomnost zvySeného
mnoZstvi genud regulujicich kontrolni body déliciho vieténka muze zpUsobit selhani
spravné tvorby bipolarniho vieténka bé&hem meidzy. Vyskyt vysokych hodnot
aneuploidie u embryi, ktera vznikla zin vitro maturovanych oocytl, koreluje
s nalezem poruchy regulace exprese klicovych genl v buné€ném cyklu, zvlasté pak

téch, jenz reguluji strukturu a organizaci déliciho vieténka/mikrotubult [Jones et al.,

10
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2007]. Vyznamnou roli ve vyvoji oocytl a embryi hraji také primordialni mitochondrie
a jejich spravna genova exprese [Thouas et al., 2007; Jansen et al., 2007].

Prvni polarni télisko (1. PB) obsahuje polovinu genetického materialu, takze
oocyt je haploidni. V tomto stadiu je obklopen zonou pellucidou (ZP) a 1. PB je
lokalizovano v prostoru mezi oocytem a ZP.

Nésledné po fertilizaci a aktivaci oocytu vstupuje oocyt do druhého
meiotického déleni, ve kterém dojde krozdéleni duplikovanych chromatid
haploidniho oocytu. Jedna sada zUstane v oocytu a druhd je vylou€ena jako druhé
polarni télisko. Béhem téchto procest dochazi k castym chybam.

Tym doktora Verlinského ve své souborné préci [Kuliev A. et al., 2007]
prezentuje vysledky incidence aneuploidie v lidské oogenezi. Bylo testovano pres
20 000 oocytt od IVF pacientek nad 35 let a zjistili, Ze pouze polovina oocytd byla
euploidnich. DoSli k zavéru, Ze z aneuploidnich oocytl je 42 % aneuploidnich po
prvnim meiotickém déleni, 37,3% po druhém a 29,1% jak po prvnim, tak po druhém..
Témér polovina oocytl s chybou v mei6ze | bude mit zaroven chybu v meidze Il.
PrevaZna vétSina embryi vzniklych z téchto oocytu je abnormalnich pro ten samy
nebo jiny chromozém, nebo je mozaickych, coZz naznacuje sklon k mitotickym
chybam.

Hodnota aneuploidii nebyla pro vSechny chromozomy stejna. VysSi
prevalence byla popisovdna u chromozomud 21 a 22. RovnéZz plavod aneuploidie
jednotlivych chromozému neni nahodny. Chyby chromozému 16 a 22 vznikaji
pfevazné v meidze II; chromozému 18 v meiéze | a chromozému 13 a 21 podobné
v meiéze | a ll. Pocet aneuploidii v oocytech pozitivné koreluje s maternalnim vékem
[Kuliev et al., 2007].

Doktorka Semra Kahraman [Kahraman et al., 2007] analyzovala vztah mezi
morfologii oocytt a aneuploidiemi ve vzniklych embryich. Mezi embryi pochazejicimi
z oocytt s normélni morfologii bylo 41,3% embryi aneuplodnich, mezi embryi
Z oocytu s ruznymi intracytoplasmatickymi abnormalitami 52,4% a mezi embryi
z oocytl s extracytoplasmatickymi abnormalitami  54,9%. NejvySSi procento
aneuploidii bylo nalezeno u embryi pochazejicich z oocytdl s mnohocetnymi
vakuolami - 71,4%. PFfitomnost mnohocetnych vakuol a hladkého endoplasmatického

retikula byly silné asociovany s chromozomalnimi abnormalitami.

11
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3.1.2 Zygota

Po splynuti gamet, pozorovaném po in vitro fertilizaci (IVF) nebo po
intracytoplazmatické injekci spermie (ICSl) popfipadé po po intracytoplasmatické
mikroskopicky kontrolované injekci spermie do vajicka (IMSI) dojde k aktivaci oocytu.
Béhem nékolika hodin dojde k vylou€eni druhého polarniho téliska (2 hodiny po ICSI)
a formaci prvojader (jiz 5 hodin po ICSI), kdy fyziologicky fertilizovany oocyt obsahuje
jedno prvojadro
s genetickym materialem od otce a druhym od matky. Toto stadium je definovano
jako prezygota, jenz vstupuje do syngamie (= fuze prvojader = parovani maternalnich
a paternalnich chromozému a syntéza DNA). Chromozomalni material paternalniho
a maternalniho pivodu je vyménén v procesu zvaném homologni rekombinace nebo
také crossing-over (= vyména genetického materidlu mezi pary nesesterskych
chromatid homolognich chromozéma).

Patologicky fertilizovany oocyt ma odliSny pocCet prvojader, podle kterého
muZeme usuzovat na chromozomalni konstituci zygoty. Jedno prvojadro naznacuje,
Ze se jedn& o zygotu s haploidni sadou chromozému, tfi prvojadra naopak naznacuiji,
Ze zygota obsahuije triploidni sadu chromozdmu. Neni to vSak absolutni pravidlo - 3%
embryi bez prvojader a 5% embryi s jednim prvojadrem muazZe mit euploidni karyotyp
[Noyes N. et al., 2007]. Naopak pfitomnost dvou prvojader nezaruuje normalni
proces fertilizace a rovnéz negarantuje, Ze jedno prvojadro je od matky a druhé od
otce.

V praci doktorky Semry Kahraman [Kahraman et al., 2007] byla potvrzena
korelace mezi morfologii prvojader a chromozomalnimi abnormalitami. Pre - embrya
byla klasifikovdna do dvou kategorii v zavislosti na uspofadani, velikosti, linearnim
nebo nepravidelném usporadani jadérek a dale na pozici a velikosti prvojader
v cytoplasmé. V prvni kategorii byly vyhodnocovany morfologické znaky jadérek
a v druhé morfologie prvojader. Bylo potvrzeno, Ze abnormalni morfologie prvojader
koreluje s nizkou hodnotou tvorby blastocyst, s tvorbou arestovanych, pomalu se
vyvijejicich chromozomalné abnormalnich embryi. Statistickd analyza potvrdila
silnou korelaci mezi morfologii prvojader a jadérek a aneuploidiemi v embryich

i v jinych publikovanych studiich [Gianaroli et al., 2003; Gianaroli et al., 2007, 2007a].

12
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3.1.3 Bunéé¢né stadium embrya

Prvni kroky embryogeneze jsou u savcl fFizeny genetickymi informacemi
ziskanymi od matky a ovliviiovany epigenetickymi faktory okoli. Exprese genomu
vlastniho embrya zac¢ina u rdznych savcéich druht rdzné — u mysi ve stadiu dvou
blastomer, u prasat ve stadiu Ctyf blastomer a u ovci ve stadiu osmi blastomer
[Braude et al., 1988]. U Clovéka je tento proces zatim ne zcela objasnén.

Kromé genetické regulace ma vyznamny vliv na vyvoj embrya jeho okoli — napf.
koncentrace kysliku, pH, hormondlni prostfedi atd. Bylo prok&dzano, Ze epigenetické
vlivy, plasobici v periimplantacnim obdobi, mohou ovlivnit jak prenatélni, tak dokonce
i postnatalni vyvoj [de Kloet et al., 2005].

Béhem fertilizace jsou prvojadra s viditelnymi jadérky polarizovana a mitochondrie
zacnou agregovat okolo prvojader. Rovina prvniho bunééného déleni je dana pozici
druhého polarniho téliska, jeZ slouzi jako tzv. marker polarni osy od zygoty do stadia
blastocysty.

Proces ryhovani lidskych embryi zahrnuje sérii mitotickych déleni bunék.
Prameérné doba prvniho buné€ného déleni je 20 hodin. Primérna doba buné¢ného
cyklu mezi dny 2 a 6 je 31 hodin. Jako u vSech savcu, centrozOm lidské spermie
kontroluje prvni mitotické déleni po Uspésné fertilizaci. Ve stadiu 2 - 8 buné&ného
embrya je déleni zcela zavislé na zasobach maternalni RNA nutné k translaci
a syntéze dulezitych proteind. Na¢asovani sniZzeni poméru proliferace se shoduje
s naCasovanim aktivace embryonalniho genomu, jenZz se u c¢lovéka objevuje
pravdépodobné mezi 4 a 8 bunéénym staddiem. V IVF praxi dobfe se vyvijejici
embrya dosadhnou 4 a 8 bunécného stadia v den 2 az den 3. To znamena, Ze cas,
ktery je u lidskych embryi nutny k dokonéeni prvnich tfi bunéénych cykld, je
v pruméru 60 hod. Opozdéné a asynchronné se délici embrya, a to jak rychleji tak
pomaleji, jsou povaZzovana za embrya ne zcela optimalni kvality, jez v menSim
procentu dosahnou stadia blastocyst, nez ta embrya, kter4& se déli synchronné
[Sermon et al., 2004]. Dr. Kahraman analyzovala hodnoty aneuploidii v pomalu
a v normalné se vyvijejicich embryich. Pomalu se vyvijejici embrya méla hodnotu
chromozomalnich abnormalit 65% oproti 58% u normalné se vyvijejicich embryi.

Bylo prokdzano, Ze dopad biopsie jedné buriky na vyvoj embrya do stadia

blastocysty je minimélni u normélné, synchronné se vyvijejicich embryi, oproti
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embryim, jeZ byla povaZzovana za embrya ne zcela optimalni kvality a v dobé biopsie
méla méné nez sedm bunék [Dorfman et al., 2007].

Jesté pred 10 lety se predpokladalo, Ze vtomto stadiu jsou vSechny buriky
totipotentni a embrya jeSté nekompaktuji [Hardy et al., 1990]. Od roku 2000 se vSak
objevuji prace popisujici rozdilné exprese Oct-4 (marker totipotence, typicky pro
buriky embryoblastu) a B-hCG (marker trofoblastu) na riznych blastomerach [Hansis
et al., 2001, 2002]. Naproti tomu ale odbér jedné blastomery pfed 4. bunéfnym
stadiem embrya ma za néasledek poSkozeni dalSiho vyvoje a vede k redukci
celkového poctu bunék embryoblastu [Tarin et al., 1992].

Kvalita 2 — 16-ti buné&nych embryi vzniklych po IVF je rdznorodd. Mnoho
zembryi obsahuje bunécné fragmenty nebo nerovnocenné blastomery v jejich
velikosti, popfipadé vykazuje rychlejSi nebo pomalejsi naCasovani bunééného déleni.
Fragmenty vznikaji z ddvodu neustélé zmény velikosti blastomer a tvorby a zaniku
bunénych kontaktd bé&hem déleni. Jestlize presdhne stupen fragmentace 10%
objemu embrya, pak to pravdépodobné odréZi jisté aberace v embryonalnim vyvoiji.

Jurisicova [Jurisicova et al., 2003] ve své studii jasné prokazala, zZe
v arestovanych fragmentovanych embryich je spustén proces apoptozy, ktery maze
byt zodpovédny za eliminaci bunék nesoucich chromozomdlni abnormalitu -
napriklad u monosomii [Magli et al., 2000].

Studie Staessena [Staessen et al., 2004] a Giorgettiho [Giorgetti et al., 2007]
ukazaly nizké hodnoty implantace (5%) po transferu embryii s10 - 50%
fragmentacemi v den 2. Mezi fragmenty je fada rozdild a bylo potvrzeno, Ze rozdil
v implantaci embryi je pravdépodobné dusledek spiSe typu fragmentl neZ stupné

fragmentace samotné [Alikani et al., 1999].

3.1.4 Blastocysta

Ve staddiu moruly dochdzi ke kompaktaci a k dokonCeni aktivace
embryonalniho genomu. Rozdéleni bunék v blastocyst¢ do dvou linii — do
embryoblastu a trofoblastu, je zapoc€ato v raném osmibunécném stéadiu. Buriky jsou
pak dale polarizovany, a to jak na membrané tak v cytosolu [Antzak et al. 1999].
Polarizace je regulovana rozsahem kontaktd mezi blastomerami.

Kompaktace a nasledné kavitace je v savéim embryu z&kladni jev, ktery vede

k tvorbé trofoblastu (trofoektodermu), embryoblastu (inner cell mass = ICM)
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a blastocoely. VSechny procesy jsou prostorové a ¢asove vzajemné zavislé

a mezibunécné aparaty, specialné tight a gap junctions, jsou povazovany za zakladni
elementy v téchto mezibunécnych interakcich. Tight junction a desmosom - like
struktury mohou byt pozorovany mezi lidskymi blastomerami v Sestibuné&ném

a osmibunééném stadiu, zatimco gap junctions se objevuji ve stadiu blastocysty.
Vysledky souhlasi s prfedstavou, Ze pouze embryo, které vykazuje organizovany
model intercelularnich spojeni, je schopné prezit. Nastup pevnych spojeni mezi
blastomerami je relativné &asny, zatimco plnd kompaktace se neobjevi, dokud
embryo nema 16 - 32 bunék s naslednou formaci dutinky a expanzi blastocoely.
Kavitace rovnéZz zahrnuje kumulaci tekutiny v dutince, jenZ je transportovana
burikami trofoektodermu [Schoolcraft et al. 1999; Gardner et al. 1997].

3.1.5 Implantace embrya

Implantace blastocysty je unikatni proces savci reprodukce, jez vyZaduje prisné
koordinovanou souhru mezi embryem a matefskou délohou.

Probiha ve tfech fazich oznacovanych jako apozice, adheze a invaze. Apozice
znamena orientaci blastocysty v déloZzni dutiné k endometridlnimu epitelu.
V adhezivni fazi se blastocysta pfichycuje a vinvazivni pak embryonalnim
trofoblastem prorusta do matefské deciduy, pfiéemz spolupusobi fada komplexnich
interakci mezi adhezivnimi molekulami embryondlni a matefské tkané.

Podminky pro UspéSnou implantaci jsou tfi: optimalné vyvinuté Zivotaschopné
embryo ¢&i embrya, adekvatné pfipravené endometrium a jejich vzajemna
komunikace a reciprocni ovliviiovani.

Morfologické a funk&ni zmény endometria v pribéhu menstruacniho cyklu jsou
regulovany ovarialnimi steroidnimi hormony. Tyto hormony jsou rozhodujicim
faktorem a pfi jejich chybéni ke zméndm sliznice nedochazi. Jejich efektory, to
znamena molekuly, jejichz expresi ovliviiuji, a které pak zabezpeluji vlastni
morfologické a funkéni zmény endometria, vSak iz tak pfesné popsany nejsou.
Mnoho z nich je zndmo, ale mnoho dalSich se kazdym rokem objevuje v literatufe
zcela nové.

Sav¢i embrya se nemohou vyvijet bez fungujici placenty. Endotel, imunitni
a endokrinni systém se spole¢né s reprodukénim systémem Zeny pfimo u&astni

procesu implantace, vzniku placenty a udrZeni téhotenstvi. Jejich koordinace je
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zajiStovana souhrou endokrinniho a imunitniho systému - morfologickd a funkéni
pfestavba endometria je podminéna endokrinné a zajiStovana lokalné
produkovanymi regulaénimi faktory, zvelké Césti cytokiny a rastovymi faktory
[Tabibzadeh, 1998].

Kromé toho, Ze placenta zabezpecuje preziti a vyvoj embrya, ovliviiuje téz
matefsky organismus, jeho metabolismus, endokrinni i imunitni systém, a to tak, aby
to co nejvice prospivalo vyvoji embrya a plodu. Tyto komplexni aktivity jsou vysoce
senzitivni, coZ dokazuje vysoké procento ¢asnych spontannich potratt [Cross et al.,
1994].

V sou€asné dobé jsou zndmy desitky rastovych faktord, transformacnich
rstovych faktor(, adhezivnich molekul a cytokinu, které v adhezivni fazi implantace
spoustéji pfipravné procesy pro prijeti embrya a v invazivni fazi zajistuji
a uskuteCnuji vzidjemné bunécné kontakty. Tyto molekuly mohou byt jak
maternélniho, tak embryonalniho plvodu [Dominguez et al., 2003; Herrler et al.,
2003; Tabibzadeh, 1998; Bornstein et al., 2004]. Cytokiny jsou regulacni
glykoproteiny, které prenaSeji informaci jednak uvnitf imunitniho systému a jednak
mezi imunitnim systémem a ostatnimi tkAnémi. Nékteré cytokiny se svymi receptory
jsou specifické pro feto-placentarni spojeni [Vinatier et al. 1992] a jak ukazuje stale
rostouci pocet publikaci, jsou to pravé tyto molekuly, jez uskute€ruji kli¢ovou &ast
embryo-maternélniho dialogu [Saito, 2000; Saito, 2001, Chaouat et al., 2002;
Chaouat et al., 2004].

Jak vyplyvad z fady praci, je to predevSim leukemicky inhibi¢ni faktor (LIF),
interleukin 11 (IL-11) a tridda IL-12/IL-15/IL-18, které jsou témi klicovymi
signaliza¢nimi vektory, produkovanymi endometriem [Stewart et al., 1992; Stewart,
1994, Charnock-Jones et al., 1994; Vogiagis et al., 1996; Vogiagis et Salamonsen,
1999; Tsai et al., 2000; Nardo et al., 2003; Dominguez et al., 2003; Giudice, 1999
Herrler et al., 2003; Tabibzadeh, 1998; Kimber, 2005].

Exprese cytokin v endometriu byva detekovana imunohistochemicky ¢i béZznymi
blottingovymi metodami [Charnock-Jones et al., 1994; Cullinan et al., 1996]. Ponékud
obtizné&jSi je technika uterinnich vyplachd, v nichz jsou cytokiny analyzovany vétSinou
pomoci enzymatické imunoanalyzy (ELISA) [Hambartsoumian, 1998; Piccinni, 2001

Mikolajczyk et al., 2003]. Ackoliv se jedna o invazivni vySetfovaci metodu, bylo
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prokdzano, Ze tyto vyplachy nijak negativné neovliviuji schopnost otéhotnéni
[Ledee-Bataille et al., 2004].

Angiogeneze v endometriu je kliCovy proces tohoto obdobi. Je fizen jak
autokrinné z epitelii a stromatu endometria, tak faktory produkovanymi embryem
[Kapiteijn et al., 2006]. Jednim z velmi potentnich angiogennich faktoru, jez embryo
secernuje po kontaktu s endometriem v hojném mnozstvi, je systém interleukinu 1
(IL-1), jehoz jednotlivé komponenty jsou exprimovany jak na preimplantacnich
mysSich embryich, tak na embryich lidskych. Receptor pro IL-1 je exprimovan na
endometriu témér vSech savc¢ich druhd a u vétSiny z nich antagonizace biologického
efektu IL-1 vede k selhani implantace. To Ize vysvétlit jak pisobenim IL-1 na systém
metaloproteinaz a jejich inhibitord (MMPs/TIMPSs), tak na stimulaci vaskularniho
endotelidlniho rastového faktoru (VEGF), ktery podporuje angiogenezi [Krussel et al.
2003].

Pochopeni déju spojenych s implantaci embrya a porozuméni komunikaci mezi
embryem a endometriem v periimplantacnim obdobi je dnes jednim z hlavnich
problémud reprodukéni biologie. K jeho FeSeni pfispivA mimo jiné identifikace gena,
sehravajicich klicové role v regulaci a uskute¢novani prvnich fazi embryogeneze.

Selhani implantace embrya muaZe byt pfi¢inou idiopatické, tj. standardnimi
vySetfovacimi metodami nevysvétlitelné infertility, ktera je diagnostikovana u 10 -
15% neplodnych péaru. Podili se na opakovaném selhani [é€by neplodnosti
a v pripadech chybné placentace maze vést k opakovanému potraceni, preeklampsii

a ristoveé retardaci plodu.

3.2 Prodlouzena kultivace embrya — definice, histor  ie. Vyznam a vyuZiti
prodlouzené kultivace

Pojem ,prodlouZzena kultivace embrya“ se v prubé&hu poslednich 15 let
postupné ménil a vyvijel a kultivaéni doba, ktera tak byla oznacovana, se
prodluZovala. Dnes se pod prodlouZenou kultivaci rozumi kultivace embrya do stadia
blastocyty, tedy 5 az 6 dni od zahajeni IVF/ICSI/IMSI.

Od pocatku 90. let minulého stoleti se zacali objevovat autofi [Lopata et al.,
1996; Olivennes et al., 1994], ktefi dokazali péstovat embrya déle, nez bylo pavodné
mozné a dosli ve vyvoji embrya az do stadia blastocyty. Nejprve se za timto Ucelem

pouzivaly kultivacni systémy vyuZivajici ko-kultivace s burikami, které nahrazovaly
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embryu stimulaéni a rlstové podnéty, které jsou za normalnich podminek pfitomné
v okoli embrya v prabéhu jeho in vivo vyvoje. Napf. Olivennes a kolektiv vyuZzivali
Vero bunék izolovanych ze zvifecich tkani [Olivennes et al., 1994]. Tyto systémy
v8ak mély mnoho rizik — pfedevsim pfenos virll a prionu ze zvifecich tkani, a tak byla
intenzivné hledana cesta k syntetickym, definovanym médiim.

ZacCatek 21. stoleti je jiz charakterizovan Sirokou Skalou bezpeénych a velmi
kvalitnich médii, jez poskytuji embryim dostatecnou vyZivu i stimulaci [Summers et
Biggers, 2003].

Od zavedeni prodlouzené kultivace byla ocekavana predevSim moZnost
dokonalejsi selekce embryi dle morfologie. Cilem byla identifikace embryi
s nejvySSim vyvojovym potencidlem, zlepSeni synchronizace stadia transferovaného
embrya a stimulovaného endometria a tim padem zvySeni UspésSnosti I1éCby
neplodnosti. Této problematice se budeme vénovat v kapitole 3.2.1.

Ani prodlouZzend kultivace v8ak nezvedla Uspésnost IéCby na dostacujici
aroven. Ztoho vyplyva tedy nejvétsi ukol pro soucasnou reprodukéni medicinu —
doplnit k morfologickému hodnoceni Zivotaschopnosti embrya (které tedy ziejmé
neni dostateCné v evaluaci vyvojového potencialu embrya) néjaky dalSi, prfidatny
test, nejlépe rychle proveditelny a neinvazivni, jehoZ by bylo moZno plosné zavést,

a ktery by vedl| ke zvySeni efektivity IéCby neplodnosti, nejlépe bez vedlejSich U&inka.

Této problematice se budeme vénovat v kapitole 3.2.2 a 3.2.3.

3.2.1 Dokonalejsi selekce embryi s cilem zvySovani  efektivity IVF

Transfer blastocyst byl od zaCatku pokladan na vhodny nastroj pro zvySovani
pregnancy rate (PR) a sniZzovani frekvence vice€etnych téhotenstvi [Garcia-Velasco
and Simon, 2001; Mercader et al, 2003]. Procento viceCetnych téhotenstvi po IVF je
vysoké - vroce 2004 to bylo v Evropé 26,4% a v USA 35,5%. Ztoho vyplyvaji
zdravotni rizika pro déti i matku a také vzrastajici ekonomické naklady na zdravotni
péci [Society for Assisted Reproductive Technology and American Society for
Reproductive Medicine, 2000; Wilson et al., 2002; Gardner et al., 2004; Nyboe-
Andersen et al., 2004; Papanikolaou et al., 2005].

Rada praci dokazala vyhody kultivace do blastocyst a jeji vliv na efektivitu

léEby neplodnosti. Sou¢asné reprodukéni medicina se domniva, Ze vyselektované
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v s

blastocysty maiji lepSi vyvojovy potencial a navic pozdéjSim transferem (az 5. Ci 6.
den) je vyvoj embrya a pfipravenost endometria Iépe synchronizovan [Fanchin et al.,
2001; Gardner et al, 2003]. Tato synchronizace byla prokazéana napf. studii sledujici
uterinni kontraktilitu — byla poloviéni v dobé transferu blastocysty nez u Zen
s transferem 2. den [Fanchin et al, 2001; Gardner et al, 2003].

Vyznam synchronizace vyvoje embrya a pfipravenosti endometria je
podporovana fadou studii, popisujicich molekularni dialog v pribéhu implantace
[Galan et al, 2000].

Studie prokazuji, Zze napf. u Zen mladSich nez 36 let, které podstupuji svuj
transfer jednoho embrya v den 2 &i 3 [Emiliani et al., 2003; Van Monfoort et al., 2006;

Papanikolaou et al., 2006].

3.2.2 Analyza kultiva €nich médii s cilem zvySovani efektivity IVF

ProdlouZena kultivace embryi a selekce blastocyst zna¢né zvedla Uspésnost IVF
23% (DIR) a pribliZila se skoro 50% [Zech et al., 2002]. Rada klinik v3ak stéle hleda
cesty k dalSimu zvySovani PR a to pfispivA k boomu vySetfovani prediktivnich
faktorl z kultivacnich embryi, jejichz stanovovani by korelovalo s vyvojovym
potencidlem embrya a tak zvysSilo efektivitu IVF.

Na konci 20. stoleti, v dobé& maximalniho rozkvétu imunologie, podporovala Sirok&
védeckd obec hypotézy, v nichZz vyznamnou roli hraly rizné pasobky a bunky
imunitniho systému. Imunologickd sloZka etiologie a patogeneze neplodnosti byla
pokladana za pfi€inu nejen idiopatické infertility, ale i endometridzy, nizké aspésSnosti
IVF/ICSI, opakovanych spontannich potratt atd.

Ackoliv bylo v mnoha pfipadech prokazano, Ze protilatky (napf. antifosfolipidoveé)
¢i imunocyty (napf. NK buriky) hraji roli v patogenezi infertility, celkové je nutno fici,
Ze imunoterapie zatim ocekéavani nesplnila a tyto identifikované faktory nepfispély ani
k lepsi diagnostice. Zadné zvy3eni efektivity IVF se na podkladé imunologickych
stanoveni zatim bohuZel nekonalo, a to ani u tak slibnych jevu, jako byla detekce
solubilni HLA-G v kultivacnich médiich embrya. Tato vySetfovani byla opakované
potvrzovana v mnoha publikacich jako jasny a vysoce korelujici prediktivni faktor
[Fisch et al., 2007; Desai et al., 2006], pfesto vSak multicentricka studie z roku 2009

publikovand v RBMO prokazala, Ze tato metoda funguje pouze pfi urcitych
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kultivacnich podminkach a plosné aplikovana byt zatim rozhodné nemuze [Tabiasco
et al., 2009].

DalSi imunogenetick& vySetfeni, ktera se provadéji v souc¢asnosti (napf. stanoveni
leptinu ¢&i rGznych cytokinud a ristovych faktor( v kultivaénich médiich
a folikularni tekutiné jako predikce vyvojového potencialu a uspéSnosti implantace
embrya), jsou jiz ve svych vyhlidkach a prognézach daleko stfizlivéjSi nez ta, ktera
byla provadéna a zavadéna v 80. a 90. letech 20. stoleti. To je i pfipad cytokinu
leukemického inhibi¢niho faktoru (LIF). KdyZ byl poprvé popsén a byly publikovany
prvni studie na lif-gen knock-out mysich, byla o¢ekavani velka - existovala hypotéza,
Ze LIF bude ustfednim regulatorem vyvoje embrya a implantace, a bude
potencionalnim terapeutickym prostfedkem. BohuZzel, tyto nadéje byly napinény jen
castecné — ve veterinarni mediciné je LIF pouZivan k optimalizaci vyvoje embryi
nékterych druhd, u mySich embryonélnich kmenovych bunék (EKB) byl zjiStén jako
nezbytny faktor pro udrZzeni pluripotence bunék, ale v humanni mediciné jeho pfinos
tak zdsadni neni - LIF neudrZi lidské EKB v nediferencovaném stavu a ani neni
jedinym klic¢ovym faktorem ovliviiujicim implantaci embrya — je spiSe jen zapojen do
celé kaskady regulacnich déju.

A tak se vyzkum pozvolna posunuje z ,imuno-* do ,-genetické” roviny a zvySena
pozornost je vénovana zkoumani genetického pozadi infertility.

Nadéji predstavuje v souCasné dobé napf. charakterizace transkriptomu
v individudlni burice. Studiem genové exprese byly nalezeny nové markery vztahujici
se kviabilité embrya. Nejkomplexné&jsi microarraye v soucasné dobé dovoluji
soucCasné testovani priblizné 30 000 genu, coZ je témér cely genom [Wells, 2007a,b;
Wilton, 2007; Huges, 2007]. Studie jsou provadény s cilem vytvoreni pokud mozno
jednoduchého testu, jenZ umoZzni embryologdm vybrat ze skupiny embryi vhodnych
k transferu to nejvice Zivotaschopné embryo. V soufasné dobé je technologie
microarray analyzy jen malo vyuZivana k PGD/PGS, ale zadlenéni této technologie
do IVF a PGD muZe vést ke zvySeni pregnancy rate, coZz by mohlo byt prospésné jak
infertilnim, tak PGD pacientim [Wells, 2007a,b; Cram, 2007].
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3.2.3 Preimplanta €éni geneticka diagnostika a preimplanta  €éni geneticky screening

Preimplantaéni genetickd diagnostika (PGD) a preimplantacni geneticky
screening (PGS) umozniuji vySetfit specifické vady v genetické vybavé embrya jesté
pfed jeho implantaci do délozni sliznice.

PGD byla poprvé provedena pred 20 lety [Handyside et al., 1990, 1992, 1999;
Verlinski, 1990], jako alternativa prenatalni diagnostiky. Od té doby se neustéle
vyvijeji techniky pro molekularni a cytogenetickou analyzu na arovni testovani jedné
buriky, coZ umoZnuje v soucasné dobé vySetfeni polarnich télisek z oocytd a zygoty,
vySetfeni buriky (blastomery) odebrané zembrya vbunééném stadiu nebo
trofoektodermu z blastocysty [Sermon et al., 2004]. A tak se sezham onemocnéni,
kterd mohou byt vySetfena pomoci PGD, kazdy rok rozSifuje.

Uspé&sny program PGD/PGS vyzaduje vysoce kvalitni IVF, dostateéné
mikromanipula¢ni schopnosti k ziskani genetického materidlu (polarni téliska,
blastomera, trofoektoderm) a sofistikované molekularni technologie. Proto
PGD/PGS, tak jak ji zname nyni, je vysledek Uzké spoluprace mezi klinickymi
a molekularnimi genetiky, gynekology a embryology [Geraedts et al., 2001].

PGD je zaméfena predevSim na plodné pary, které maji vysoké genetické
riziko, Ze jejich potomci budou poskozeni chorobou, jiZ trpi jeden nebo oba rodice, at
uz se jednd o poruchu monogenné, chromozomalné ¢&i jinak vazanou. Mezi indikace
k PGD tedy patfi monogenni onemocnéni, X-vazanad genetickd onemocnéni nebo
autosomalné dominantni onemocnéni s pozdnim pocatkem a plnou penetraci
mutace - napfiklad Huntingtonova chorea a dalSi neurodegenerativni onemocnéni.
Diskutovana je diagnostika suspektnich genl zpusobujicich onemocnéni v pozdnim
véku a jejich dédiénych podskupin (BRCa) a nebo PGD — HLA typizace v rodinach,
kde neni HLA kompatibilni sourozenec.

PGS je poskytovan infertiinim param k detekci moznych chromozomalnich
anomalii embrya, jeZ mohou vést k selhéni Ié€by neplodnosti nebo k opakovanym
spontannim potratim a to hlavné pfi vy$Sim véku matky nebo i otce a pfi poruchach

spermatogeneze partnera. [Thornhill et al., 2005]
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Chromozomalni abnormality embryaap Finos PGD/PGS v jejich detekci

Wilcox a spolupracovnici [Wilcox et al., 1988] provedli studii, pfi niz u mladych
zdravych Zen stanovovali denné hCG z moce pocinaje dobou implantace a zjistili, Ze
celkova ztrata Casnych téhotenstvi do 7. tydne je 16 %.

Dalsi studie popsaly hodnoty klinicky rozpoznatelnych téhotenskych ztat v prvnim
trimestru okolo 10 — 12%. Materndlni vék s timto rizikem pozitivné koreluje. U Zen,
jeZz maji v anamnéze 3 a vice opakovanych potratt vzrasté rizika dalSiho potratu na
30% [Brigham et al., 1999].

Razné studie spontannich potratd prokézaly, Ze vice jak polovina z nich je spojena
s chromozomalnimi abnormalitami [Stern et al., 1996]. Rada autor(i se ale domniva,
Ze tato hodnota je jeSté vySSi — 70 az 90% [Pellicer et al., 1999, Carp et al., 2001].

Studiem genetické konstituce preimplantacnich embryi bylo zjisténo, Ze
frekvence chromozomalnich abnormalit, pfedevsim aneuploidii, je v embryich velmi
vysoka: 25 - 80 % ze vSech embryi je aneuploidnich. Pokud selektujeme embrya dle
béZzné uznavanych morfologickych kritérii, pak z morfologicky normalnich embryi je
stdle jeSté 50% chromozomalné abnormalnich [Pellestor et al., 1994].
Chromozomalni abnormality, pfedevsim haploidie a polyploidie, souvisi se Spatnou
morfologii embrya [Ziebe et al., 2003; Sermon et al., 2004]. Bylo zjisténo, Ze 80 %
fragmentovanych embryi a 90 % embryi, jejichz vyvoj byl zastaven v nékterém
z preimplanta¢nich vyvojovych stadii, nese chromozomalni abnormalitu [Magli et al.,
2007]. Rovnéz pfitomnost vicejadernych blastomer vede k zastaveni vyvoje embrya,
k rozsdhlému mozaicismu nebo polyploidii (74 %) [Kligman et al., 1996].

Pouzitim specifickych fluorescenéné znacenych DNA sond bylo prokazano, Ze
nej¢astéjSi chromozomalni abnormalitou jsou trisomie chromozému 21, 13, 16, 18,
22 (50 %) a pocetni abnormality pohlavnich chromozomiu X a Y (20 %)
[UNESCO/IBC, 2003]. 25% pripadt pfipada na celkovou polyploidii a 5 % na
nebalancované chromozomalni prestavby. Proto vySetfeni aberaci chromozdému
embrya, které jsou nejCastéji nalézany ve spontannich potratech (13, 16, 18, 21, 22,
X a Y), miuze predejit spontdnnimu potratu a tak zvySit ispéch umélého oplodnéni.
VySetieni téchto sedmi chromozému odhali 70 % vSech moZnych abnormalit [Boué
A. et al., 1985].
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Procento aneuploidii v ocytech i embryich vzrlstd s materndlnim vékem
(ze 67% u pacientek pod 38 let na 75% u pacientek nad 38 let) [Munné et al., 1994,
1998, 2007a,b, 2009; Magli et al., 2007; Gianaroli et al., 2007].

Proto strategie zlepSeni UspéSnosti IVF/ICSI maze zahrnovat (jako jednu
z moznych cest) mimo mikroskopické hodnoceni morfologie, dynamiky déleni a
vyvoje embryi in vitro do stadia blastocysty, také provedeni PGS k vylouceni

aneuploidnich embryi [Staessen et al., 2004].

Neni Zadnych pochyb, Ze PGS sniZzuje opakované spontanni potraty, tzv.
recurrent pregnancy loss (RPL) u idiopatickych spontannich potratd (vice jak 50%
RPL je idiopatickych) na 19,5% spontannich potratd oproti ocekavanym 41%
u pacientek s tfemi az péti potraty [Munné et al., 2007b]. AvSak u pacientek, jeZ mély
vice jak 5 pfedchozich potratd, nebylo pozorovano Zadné zlepSeni diky PGS. Naproti
tomu u nosi€d translokaci snizilo PGS procento potratd na 12 % oproti 39 % ve
skupiné Zen bez PGS [Munné et al., 2007a,c,d].

Dalsi indikaci k provedeni PGS je porucha spermatogeneze, kterou trpi

pfiblizné 15 - 20% muzu. U infertiinich muzl s oligo-, astheno-, teratoazoospermii je
signifikantni narust aneuploidie pfiblizné 4 x (zvlasté chromozomd 1; 12; X a Y)
a disomie pfiblizné 3 x (chromozémy 1; 13; 21; 22; X a Y) oproti kontrolnim
(plodnym) muzdm [Martin et al., 2007]. Nejvice je zvySena frekvence aneuploidii
chromozému G skupiny (21 a 22) a X - Y bivalentl, coZ bylo prokadzano jak
karyotypovanim, tak FISH analyzou.
Mnoho aneuploidii pohlavnich chromozémua pochazi z paternalni nondisjunkce
[Hassold at al., 1988; Jacobs et al., 1988; May et al., 1990]. U téchto pacientt byl
prokazan signifikantni narust frekvence chromozomalnich abnormalit po ICSI a bylo
zjisténo, Ze vSechny abnormalni karyotypy v po¢tu gonozomu byly paternalniho
puvodu [Van Opstal et al., 1997]. 8,2% muZzu s poctem spermii nizSim nez 5 mil/ml
trpi mikrodeleci Y chromozému [Devroey et van Steirteghem, 2004]. Tyto
mikrodelece vznikaji vétSinou de novo a jsou pfenaSeny na vSechny muZzské
potomky pfi ICSI, coZz mizZe opét vést k jejich snizené plodnosti [Johnsons et al.,
1998; Bernardini et al., 1998; Pang et al., 1999; Burrello et al., 2003].

PGS je povaZzovan za efektivni nastroj k selekci embryi vhodnych pro transfer,

zvySujici implantation i pregnancy rate, a to pfedevsim ve skupiné pacientek ve

23



Moznosti a vyznam prodlouzené kultivace embryi

vySSim véku s opakovanymi aborty a u partnerd s oligoastenozoospermii [Verlinsky
et Kuliev, 2004; Munne et al., 2005; Gianaroli et al., 2005; Ferraretti et al., 2004].

UNESCO/IBC povaZuje screening aneuploidii za eticky akceptovatelny
[UNESCO/IBC, 2003]. ZkuSenosti se spolehlivosti, efektivnosti a bezpe€nosti PGS
neustale rostou, ale zdaleka ne vSechny problémy jsou dofeSeny [Briggs et al., 2000;
Wilton, 2002, 2005, 2007; Sermon et al., 2005; Ruangvutilert, 2000; Staessen et al.,
2004].

ESHRE a PGDIS zaradili PGS do svych smérnic [Thornhill et al., 2005; PGDIS
Guidelines, 2004], ale v posledni dobé je stale vice volano po randomizované studii,
prokazujici jak efektivitu metod, tak pfinos PGS pro zvySeni healt baby take home
rate [task force ESHRE, 2009].

Metodika PGS/PGD

Z&kladnim bodem PGD/PGS je odbérem nesnizit implantacni a vyvojovy
potenciadl embrya. V souvislosti s vyvojovymi stadii dnes existuji 3 odliSné, dobre
zavedené, procedury biopsie - odbér polarnich télisek (PB) z oocytu (1. polarni
télisko) nebo zygoty (2. polarni télisko), biopsie v nejlépe osmibunééném stadiu
embrya (odbér jedné &i dvou blastomer 3. den po oplodnéni) a odbér trofoektodermu
ve stadiu blastocysty.

Vlastni odbér PB a blastomer je ve velké vétSiné provadén pomoci aspirace.
Uginnost a bezpeénost téchto procedur byla potvrzena na zvifecich modelech.
Zadnéa z procedur vyrazné nezasahuje do daldiho in vitro a in vivo vyvoje embrya,

nesnizuje hodnoty implantace a hodnoty pregnacy rate (PR).

Hlavni vyhodou biopsie PB je, Ze nesniZuje u oocytd schopnost fertilizace
a procenta délicich se embryi [Verlinski et al., 2002]. Odbér polérnich télisek je
vyuzivan predevSim v Némecku, v Rakousku a v ltalii, kde je zak&zana biopsie
embrya [Ethikrat, 2004].
Hlavni limitaci analyzy polarnich télisek je fakt, Ze hodnotime pouze maternalni

geneticky prispévek.
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Prvni polarni télisko podléha rychlé degeneraci a proto je FISH analyza
doporucovana pouze tehdy, je-li mozné PB odebrat do 6- ti hodin od odbéru oocytu.

Druhé PB preziva mnohem déle [Verlinsky et al., 2005; Rechitsky et al., 1999].

Idedlni dobou k odbéru blastomery by mél byt 3. den po fertilizaci, kdy by
embryo mélo byt osmibuné&né [Handyside et al., 1989]. Ne vSechna embrya vSak
dosdhnou osmi buné&ného stadia tfeti den po oplozeni, takZze do biopsie muzeme
zahrnout i 6-ti buné¢né embryo, ale musime vzit v Gvahu, Ze se pravdépodobné
jedna o embrya ne zcela optimalni kvality [Thornhill et al. 2005].

Odebrana blastomera by méla byt intaktni a méla by obsahovat jedno jasné
viditelné jadro. BohuZel buné¢né lyza se muZe objevit v jakémkoliv kroku procedury.

Ackoliv normalni lidské embryo obsahuje jedno jadro v kazdé blastomere, byl
popsan jev multinukleace a to jak v in vitro, tak in vivo embryich. Jev multinukleace je
vysvétlovan raznymi mechanismy: karyokineze bez cytokineze, <&aste¢na
fragmentace jadra ¢i defektni migrace chromozémud v anafazi mitdzy. Incidence
anukleovanych blastomer je rovnéz hodné vysokd, zejména pak v embryich se
Spatnou morfologii. Hodnota tvorby blastocyst by méla byt zaznamenavana jako
kritérium bezpecnosti procedury biopsie.

Data z klinickych studii bioptovanych embryi ukazuji, Ze pfiblizné jedna
Gtvrtina cykld konci Uspé&Snym otéhotnénim. [Gianaroli et al., 2002b; Sermon et al.,
2005].

Vyhodou odbéru bunék trofoektodermu je fakt, Ze mdzeme odebrat 10 az 30
bunék k analyze. Naopak hlavni limitaci PGD ve stadiu blastocysty jsou naSe
nedostatecné znalosti o tom, do jaké miry reprezentuje trofoektoderm zbytek
embrya. BohuZel =zatim neexistuje studie porovnavajici genetické sloZeni
trofoektodermu a embryoblastu lidské blastocyty. DalSi nevyhodou je nedostatek
¢asu na provedeni genetické analyzy v dobé, kdy chceme jiz blastocystu transferovat
[Sermon et al., 2004].

Otevieni ZP je mozZné jak mechanicky tak laserem, po nasledné kultivaci
a vyhfeznuti trofoektodermu mizZzeme bioptovat materidl pomoci dvakrat ohnuté jehly
o dno misky nebo pomoci laseru. Doktorka Kokkali prezentovala vysledky svych
zkuSenosti s biopsii blastocyst a optimalizaci metody a potvrdila, Ze biopsie

blastocysty neovliviiuje implantacni potencial embrya. Implantation rate blastocysty
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byla 34% oproti 17% v kontrolni skuping, kterA neméla bioptované blastocysty.
Hodnota klinického téhotenstvi na cyklus byla 55%, cozZ je srovnatelné s kontrolni
skupinou 50%. Tyto vysledky jasné demonstruji, Ze biopsie blastocysty nema na

vyvoj embrya a jeho implantaci negativni vliv [Kokkali et al., 2007].

Pro genetickou analyzu jsou nejéastéji pouzivany dvé metody: fluorescenéni in
situ hybridizace (FISH), ktera slouzi k cytogenetické analyze chromozomu
a polymerazova fetézovd reakce (PCR), pouZzivand k analyze monogennich
onemocnéni. V posledni dobé nabyva stale vice na vyznamu pro obé tyto oblasti

metoda microarray.

FISH je molekularné geneticka technika zaloZzena na pouZiti DNA sekvence,
jenz je specifickh pro vySetfovany chromozém. Tzv. sonda hybridizuje s
denturovanou DNA (jak v metafaznim stavu, tak ve stavu interfaznim). V jadife pak
odpovida pocet signald ze sond poctu pritomnych vySetfovanych chromozéma.
FISH je nejCastéji pouzivanou metodou analyzy chromozomalniho sloZeni
blastomery [Wilton, 2002]. Odebrané buriky jsou zafixovany na mikroskopické sklo
a poté je na né aplikovana DNA sonda, znacena fluorochromem, ktera je specificka
pro vySetfovany chromozom. Typ a pocet sond zavisi na indikaci.
Prvotni pouziti FISH spocivalo v detekci pohlavnich chromozéma embryi, kde bylo
riziko prfenosu raznych X - vazanych genetickych onemocnéni, jako je hemofilie
[Verlinski et al., 1996]. SouCasna aplikace zahrnuje predevSim diagnostiku
chromozomadlnich abnormalit a preimplantacni geneticky screening vcetné detekce
translokaci.
JestliZze je nosi¢kou translokace Zena, muZeme odebrat prvni polarni télisko, které je
do 2 hodin po odbéru oocytl z vajecnikd ve stadiu metafaze. Pro Robertsonské
translokace jsou pouZzivany tfi DNA sondy na kazdy translokovany chromosom -
jedna ,lokus-specificka“, poloZzend proximalné od bodu zlomu, a dvé telomerické
sondy, situované distalné od bodu zlomu. Pro reciproké translokace jsou pouzivany
minimalné tfi sondy, jsou-li ale dostupné C&tyfi - dvé proximalni a dvé distélni, pak je
analyza presnéjSi. Kazda ze sond pouzitych spole¢né v jednom hybridizacnim kole
musi byt znaCena jinym flourochromem, aby bylo mozno odliSit po€et vySetfovanych

chromozomu [Conn et al., 1998; Coonen et al., 2000; Van Assche at al., 1999].
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Spolehlivost diagn6zy pfi screeningu aneuploidii metodou FISH je 90 %. 10 %
zahrnuje technické problémy, jako je selhani hybridizace, prekryv signdll, artefakty,
rozpadlé nebo difuzni signaly a popsany mozaicismus [Wilton et al., 2002; Munné et
al., 1998, Munné et al., 2003; Ruangvutilert et al., 2000].

Screening aneuploidii je limitovan poctem DNA sond, které muUzZeme pouZzit
soucasné, jelikoz je zde riziko selhani FISH s jejich zvySujicim se potem
[Ruangvutilert et al.,, 2000] a téZz poctem hybridizacnich kol. Bylo prokazano, Ze
hodnota FISH artefaktt je zhruba 5% z celkového poctu vySetfovanych jader. Jednou
z moznosti jak snizit riziko nespravné diagnézy je odbér dvou blastomer, avSak zde
je riziko sniZeni vyvojového potencialu embrya a sniZeni jeho schopnosti implantovat
se do délohy. ReSeni problému by mohlo spogivat spide ve zvoleni spravného poétu
a typu testovanych chromozom( za soucasného pouZiti subtelomerickych sond
k rehybridizaci v pfipadé neinformativnich vysledkd [Munné et al., 2007a], coZ nam
umozni zvysit spolehlivost a pfesnost metody, aniZz bychom snizili Zivotaschopnost

a implantacni potenciél vySetfovaného embrya.

Pomoci PCR reakce je amplifikovana sekvence DNA, jenZ je ohrani¢ena

pouzitymi specifickymi primery. Toto umoznuje analyzu specifické sekvence DNA
nebo amplifikaci vazebnych polymorfnich marker( (pf. mikrosatelitl, SNPs, STRs)
[Boyle et al., 2004]. Vychozi mnoZstvi DNA z jedné buriky je znasobeno 10° az 10°
krat.
Z divodu vysoké citlivosti je problémem téchto analyz moznost kontaminace. DalSim
rizikem je moznost preferenéni amplifikace jedné ze dvou vySetfovanych alel, jenz
muZe vést k nespravné diagndze a transferu poskozeného embrya [Lissens et al.,
1997]. K pfekonani tohoto problému byly vyvinuty nové techniky analyzy PCR
fragmentl, jako je fluorescenéni PCR a analyza fragmenti na automatickém
sekvenatoru, které ndm umoznuji zjistit pfesnou délku analyzovaného fragmentu,
multiplex PCR [Sermon, 2002, Hussey et al., 2002], minisekvenovani, nested PCR a
real-time PCR [Syvanen, 1999; Fiorentino et al., 2003; Szuhai et al., 2001; Pierce et
al., 2000; Rice et al., 2002].

Komparativni genomova hybridizace (CGH) v kombinaci s PGD je relativhé

nova, ale rychle se etablujici technika [Voullaire et al., 2000; Wells a Delhanty, 2000;
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Wilton et al. 2001; Wells et al. 2002, 2003]. Preamplifikovand DNA embrya je
oznacena flourochromem, napfiklad ¢ervenym, jenz je smichan s preamplifikovanou
kontrolni DNA oznacdenou zelenym florochromem, s nimZ je porovnavan. Smés je
aplikovana na kontrolni metafazni jadra a je méfen vzajemny pomér barev. Oblast,
kde prevaZzuje cCervena barva, ukazuje, Ze zde prevlada cervené znaceny
vySetfovany geneticky material a naopak oblasti, kde prevlada zelena barva, ukazuji,
Ze je zde malo vySetfovaného genetického materidlu. Vyhodou CGH je moZnost
analyzovat cely genom, nevyhodou neschopnost detekovat balancované translokace
a polyploidie. DalSi nevyhodou je, Ze cela procedura trvd 72 hodin, coZz znacné
limituje jeji pouZziti v PGD/PGS. Cilem vyzkumu jsou technicka zlepSeni vedouci
ke zkraceni Casu potfebného k analyze a k vylepSeni rozliSeni sloZzeni genomu diky
pouZiti microarray Cipl - microarray CGH [Wells, 2007a; Wells a Delhanty, 2000;
Wilton et al., 2001].

Microarraye jsou nastroje genetické analyzy, jeZ ndm umoZznuji testovani tisice
diskrétnich mist v lidském genomu nebo transkriptomu soucasné. Jedna se
o kombinaci celogenomové amplifikace (WGA) a microarray technologie. V zavislosti
na pouzité metodologii mohou byt microarraye pouzity k testovani mutaci, stanoveni
genové exprese nebo detekci chromozomalni imbalance a aneuploidie. Tyto oblasti
aplikace maji velky vyznam pro PGD monogennich onemocnéni, stanoveni viability

embrya, respektive k preimplantaénimu genetickému screeningu aneuploidii

Pocet vySetfovanych chromozomu se na jednotlivych pracovistich lisi, obvykle
je vySetfovano 5 aZz 9 pard chromozomd. Data z posledni doby ukazuji, Ze pro tuto
indikaci k PGS je nejpfinosnéjSi analyza osmi chromozéma (X, Y, 13, 15, 16, 18, 21,
22), ktera prokazatelné zvySuje hodnoty implantation rate [Munné et al. 2002a,
2007a].

Pfinosem PGS by mélo byt zvySeni pregnancy rate (PR), sniZzeni poctu
sponténnich potratd a lepSi hodnoty implantation rate (IR) na jedno transferované
embryo. Ackoliv fada retrospektivnich studii tyto nadéje potvrzuje, skutec¢ny pFinos
musi byt vyhodnocen v kontrolované randomizované studii [Mastenbroek et al.,
2007]

28



Moznosti a vyznam prodlouzené kultivace embryi

Mozaicismus a jeho vliv na PGD/PGS

U PGS vSak bohuZel existuje riziko faleSné pozitivni ¢i faleSné negativni
diagndzy diky vysokym hodnotam mozaicismu v ryhujicich se embryich. Toto riziko
zavisi na véku matky, metodé analyzy (FISH, CGH) a poctu analyzovanych
chromozému [Munné et al., 1998; Ruangvutilert et al., 2000; Bielanska et al., 2002;
Staessen et al., 2004]. Z dosavadnich studii vyplyva, Ze mozaicismus muze
zahrnovat vSechny chromozomy [Wilton et al., 2001, 2007]. Diky tomuto jevu analyza
jedné buriky nemusi vypovidat o chromozomalni konstituci ve zbytku embrya. Proto
néktefi autofi doporucuji analyzovat z kazdého embrya radéji dvé blastomery nez
jednu [Baart et al., 2006], coz vS8ak muze mit dopad na vyvojovy potencidl embrya a
tim padem zuUstavd zatim nepotvrzeno, Ze tento postup ma pozitivhi vliv na
uspésnost 1é¢by neplodnosti.

Diky jevu mozaicismu nikdy nebude PGS osmibunécného embrya piné
spolehliva, a to i kdyZ jsou bioptovany dvé blastomery, takZe vyvstavéa otazka, zda je
nutné riskovat snizeni viability embrya, i kdyZz vime, Ze analyza dvou bunék kvali
mozaicismu neni 100% presna.

Vyvojovy potencidl mozaického embrya zavisi na mnoZzstvi normalnich bunék
v embryu. Postzygotické chyby vedouci k mozaicismu se mohou objevit a pretrvat
v celém pradbéhu preimplantacniho vyvoje in vitro. Vysledky naznacuji, Ze
mozaicismus zahrnujici sloZzené chromozomalni imbalance a/nebo imbalance
postihujici velkou ¢ast bunék v embryu, poSkozuje vyvoj do stadia blastocysty
[Bielanska et al., 2002]. Z vySe uvedeného vyplyva, Ze ani dalSi zdokonalovani
technik k detekci aneuploidii nemusi znamenat zlepSeni péce o neplodné péary do
doby, neZ lépe porozumime podstaté a vlivu mozaicismu v embryu. Dokud nebude
toto objasnéno, PGS muZe vést k transferu abnormélnich embryi nebo naopak
k vyfazeni kvalitnich embryi.

Mozaicismus byl nalezen jak v plodové, tak v placentarni tkani v prvnim
i v druhém trimestru téhotenstvi, ale jeho incidence je velmi nizka. Je pfitomny pouze
u 5% aneuploidnnich spontannich potrati v 6. — 20. tydnu téhotenstvi a v1 - 2%
Zivotaschopnych téhotenstvich vySetfenych pomoci standardnich metod prenatalni

diagnostiky, napf. pomoci biopsie choriovych klkl [Bielanska et al., 2002].
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V soucasné dobé se jevi jako pravdépodobné, Ze existuji dva typy mozaicismu
v preimplanta¢nich embryich. Prvnim je mozaicismus, jenZ postihuje jednu burku
v Sesti az osmibunééném embryu, coZ je mozaicismus pfipominajici ten, jenz je
pfitomny v choriovych kicich a v bunkach plodové vody (2n/2n + 1 nebo 2n/2n - 1).
Jestlize pouze jedna bunka v osmibunééném embryu nese abnormalitu, nemusi toto
nezbytné vést k zhoubnému ovlivnéni Zivotaschopnosti embrya. Embryo muze
jednoduSe vykazovat pouze ocekavané chyby patfici k bunéénému déleni ¢&i
jednobunééna aneuploidie mGZe znadit bufiku v apoptéze. Cim vice bude pouZito
DNA sond k FISH analyze, tim vice bude diagnostikovano abnormalnich bunék, coz
muZze vést k mylnému oznaceni embrya jako patologického [Gianaroli et al., 2002a,
2002b; Staessen et al., 2004]. Jestlize je tato Uvaha spravna, vyznam jedné
aneuploidni buriky mdZze byt méné biologicky nezZ diagnosticky, coZ ov8em pfinasi
fadu novych otazek do PGS - zda je lepSi odbér jedné nebo dvou bunék, kolik ma byt
analyzovano chromozému, kdy je optimalni ¢as pro odbér biologického materialu
a jak4 analyticka metoda je nejvhodnéjsi.

Druhy typ mozaicismu je tzv. chaoticky mozaicismus a jeho vliv byva pro
embryo letalni. U takto postizenych preimplantacnich embryi je téméf kazda bunka
abnormalni. Na rozdil od mozaicismu nalézaném pfi prenatalni genetické diagnéze
(2n/2n + 1 nebo 2n/2n - 1), zahrnuje tento typ abnormality vice chromozdému.
Chaoticky mozaicismus muaze byt vysledkem selhani kontrolnich bodd bunééného
cyklu.

Lze fici, Ze dusledek chromozomalniho mozaicismu na vyvoj lidského embrya
zatim neni zcela objasnén a tudiz detekce a vyfazovani mozaickych embryi muze
vést ke ztraté potencionalné Zivotaschopnych normalnich embryi [Staessen et al.,

2004]. Nutnost dalSiho vyzkumu na tomto poli je tedy zfejma.
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3.2.4 Derivace embryonéalnich kmenovych bun  ék (EKB)

Totipotentni embryondlni kmenové buriky (EKB) jsou nediferencované buriky,
které se mohou vyvijet v jakykoli buné¢ny typ a jsou pfechodné pfitomny bé&hem
embryogeneze v preimplantacnich embryich a fetalnich gonadach. Jejich linie tedy
mohou byt odvozeny bud z primordialnich germinalnich bunék blastocyt,
z vyvijejicich se gonéd ¢&i z bunék germinalnich tumort. EKB mohou rast v kultufe
bez ztraty totipotence, jsou schopné se nekone¢né symetricky délit bez diferenciace,
uchovavaji si normalni karyotyp a mohou se diferencovat v buriky ektodermu,
entodermu & mezodermu, a to jak in vitro, tak i in vivo po jejich vpraveni do
imunodeficientnich mysi ve vznikajicich teratokarcinomovych tumorech.

Odvozeni linii EKB u savcl bylo poprvé demonstrovano u mysi [Martin et al.,
1981; Evans et al., 1981], pak u nehumannich priméatd, kosmana a makaka rhesus a
posléze u lidi [Thomson et al., 1998].

Prvni linie lidskych EKB byly odvozeny z embryoblastu normalnich
nadpocetnych blastocyst darovanych pary, které podstoupily IVF [é€bu a sva embrya
jiz nehodlaly k léEbé vyuzit, ani je neminily dale uchovavat v zamrazeném stavu.
V soucasné dobé se kromé téchto vysoce kvalitnich embryi pouZivaji embrya nizké
kvality, jeZz by pro Ié¢bu neplodnosti nebyla nikdy vyuZzita, geneticky abnorméalni
embrya a embrya partenogeneticka (partenogeneze je proces, kterym je oocyt
stimulovan k déleni a vyviji se v embryo bez fertilizace).

V souCasné dobé sili tlak odvozovat tzv. ,eticky Cisté" EKB, tedy takoveé,
jejichz ziskani nevede ke zni€eni lidského embrya. Cest je nékolik — bylo prokazano,
Ze je mozno ziskat linie odbérem jedné aZz dvou blastomer, bunécnou fazi di
indukovanim dospélych kmenovych bunék (DKB) pomoci 2 az 4 genu, vloZzenych do
jejich genomu.

Totipotentni EKB jsou schopny vytvéaret tkané a organy, a to diky nékolika
svym charakteristickym vlastnostem - po mnoho pokoleni (mésice aZ roky) se dobfe
déli, jsou bez specializace a mohou byt indukovany tak, aby se diferencovali
v jakémkoliv sméru, do jakychkoliv specializovanych bunék. Kromé téchto znamych
vlastnosti byla v posledni dobé objevena jejich schopnost “reprogramovat” DKB in
vitro, které poté vykazuji charakteristiky pluripotentnich bunék, tj. exprimuji markery

pluripotence (napf. Oct-4, nanog ¢i Rex-1), reaktivuji inaktivni chromozém X
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Zenskych somatickych bunék a objevuje se demetylace DNA [Do et Scholer, 2006;
Ferrari et al., 1998; Orlic et al., 2001; Shen et al., 2003].

Multipotentni dospélé kmenové burky (DKB) se in vivo U€astni regenerace
a hojeni tkani [Bunting et Hawley, 2003]. Uskute€¢néni trans — a dediferenciace in
vitro a jeji pIné porozuméni by mélo Siroké praktické pouZiti v bunécéné terapii [Heng
et al., 2005; Pessina et Gribaldo, 2006].

K dediferenciaci se kromé kokultivacnich technik pouZzivaji i jiné metody -
enukleace EKB a jejich nasledna fuze s DKB, permeabilizace bunécnych membran
DKB nasledovana opét bunécnou fuzi &i pouziti nékterych cytokind a rustovych
faktort [Heng et al., 2005; Skottman et al., 2006].

Mezi bunky schopné dediferenciace patfi napf. hematopoetické bunky
ziskavané z pupecnikové krve.

Smyslem naSich experimentd bylo ko-kultivaci téchto bunék s EKB objasnit
moznosti a mechanismy jejich transdiferenciace, a to tak, aby je bylo moZno lépe

vyuZzit v bunééné terapii.
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4 Souhrn vlastnich vysledk G

4.1 Studium interakci embryonalnich kmenovych bun €&k a hematopoetickych
kmenovych bun ék

4.1.1 Material a metodika

Cilem nasi prace bylo optimalizovat podminky kokultivaéniho in vitro systému,
jez by umoznil dediferenciaci hematopoetickych kmenovych bunék (HKB), coz by

vedlo k jejich vétSi dostupnosti pro klinické pouZiti.

Purifikace HKB z pupe ¢€nikové krve

HKB jsou charakterizovany pfitomnosti markeru CD34 [Baum et al., 1992;
Osawa et al., 1996; Pflumio et al., 1996]. Jejich selekce byla provedena
imunomagneticky pomoci isolacniho kitu (Direct CD34 Progenitor Cell Isolation Kit,
Midi-MACS System, Miltenyi Biotec, Bergisch Gladbach, Germany) [Gabbianelli et
al., 1990; Thoma et al., 1994].

Detekce CD34+ bun ék pr titokovou cytometrii

Prutokova cytometrie byla provadéna na systému FACSCalibur (Becton
Dickinson, Franklin Lakes, USA) a analyzovdna pomoci softwaru CELLQuestPro
(Becton Dickinson, Franklin Lakes, USA). Z kazdého vzorku pupecénikové krve bylo
ziskano pfiblizné 3 x 10* bunék. Mrtvé buriky a debris byly analyzou vyfazeny.
Kontrola homogenity CD34+ bunétné populace byla provadéna pomoci
nasledujicich protilatek: CD133/2-PE (Miltenyi Biotec, Bergisch Gladbach, Germany),
CD34-PerCP-CY5.5 (Becton Dickinson, Franklin Lakes, USA) a CD45-FITC (Becton
Dickinson, Franklin Lakes, USA). Pouze ty vzorky, které obsahovaly vice nez 90 %

CD34+ bunék byly pouzity pro dalSi experimenty.

K detekci dediferenciace byly pouZity nésledujici markery pluripotence:
SSEA-4 (Chemicon, Temecula, CA), Tra-1-60 (Chemicon, Temecula, CA) a Tra-1-81
(Chemicon, Temecula, CA). K vizualizaci markerd jsme pouzili anti-mysi biotin
(DakoCytomation, Glostrup, Denmark) a streptavidin-APC (Becton Dickinson,

Franklin Lakes, USA).
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Kokultiva €ni systém

Kokultivaci jsme provadéli na miskdch Transwell® System (Corning, NY,
USA). Ty umoznuji péstovat v jednom médiu bunky rdzného pavodu i vlastnosti,
separované permeabilni membranou (péry prameéru 0,4 pum). Uskute€nili jsme dva
typy kokultivacnich pokusu.

Experiment €. 1: MySi embryonalni kmenové buriky (MEKB) (mEKB Sv129
poskytnuté Dr. L. Schoonjansem, Univesity of Leuven, Belgie) byly péstovany na
podparnych burikach, kterymi byly mitoticky inaktivované mysi fibroblasty (MIMF).
Tyto buriky byly uloZeny v dolnim kompartmentu. Lidské HKB [1x10°/ml] byly
kultivovany v hornim kompartmentu. Jako kontrola byly péstovany podpurné burky

bez mEKB v dolnim kompartmentu, s HKB umisténymi v hornim kompartmentu.

Experiment &. 2: MySi EKB byly péstovany bez podparnych bunék. Stav jejich
diferenciace byl ovéfen kontrolni detekci AP, cytokeratinu a vimentinu. Nebot mysi
EKB nejsou bez podplrnych bunék ¢i pfidani LIF do média dlouhodobé stabilni, byly
do dolniho kompartmentu kazdy den dany cerstvé. Lidské HKB [1x10°/ml] byly

kultivovany v hornim kompartmentu.

V obou experimentech bylo pouZito TX-WES médium (ThrombX, Leuven,

Belgie) doplnéné 10 % fetalnim telecim sérem (FTS) a 2mol/L L-Glutaminem.

Imunocytochemie

Kontrola diferenciace mySich EKB byla provadéna imunohistochemicky —
bunky byly zkoumany na pfitomnost alkalické fosfatazy (AP) (Alkaline Phosphatase
Substrat Kit Ill,Vector Laboratories, Inc., Burlingame, CA, USA), cytokeratinu
(EPOSTM Anti-human Cytokeratin/HRP; DakoCytomation, Glostrup, Dansko) a
vimentinu (EPOSTM Anti-Vimentin/HRP; DakoCytomation, Glostrup, Dansko). Mysi
EKB byly fixovdny 1 % paraformaldehydem. Detekce AP byla provadéna dle
firemniho protokolu. Po té byla provadéna detekce cytokeratinu a vimentinu.
Fixované burky byly inkubované s cytokeratinem/HRP (1:10) a vimentinem/HRP
(2:10). Po inkubaci byly bunky oplachnuty a byl pouzit béZzny DAB systém

(peroxidase substrate diaminobenzidine).
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4.1.2 Souhrn vysledk 0 a jejich diskuze

V experimentu €. 1 byla provadéna kokultivace mEKB + MIMF a HKB. BohuZel
k detekci jakychkoliv znamek dediferenciace nedoSlo. Jedinou zménou byl pokles
intenzity hematopoetickych markert na HKB. Exprese markeru CD45 byla stabilngjsi
nez exprese markerd CD34 a CD133, které vymizely velmi rychle.

Kokultivaci jsme provadéli i bez mEKB a zjistili jsme, Ze vysledek je stejny. To
nas vedlo k domnénce, Ze moZzna podpurné bunky prekryvaji vliv mEKB a v pokusu
€. 2 jsme je tedy vyradili.

BohuZel ani v tomto usporadani kokultivaéniho systému nebyly detekovany
Zadné znamky dediferenciace, jedinou zménou byl opét pokles hematopoetickych
markert HKB bunék.

Moznych pfi¢in nezdaru naSeho kokultivaéniho systému je nékolik. Jednou z
nich muze byt fakt, Ze bunky byly pomérné vzdalené a tak naSim dalSim krokem
k optimalizaci fungovani systému je umoznit vzdjemny bunécny kontakt EKB a DKB,
coz se jiz v nékterych jinych dediferenciacnich experimentech osvédcilo [Badorff et
al., 2003; Ball et al., 2004; Matsui et al., 1992; Mollah et al., 2002; Shamblott et al.,
1998; Wurmser et al., 2004].

Hlavni problém ale bude pravdépodobné vtom, Ze byly pouzity buriky od
riznych Zivocisnych druhd. To vede jednak k technickym komplikacim a také k ne
zcela pfirozenému prostfedi pro oba typy bunék. Pfikladem je nemozZnost pouZiti
mysSiho LIF v systému. A¢koliv by LIF zachoval dediferenciaci mySich EKB, pro lidské
HKB je zcela nevhodny. Podobné je tomu s pouzitym médiem, TX-WES, které je
optimalni pro mEKB, ale neni nejlepSi volbou pro HKB. Z toho tedy jasné vyplyva, Ze
nejvétsi Sanci na uspéch dediferenciace budou mit kokultivaéni systémy zaloZzené na
komponentech pochéazejicich z jednoho Zivo€isného druhu.

Ackoliv mEKB a lidské EKB jsou oboji sav€i, maji celou fadu rozdilnych
vlastnosti — reaguji jinak na cytokiny, rastové faktory, exprimuji rGzné geny apod.
[Koestenbauer et al., 2006]. Prvni linie mEKB byla popséana v roce 1981 [Evans et
al., 1981; Martin et al., 1981] a trvalo dalSich téméF 20 let, neZz se podafilo publikovat
derivaci prvni linie lidskych EKB [Thomson et al., 1998]. Od té doby se tyto dva svéty
neustale setkavaji, lidské EKB byly v minulosti v mnoha publikacich péstovany na
podpadrnych burfikach mysiho pavodu apod. Takové uspofadani je vSak nepouzitelné
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pro humanni medicinu [Korytova et al., 1999; Mikkola et al., 2006]. Aby bylo mozné
lidské EKB pouZit, je nutno je péstovat co mozna nejbezpecnéji. Z toho davodu jsou
podparné burky zvifeciho pavodu postupné nahrazovany lidskymi burikami, napf.
fibroblasty [Inzunza et al., 2005] anebo vypustény Uplné [Klimanskaya et al., 2005].
DalSim dulezitym krokem je Uprava médii, a to tak, aby obsahovala pouze proteiny
lidského pavodu ¢i jeSté |épe syntetické, presné definované rastové faktory.
Mechanicky (ne enzymaticky) provadéna izolace embryoblastu i pasazovani kolonii
je dalSim krokem k zvySeni bezpe€ného pouzivani linii [Skottman et al., 2006].

K objevu média, jez bude “Cisté”, sloZzené jen ze syntetickych rastovych faktora
pfesné definovanych koncentraci, pfispivd studium rdznych regulacnich molekul.
Jednim z cytokin, ktery reguluje pluripotenci a spontanni diferenciaci EKB a jehoz
mechanismy pusobeni (ackoliv je o nich jiZ sepsano na stovky praci) jeSté nejsou
zcela pochopeny, je LIF.

Zatimco u mEKB je funkce LIF zfejma - jeho pfitomnost v médiu zachovava
linii v nediferencovaném stavu a aktivace STAT 3 (signal transducer and activator of
transcription 3) skrze receptor pro LIF (LIF-R) se zd& dostacujici pro zachovani
beta a gp130 (dalSi soucast LIF-R) jsou exprimované na lidskych EKB a také, Ze LIF
muaze indukovat fosforylaci STAT 3. | pFfesto LIF sdm o sobé neni schopen
pluripotenci lidskych EKB udrZet [Daheron et al., 2004]. Exprese LIF i LIF-R (jak
MRNA, tak proteinu) byla prokdzana na spontanné se diferencujicich lidskych EKB.
Tato exprese je signifikantné vétSi neZz u nediferencovanych bunék, které hojné
exprimuji SOCS - 1 (supresor cytokinové signalizace - 1). Ani suplementace LIFu do
média nezastavila spontanni diferenciaci bunék [Aghajanova et al., 2006].

Navic LIF reguluje expresi celé fady dalSich vyznamnych molekul, napf.
CD 44 a lamininu A, které hraji vyznamnou roli v diferenciacl lidskych EKB [Choi et
al., 2006; Wright et al., 2003; Xiao et al., 2006].

DalSi studium trans- a dediferenciace pfispéje k rozvoji bunécné terapie.
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4.2 Jsou embrya vybrana 3. den kultivace dle morfol  ogickych kritérii
shledana takeé jako geneticky vhodné k ET?

4.2.1 Material a metodika

Od roku 2007 do unora 2011 bylo v Institutu reprodukéni mediciny v Plzni
provedeno u 470 pacientek preimplanatacni genetické vySetfeni z raznych indikaci.
Toto vySetfeni je provadéno pomoci dvou metod. Jednak metodou FISH, ktera
umoznuje vylougit pfitomnost aneuploidie a translokace u chromozém, jednak
metodou PCR, ktera slouZi k vylou¢eni monogenetickych onemocnéni.

FISH procedura byla nejprve provedena ve dvou kolech: prvni pro
chromozémy 13, 18, 21, X a Y (MultiVysion PGT Probe panel; Abbott Laboratories,
Downers Grove, IL, USA) a druhé pro chromozomy 16 a 22 (Abbott Laboratories,
Downers Grove, IL, USA). HybridizaCni roztok pro druhé kolo hybridizace jsme
pripravili smichanim sondy pro chromozém 16 (Abbott Laboratories, Satellite Il
DNA/D16Z3 probe, Spectrum Orange) a sondy pro chromozém 22 (Abbott
Laboratories, LS| 22, 22q11.2, Spectrum Green). FISH procedura byla provadéna dle
protokolu vyrobce. V pfipadé nejasného vysledku bylo provedeno jesté tfeti kolo
hybridizace k objasnéni této nejasnosti. V tomto pfipadé byla volena nova sonda,
vazajici se na jiné misto sledovaného chromozomu. Vysledky vSech kol hybridizace
byly analyzovany za pomoci mikroskopu Olympus BX51 s pfisluSnymi filtry (Abbott
Laboratories, Downers Grove, IL, USA) a zobrazovacim softwarem MetaSystems,
Germany.

Metoda PCR byla provedena ve spolupraci s Reproduction Institute Chicago
v USA, kam byly tfeti kultivaéni den bioptované blastomery, po predchozim
dakladném ovéreni moznosti stanoveni diagnézy, zaslany expresnim kuryrem (World
courier).

Pro Ucely naSi studie bylo z tohoto souboru vybrano 30 pacientek, u kterych
bylo 3. den k dispozici vice jak 7 embryi pro genetické vySetieni a také pro teoreticky
vybér embryi k elektivnimu embryotransferu. Preimplantacni geneticky screening
aneuploidii u téchto pacientek byl proveden a to z téchto indikaci:

- pokrocily vék matky (nad 37 let) nebo otce (nad 50 let),

- opakované selhani [échy,

- infertilita nebo prani rodicu
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Zastoupeni jednotlivych skupin dokumentuje tabulka 4.2 - 1.

Ve vybraném souboru pacientek jsme nebrali ohled na zpusob a délku
stimulace. Ta byla provedena ve vétSiné pfipadu dlouhym stimulaénim protokolem za
pouZiti analoga Decapeptyl k downregulaci a HMG preparatu Menopur ke stimulaci.
Ovarialni punkce s odbérem vaji¢ek byla provedena standardné v celkové anestézii.
Ve sledovaném kolektivu nebyl dale bran ohled ani na metodu fertilizace. Ta byla
provedena jednak metodou ICSI nebo metodou IMSI, tak jak jsou popsany
v publikacich naSeho pracovisté [Zech et al., 2007] a v pfiloze & 2 této prace.
Kultivace byla u v8ech pacientek provedena v miskach Nunclan (Nunc, Denmark),
v médiu Global (Life Global, IVFonline Corp., Guilford, CT 06437, USA). Kazdy den
byla embrya monitorovana a byl hodnocen jednak prabéh a déle kvalita vyvoje podle
Gardnera [Gardner et Lane, 2003a]. Toto dokumentuji pfilozené tabulky 4.2 -2 a 4.2
-3.

Po vyfazeni embryi neschopnych dalSiho vyvoje byla 3. den, po kratkodobé
kultivaci v bioptickém médiu (Life Global, Ontario, Canada), provedena biopsie jedné
blastomery pro preimplanta¢ni genetickou diagnostiku. Otevieni zony pellucidy bylo
provedeno mechanickym hatchingem sklenénou pipetou (Microtech, Brno, CR).
Genetické vysSetieni bylo provedeno metodou FISH ve dvou az tfech hybridizacich.
VySetfeno bylo celkem 7 chromozoma (X, Y, 13, 16, 18, 21, 22), jejichz fyziologie je
z 80% signifikantni pro genetickou fyziologii celého embrya [Jobanputra et al., 2002]
Riziko mozaicismu, které je u bunécnych embryi 20 - 90%, klesa s naslednym
embryonélnim vyvojem do stadia blastocysty na cca 10% [Cohen et al., 2007].
Vzhledem Kk interindividualnim  rozdilim vjeho procentualnim zastoupeni
a nemoznosti jeho kvantifikace u embryi pouZitych k transferu nebo kryokonzervaci,
ho nelze v této studii zohlednit.

V den 5 byly po klasifikaci dle Gardnera [Gardner et al., 2003a; Veeck et al., 1999]
morfologicky nejlepSi blastocysty, které zaroven nevykazovaly Z&dné patologie
v genetické analyze, vybrany pro embryotrasfer. Pfiklady blastocyst transferovanych
v den 5 znézorfiuje tabulka 4.2 — 4. Transferovana byla standartné jen 2 embrya a ve

dvou pfipadech 3.
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4.2.2 Souhrn vysledk 0 a jejich diskuze

3. den kultivace byla vybrana teoreticky mozna embrya pro transfer. Kritériem vybéru
byla morfologick& kvalita v rannich hodinéach tfetiho dne. Vybrana byla bud vSechna
TOP embrya — tedy embrya kvalifikace 8A1, 8B1 nebo 7B1 (dokumentuje tabulka 4.2
—5), a nebo pokud embrya této kvality nebyla pfitomna, byla vybrana 3 morfologicky
nejlepsi embrya, kterd by pfi nemoznosti dalSi kultivace a selekce byla v tfeti den
transferovana. Pocty vybranych embryi shrnuje tabulka 4.2 — 6.

Sledovali jsme, v kolika pfipadech budou 3. den vybrana embrya shodna
s témi, kterd nevykazovala Zadné genetické patologie a mohla tedy byt vybrana pro
embryotransfer. Tyto pocty shrnuje opét tabulka 4.2 — 6.

Shoda mezi teoreticky vybranymi embryi pro transfer vden 3 a geneticky
zdravymi embryi v den 5 byla v praiméru 34%. Z toho vyplyv4, Ze v naSem souboru
byla v 67% transferovdna zcela jind embrya neZ by byla transferovana v den 3.
Zajimavé zjisténi bylo u dvou pacientek, u kterych byla transferovana 2 geneticky
vhodn& embrya, ale vibec se neshodujici s embryi, kter4d by byla vybrani pro
embryotransfer v den 3 podle morfologickych kritérii. Obé tyto pacientky otéhotnély a
porodily zdravé dité. Ve 3 pfipadech nebyla kdispozici Zadnd embrya pro
embryotransfer, pfestoZze v den 3 byla k dispozici TOP nebo jin4, ale k transferu
vhodna embrya.

| pfes tuto skute€nost bylo v tomto souboru dosaZzeno Uspésnosti v priméru u
1,73 embryi, u 63% téhotenstvi po embryotransferu, respektive u 56% téhotenstvi
celkové. Vysledky jsou shrnuty v tabulce 4.2 - 6.

Tato Cisla jsou vysoka a potvrzuji znamou skute¢nost vySSi pravdépodobnosti
ot&hotnéni pfi vy$3im podtu ziskanych vajicek. U&elové byl vybran takovy soubor,
aby bylo mozZno na vétSim poctu embryi vysledky porovnat.

Je moZzno se ale domnivat, Ze i vtakto vybraném souboru pacientek
s dostate¢nym poctem ziskanych vaji¢ek by bez dalSi kultivace do stadia blastocyst
téchto vysledkd nikdy nebylo dosaZzeno a Ze je vhodné kombinovat tuto ,vyhodu*
s moznosti embrya dale selektovat.

V této studii jsme nezohlednili shodu mezi morfologickym vybérem v den 3 a
vden 5 spole¢né s vysledkem genetické analyzy transferovanych embryi, coz je

soucasti praveé probihajici rozsahlejsi studie.
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4.2.3 Zavér

Studie potvrdila nedokonalost a snad i nemozZnost vybéru vhodnych
energeticky zdatnych a geneticky zdravych embryi podle morfologickych kritérii v den
3. Podle morfologickych kritérii u embryi vybranych tfeti den, se vice jak polovina
pfipadt neshodovala se zdravymi embryi vybranymi genetickou analyzou.

Potvrdili jsme, Ze kombinace kultivace do stadia blastocyst s genetickou
analyzou a tim vylou€eni geneticky patologickych embryi pro transfer vyrazné

zvySuje uspésnost 1éCby v souboru pacientek s vétSim poctem ziskanych vajicek.
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4.3 P¥inos kultivace do stadia blastocyst pro zvySeni Usp é3nosti lé €eni
neplodnosti

4.3.1 Material a metodika

Pro pétidenni kultivaci oplodnéného vajicka do stadia blastocysty bylo pouZzito
medium Global (Life Global IVFonline Corp., Guilford, CT 06437, USA). Treti den
kultivace byla embrya pfemisténa do €erstvého ekvilibrovaného média.

Vyvoj embryi byl kazdy den zhodnocen a klasifikovan dle Gardnera. [Gardner
et al., 2003a; Veeck et al., 1999]. Vyvojova stadia znazorfiuje tabulka 4.2 — 3. Péty
den kultivace byla embrya ve stadiu blastocyst klasifikovdna dle Gardnera a
morfologicky nejlepsi byly vybrany pro embryotransfer. Prehled kvality blastocyst
znazornuje tabulka 4.3 — 1.

Literarnich Udaje a naSe predchazejici zkuSenosti vedly k oCekavani, Ze pfi
embryotransferu vyselektovanych blastocyst v den 5 bude dosazeno vysSich hodnot
implantace, coZ by mohlo vést k viceCetnému téhotenstvi, a proto jsme tedy v den 5
transferovali ve vétSiné pripadd (67%) jen 2 embrya.

Transfer byl proveden transferovym katetrem (Wallace, Ontario, USA) po
pfedchozim vySetfeni a sondazi délohy a ve vétSiné pfipadd za ultrazvukové
kontroly.

Vyjimeéné jsme transferovali 3 embrya (v 11%) a to jen u Zen starSich 38 let, u
kterych je v literatufe popsana sniZzena moznost implantace a stoupajici nebezpedi
ukonceni vyvoje kratce po implantaci [Berryman et al., 2003]. Vice neZz 3 embrya

jsme netransferovali nikdy.

4.3.2 Souhrn vysledk 0 a jejich diskuze

V roce 2009 bylo v Institutu reprodukéni mediciny a endokrinologie v Plzni
provedeno 460 stimulovanych cykld. V 52 cyklech nebylo dosaZzeno fertilizace nebo
se embrya déle nevyvijela a ve 408 cyklech jsme mohli provést embryotransfer.
Vysledky lé¢by, kdy doSlo k UspéSnému embryotransferu, ktery byl v naSem centru
proveden vzdy v den 5, jsou shrnuty v tabulce 4.3 - 2.

NaSe vysledky PR/ET jsme porovnali s hodnotami udavanymi v IVF registru

Spolkové republiky Némecko (Deutsches IVF Register 2009), kam maji vSechna
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centra povinnost prospektivné hlasit vSechny stimulované cykly. V téchto hldSenych
cyklech je provadén embryotransfer v naprosté vétsSiné pripadua v den 3.

Soubor jsme rozdélili do skupin podle véku Zeny, €imZ jsme chtéli Iépe
znazornit vyznam Kkultivace do stadia blastocyst u Zen vySSiho véku. Vysledky
dokumentuje tabulka 4.3 - 3, v niZ zcela zfetelné vidime skoro dvakrat vysSi hodnotu
PR/ET pfi zavedeni embryi paty den po jejich selekci pomoci kultivace do blastocyst
oproti transferu neselektovanych embryi tfeti den.

Zvl4sté je tento rozdil zfetelny u starSich Zen, kde jsme ve vékové kategorii
nad 40 let dosahli 30% PR/ET oproti 15% v némeckém registru.

Téchto presvédcivé lepSich vysledkd bylo dosaZzeno transferovanim menSiho
poctu embryi, coz doklada tabulka 4.3 - 4. V Némecku byla transferovana 3 embrya
v 22%, v naSem souboru jen u 11% a v 19% jsme naopak transferovali jen jedno
embryo.

NaSe vysledky potvrdily o€ekavani a shoduji se s literarnimi tdaji.

Na zakladé platnosti "Embryonenschutzgesetz" tedy z&kona na ochranu embryi
nemohou némecka centra kultivovat vice embryi, nez muze byt transferovano.
Transferovat je doporu¢eno maximélné 3 embrya. Proto déle nez jeden den (do
dosazeni syngamie) mohou byt v Némecku kultivovana jen 3 oplodnéna vajicka.
Vzhledem k nepfipravenosti endometria v den 1 po odbéru vajicek, je kultivace ¢asto
prodlouzena do dne 2 nebo 3. Udaje publikované v DIR (Deutsches IVF Register)
vychazeji tedy v naprosté vétSiné z cyklu, u kterych byl embryotransfer proveden
v den 2 nebo 3. Ojedinéle kultivuji néktera centra do dne 5, ale mohou to byt opét jen
ta 3 embrya vybrana v den 1, takZze selekce je vylou¢ena. Tyto ojedinélé cykly jsou
nevyznamné pro zddraznéni vyhod selekce v prodlouzené kultivaci do stadia
blastocyst, a tudiZz jsme je mohli v téchto velkych Cislech zanedbat a statistiku
z tohoto registru pouZit pro nasSe srovnani.

Ve srovnani s udaji v DIR dosahl soubor naSich pacientu (tabulka 4.3 - 2)
vySSi uspésSnosti v PR po ET. Zcela pfesvédcCivy byl rozdil ve skupiné pacientek nad
35 let a jeSté vétSi ve skupiné nad 40 let. V této vékové skupiné bychom mohli
0 nutnosti kultivovat embrya do blastocyst a moznosti selekce hovofit jako
0 ,,conditio sine qua non“. Potvrzuje se totiZ, Ze se stoupajicim vékem klesa pocet
kvalitnich a geneticky zdravych vajiCek a tim vzrasta dalezitost selekce embryi. Ve

skupiné pacientek do 35 let a déle jesté vice ve skupiné do 29 let je tento rozdil v PR
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po ET mensi, coZz dokazuje naSe zkuSenosti a Udaje z fady publikaci, Ze tedy podil
geneticky zdravych a energeticky dobfe vybavenych vajiCek je u mladSich matek
vys8i [Obradors et al., 2011]. DalSim nezanedbatelnym faktem pfispivajicim k lepSim
vysledkum, je dokonalejSi pfipravenost endometria a jeho synchronizace [Zech et al.,
2002].

DalSim jasnym pfinosem kultivace do stadia blastocyst a moznosti selekce
embryi je skute€nost, Ze i této vyznamné vysSi PR po ET bylo dosaZzeno zavedenim
mensiho poctu embryi, jen v 11% ze vSech embryotransfert jsme zavedli 3 embrya
vzhledem k 22% v souboru DIR.

4.3.3 Zaveér

Domnivame se, Ze naSe vysledky dostate¢né potvrdily vhodnost zavedeni
prodlouZzené kultivace embryi do stadia blastocyst a uZite€nost jejich selekce pro
zvySeni PR na ET a zéaroven sniZeni poctu viceCetnych téhotenstvi. Jesté vétSiho
pfinosu by pravdépodobné doséhla kombinace prodlouZené kultivace s paralelnim
genetickym vySetfenim, které by jeSté Iépe vyselektovalo to nejen energeticky

zdatné, ale i geneticky zdravé embryo.
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4.4 ZvySovani efektivity a spolehlivosti PGS metodo  u rehybridizace pomoci
subtelomerickych sond

4.4.1 Material a metodika

Cilem studie bylo analyzovat incidenci nereprezentativnich, to znamena
nejednoznacnych a tedy non-informativnich vysledkd analyzy FISH na naSem
pracovisti a zhodnotit pfinos tfetiho kola hybridizace pomoci subtelomerickych sond
v téchto nejasnych pfipadech. Smyslem prace je téZ demonstrovat zvySeni poctu
normalnich vysledkd (potu chromozomalné normalnich embryi) pfi pouZziti této

metody re-hybridizace u vybranych kategorii nereprezentativnich vysledka.

Studovana embrya

Od ledna do prosince 2007 byla na naSem pracovisti vySetfena na pfitomnost
aneuploii embrya 88 neplodnych paru, ktefi se rozhodli pro PGS. Celkem bylo u
téchto pard provedeno 95 cykld a ziskano 719 embryi k biopsii. Ztoho bylo
analyzovano 702 embryii. Primérny pocet bioptovanych embryi na 1 cyklus byl 15 a
prumérny veék zeny byl 39 let. VSechny pary podepsaly informovany souhlas
s provedenim PGS.

Stimulace, odbér oocytl a ICSI byly provedeny standartné a jsou popsany v

publikacich z naSeho pracovisté [Zech et al., 2007].

Biopsie embrya

Odbér vzdy pouze jedné blastomery byl provadén u embryi s optimalnim
vyvojem, tzn. u téch, ktera 3. den vyvoje doséhla alespon pétibuné&ného stadia a
byla zcela bez fragmentaci &i s fragmentaci niZsi nez 25%.

Procedura byla zahajena kratkou inkubaci (méné nez 3 minuty) v roztoku bez
Ca*" a Mg?* (LifeGlobal, Ontario, Canada).

Mechanickym hatchingem byl vytvofen otvor v zona pelucida (ZP) a nasledné
byla vyfnata jedna blastomera s jddrem. Fixace byla provedena roztokem methanolu
a kyseliny octové (3:1) [Velilla et al., 2002]. Po biopsii byla embrya dale kultivovana
individuélné v non-sekvenénim médiu Global (LifeGlobal, Ontario, Canada) pfi 37C

a atmosfére s 6% CO, .
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Validace sond

Kazda sonda a kazdd smés sond byla pfed pouZitim testovdna - byla
zkoumana jeji acinnost pfi hybridizaci na bunkach v interfazi (alesponn 200 bunék)
a metafazi (alespori 50 bunék). Specificita a sensitivita v metafadzi musela dosahovat
100%, aby byla sonda dale pouzZivdna. Pro FISH v interfazi byla hranici 95%
UspésSnost ve vizualizaci spravného poctu hybridizacnich signalld. Pokud byla
uspésnost nizsi nez 95%, modifikovali jsme protokol tak, aby byla vyfazena pfi€ina
selhani protokolu (napf. vyskyt signalu z pozadi byl feSen zvySenim odmyvaci teploty
apod.). V pfipadé neuspéchu naSich modifikaci jsme kontaktovali vyrobce a testovali

jinou sondu (tzn. sondu jiného LOT oznaceni).

FISH

FISH procedura byla nejprve provedena ve dvou kolech: prvni pro
chromozémy 13, 18, 21, X a Y (MultiVysion PGT Probe panel; Abbott Laboratories,
Downers Grove, IL, USA) a druhé pro chromozéomy 16 a 22 (Abbott Laboratories,
Downers Grove, IL, USA). HybridizaCni roztok pro druhé kolo hybridizace jsme
pfipravili smichanim sondy pro chromozém 16 (Abbott Laboratories, Satellite Il
DNA/D16Z3 probe, Spectrum Orange) a sondy pro chromozom 22 (Abbott
Laboratories, LS| 22, 22q11.2, Spectrum Green). FISH procedura byla provadéna dle
instrukci vyrobce.

V pfipadé, Ze néktery z vysledkd byl nereprezentativni (tzn. nejednoznacny,
nejasny, non-informativni), provadéli jsme tfeti kolo hybridizace, zamefené pouze na
chromozom, jehoZ vysledek byl neprikazny. Sondy pouZzivané pro toto treti, re-
hybridiza¢ni kolo byly subtelomerické, s vazbou na néjaky lokus na p ¢i q raménku
testovaného chromozému a vybrané vzdy tak, aby se vazali na jiné misto nez pred
tim pouZzité sondy.

Pokud nereprezentativni vysledek vyZzadoval kombinaci sond od riznych
vyrobcu, ovérfovali jsme vzdy uc€innost smési na normalnich lymfocytech z periferni
krve a UspésSnost musela dosahovat alespon 95%, abychom smés déle pouZzivali.
Vysledky prvnich dvou kol hybridizace byly analyzovany za pomoci mikroskopu
Olympus BX51 s pfislusnymi filtry (Abbott Laboratories, Downers Grove, IL, USA) a

zobrazovacim softwarem MetaSystems, Germany.

45



Moznosti a vyznam prodlouzené kultivace embryi

Hodnotici kritéria a statistické analyzy

K hodnoceni vysledkd jsme pouZili kritéria dle Munného [Munné et al. 1998,
2002b]. Embrya byla povaZzovana za normalni tehdy, pokud byl pfitomen signal dvou
gonozomu a vzdy paru chromozémua 13, 16, 18, 21 a 22. Jako ,chaotickd" byla
oznacena embrya s dvéma a vice abnormalnimi vysledky. Jako ,abnormalni* byla
oznacena embrya s fragmentovanym chromatinem, to znamend, Ze bylo pfitomno
nékolik signald, pochézejicich z téchto fragmentu.

NejcastéjSim duvodem k provedeni re-hybridizace byla monosomie a sloZzena
aneuploidie, ktera zahrnuje dvojité monosomie, monosomie spojené s nullisomii Ci
samostatna nullisomie (dany chromozom nevysila Zadny signal).

Statistické analyzy byly provadény za pomoci Wilcoxonova a dvojitého

Fischerova testu.

4.4.2 Souhrn vysledk 0 a jejich diskuze

Celkem jsme analyzovali 702 blastomer ze 719 embryi, pochazejicich z 95
IVF cykld. Blastomery ze 17 embryi nebyly analyzovany, protoZe byly bezjaderné. 15
z téchto embryi se ve vyvoji zcela zastavilo — bud v den 3 ¢i den 4 a nebylo tedy
mozno je pouZzit pro transfer. Zbyvajici 2 embrya se vyvijela dale, ale ani ony nebyla
pro transfer vyuzita.

Po dvou kolech hybridizace bylo 52,7% blastomer zhodnoceno jako
abnormalni, 27,1% jako diploidni a 20,2% meélo nereprezentativni vysledek.

Tyto nejasné vysledky bylo moZno rozdélit do 4 kategorii:
1. suspektni monosomie — byla nalezena u 46,4% blastomer s nejasnym vysledkem
— z nich bylo

- 85% monosomii

- 10,5% prekryvajici se signaly

- 4.5% polymorfismy

2. suspektni trisomie — 40,2% blastomer s nejasnym vysledkem — z nich bylo
- 33,3% difusnich signalu
- 26,3% nespecificka hybridizace s vysokou aktivitou pozadi
- 19,3% rozdélené signaly

- 12,3% cross-hybridizace
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- 8,8% polymorfismy

3. sloZzen& aneuploide — 8,5% blastomer s nejasnym vysledkem — z nich
- monosomie a nullisomie — 58,3%

- nullisomie — 41,7%

4. jAdra bez vysledku na dany chromozém — 4,9 %

- tykalo se vétSinou chromozomu 18 a pfi¢inou byl chromatin nizké kvality.

Tyto nejasné vysledky byly analyzovany pomoci tfetiho kola hybridizace a
timto zpasobem bylo objasnéno 95,8% pfipadl (P < 0,001). Euploidie byla nalezena
u 42,6% suspektnich monosomii, u 82,4% suspektnich trisomii, u 16,7% sloZenych
aneuploidii a u 71,4% pripadd puvodné bez vysledku pro dany chromozém. Pouze
4,2% nereprezentativnich vysledkd nebylo moZzno vysvétlit — jednalo se o 4,6%
suspektnich monosomii, 3,5% suspektnich trisomii a 8,3% sloZzenych aneuploidii.
Pfrehledné vysledky jsou vidét na obrazku 4.4 — 1.

Chromozémem, ktery byl nejCastéji pfi€¢inou nutnosti re-hybridizace, byl
chromozém 18 — podilel se celkem na 24,5% vSech nereprezentativnich vysledka.
Druhym nej€astéjSim byl chromozém 13 (21,2% vysledkd). Chromozémy 16, 22 a 21
mély témér stejnou frekvenci nereprezentativnich vysledkd (17,6%; 16,7%; 16,3%) a
chromozémy X a Y byly zastoupeny nejméné (3,7% nereprezentativnich vysledku).
Dulezitym faktorem analyzy byla vZdy kvalita a fixace chromatinu.

Pfi validaci sond jsme potvrdili dfive publikované vysledky — u lymfocyta
s jadry vinterfazi je spolehlivost metody vzdy menSi nez 100%, v metafazi je
specificita a sensitivita hybridizace 100%, bez zndmek cross-hybridizace
[Weremowicz et al., 2006]. Tato studie také potvrdila vyskyt béZnych polymorfismu a
odchylek ve velikosti repetitivnich Gsekd, coZz opét potvrdilo vyznam soucasného
testovani vzork DNA od obou rodi¢l. Pouze tak muzeme predejit chybné diagnéze
pfi interpretaci vétSich ¢i mensich signalu, které byvaji pficinou faleSné negativnich ci
faleSné pozitivnich nalezl, napf. pro chromozémy 13/21 a 18/16 [Weremaocicz et al.
2001; lwarsson et al., 2000]. Obecné plati, Ze smési dvou sond dosahuji spolehlivosti

72% az 96%. Pfi pouZziti jedné sondy bychom meéli dosahovat 90 az 95% UspéSnosti.
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v v s

Tato studie potvrdila, Ze nejCastéjSi pfipad selhani hybridizace pfi nami
pouzivané metodice (PB panel) byla monosomie a prekryv signdll, zvlasté pak
u chromozému 18 a 16. Nami pouZita hodnotici kritéria nejsou zcela optimalni, nebot
plné nevylu€uji subjektivitu v posouzeni napf. kvality chromatinu v jadfe. Vysledky
dokumentuji obrazky 4.4 -2 a 4.4 - 3.

PGD/PGS je analyza jedné jediné buriky a jak jiz bylo zminéno vySe, FISH je
metodika ovlivnitelnA mnoha faktory, jez sami o sobé mohou vést k suboptimalni
kvalité¢ posuzovanych jader. Takova jadra by meéla byt analyzovana a nikoliv
vylou¢ena z hodnoceni. NaSe vysledky prokazaly, Ze nizka kvalita jader je spojena
se selhanim hybridizace zvlaSté u chromozému 18 (pfi pouZiti paneld PGT a PB)
a chromozému 16 (pfi pouZiti panelu PB). Sonda pro chromozém 13 (oznaena
Texaskou €erveni) méla nejvétsi intenzitu pozadi a nespecifickou hybridizaci.

Na z&kladé literatury a vySe uvedenych vysledkd podporujeme strategii, ktera
zahrnuje v prvnim kole hybridizace 5 chromozému - 13, 18, 21, X a Y (PGT panel)
a vdruhém kole chromozémy dva - 16 a 22 (CEP 16 a LSI 22). V pfipadé
nereprezentativnich vysledkd provadime vySe popsanou re-hybridizaci a domnivame
se, Ze tato praxe by méla byt zafazena do pokynu pro standardni laboratorni
provadéni tak, jak jiz bylo ostatné doporu¢eno i Mezindrodni spolecnosti pro
PGD/PGS [PGDIS 2007] a povrzeno mnoha studiemi, kromé té naSi napf. [Colls et
al. 2007]. V naSi studii bylo provedenim re-hybridizace objasnéno 95.8% nejasnych
pripadu. Vysledky prokazaly, Zze témér polovina suspektnich monosomii a vice nez
70% pfipadu, kdy nebyl po dvou kolech pfitomen Zadny signél pro dany chromozom,
byly ve skute€nosti euploidie.

Zcela zvlastni a dileZitou otazkou zlastava pocet chromozémda, jez by mél byt
testovan. Jak ukazuji vysledky validaci sond, s jejich rostoucim poltem a se
zvySovanim poctu kol FISH analyzy, spolehlivost hybridizace klesa [Weremowicz et
al., 2006] doporucuje testovani pouze téch chromozomda, které jsou nejcastgji
pfiCinou spontannich potratd. Domnivame se, Ze téZz chromozémy zapojené
v selh&véani implantace by nemély byt opomijeny.

Testovani 7 kliCovych chromozémi a nasledné ziskani duvéryhodnych

v s

jiz vSak nelze divérovat a ani re-hybridizaci potvrdit.
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5 Zavéry pro praxi a vyhled do budoucna

Je prokazano, Ze transfer embrya ve stadiu blastocysty zvySuje efektivitu |€éCby
neplodnosti a vytvari Casovy prostor pro provedeni preimplantacni genetické analyzy
a pro vySetfeni kultivaCnich médii za ucelem jeSté dokonalejSi charakterizace
Zivotaschopnosti a implantacniho potencialu embrya.

Metoda prodlouzené kultivace embryi in vitro je vSak téz zcela nesporné
pfinosem pro studium mechanisma pluripotence, diferenciace a dediferenciaci bunék
a umoznila mimo jiné porozumeéni nékterym aspektim genetického pozadi ¢asné
embryogeneze a embryonalnich diferenciaénich mechanismd.

Naproti tomu v8ak nezapominejme, Ze stejné jako kazda jind manipulace in vitro
¢i jako kazda jina terapeutickd metoda muze mit i své vedlejSi ucinky. Ackoliv zatim
Zzadny z nize hypotetizovanych problémd nebyl prokdzan dostate¢né velkou a
randomizovanou multicentrickou studii, neméli bychom zlstat k moZnym néstraham
netecni.

Spekuluje se, Ze prodlouzena kultivace embrya ma epigenetické vlivy a muaze
vést k porucham imprintingu nékterych genl [Rinaudo et Schulz, 2004]. Meazi
poruchy zpusobené chybnym imprintingem patfi napf. Beckwith-Wiedermannuv a
Angelmantv syndrom, které dle nékterych praci [De Rycke et al., 2002] jsou
pravdépodobné CastéjSi v populaci déti narozenych po ART ve srovnani s populaci
déti spontdnné pocatych.

Kromé toho byla vyslovena hypotéza o zvySeném vyskytu monozygotickych
dvoj €at po transferu embrya ve stadiu blastocysty. PFic¢inou tohoto ,vedlejSiho
Gcinku“ by mohly byt mikromanipulace se ZP [Urman et al., 2002] a také prodlouzeny
.pobyt* embrya v médiu, jeZ pro néj neni zcela optimalnim prostfedim — na rozdil od
pfirozeného niveau matefskych tkani mu chybi nékteré ristové faktory a cytokiny a
naopak glukéza muize byt pfitomna v nadmérném mnoZzstvi, coZz vede ke zvySené
produkci volnych kyslikovych radikdld a k metabolickému stresu pro embryo [Da
Costa et al., 2001; Menezo et Sakkas, 2002; Unger et al., 2004; Milki et al., 2003a].

Otaznik zustava nad rovnom érnosti pohlavi — bylo prokadzano, Ze embrya
nesouci gonozémy XY se vyviji rychleji nez ta s gonozémy XX [Xu et al.,, 1992;
Richter et al., 2006]. Tim by se dal pravdépodobné vysvétlit nalez publikovany

v nékterych pracich popisujicich dysbalanci pohlavi po ART s vyuZitim prodlouzené
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kultivace [Ménézo et al., 1999; Milki et al., 2003b; Luna et al., 2007; Kausche et al.,
2001] ve prospéch potomkd muZského pohlavi. Toto v8ak musi byt, stejné jako
ostatni zatim spiSe hypotetické vedlejSi efekty prodlouzené kultivace, ovéreno
rozsahlejSimi, prospektivnimi a multicentrickymi studiemi.

Znalost moZnosti téchto rizik a nutnost potvrdit ¢i vyvratit vySe zminéna podezieni
vede fadu velkych svétovych center 1éEby neplodnosti k trvalému a dlouhodobému
sledovani populace déti, jez se po I1éEbé u nich narodily [Verlinsky et al., 2004]. To
muZe byt jedna zcest, jak na alesponn nékteré zatim nezodpovézené otazky
odpoveédét.

DalSi vyvoj ve vyuZiti prodlouzené kultivace do stadia blastocyst se bude vyvijet
hlavné v oblasti neinvazivnich metod zjistujici viabilitu nejlepSiho embrya pro singel
embryo transfer.

Neinvazivni techniky vyvijejici se v souasnosti jsou metabolomika, proteonomika
a studium respira¢niho potencialu jak gamet, tak embryi. O téchto technikach bylo jiz
dfive Casto referovano, ale az v v dneSni dobé, kdy moderni biochemické metody
umoznuji detekci stopového mnoZzstvi metabolitd nebo aminokyselin se tyto techniky
rozvijeji a mohou k neinvazivnimu stanoveni viability embrya pfispét.

Progresivné se vyviji technika life cell monitoring, kter4 se snazi objevit velice
jemné zékonitosti a posloupnosti vyvoje embryi. NaSe soucasné znalosti vyvoje a
také selekce embryi vyplyvaji se sekvenénich pozorovani a dlouhodobych
zkuSenosti. Nevime ale presné, které dynamické poruchy ve vyvoji maji vétsi Ci
mensi vyznam pro implantaci. Zaznamenani urcitych zmén v urcitém case a jejich
vliv na implantaci muzeme vytvofit knihovnu ur€itych morfologickych znakl majici
vyznamny vliv na kvalitu embrya a jeho implantaci. Tato technika mdze, podle mého
nazoru, vyznamné pfispét k zvySeni uspésnosti 1éCby a je v souasné dobé hlavnim

védeckym programem nasSeho institutu.
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7 Tabulky, schémata, obrazky

Tabulka 4.2 — 1 — Zastoupeni jednotlivych skupin pfi indikaci k PGD

Vék matky  Vék otce Indikace
29 34 aborty, mutace A1298C homozygot

2 33 32 piani rodicl
3 37 41 vék matky
. a 38 47 vékroditl
_ 39 39 vék matky
86 35 36 pFaniroditd
7 = 40 pFéniroditd
_ 31 32 opakované selhani [écby
_ 32 36 opakované aborty
_ 39 38 vék matky
B R 37 37 47XXX, 46XX, mozaika s disom.linii
. 12 37 41 véka ptani roditl
_ 42 47 vyrazna teratozoospermie
_ 39 42 vék matky
_ 36 35 Oligoasthenozoospermie lll.
_ 42 37 vék matky
_ 37 45 opakované aborty s trisomii 16 a 21
_ 39 39 OAT lll, chemotherapie u otce
e 37 39 pfnirodicd
_ 32 37 opakované aborty
_ 34 55 opakované selhani implantace
_ 42 37 vék matky
_ 50 41 vék matky
22 30 30 OATIIL
s 36 36 pranirodicd
_ 39 42 teratozoospermie
_ 37 42 teratozoospermie
. 28 33 33 pFaniroditd
_ 41 42 vék matky
_ 41 40 vék matky
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Tabulka 4.2 — 2 - Schématické znazornéni klasifikace dle Gardnera [Gardner et
Lane, 2003a]

KLASIFIKACE EMBRYi DLE GARDNERA

Prvni tislo Poiet blastomer
Druhé pismeno Velikost hlastomer
Tieti fislo %o fragmentace

Foéet blastomer Velikost blastomer %fragmentace Zavér

rovhocenné
@ 0 % 441
4 A I

= rovnocenné
1]
4 A 2
nerovhocenné 50 % 4B2
4 B 2

&

rovnocenné
20%-50% 443
4 3
4 bunééné embryo rovnocenné > 50% 444
4 bunééné embryo nerovnocenne > 50% 4B 4
8 buné&éné embryo rovnocenne 0% 841
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Tabulka 4.2 — 3 - Pfiklady morfologie embryi dle klasifikace dle Gardnera [Gardner
et Lane, 2003a]

Obréazky vybrany z vlastniho obrazového materialu IVF-Institut Plzefi © Uher 2011

4A1 Embryo — Zadné granulace, vSechny blastomery jsou
stejné velké

4A2 Embryo — asi 10% objemu embrya granulace, vSechny
buriky jsou stejné velké

4A3 Embryo — kolem 20% objemu embrya granulaci a
buriky jsou nestejné velké

4B4 Embryo — kolem 50% objemu embrya granulaci a
burky jsou nestejné velké
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Tabulka 4.2 — 4 — Priklady blastocyst transferovanych v den 5

Vybrano z vlastniho obrazového materiélu IVF-Institut Plzefi © Uher 2011

2 X hatchujici blastocysta 5AB

hatchujici blastocysta 5AB

hatchujici blastocysta 5AB

2x hatchujici blastocysta 5BB
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Tabulka 4.2 - 5 - Priklady TOP embryii transferovatelnych v den 3

Vybrano z vlastniho obrazového materiélu IVF-Institut Plzefi © Uher 2011

8A1l

/B1

8Al
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Tabulka 4.2 — 6 — Shoda mezi teoreticky vybranymi embryi v den 3 a geneticky

vhodnymi v den 5

Pocet TOP Pocet
fertilizovanych  embrya/ bioptovanych Geneticky  Pocet % ET Vysledek
vajicek vybrana blastocyst normalni  shodnych
. 29 4 22 6 2 50 2 grav
2 10 5 9 6 3 60 2 poz
3 13 0 11 2 0 0 1 neg
Y 13 4 11 2 0 0 2 neg
5 19 3 12 2 0 0 1 neg
6 16 5 14 5 1 20 2 neg
7 10 4 8 5 1 25 2 porod
8 18 10 18 5 2 20 2 grav
9 9 4 8 5 4 100 1 poz
10 12 2 11 3 0 0o 2 poz
o 18 5 14 4 2 40 2 grav
12 9 1 7 1 0 0 0  bezET
13 26 2 15 2 0 0o 2 neg
14 17 3 9 6 2 66 2 poz
15 8 4 8 6 4 100 2 porod
16 15 4 11 1 0 0 1 neg
17 11 3 8 0 0 0 0  bezET
.18 19 3 11 1 0 0 0  bezET
19 13 3 8 5 3 100 2  porod
20 15 3 12 5 0 0o 2 grav
o2 20 4 15 4 1 25 2 grav
2 16 4 16 5 2 50 3 neg
23 7 3 7 3 1 2 | 2 poz
24 14 4 10 3 1 25 2 neg
- 11 3 9 2 1 33 2 porod
26 8 4 8 3 2 50 2 neg
27 15 5 15 3 2 40 3 poz
28 15 5 10 7 4 80 2 neg
29 12 4 11 5 2 50 2 porod
30 8 3 7 2 2 66 2 porod
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Tabulka 4.3 — 1 - Priklady morfologické klasifikace blastocyst v den 5

Obrézky vybrény z vlastniho obrazového materiélu IVF-Institut Plzefi © Uher 2011

Vi¥vojové stadium

Popis

Piiklad

Piiklad

Priklad

Casna blastocysta
Prvai ndznak

durinky

Blastocysta
Dutinka zabird
vice nez 50%
blastocvsty

Blastocysta
Dutinka zabira
90% objemu
blastocysty

Expandovana
blastocysta
Busky
trafoektodermu
Jsou zplostélé a
zona pellucida
Zfencend

Hatchujici
blastocysta
Buriky
mrofoektodermu
hatchuji prres zonu

pellucidu
5 AA 5 AB 5 BB
Klasifikace Cislo Vejové stddinm 1-5
trofoektodermu a Pivni pismeno kvalita bunék embrvoblastu A-C
embryoblastu Druhé pismeno kvalita bunék trofoektodermu A-C
blastocysty
Velké mnozstvi Nékolik volné Pouze nékolik
Embryoblast pevné spojenych svazanych bunék bunék
bunék
A B C
Velké mnozstvi Mensi mnozstvi
Trofoektoderm pravidelné nepravidelnych Pouze nékolik
uspoiradanych oplostélych bunék
bunék

A

B

C
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Tabulka 4.3 — 2 — Srovnani nasich vysledk( a DIR v roce 2009

DIR IVE
Plzei

49602 460
45623 408

29,26 54,32

Tabulka 4.3 — 3 — Vliv véku Zeny na UspéSnost ET

DIR IVF Plzen

Hodnota PR/ET (%) Hodnota PR/ET %
37,79 50 z 68 73,53
36,16 80 ze 132 60,61
27,35 73 ze 148 49,32
15,72 18 z 60 30
29,26 221 ze 408 54,17

Tabulka 4.3 — 4 — Srovnani poctu transferovanych embryi

DIR IVF Plzen
% Pocet %
22 45 ze 408 11,03
78 ze 408 19,12

* Single embryo transfer
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100%
Euploid
90% Abnormal
= NR
80%
T0%
60%
50%
40%
30%
20%
10%
0%
“monosomy in "trisomy in question” compound aneuploidy  "no result” for tested
question” chromosome

Obrazek 4.4 — 1 — Vysledky rehybridizace - ,zachranéné” vysledky, NR = bez
vysledku
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Obrazek 4.4 — 2 — Signély chromozomu |.
a) difazni signdl chromozému 18 - MultiVysion PGT panel, b) druhé kole
rehybridizace se sondami CEP 16 a LSI 22, c) rehybridizace stejného jadra

chromozému 18 se sub — telomerickou sondou Tel18q
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Obrazek 4.4 — 3 — Signaly chromozomu 1.
a) monosomie 18 — MultiVysion PGT panel, b) druhé kolo re — hybridizace se
sondami CEP 16 a LSI 22, c¢) re — hybridizace stejného jadra chromozému 18 se sub

— telomerickou sondou Tell8q
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Abstract

The incidence of non-informative results after fluorescence in-situ hybridization (FISH) was analysed in preimplanta-
tion genetic diagnosis (PGD). FISH was performed on seven chromosomes (13, 16, 18, 21,22, X, and Y) in two rounds
of hybridization (one biopsied blastomere per day 3 embryo). A third round with telomeric probes was performed in
order to analyse the chromosome(s) in question. A total of 702 embryos out of a total of 719 embryos from 95 cycles
were analysed. The remaining 17 embryos were anucleated and/or had poor quality and could not be diagnosed. Aflter
FISH analysis, 52.7% of blastomeres were found to be abnormal, 27.1% euploid, and 20.2% had non-informative
results. Abnormalities considered as non-informative included ‘monosomy in question’ (46.5%), ‘trisomy in question’
(40.2%), compound aneuploidy (8.5%), and ‘no result’ (4.9%) for a tested chromosome. Following re-hybridization
with telomeric probes, euploidy was found in 42.4% of ‘monosomies in question.” in 82.4% of ‘trisomies in question,’
in 16.7% ol compound aneuploidies, and in 71.4% of ‘no results’ for a tested chromosome. Only 4.2% ol non-informa-
tive results could not be rescued. This study clearly demonstrates the importance of re-hybridizing non-informative
results and monosomies using a third round of hybridization with telomeric probes for chromosome(s) in question.

Keywords: FISH, monosomy, non-informative result, PGD, re-hybridization, telomeric probes

Introduction

Preimplantation genetic diagnosis (PGD) is a method used
to screen for certain genetic abnormalities in day 3 embryos
after IVF. Fluorescence in-situ hybridization (FISH) is at
present the only routine technique that allows for an anal-
ysis of the chromosome copy number in interphase and
metaphase nuclei. In the case of aneuploidy screening, a
blastomere 1s removed from day 3 embryos and hybridized
with specific DNA probes using FISH. Usually, five to eight
chromosomes are selected for hybridization with specific
chromosome probes, which are mostly commercially avail-

able. This method enables the identification of any abnor-
mal chromosomal constitution in embryos generated [rom
IVF treatment, which was demonstrated to be relatively
high (Macklon ef al., 2002; Wilton, 2002).

Although FISH analysis has greatly improved over the
years, the problem of misdiagnosis remains high. Various
exogenous and endogenous factors of the FISH technique
may influence the analysis and lead to false-positive or
false-negative results (Munné er al, 1993, 1998: Wilton,
2002). The quality of the biological sample, the most impor-
tant exogenous factor in PGD. 1s determined by embryo

@ 2009 Published by Reproductive Healthcare Ltd, Duck End Farm, Dry Drayton, Cambridge CB23 8DB, UK
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characteristics. Poor-quality embryos have a higher proba-
bility of having degenerated interphase chromatin, apopto-
tic cells, and/or cytoplasmic inclusions, all of which may
interfere with FISH signals. The target DNA distribution
in the interphase nucleus is also important because it may
cause overlapping, split or diffused signals.

Endogenous factors influencing FISH results include the
fixation technique, the modification of FISH protocols,
specificity and sensitivity of the probe or probe panel used
for analysis, the combination of fluorochromes, and the
number of chromosomes analysed (Abdelhadi ef al, 2003;
Berend et al, 2004; Weremowicz et al., 2006; Baart et al.,
2007).

Fixation is crucial for a good analysis. Using a suboptimal
method may lead to non-informative results. At present, the
methanol/acetic acid method is recommended as it provides
better results than fixation with Tween/HCl. A modifica-
tion of the FISH protocol, such as changing the length of
pepsin pretreatment, switching agents, or using diflerent
hybridization stringencies and wash conditions, also has
important effects on the outcome of the analysis (PGDIS,
2008).

Both the sensitivity and specificity of the probe or probe
panel depend on the type of probe (plasmid, cosmid,
YAC, BAC), the type of labelling (PCR, nick translation),
and the type and amount of DNA used for blocking repet-
itive sequences in the genome (Cotl, salmon, or placental
DNA). Hence, it is essential to test each probe and every
combination of probes for their sensitivity and specificity.

The PGD International Society (PGDIS) guidelines (2008)
recommend testing at least eight chromosomes (13, 15, 16,
18, 21, 22, X, and Y). If FISH 1s performed on non-mosaic
normal lymphocyte samples, the overall specificity and sensi-
tivity of individual probes or mixtures is less than 100%,
which is due to the above-mentioned exogenous and endog-
enous factors (Weremowicz et al., 2006). There are still few
data available on the hybridization efficiency of commer-
cially available panels for PGD/preimplantation genetic
screening (Anguiano et al., 2003; Berend er al, 2004). The
efficiency ranges from 62% to 90% for five-probe PGT panels
(Abbott Laboratories Inc., Downers Grove, IL, USA) to 90—
95% for individual probes (Weremowicz et al., 2006). The
risk of an inaccurate result increases with the number of
probes and FISH rounds (Henegariu er /., 2001). This fact
has to be countered with good laboratory practice in PGD.

Another problem is the interpretation of chromosome
aneuploidies not commonly involved in either implantation
failure or spontancous abortions. It is difficult to interpret
these aneuploidies correctly because of our incomplete
knowledge of mosaicisms and their influence on the viabil-
ity of embryos (Bielanska er al.. 2002), as well as incomplete
understanding of cell cycle checkpoints (Ruangvutilert
et al., 2000: Coonen et al ., 2004: Chatzimeletiou et al.,
2005; Daphnis er al., 2005).

Chaotic and trisomic results are seldom regarded as being
false positive. A false-negative or ‘no result’ diagnosis for
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the tested chromosome(s) may be attributed to technical
artefacts, such as overlapping signals, loss of nuclear mate-
rial during fixation or poor hybridization, as well as to true
monosomy results or to mosaicism.

A third round of hybridization with telomeric probes for
the chromosome(s) in question is recommended in order
to increase the efficiency of PGD. This approach is called
‘no result rescue.” and is recommended in the established
guidelines for good PGD laboratory practice (Colls et al.,
2007; PGDIS, 2008).

Without the appropriate results, those embryos presenting
with the chromosome(s) in question should, based also on
the type of the non-informative result, be excluded from
transfer. The numbers of normal embryos available for
transfer is consequently lower.

The aim of this study was to analyse the incidence of non-
informative results, to evaluate the efficiency of re-hybrid-
ization for non-informative results, and to demonstrate an
improvement in normal results after performing a third
round of analysis in selected groups of non-informative
results.

Materials and methods

Embryos for PGD analysis

From January 2007 to December 2007, 88 patients under-
went PGD for aneuploidy screening, resulting in 95 cycles
with 719 embryos for biopsy and 702 for analysis. The aver-
age number of biopsied embryos per cycle was 15, and the
mean age ol the women was 39 years. All PGD cycles
started after obtaining the patient’s written consent. Stimu-
lation, oocyte retrieval and intracytoplasmic sperm injec-
tion (ICSI) procedures were performed as described
elsewhere (Zech et al.. 2007).

Embryo biopsy

One blastomere was biopsied from each embryo demon-
strating satisfactory development on day 3 (reaching at
least the five-cell stage with <25% of fragmentation). Ini-
tially, the embryos were de-compacted prior to biopsy
through a short period of incubation (<3 min) in Ca®>"
and Mg2+ free medium (LifeGlobal, Ontario, Canada).
Mechanical hatching was used to create an opening in the
zona pellucida (ZP). The individually nucleated blastomere
of the embryos was fixed in methanol/acetic acid (3:1) as
described by Velilla er al. (2002). Following biopsy, the
embryos were carefully washed and further cultured indi-
vidually in non-sequential Global medium (LifeGlobal) at
37°C in a humidified atmosphere of 6% CO, in air.

Validation of probes and probe mixtures
on interphase and metaphase cells

The efficiency of hybridization in interphase and metaphase

cells was determined for every probe or probe mixture by
testing parental lymphocytes prior to an analysis of the cells
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themselves (Weremowicz et al, 2001). The efficiency for
interphase FISH assays with single- and double-colour
DNA probes was considered satisfactory when at least
95% of the cells tested showed the correct number of
hybridization signals. If the efficiency was <95%, the FISH
protocol was modified until satisfactory results were
obtained.

FISH

A two-round FISH procedure was performed: chromo-
somes 13, 18, 21, X, and Y (MultiVysion PGT Probe panel;
Abbott Laboratories) were detected in the first round, and
chromosomes 16 and 22 (Abbott Laboratories) were
detected in the second. The hybridization solution for the
second round of hybridization was prepared by mixing a
probe for chromosome 16 (Abbott Laboratories, Satellite
II DNA/DI16Z3 probe, Spectrum Orange) and a probe
for chromosome 22 (Abbott Laboratories, LSI 22,
22q11.2, Spectrum Green). The MultiVysion PGT Probe
panel was used to validate probe efficiency in the first
round, and a mixture of probes CEP 16 and LSI 22 was
applied in the second round of hybridization. The efficiency
of these probes was compared with the efliciency attained
using the PB panel (MultiVysion PB Probe panel; Abbott
Laboratories) in the first round of hybridization and CEP
X/Y (CEP X SG/CEP Y (alpha) SO) in the second round
of hybridization. The FISH procedure was performed
according to the manufacturer’s instructions. In order to
ensure maximum efliciency, some modifications were
applied to the hybridization times, the length of pepsin pre-
treatment (which depended on the presence of cytoplasm),
or to the post-washes after validation of the probes.

In the case of non-informative results, a third round of
hybridization was preformed on the chromosome(s) in
question. In this case, telomeric probes were used, which
bind to a different locus on the p- or g-arm/s for the tested
chromosome/s. Probes were obtained from Abbott Labora-
tories: Telomere 13q SpectrumOrange, LSI 13 Spectrum-
Green, Telomere 16q SpectrumOrange, Telomere 18p
SpectrumGreen, Telomere 18q SpectrumOrange, Telomere
21q SpectrumOrange, Telomere 22q SpectrumOrange;
Cytocell Technologies (UK): Telomere 13q Spectrum-
Green, Telomere 13q SpectrumRed, Telomere 16q Spec-
trumGreen, Telomere 18q SpectrumGreen, Telomere 21q
SpectrumGreen, Telomere 21q SpectrumRed, Telomere
22q SpectrumGreen; and Kreatech Biotechnology (The
Netherlands): Telomere 13q SpectrumRed, Telomere 16q
SpectrumGreen, Telomere 18q SpectrumGreen, Telomere
18¢q SpectrumRed, Telomere 21q SpectrumGreen, Telo-
mere 21q SpectrumRed, Telomere 22q SpectrumGreen,
Centomeric Y (DYZ3) SpectrumGreen.

The analysis was performed according to the manufac-
turer’s instructions. Briefly, slides were incubated in pepsin
solution (0.5 mg/ml in 0.01 mol/l HCI) for 1 min at 37°C in
a water bath, then washed in 1x PBS solution for 5 min at
room temperature (RT), 3min in 1% formaldehyde
(1 x PBS, 50 mmol/l MgCl,) at RT, then in 1x PBS for
Smin at RT again and dehydrated in an ethanol series
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(70%, 80%, 95%; every 2 min), air-dried and co-denatured
with the probe(s) specific for the type of experiment.
Depending on the type of probe(s) applied, specific pro-
grammes for co-denaturation as well as for wash conditions
were used as described in the manufacturer’s instructions.

If the pattern of non-informative results required the com-
bination of probes from different manufacturers, the probe
mixture was evaluated using normal lymphocytes [rom
peripheral blood, and the conditions with the highest probe
efficiency (no less than 95%) were used for subsequent anal-
ysis. The results of the first and second round were analysed
by two observers using an Olympus BXS51 fluorescence
microscope equipped with the appropriate filter sets
(Abbott Laboratories). The results were analysed after the
images had been captured using the MetaSystems imaging
system (Germany).

Scoring criteria and statistical
analysis

Scoring criteria were applied according to Munné et al.
(1998). The embryos were considered normal if two gono-
somes and two of the chromosomes 13, 16, 18, 21, and 22
were present; haploid, triploid, or polyploid if one, three
or more copies of the sets of tested chromosomes were pres-
ent; chaotic if two or more abnormal results were found for
two or more of the tested chromosomes; abnormal il the
chromatin was fragmented and the signals were divided
among these fragments; abnormal il after fixation of one
blastomere that blastomere showed multinucleation.

Based on the results from the validation of probes and
probe mixtures, monosomy was found to be a predominant
feature of the failure of the hybridization technique. As a
result, a third round of re-hybridization with telomeric
probes was performed il monosomy was detected. Re-
hybridization was also applied to compound aneuploidies,
which involved double monosomy, monosomy together
with nullisomy, and nullisomy (‘no result’” for the tested
chromosome) alone.

All statistical analyses were performed using Fisher's exact
test and Wilcoxon’s test.

Results
Validation of probes and probe mixtures

Since the incorporation of PGD into the IVF programme,
DNA probes and probe mixtures have been evaluated for
all tests performed. The results of hybridization specificity
and sensitivity in interphase and metaphase cells of parental
lymphocytes confirmed better overall hybridization effi-
ciency for a PGT panel with CEP 16/LSI 22 in the second
round of hybridization (data not shown). This included the
validation of probes for Robertsonian and reciprocal
translocations and for aneuploidy screening as well as the
validation of probe mixtures for the re-hybridization of
non-informative results.
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These tests also showed that the main signal failure in the
PB panel was the result of monosomy and cross-hybridiza-
tion for chromosomes 18 and 16, respectively (data not
shown). The use of the PGT panel solved this problem.

Re-hybridization of non-informative results

A total of 702 blastomeres from 719 embryos produced in
95 IVF cycles were analysed for aneuploidy screening. Blas-
tomeres of 17 embryos were anucleated and could therefore
not be analysed. Fifteen of these embryos were arrested on
day 3 or 4 of development and were not used for transfer.
The remaining two of these embryos developed beyond
the compacted stage; however, they were not considered
for transfer either.

Following FISH analysis and prior to performing a third
round of hybridization, 52.7% (n =370) of blastomeres
were abnormal, 27.1% (n = 190) had euploid results and
20.2% (n = 142) showed non-informative results.

Of the non-informative results, 66 (46.5%) were diagnosed
with ‘monosomy in question,” 57 (40.2%) with ‘trisomy in
question,” 12 (8.5%) with compound aneuploidy and seven
(4.9%) with ‘no result.”

Non-informative results were divided into four categories
[category 1: ‘monosomy in question’ (this also includes
overlapping signals and polymorphisms), category 2: “tri-
somy in question,” category 3: compound aneuploidy,
and category 4: ‘no result’ for a tested chromosome]
(Table 1). In category 1, 84.8% (56/66) of ‘monosomies
in question’ were considered to be monosomies, 10.6%
(7/66) showed overlapping signals, and 4.5% (3/66)
showed polymorphism. In the second category, 33.3%
(19/57) of ‘trisomies in question” had a diffused signal,
26.3% (15/57) were classified as non-specific hybridizations
combined with background intensity. 19.3% (11/57)

showed split signals, 12.3% (7/57) were cross-hybridiza-
tions, and 8.8% (5/57) polymorphisms. In category 3,
58.3% (7/12) of the compound aneuploidies were classified
as monosomy combined with nullisomy and 41.7% (5/12)
were regarded as nullisomies. In category 4, ‘no result’
for a tested chromosome mainly included chromosome
18 (7/7). This was predominantly caused by poor chroma-
tin quality.

Non-informative results were re-analysed by performing a
third round of re-hybridization (Figure 1 and Table 2). This
approach enabled clarification of 95.8% (P < 0.001) of such
cases. After re-hybridization with telomeric probes,
euploidy was found in 28/66 (42.4%) of ‘monosomies in
question,” in 47/57 (82.5%) of ‘trisomies in question,” in
2/12 (16.7%) of compound aneuploidies, and in 5/7
(71.4%) of ‘no results” for tested chromosomes. Only 4.2%
(6 out of 142) of non-informative results could not be res-
cued, including 4.5% of ‘monosomies in question’ (3/66),
3.5% of ‘trisomies in question’ (2/57), and 8.3% of com-
pound aneuploidies (1/12).

As shown in Table 3, chromosome 18 was the most com-
monly affected chromosome, accounting for 24.6% of all
non-informative results. The nullisomies, monosomies. dif-
fused, split or overlapping signals, and cross-hybridizations
were the most frequent ones (Figures 2 and 3). The second
most common chromosome involved was chromosome 13,
which accounted for 21.2% of cases with diffused signals,
non-specific hybridization, monosomies, etc. Chromosomes
16, 22, and 21 followed with almost the same [requency
(17.6%:; 16.9%: 16.2%), chromosomes X and Y
accounted for 3.5% of non-informative results. These
results were related to the quality of fixation and chromatin
quality.

and

When the results of monosomy re-hybridization were
evaluated, the predominant chromosomes involved in

Table 1. Incidence of the various types of ‘no result’ (7 = 142) in four different categories.

Category Type of 'no result’ n (%) Incidence ()

‘Monosomy in question’ Monosomy 56 (84.8) 66 (46.5)
Overlapping signals 7 (10.6)
Polymorphisms® 3(4.5)

‘Trisomy in question’ Diffused signals 19 (33.3) 57 (40.1)
Non-specific hybridization® 15 (26.3)
Split signals 11 (19.3)
Cross-hybridization 7 (12.3)
Polymorphisms® 5(8.8)

Compound aneuploidy Nullisomy and monosomy 7 (58.3) 12 (8.5)
Double monosomy 5(41.7)

‘No result’ for tested chromosome Nullisomy 7 (100) 7(4.9)

“Polymorphisms of chromosomes 1, 9, 16, and Y may lead to qh+ or qgh— result.
PSignal® without clear indication as an artefact together with background intensity.
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Figure 1. Percentages of ‘rescued’ results according to the categories analysed. NR, no result.

Table 2. Results of a third round of re-hybridization of previously non-informative results.
Non-informative result (n = 142) Euploid Not rescued
‘Monosomy in question’ 28/66 (42.4) 3/66 (4.6)
‘Trisomy in question’ 47/57 (82.4) 2/57 (3.5)
Compound aneuploidy 2/12 (16.7) 1/12 (8.3)
‘No result’ for tested chromosome 5/7(71.4) -

Values are n (%). Total rescued = 136/142 (95.8).

Table 3. Incidence of affected
monosomies.
e

Chronmosome

chromosomes and predominant chromosomes

Incidence of chromosomes affected

involved in

Share of chromosomes involved
in category I*

13 30/142 (21.1)
16 25/142 (17.6)
18 35/142 (24.6)
21 23/142 (16.2)
22 24/142 (16.9)
Xand Y 5/142 (3.5)

6/12 (50.0)

1/8 (12.5) (1 not rescued)
9/11 (81.8)

2/10 (20.0)

1/7 (14.3) (2 not rescued)
1/5 (20.0)

Values are n (V).

“*Category | includes overlapping signals and polymorphisms; 5/7 overlapping signals and 3/3 polymorphisms were rescued,
adding up to a total of 28/66 euploid embryos after re-hybridization.

monosomies were found to be chromosomes 18 and 13,
with 81.8% and 50.0% of rescued monosomies, respec-
tively. Pathology was confirmed in 80% of monosomies
involving chromosome 21 and in 80% involving chromo-
somes X and Y. The efficiency of monosomy re-hybridiza-
tion for chromosomes 22 and 16 was not statistically
evaluated, as only a few cases were involved in the re-
hybridization.
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Discussion

The results of probe and probe mixture validation demon-
strated inconsistent results in hybridization efficiency for
both panels used for testing (PGT panel and PB panel).
The overall hybridization efficiency of the PGT panel in
the first round and CEP 16/LSI 22 in the second round
of hybridization (76-86% for male and 73-90% for female

Moznosti a vyznam prodlouzené kultivace embryi
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lymphocytes) was significantly higher (P < 0.01) when com-
pared with the overall hybridization efliciency of the PB
panel in the first round and CEP X/Y in the second round
of hybridization, which was 58-82% for male lymphocytes
and 55-79% for female lymphocytes, respectively (data

not shown). These

results are comparable with other pub-
lished studies (Iwarsson et al, 2000; Benadiva and Oris,
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Figure 2. (a) Diffused signal for chromosome 18-
MultiVysion PGT panel. (b) Second-round hybrid-
ization with probes CEP 16 and LSI 22. (¢) Re-
hybridization of the same nucleus for chromosome
18 with sub-telomeric probes Tell8q.

2002; Weremowicz et al., 20006). These studies also show
that an efliciency of 90-95% 1s realistic for a single probe,
which we were also able to demonstrate (data not shown).
The present study, as well as others, confirms that polymor-
phisms and divergences in the size of repetitive sequences
are common in the general population, and this fact sup-

ports the necessity of testing parental blood samples

Figure 3. (a) Monosomy 18-MultiVysion PGT panel.
(b) Second-round hybridization with probes CEP 16
and LSI 22. (¢) Re-hybridization of the same nucleus
for chromosome 18 with sub-telomeric probe Tell8q.
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(Weremowicz et al., 2001; Yu and Bogil, 2003). Commonly
used scoring criteria seem sub-optimal because this involves
a subjective evaluation of the chromosome status of nuclei
by the observer. This leads to the exclusion of chromatin
nuclei that are not of optimal size and quality, and thus
the real efficiency of hybridization is underestimated.

Single cells are analysed using PGD and, as outlined above,
the results of FISH analysis are influenced by diverse exog-
enous and endogenous factors: suboptimal quality nuclei
are commonly produced. These nuclei have to be analysed
and not excluded from scoring as is routinely done. It is
therefore beneficial to know which features are associated
with these poor-quality nuclei. The results show that
poor-quality nucler are associated with the faillure of
hybridization, predominantly for chromosome 18 in both
the PGT and PB panel and for chromosome 16 in the PB
panel (data not shown).

This study also confirms that the probe for chromosome 13,
which 1s labelled in Texas Red, shows the highest back-
ground and non-specific hybridization.

Based on these results, the strategy involved testing the five
chromosomes 13, 18, 21, X, and Y (PGT panel) in the first
round and chromosomes 16 and 22 (CEP 16 and LSI 22) in
the second round. Since the PB panel includes chromo-
somes 10 and 18, this combination produces higher probe
efficiency and fewer nuclei with different signal patterns
than the PB panel. These two chromosomes show very high
rates of polymorphisms and share some sequences that
allow these two probes to non-specifically hybridize to the
sequences of the other chromosome. Second, chromosome
18 is labelled in aqua and chromosome 16 in blue, which
means that the fluorescence spectra are very close to each
other and detectable in the aqua as well as in the blue filter.
1t 15 therefore sometimes hard to distinguish between those
two chromosomes, and if polymorphism is present, the
same four signals can be seen in both aqua and blue, which
makes it difficult to assess to which chromosome the signals
belong.

Since many confounding factors influence the final result of
PGD, it 1s difficult to rate the contribution of the technique
itself. The non-existence of an accurate and reliable FISH
technique makes it almost obligatory for geneticists to use
as many options as possible to increase the accuracy of cur-
rent analysis.

One of these options is to incorporate the re-hybridization
ol non-informative results into standard laboratory practice
as recommended by the guidelines for good practice in
PGD (PGDIS, 2008) and confirmed in the study by Colls
et al (2007). Colls et al. (2007) provided profound insights
into this problem and disclosed possible pitfalls.

The present results are in agreement with this study, and are
also in agreement with Colls ez al. (2007) on the overall ben-
efit of this approach. It was confirmed that chromosome 18
was the chromosome most commonly involved in true
monosomies as well as in non-informative results. This
chromosome also had the highest percentage of ‘rescued’
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non-informative results and monosomies, especially if the
quality of the chromatin was poor.

Overall, 20.2% non-informative results were re-analysed
with the third panel. Consequently, 95.8% (P < 0.001) of
these results became informative for the tested chromo-
some/s and enabled a diagnosis without ‘no results’ in
99% of nuclei (£ < 0.001). Nuclei without results alter a
third round of re-hybridization were individually examined
and considered for transfer, based on the character of the
uncertain result.

If monosomy is not considered as a non-informative
result, the rate of non-informative results decreases to
11.2%, which is still higher than the 7.5% published by
Colls et al (2007). This discrepancy might be due to the
smaller sample size (702 compared with 2609 blastomeres
examined), but most probably reflects the application of
more stringent scoring criteria. The results clearly demon-
strate that almost half of all ‘monosomies in question” and
more than 70% of ‘no results’ for tested chromosomes
were actually euploid after a third round of hybridization
using telomeric probes. The completion of a third round
of re-hybridization to the non-informative results in the
four categories increased the euploid result from 27% to
39%.

Another problem is the number of tested chromosomes. As
the results of probe validation showed, the efficiency of
hybridization decreases with the increasing number of
probes and FISH rounds. Weremowicz ef al (20006) strongly
recommend testing only those chromosomes most fre-
quently mvolved n spontaneous abortions. This study also
provides support for the testing of chromosomes that are
involved in implantation failure. Analysis of these chromo-
somes enables detection of all the important chromosomal
abnormalities, viable or non-viable, while still allowing the
possibility of rescuing non-informative results.

This study clearly demonstrates the importance of re-hybrid-
izing both monosomies and non-informative results. It was
possible to resolve 95.8% (P < 0.001) of non-informative
results, and to gain a general understanding of which fea-
tures occur most [requently and for which categories of
non-informative results re-hybridization is most beneficial.
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Blastocyst development after sperm selection
at high magnification is associated with size
and number of nuclear vacuoles
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Abstract

Spermatozoa selection at high magnification before intracytoplasmic sperm injection seems to be positively associated

with pregnancy rates after day 3 embryo transfers. The aim was to demonstrate an association between the presence of
vacuoles in sperm nuclei and the competence of embryos to develop to day 5. Grading of spermatozoa at x6000—x12.500
magnification: grade I. no vacuoles: grade I, <2 small vacuoles: grade III, =1 large vacuole: grade IV, large vacuoles with

other abnormalities. The outcome of embryo development in a group of 25 patients after sibling oocyte injection with the four
different grades of spermatozoa showed no significant difference in embryo quality up to day 3. However, the occurrence of

blastocyst formation was 56.3 and 61.4% wath grade I and II spermatozoa respectively. compared with 5.1% with grade IIT
and 0% with grade IV respectively (P < 0.001). Spermatozoa selection at high magnification using Nomarski interference
contrast 1s useful to identfy more preciselv the size and the number of nuclear vacuoles that greatly exert a negauve effect on

embryo development to the blastoeyst stage. These observations confirm previous studies pointing to possible “early and late
paternal effects’, both of which may have an impact on early embryonic developmen.

Keywords: blastocyst, ICSI, IMSI, sperm nuclei, vacuole

Introduction

With the introduction of a new coneept for ocbserving
spermatozoa ealled ‘motile-sperm  organelle-morphology
examination’ (MSOME). 1t is now possible to examine the
fine nuclear morphology of motile spermatozoa in real tnme
at a magnification of up to x6600 using Nomarski differential
interference contrast (Bartoov er al., 2001). Bartcov er al.
(2001, 2002) report on the benefit of selecting spermatozoa
using such a technique. As a consequence, they established a
new intracytoplasmic sperm injection (ICSI) procedure called
intracytoplasmic morphologically selected sperm injection

(IMSI). It is now well accepted that, unlike IMSI, the classic
method of selecting spermatozoa at %400 magnifications has
severe limitations: a large panel of malformations that may
negatively mnfluence the ouicome of embryo development go
undetected.

Several publications report that the selection of spermatozoa
with normal nuclear shapes at high magnification 1s positively
assoeiated with pregnancy rates after day-3 embryo transfers
in couples with previous and repeated implantation failures

© 2008 Published by Reproductive Healtheare Ltd. Duck End Farm, Dry Drayton, Cambridee CB3 8DB, UK
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(Bartoov et al., 2002, 2003; Junca er al.. 2004; Berkovitz er
al., 2006a) and in patients with an elevated degree of DNA
fragmented spermatozoa (Hazout et al., 2006).

If no normal spermatozoa can be found. the only alternative 13
to ehoose those that are morphologically second best. Berkovitz
et al. (2005, 2006a) report low fertilization rates and a low
percentage of top quality embrvos on day 3 after IMSI with
spermatozoa exhibiting a large panel of nuelear malformations

in terms of shape, size and the presence of vacuoles.

In a recent paper. Berkovitz er al. (2006b) analysed more
specifically the impaet of nuclear vacuoles in the head of
spermatozoa on pregnancy outcome. Lhey concluded that
spermatozoa of normal nuclear shape and with large vacuoles
negatively influence pregnancy and implantation rates as
compared with a control group containing spermatozea
of normal nuclear shape and content. Furthermore. they
demonstrated an association between defective spermatozoa
and higher early abortion rates, despite no apparent decrease in
embryo quality on day 3.

If no apparent early paternal effects on embryo development
up to day 3 can be observed when oocytes are fertilized by
spermatozoa with large vacuoles in the sperm head, an intriguing
question arises: does the presence of such nuclear vacuoles,
which cannot be detected with conventional ICSI at x200 or
%400 magnification. influence the embryo’s capacity to develop
to the blastocyst stage? This would suggest the presence of
a late paternal effect that impacts embryo development after
the onset of paternal DNA content contribution to embryonie
development, which starts around day 3 after fertilization
(Tesarik et al., 2005).

One of the most frequent questions with regard ro IMSI
relates to its indications and if IMSI can be seen as a useful
tool in addition to conventional ICSI in certain cases. It
is generally acknowledged that for patients with previous
failure of implantation or for patients with high level of DNA
fragmentation, IMSI is a good option (Bartoov er al., 2003;
Berkovitz et al., 2000a; Hazout et al., 2006). There is a great
heterogeneity between all the semen samples. so that the
frequency by which good spermatozoa can be selected varies
greatly from one patient to the other. As a consequence, the
fundamental question to elucidate concerns the probability with
which a normal spermatozoon can be selected with the classical
ICSI method under x400 magnification.

Inordertoclarify these issues, a study was designed to determine
whether the existence of vacuoles in the nuclei of spermatozoa
affects embrvo development to the blastoeyst stage.

In answer to this question, preliminary results are presented
in which the pereentage of selected normal spermatozoa was
analysed after classical ICSI in relation to the percentage of
normal forms present in the sample and detected using the high

magnification methodology IMSIL.

Materials and methods

The study was conducted between September and December
2006 on couples entering the ICSI programme as aresult of male

factor infertility. In order to minimize the influence of female
factor infertility, only those couples were eligible to enter the
study in which the woman was younger than 40 years [mean
age 36.7 = 2.1 (SD)] and had at least eight cocytes available
upon ocoeyte retrieval.

The couples were informed that their oocytes would be
injected after selecting spermatozoa with the help of IMSI
instead of ICSL

A sperm washing procedure was performed after centrifugation
on three layers gradient of pure sperm (Nidacon. Sweden). as
described previously (Vanderzwalmen er al., 1991).

For IMSI. different droplets were placed into glass-bottomed
dishes (Willeo wells. Amsterdam. The Netherlands). An elongated
polyvinylpyrrolidone (PVP) drop (Ferti pro. Bornem. Belgium)
was placed adjacent to a masimum of 2 drops of human mbal
flmd (HTF)-HEPES (IVFonline. Canada), each containing one
oocyte. A smaller drop of HTF medium contain the spermatozoa
was placed close to the PVP drop. The drops were covered with
sterile mineral oil (Cryo Biosystems, I Aigle. France).

At the start of IMSI, spermatozoa were inserted into the small
drop and a small bridge was created to the PVP drop in order to
allow the motile spermatozoa to swim to the PVP drop.

Afirst selection of motile spermatozoa in the PVPdrop was made
at x630-1000 magnification under a Normarski interferential
Leica AM 6000 inverted microscope (Leica. Germany). If
possible. spermatozoa that were selected displayed anormal oval
head shape as well as absence of both evtoplasmic extrusions
and tail defects. Using a variable zoom lens (HC VarioC-mount:
Leica,), it was possible to evaluate, after immobilization, the
morphology on the monitor at magnifications ranging between
%0600 and x 12,000 and photo-documented them for subsequent
classification. The primary intention was to choose spermatozoa
without vacuoles for injection into the cocytes. Depending on
the degree of sperm: morphology impairment, the time required
to select the best sperm ranged between 2 and 15 min. When
it became obvious after 15 min that spermatozoa of a normal
appearance could not be found, the second-best spermatozoa
with the least aumber of vacuoles and/or other abnormalities
was selected for injection. In such situations, it 1s difficult to
decide when to stop the search for a nommal spermatozoon.
It can take 15 min and longer, and this alse depends on the
number of ooeytes that have to be injected.

Since the influence of the size and number of vacuoles on the
outcome of embryo development was unknown, it was necessary
to establish a new grading system. Small (<4% of the head
volume) or big vacuoles were defined according to the analysis
made by Bartoov and colleagues (2003). The spermatozoa were
graded and classified into four groups according to the presence
or size of vacuoles: grade I, absence of vacuoles (Figure 1A):
grade II, maximum of two small vacuoles (Figure 1B.C):
erade ITI, more than two small vacuoles (Figure 1D) or at least
one large vacuole (Figure 1E); grade IV, large vacuoles in
conjunction with abnormal head shapes or other abnormalities

(Figure 1F).

After selecting the best spermatozoon with IMSI and
immobilization. injection was performed as described
RBMOnline®
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Figure 1. Grading of spermatozoea into four groups according to
the presence or size of the vacuoles. Grade I: normal form and
no vacuoles (A). Grade II: normal form and = 2 small vacucles
(B. C). Grade III: normal form. >2 small vacuoles or at least
one large vacuole (D, E): Grade IV: large vacuole and abnormal
head shapes or other abnormalities (F). Original magnification
6600,

previously for conventional ICSI (Vanderzwalmen er al.,
1996) at x200 and x400 magnification. Qocytes were placed
into the dish one at a time to minimize the amount of time
outside the incubator.

Fertilized ooeytes were cultured individually in 4-well
multdishes (Nune), each well containing 800 pl of non-
sequential Global medium (LifeGlobal, Ontario, Canada)
supplemented with 7.5% human serum albumn (LifeGlobal)
at 37°C in a humidified atmosphere of 6% CO, in air. Sixteen
to 20 h post-ICSI. all cocytes were checked for the presence
of two pronucler. On day 3 of culture. the quality of the
embryos was evaluated. They were classified into one of three
groups according to the number and size of blastomeres, the
percentage of frag: ion and the p of multinucleated
blastomeres. The "good’ quality group consisted of embryos with
six or eight cells. no fragmentation and even-sized blastomeres.

The "moderate’ quality group consisted of embryos with six to

RBMOnlme®

eight cells, 30-50% fragmentation or uneven-sized blastomeres.
Embryos with fewer than six blastomeres and/or more than 50%
fragmentation and uneven-sized blastomeres were classified as
‘poor’ quality embryos.

On day 5. embryo quality was recorded and assessed according
to the degree of blastocoele expansion and the quality of both
the inner cell mass (ICM) and the trophectoderm. Blastocysts
and expanded blastocysts containing a lot of tightly packed
ICM and many cells forming a cohesive epithelium were
classified as ‘excellent’. Early blastocysts or blastoeysts and
expanded blastoeysts with a small amount of tightdy packed
ICM and/or large cells forming the epithelium were classified
as ‘moderate’,

The likelihood of selecting a normal spermatozoon, at x400
magnification. before oocyte injection was analysed on 15
semen samples (Figure 2).

In a first step, a spermocytogram was established 1n real time at
magnification on the sereen at X6600 or at X1000 magnification
under the objectives (Figure 3JA.B). A total of 100 spermatozoa
were analysed and the percentage of grade [ and II spermatozoa
was recorded. In a second step. 30 morphologically normal
spermatozoa were selected in the PVP drop using the
conventional ICSI approach at x400 or %1000 magnification
under Hoffman modulation contrast (Figure 3C.D). After this
first selection, the spermatozoa were aspirated mnto a needle and
moved from the plastic Petr dish into a glass-bottomed dish and
immobilized. The percentage of grade I and II spermatozoa was
analvsed at higher magnification under differential interference
contrast of Normarski. In the last phase of the experiment,
30 grade I and II spermatozoa were searched using the IMSI
procedure at minimal ¥6600 magnification on the sereen or at
%1000 magnification under the objectives.

Statistical analysis

The chi-squared test was used to analyse differences in embryo
development after ooeyte injection within all four categories
of spermatozoa gualities. A multple comparison analysis with
Bonferroni adjustment of ¢ was done to analyse differences
pairwise. A two-tailed Student’s rtest was performed to
exclude or show staustically significant differences concerning
age and number of cocytes per patient. P-values below 0.05, or
below 0.009 after Bonferroni adjustment were considered as
statistically significant.

Results

During a 4-month period a total of 67 couples were involved
in 67 IMSI-ICSI cycles. That resulted in 442 metaphase 1T
(MIT) oocytes becoming available for injection (Figure 4).
For each IMSI-ICSI attempt, the selection poliey consisted of
attempting to select the best spermatozoa out of the prepared
semen sample. However, the quality of the spermatozoa
selected differed greatly from one attempt to the next, so that
even after extensive searching it was impossible, in some
semen samples, to find spermatozoa free of abnormalities. Only
T7.0% (n = 31) of spermatozoa selected were completely free of
any abnormalities (grade I). The majority of the spermatozoa
presented small (grade II. 59.7%: n = 264) or large (grade I,
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94




Moznosti a vyznam prodlouzené kultivace embryi

Article - Effect of sperm selection on blastocyst development - P Vandernwalmen er al.

Ejaculate of 15 patients

I
Gradient density

Wash - centrifugation
pellet

A

'

Figure 1. Experimental design.
Prﬂbabil.it}‘ Df S‘E]Bllliug 30 g‘l‘ﬂde
I and IT spermatozoa at x400 or

IMS| selection

Selection of 30
spermatozoa at 6600x

%6600 magniﬁcation 1 relation

IMS| selection ICSI selection
Analysis of 100 Selection of 30
spermatozoa at 6600x spermatozoa at 400x

(spermocytogram)

| Analyse at 6600x

i l

Determine the percentage of Percentage of

to the percentage of normal
PTESE]JT
sample and assessed at x6600.
ICSI = intracytoplasmic sperm

spermatozoa in the

injection;IMSI=intracytoplasmic

grade | and I grade land Il ?

20.4%: n =90) nuclear vacuoles. The remaining spermatozoa
contained in addition to vacuoles other abnormalities (grade
IV, 12.9%:; n =57).

According to the grade of spermatozoa selected, three groups
of patients were defined (Figure §). In the first group of 25
patients (37%), oocytes were injected with different quality
grades of spermatozoa because insufficient numbers of grade
I and II spermatozoa were available. In the second group with
34 (51%) different patients, it was possible to find and inject
Rll :09 ODC:\TES “'ilh gl’ﬂdE I Z\ﬂd ]:[ SPET]JlﬂtGZDZ. Iﬂ a tl]]lrd
eroup of eight patients (12%), even after extensive searching
as dESCTibEd ﬂbD\VE, Dﬂl_" grade I]] ﬂ]:ld [\r" SPEm]ﬂtBZOH were

found and selected for injection in 69 ooeytes.

Table 1 illustrates the rate of zygote, day-3 embryo and
blastocyst formation in a group of 25 patients after oocyte
injection of grade L, I, III and IV spermatozoa. When all
groups were analvsed together. no statistically significant
difference could be found between the four groups concerning
the number zygotes and embrvo development to day 3.
ineluding the subgroup analysis. On the other hand, the four
groups differ highly significantly in their development to
blastoeysts and good quality blastoeysts, In the subgroup
analysis, no statistically significant difference could be
shown between groups I and II and between groups III and IV
concerning the development to blastoeysts, Therefore, it was
perrn.issible in this study to combine groups Tand II (n = 86)
and groups III and IV (i = 78) for further analysis (Table 2).
There was no statistically significant difference in the number
of injected oocytes per patient. Even in the combined groups
there is no difference concerning the embryo development
to day 3 (group I/II: 88.4% wversus group IIIIV: 82.1%).
However, blasto&-yst formation rate was associated with the
grade of injected spermatozoa (Table 2). After injection
with grade I and grade II spermatozoa, 60.5 and 37.2% of
the injected oocytes developed to the blastocyst and good
blastoeysts stage respectively, Conversely, after IMSI with

morphologically selected sperm

iJJjCCﬁDD.

compromised spermatozea (grade III and grade IV). enly 3.8
and 1.3% of embryos developed to the blastocyst and good

quality blastoeyst stage (P < 0.001).

The same trend was observed when the data between the other
two gfc“l)s Of Patiellfs (34 versus 8) “]‘tll differcﬂt gr;ldes Of
spermatozoa injected (Table 3) were analysed. No significant
difference in the number of oocvtes per patient was observed.
Although a significantly higher number of MII cocytes/patient
(P < 0.01) were injected with grade III and IV spermatozoa,
the percentage of blastoeysts (10.1%) was significantly lower
as compared with MII coeytes injected with grade I and II
spermatozoa (43.5%) (P < 0.001). Simnlarly. the rate of good
quality blastoeysts was significantly reduced when grade III/
I‘? (:9%) Spermatozoﬂ were iﬂjECIEd as compﬂ_red “'it]] 1113

use of grade I/II spermatozoa (19.1%) (P < 0.01).

Outcome and probability of selecting grade I/II spermatozoa
with ICST or IMSI approach are shown in Table 4. According to
the percentage of grade I and II spermatozoa observed at high
magnification under Nomarski optics. sperm samples were
classified into three categories (category It =40% normal sperm
forms: category II: berween 20 and 40% normal sperm forms
and category III: <20% normal sperm forms) (Figure 2).

As shown in Table 4. even though it was possible to capture
grﬂdﬂ Il"]:[ Spemlﬂtozcﬂ to some extent \Fit}] ICSI P’re—
selection, the suceess rate was much lower than when working
direcfl}: “ith '.lle MSI Selecﬁoﬂ approacll. Iu Calego:y I, flle
likelihood of selecting grade I/II spermatozoa using the ICSI
Selacfioﬂ PrOCEd]ll’E rﬂuged fl'onl 50 to D-ch-'é' HD“'E"EI’. “']:len
the selection was performed directly at high magnification
(IMSI) it was POSSil]le to SEIECI ﬂDIll]z']l El]erulﬂtﬂzoa i]:l
100% of cases. In category III it was possible to harvest
on average 55% of grade VIl spermatozoa using the IMSI
selection approach compared with 22% when applying the
ICSI selection approach.

RBMOnlme?®

95




Moznosti a vyznam prodlouzené kultivace embryi

Article - Effect of sperm selection on blastocyst development - P Vanderzwalmen et al.

F)

Figure 3. Spermatozoa with Nomarski and Hoffman optic systems at different magnifications. (A) Nomarski differential interference
contrast at x1000 magnification (x100 DIC objective). (B) Nomarski differential interference contrast ar x12,000 magnification
(%100 DIC objective plus VarioC-mount Zoom). (C) Hoffman modulation contrast at X400 magnification (x40 HMC objective).

(D) Hoffman modul cc at x1000 magnifi (x40 HMC objective plus VarioC-mount Zoom). Short arrow: small
vacuoles: long arrow: large vacuole.

67 women

442 spermatozoa selected at high magnification

Grade IV
n=>57

Figure 4. Distribution of selected spermatozoa using the intracyioplasmie morphologically selected sperm injection (IMSI)
approach.

b
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Type of spermatozoa injected
Only Grade 1 and I + Grade Only
Grade Tand IT HEand IV Grade T and TV
I I I
34 women (51%) 25 women (37%) 8 women (12%)
34 IMSI - ICSI attempts 25 IMSI - ICSI attempts 8 IMSI - ICSI attempts
209 MII oocytes 164 MII ococytes 69 MII oocytes

Figure 5. Experimental design: spermatozoa grading and groups of patients according to the types of spermatozoa selected at high
magnification. ICSI = intracytoplasmic sperm injection: IMSI = intracytoplasmic morphologically selected sperm injection: MII
= metaphase II.

Tahble 1. (a) Outcome of embryo development in a group of 25 patients after sibling cocytes were
injected with grade I, prade II. grade Il and grade IV spermatozoa. (b) Clhi-squared test results.

a

Type of injected spermatozoa Gradel Gradell Gradelll GradeIV

No. injected cocytes 16 70 59 19

Percentage (no.) of embryos per injected oocyte

Zygotes 87.5(14) 90.0(63) 94.9 (56) 52.6(10)

Day-3 embryos 87.5(14) 88.6(62) 93.2(55) 47.4(9)

Good quality day-3 embryos 43.8% (7) 42.9(30) 339200 21.1(4)

Blastocysts 56.3% (9) 61.4(43) 5.1(3) 00

Good quality blastocysts 37.5% (6) 37.1(26) L1.7(1) 0(0)

b

Chi-squared-test All groups  Multiple comparison analysis (P-values)

Grade of spermatozoon Iversus I Iversus Il Iversus IV Il versus III Ilversus IV IHIversus IV

Injected oocytes versus
Zygotes NS NS NS NS NS NS NS
Day-3 embryos NS NS NS NS NS NS NS
Good quality day-3 embryos NS NS NS NS NS NS NS
Blastoeysts <0.001 NS <0.001 0.003 <0.001 0.001 NS
Good quality blastoeysts <0.001 NS <0.001 NS <0.001 NS NS

Significance level P < 0.009 after Bonferroni adjustment, NS = not statistically significant.
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Table 2. Outcome of embryo development in a group of 25 patients after
sibling cocytes were injected with grade I/Il and grade IIVTV spermatozoa.

Characteristics Value

No. of patients 25

Women's age (years, mean + SD) 36.2+25

No. of coeytes (mean = SD) 247 9.9+ 1.9)

No. of MII coeytes (mean + SD) 198 (7.9 +1.8)

No. of MII coeytes for injection: (mean + 5D) 164 (6.6x1.4)

Resulrs

Type of injected spermatozoa Grade I(Il Grade [NV~ P-value

No. of injected ooevtes (mean + SD) 86(3.4+09) 78(3.12x1.0) NS

Percentages (no.) of embryos per injected coeyte
Zygotes 89.5(77) 84.6 (66) NS
Day-3 embryos §8.4(76) 82.1 (64) NS
Good quality day-3 embryos 43.0 (3T 30.8 (24) NS
Blastocysts 60.5 (52) 3.8(3) <0.001
Good guality blastocysts 37.2(32) 1L.3(1) <0.001

No. of embryo transfers 25

No. embryos transferred (mean) M4

No. of deliveries (%) 5(20.0)

Implantation rate % 20.67

“Two twins.

MII = metaphase II; NS = not statistically sipnificant

Table 3. Outcome of embryo development in a group of 34 and eight parients in which only
grade Ul or grade [IVIV spermatozoa respectively were available for injection.

Characterisries Grade /Il Grade HI/ITV P-value

No. of patients 34 8 -

‘Women's age (mean + SD) 37.0+18 37.0+19 NS

No. of coeytes (mean + SD) 310(9.1+1.2) 85(10.6+1.4) NS

No. of MII cocytes (mean + SD) 244(72+x09) 74(92x1.0) <001

No. MII ococytes for injection (mean + 5D) 209(6.1x1.0) 69(8.6x1.1) <001

Results

Type of injected spermatozoa Only grade Il Only grade HIIIV  P-value

No. of injected cocytes 209 69 -

Percentages (no.) of embryos per injected oocyies
Zygotes 88.5 (185) 79.7 (55) NS
Day 3 embryos 87.1 (182) 66.7 (46) NS
Good quality day-3 embryos 31.1 (65) 17.4(12) NS
Blastocysts 43591 10.1 () <0.001
Good quality blastocysts 19.1 (40} 2.9(2) <0.01

No. of embryo transfers 34 8 ==

No. of embryos transferred (mean) 52(1.6) 9(1.1) -

No. of delivenies (%) 15 (44) 1.(12.5) -

Implantation rate (%) 3467 1.4 —

“Three twins.

MII = metaphase II; NS = not statistically significant.
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Table 4. Outcome of selecting 30 grade I and II spermatozoa at x400 or x6600 magnification in

relation to the percentage of normal spermatozoa present in the sample and assessed at x6600

magnification.

Semen sample Percentage (no.) of grade I and Il after:

evaluated By Selection of spermatozoa Pre-selection at x400 Direct IMSI selection

IpermsytogLan and IMSI evaluation Sfollowed by IMSI and evaluation (IMST
(spermozytogram evaluation (ICST selection appreach)
approach) selection approach)

1 47 (100) 50(30) 15 100 (30) 30

2 48 (100) 73 (30)22 100 (30) 30

3 47 (100) 7 (30) 20 100 (30) 30

Average 47 63 100

4 26 (100) 40 (30) 12 100 (30) 30

3 33 (100) 47 (30) 14 100 (30) 30

[ 29 (100) 70(30) 21 100 (30) 30

7 38 (100) 43(30) 13 93 (30) 28

8 39 (100) 43 (30) 13 53(30) 16

Average 33 49 89

9 19 (100) 30(30)9 67 (30) 20

10 16 (100) 23(30)7 40 (30) 12

11 13 (100) 27(30)8 67 (30) 20

12 11 (100) 33 (30) 10 53(30) 16

13 7 (100) 20(30)6 63 (30) 19

14 3 (L00) 1330y 4 57 (30) 17

15 3 (100) 7(30)2 40 (30) 12

Average 10 22 55

Total 25 (379/1500) 39 (176/450) 76 (340/450)

ICSI = infracytoplasmic sperm injection; IMSI = intracytoplasmic morphologically selected sperm injection.
Semen samples 1-3: >40% nommal sperm forms; semen samples 4-8: between 20 and 40% normal sperm forms and semen

samples 9-15 <20% normal sperm forms.

Discussion

The introduction of the Normarski optic system permits the
fine nuclear morphology of motile spermatozoa to be observed
in real time at high magnification. This meticulous approach
towards sperm selection allows identification of vacuole(s) in
the sperm head that are otherwise not evident to detect at x400
magnification with Hoffman modulation contrast. However.
as noticed already earlier by Berkovitz er al. (2005, 2006a,
b). in spite of having a more precise selection method at hand,
it 1s not always possible even with this tool to find and select
morphologically completely normal appearing spermatozoa
for fertilization. Thus.

spermatozoa with the least vacuoles and/or abnormal shape

in such situations, second choice

have to be used.

The policy of embryo culture to the blastocyst stage gives the
oppertunity to ascertain whether vacuoles in the spermatozoa
have a negative effect on embryo development, and whether
such an effect occurs before or after the genomie transition that
takes place around 72 h after ferulization. So far as is known,
this is the first report that describes a negative impact of the
presence of one large nuclear vacuole or several small ones
in the head of spermatozoa on the competence of embryos to
develop to blastocysts. Moreover, in addition to a reduction
of the proportion of good guality embryos that develop to

the blastocyst stage, the presence of vacuoles in the nuclei of
spermatozoa is also associated with dimmished pregnancy and
implantation rates.

The presentdata and those of Berkovitz eral. (2006b) and Hazout
et al. (2006) are further substantated by studies on several
species (bulls, stallions, rabbits) indicating increased rates of
early embryonic death and reduced fertility after fertilization
of ococytes with spermatozoa showing nuclear wvacuoles
(Barth and Oko 1988: Thundatlul ef al.. 1998). Althongh the
negative effects of large nuclear vacuoles or several small ones
on embryo development after day 3 are becoming more and
more evident, the underlying cause is still not understood. As a
consequence, one of the top priorities for future studies has to
be to investigate their origin and meaning, how they influence
embryo development and what effects they have on the health
of the progeny.

Some studies argue that there is a correlation between chromatin
defects and the presence of vacuoles. A significant negative
correlation between the size of nuclear vacuoles and chromatin
stability is reported by Berkowitz er al. (2005) using the
sperm chromatin structure assay. Gopalkrishnan er al. (2000)
found that poor semen quality is associated with repeated
early pregnancy loss. In their study, the chromatin material of

spermatozoa from men whose partners presented with early
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pregnancy loss was often found to be either compact or partially
compacet with irregular nuclear borders and larger vacuoles.
Hazout e7 al. (2006) suggest that the presence of vacuoles may
reflect molecular defects responsible for abnormal chromatin
remodelling during sperm maturation.

Recently, two papers have reinforced the concept that an
association between DNA damage and the presence of nuclear
vacuoles exist. Garolla er al. (2008) observed significantly
better mitochondrial function. chromatin status and less
aneuploidy rates when nuclear vacuoles were absent. Franco er
al. (2008) demonstrated an association between large vacuoles
in the sperm and DNA damage. They postulate that the high
levels of denarured DNA in sperm with large nuclear vacuoles
point to precoeions decondensation and desegregation of sperm

chromatin fibres.

The allocation of vacuoles to errors at the level of the DNA
or chromatin has to be done m future studies. In addition. the
morphological aspect of vacuoles itself and their localization
has to be evaluated and related to the nuclear integrity of
the spermatozoa. It would be very important to execute such
studies in the near future. As 1t becomes more and more evident
that there might be an association between DNA damage and
the presence of nuclear vacuoles. the attitude towards and the
follow-up of patients who show semen samples carrying 100%
large vacuoles might have to change.

Irreparable abnormalities of the paternal genome may affect
blastoeyst development (Jones er al., 1998). The argument
that the oocyte supplies all the primary material (proteins and
RNA) and that the spermatozoa and their DNA only play a
secondary role most probably needs to be revised (Krawetz,
2005). Spermatozoa contain almost 3000 different kinds of
mRNA, some of which contain the code for proteins needed for
eatly embryo development. The present observations reinforce
previous studies pointing to possible ‘early and late paternal
effects’, both of which may have an impact on early embryonic
development (Vanderzwalmen et al.. 1991; Shoular ef al., 1998:
Tesarik et al., 2004; Tesarik, 2005).

An unwanted high degree of sperm decondensation (disruption
of disulphide bridges) can result in asynchronous chromosome
condensation, and may lead to cytoplasmic fragments in the
embryo (Ménézo et al.. 2007). It is now generally accepted
that abortive apoptosis during meiosis I or faulty chromatin
remodelling during spermuogenesis and oxidative stress may
cause sperm DNA fragmentation that is related to embryvo
development to the blastoeyst stage (Seli er al., 2004; Virro
et al.. 2004;: Muriel et al., 2006) and with pregnancy outcome
(Larson er al.. 2000; Nasr-Esfahani er al., 2005). According
to Hammadeh er al. (2000), the integrity of the sperm
chromatin may play an as yet underestimated role for embryo
development, particularly after fertilization with ICSI, where
most of the natural selection mechanisms are bypassed. The
transfer of embryos resulting from the fertilization of ococytes
with spermatozoa showing high DNA fragmentation indices
have low implantation rates (Virro er al., 2004; Nasr-Esfahani
et al.. 2003). However, although the implantation rate is low
with such spermatozoa, deliveries are nonetheless observed.
Berkovitz er al. (2007) recently reported that the chance of
having a healthy child following IMSI treatment is higher
compared with conventional ICSI treatment.
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Aitken er al. (2007) already outlined the possible negative
influences of sperm DNA fragmentation both on pregnancy
outcome and the next generation. Furthermore, Fernandez-
Gonzalez et al. (2008) showed in the murine model that cocytes
fertilized with DNA-fragmented spermatozoa can generate
effects that emerge during later life, such as aberrant growth,
premature ageing. abnormal behaviour and mesenchymal
tmumours, Thus, based on clinical/laboratory findings of the
repercussions of possible DNA damage for offspring (Carrell.
2008) and considering that sperm nuclear wvacuoles are
evaluated more precisely by MSOME. it can be anticipated that
such selection approaches will most probably substitute ICSLin
the near future.

It was possible to demonsirate that, even after extensive search
with IMSI the frequency of detecting spermatozoa of normal
morphological appearance or at least ones with a maximum
of two small vacuoles greatly varies according to semen
samples. In more than 50% of cases, selection of spermatozoa
without any abnormalities (grade I) was not possible (personal
observation). The results of the present study, which analysed
the frequency of finding a normal spermatozoon and showed
no abnormalities, reinforce the nsefulness of IMSI. It can be
assumed that if selection had been performed on the same sperm
population using the classic ICSI approach. the likelihood of
selecting spermatozoa with a large nueclear vacucle or multiple
ones as well as concomitant effects on embryo development
would have been very high.

Initially IMSI was proposed to patients with several implantation
failures (Bartoov ef al.. 2002, 2003: Junca ef al.. 2004: Berkovitz
et al., 2006a) and high degree of DNA fragmentation (Hazout ez
al., 2006). However, 1n light of the present findings, it may be
justifiable to also offer IMSI to those patients where a previous
spermozytogramme at high magnmification reveals a high
percentage of vacuoles. Prior screening of semen samples for
the presence of vacuoles would therefore be useful in order to
recommend ICSI or IMSI to patients. The establishment of new
classification eriteria, based on an assessment system. seems a
valuable approach to determine a threshold limt for malang the
right therapeutic decision (Cassuto e al.. 2007).

Several articles (Sakkas et al.. 1998; Shoukiretal., 1998: Miller
eral.,2001; Zech er al., 2002) show that ICSI embryos have a
significantly lower chance of developing to the blastocyst stage
compared with those that result from routine IVE. The present
results may explain why the percentage of blastoeysts may be
lower after ICSI using normal spermatozoa as compared with
the IVF group. In faet. the probability of injecting spermatozoa
contaimng vacuoles is high when using normal ICSI. The zona
pellucida (ZP) acts as a selective biological barrier to abnormal
spermatozoa, so that in most cases only normal spermatozoa
are able to fertilize an ooevte. In a recent article, Lin and
Baker (2007) reported that sperm binding to human ZP is
highly selective for double-stranded DNA. They conclude that
the sperm—ZP binding process plays an important role in the
selection of sperm with normal metility and morphology as
well as of spermatozoa with normal chromatin DNA. During
ICSL the ZP barrier is breached and a subjective selection
of spermatozoa by the biologist at x400 magnification may
inerease the probability of injecting cells containing vacuoles.
Although some morphological abnormalities may be detected
at x400 magnification. others can only be detected using
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special optical equipment. Berkovitz er al. (2006a.b) report
a dramatic decrease in the ongoing pregnancy rate after
performing ICSI if all the spermatozoa within the ejaculate
exhibit large nuclear vacuoles.

This study confirms that IMSI is a powerful research tool for
investigating spermatozoa carrving several abnormalities that
cannot be detected during a conventional ICSI procedure.

Evaluating the presence of vacuoles may significantly upgrade
the prognostic information provided by conventional ICSIL. It
shows that the present morphological criteria used on days 2
or 3 to select embryos, especially in the case of single embryo
iransfer, are of limired value. Prolonging embryo culture
until day 5 may be a better strategy with which to correctly
identify and select from a cohort those embryos with a higher
overall probability of successful implantation, especially in
the case of single blastocyst transfer (Papanikolaou er al..
2006; Zech et al., 2007).

This study has shown that vacuoles exert a negative effect on
embryo development. The next step will be to research their
origin and identify the conditions under which the frequeney of
such vacuoles increases.
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Aims: The aim of this research was to set up an in vitro system to trans-differentiate haematopoietic stem cells
(HSCs) into embryo-like stem cells in order to de-differentiate them. In this more naive state they should be cultivated
more easily in order to augment them for consecutive differentiation and autologous transplantation for use in clinical

practice.

Methods: Using the principle of the methodology of blastocyst injection, HSCs were co-cultivated with mouse
embryonic stem cells (mES) with and without cell to cell contact. After co-cultivation HSC's were analyzed by flow-
cytometry using haematopoietic markers (CD34, CD45, CD133) and embryonic stem cell markers (SSEA-4, Tra-1-60,

Tra-1-81).

Results: No ES cell markers were detected on the former HSCs. A decrease in HSC marker intensity was the only

finding. This implies that no de-differentiation took place.

Conclusions: We hypothesize that the unnatural situation of a mixture of two cell types originating in different
species may have led to this outcome. To achieve our goal of in vitro de-differentiation we need to use a purely human

culture system without animal additives.

INTRODUCTION

Each new finding on stem cells raises hopes for their
use in the clinical fields of regenerative medicine and
transplantations. A few years ago, the finding of the trans-
differentiation phenomenon was a major step forward in
stem cell research'®. This is the ability of tissue-specific
stem cells to acquire the character of cell types different
from the tissue of origin, regardless of germ layer origin.
However, it is not definitely confirmed, whether there is
true trans-differentiation in vivo or cell fusion, and what
kind of biological relevance these phenomena have. It re-
mains however, that trans-differentiation is a basic notion
underlying the potential use of stem cells in the clinical
field.

One interesting aspect of trans-differentiation is the
possibility of influencing stem cells to become more na-
ive, that is - to be “de-differentiated”. De-differentiation
occurs in vivo and in vitro. An indication for the capac-
ity of adult stem cells to trans-/de-differentiate into an
embryo-like state is seen in the model of blastocyst in-
jection, where adult stem cells are injected into mouse
blastocysts®. These cells take part in the development of
the mouse. In such a chimeric mouse, derivatives of the
former adult stem cells were found in several different tis-
sues. This finding indicates that the adult stem cells must
have been incorporated into the inner cell mass (ICM)
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of the blastocyst and de-differentiated as derivatives of
the injected adult stem cells are not exclusively found in
the tissue of origin. Injected cells have also been found in
the epithelium of the gastrointestinal tract, the skin, the
brain and other organs'®'. These experiments suggest
that adult cells could become naive (embryo-like) in an
embryonic surrounding.

The aim of the present experiments was to set up an
in vitro system to trans-differentiate easily-accessible adult
stem cells, haematopoietic stem cells (HSCs) from um-
bilical cord blood (UCB) into embryo-like stem cells and
to establish a pool of cells for transplantation. In this
more naive state it should be easier to cultivate and to in-
crease them (because of their regained renewal potential,
comparable with embryonic stem cells) for consecutive
differentiation and autologous transplantation. Such de-
differentiated cells could also be a tool for investigating
embryonic-like human stem cells without ethical or moral
concerns.

MATERIALS AND METHODS

Purification of umbilical cord blood stem cells.

It has been shown that HSCs are highly enriched in
the population of CD34" cells > !>, For this reason we de-
termine CD34" cells as HSCs. Sodium citrate was added
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as an anticoagulant to the UCB. HSCs were then enriched
by Ficoll density gradient purification '¢ followed by an
immunomagnetic selection (Direct CD34 Progenitor
Cell Isolation Kit, Midi-MACS System, Miltenyi Biotec,
Bergisch Gladbach, Germany) for CD34" cells. Their pu-
rity was determined by flow-cytometry.

Flow-cytometry analysis of CD34" cells.

Flow-cytometry was performed on a FACSCalibur sys-
tem (Becton Dickinson, Franklin Lakes, USA) and ana-
lysed with CELLQuestPro software (Becton Dickinson,
Franklin Lakes, USA). Approximately 3x10*cells were
acquired from each sample. Forward- and side-scatter
plots were used to exclude dead cells and debris from
the analysis after staining cells with Sul/ml of propidium
iodide (PI). Necrosis correlates with a small decrease in
forward scatter and in increase in side scatter of the PI-
positive population whereas apoptosis is associated with
a decrease in both forward scatter and side scatter of the
Pl-positive population. Dot plot analysis was used to es-
timate HSC purity and histogram analysis for estimat-
ing de-differentiation events. The following antibodies
were applied for sorting HSCs: CD133/2-PE (Miltenyi
Biotec, Bergisch Gladbach, Germany), CD34-PerCP-
CY5.5 (Becton Dickinson, Franklin Lakes, USA), and
CD45-FITC (Becton Dickinson, Franklin Lakes, USA).
Only fractions with >90% CD34" were used for further
experiments.

To check de-differentiation, the embryonic stem cell
markers SSEA-4 (Chemicon, Temecula, CA), Tra-1-60
(Chemicon, Temecula, CA) and Tra-1-81 (Chemicon,
Temecula, CA) were used, each linked with anti-mouse-
biotin (DakoCytomation, Glostrup, Denmark) and
streptavidin-APC (Becton Dickinson, Franklin Lakes,
USA). Adequate negative isotype controls were used in
the experiments.

Co-culture system.

For co-cultivation Transwell® System (Corning, NY,
USA) for a 6-well tissue culture plate was used. Different
cell types are cultured in this system - grown in the same
medium but separated by a membrane (0.4 um pore),
permeable only to soluble molecules.

Experiment 1: Mouse embryonic stem cells (mES)
(mES Sv129 provided by Dr. L. Schoonjans, KU Leuven,
Belgium) were grown on feeder cells, mitotic inactivated
mouse fibroblasts (MEF) in the lower compartment and
HSCs [1x10°/ml] were cultured in the upper compart-
ment. As control feeders without mES were grown in the
lower compartment, the upper compartment was seeded
with HSCs.

Experiment 2: Murine ES were replated before co-
cultured with HSCs.

Experiment 3: To allow cell to cell contact, the mem-
brane was directly positioned on the mES. The mES cells
were plated on gelatinised wells.

In all experiments the TX-WES medium (ThrombX,
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Leuven, Belgium) charged with FCS (foetal calf serum)
(10%) and L-Glutamine (2 mM) was used.

Immunocytochemistry.

To check the differentiation status of mES, the cells
were stained against alkaline phosphatase (AP) (Alkaline
Phosphatase Substrat Kit III,Vector Laboratories, Inc.,
Burlingame, CA, USA), cytokeratin (EPOSTM Anti-
human Cytokeratin/HRP; DakoCytomation, Glostrup,
Denmark) and vimentin (EPOSTM Anti-Vimentin/HRP;
DakoCytomation, Glostrup, Denmark). Mouse ES cells
were fixed with paraformaldehyde (1%) and then rinsed.
According to the protocol recommended by the company,
cells were stained with AP. After checking for the presence
of AP, cells were stained for cytokeratin and vimentin. The
fixed cells were blocked with mouse serum and then in-
cubated with cytokeratin/HRP (1:10) and vimentin/HRP
(1:10). After incubation the cells were rinsed and admixed
with peroxidase substrate diaminobenzidine (DAB).

RESULTS AND DISCUSSION

The aim of the experiments was to set up an in vitro
system to de-differentiate adult HSCs into embryonic like
cells. Inspired by the generation of chimeras using blasto-
cyst injection, the HSCs were co-cultivated with embry-
onic stem cells with and without cell to cell contact.

In the first experiment, co-cultivation of MEFs, mES
cells and HSCs took place. With this experiment it was
not possible to detect ES cell markers. Only the intensity
of the HSC cell marker decreased. CD45 is more strongly
expressed in HSCs than CD34 and CD133 and it was
also the most stable marker. The intensity of CD34 and
CD133 dropped more rapidly. No differences were seen
whether co-cultivation was carried out with or without
mES cells. Therefore it was reasonable to leave MEFs out
of the co-culture, as the feeder cells may cover the effect
of the mES cells.

In experiment 2, mES were replated and their differ-
entiation status was checked by staining against AP, cy-
tokeratin and vimentin. The collagen matrix of the MEFs
should support the growth of the mES without the influ-
ence of the soluble factors released by MEFs. Murine
ES do not retain their embryonic status without MEFs
for long. Therefore fresh replating had to be carried out
once every day. The insert with the HSCs was placed
every day into a fresh replated well. No ES cell markers
were detected on the former HSCs, only a decrease of the
HSCs marker intensity was noticed.

In recent years a series of reports'”?' have been pub-
lished suggesting that trans-differentiation in co-culture
experiments often needs a cell to cell contact between
the different cell types. To take care of this, in the third
experiment the cell to cell contact of mES and HSCs was
allowed, MEFs were avoided. As in the previous experi-
ments, only a decrease of the HSCs marker intensity was
detected. Thus, in our setting, the cell to cell contact did
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not support the de-differentiation of the cells. Of note was
the fact that mES differentiated faster when they were in
direct contact with the membrane.

We hypothesize that the failure of our de-differentia-
tion strategies is caused by the fact that the cells derived
from different species. In the experiments two sorts of
stem cells were used and each of them requires completely
different environment for the maintenance in fundamental
stage - the mESc need leukemia inhibitory factor (LIF)
and HSCs need activin/nodal molecules?> . To reach our
goal of in vitro de-differentiation we will need to change
our strategy towards a pure human culture system without
any animal additives.

LIST OF ABBREVIATIONS

FCS - foetal calf serum

HSCs - haematopoietic stem cells

ICM - inner cell mass

LIF - leukemia inhibitory factor

MEFs - mitotic inactivated mouse fibroblasts
mES cells - mouse embryonic stem cells
hES cells - human embryonic stem cell

UCB - umbilical cord blood
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How Can the Haematopoietic Stem Cells from the Umbilical Cord Blood be
De-Differentiated in vitro? Our First Results Using the Co-Cultivation
Systems
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Abstract

Objective: Aim of this study was to de-differentiate the haematopoietic stem cells (HSCs) that originated
from the umbilical cord blood. One of the ways to do it is to use a co-cultivation system.

Design: Prospective experimental study.

Setting: Laboratory study - Institute of reproductive medicirie and endocrinology, Pilsen.

Methods: HSCs were co-cultivated with inouse embryonic stem cells (mESC) with and, without feeder
cells. After co-cultivation HSCs were analyzed using flow-cytometry for presence of haematopoietic
markers (CD34, CD45, CD133) and using immunohistochemistry for presence of embryonic stem cell
markers (SSEA-4, Tra-1-60, Tra-1-81).

Results: No de-differentiation was detectable in any our experiment, only the intensity of the HSC cell
markers decreased.

Conclusion: We suppose that there were two major reasons for the experiment failure: there was no
direct cell to cell contact and there was a mixture of cell types that originated from two different species.

To reach our goal of in vitro de-differentiation we will need to change our strategy towards a pure human
culture system without any animal additives and with cell to cell contact.

Key words: haematopoietic stem cells (HSCs), mouse embryonic stem cells (mESC), umbilical cord blood
(UCB), flow cytometry (FACS), immunohistochemistry

Souhrn

Cil studie: Cilem nasi price bylo za pomoci kokultivace dediferencovat lidské h topoetické ki vé
buiiky (HKB), které jsme izolovali z pupe¢nikové krve.

Typ studie: Prospektivni experimentalni studie.

Nazev a sidlo pracovisté: Laboratore Institutu reprodukéni mediciny a endokrinologie, Plzeii.

Metodika: HKB byly kokultivoviny s my$imi embryonalnimi kmenovymi buiikami (mEKB), a to jak za

pritomnosti podpiirnych bunék, tak bez nich. HKB byly po kokultivaci analyzovany jednak pomoci pri-

tokmeho cytometru na prltomnost hematopoetickych markera (CD34, CD45, CD133) a jednak pomoci
histochemie na pk t markeri dediferenciace (SSEA-4, Tra-1- 60 Tra-1-81).

Vysledky: Ani jedna forma kokultivace s mEKB k dediferenciaci HKB nevedla. Jedinou zmé&nou ve feno-

typu HKB bunék byl pokles intenzity héematopoetickych markerii.

Zdvér: Domnivime se, Ze k dediferenciaci nedoslo ze dvou diivodii: nebyl umoznén primy kontakt bunék
a kokultivovany byly buiiky dvou riiznych Zivo¢i$nych druhii. Nasim cilem je pokracovat v pokusech
dediferencovat dosp&lé kmenové buiiky pomoci kokultivaénich systémiti za pouziti bunék stejného Zivo-
¢iSného druhu a pfimého kontaktu bungk.

h

Klicovd slova: topoetické k vé buiiky (HKB), mysi embryonilni kmenové buiiky (mEKB),
pupecnikova Krev, pritokova cytometrie, imunohistochemie
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UvVOD

Multipotentni dosp&lé kmenové buiiky (DKB) se
¢astnf regenerace a hojen tkdni. Totipotentni embry-
ondlni kmenové buiiky (EKB) jsou schopny vytvéret
tkdné a orgdny, a to diky nékolika svym charakteristic-
kym vlastnostem — po mnoho pokoleni (mésice az
roky) se dobfe déli, jsou bez speeializace a mohou byt
indukovény tak, aby se diferencovaly v jakémkoliv
sméru, do jakychkoliv specializovanych bunék. Kromé
t&chto zndmych vlastnosti byla v posledni dob& obje-
vena jejich schopnost ,,reprogramovat DKB in vitro,
které po té vykazuji charakteristiky pluripotentnich
bunék: exprimuji markery pluripofence (napt. Oct-4,
nanog ¢i Rex-1), reaktivuji inaktivni chromozom X
Zenskych somatickych bunék a objevuje se demetylace
DNA [8, 10, 21, 26]. -

V in vivo podminkéch byla trans- &i dediferenciace
tkdfiové specifickjch DKB téZ prokdzdna, je to ale
process relativng neefektivni, ktery neni pfili§ Casty
ani pfi poSkozeni tkdni, takZe vlastné naddle ziistava
otdzkou, zda vibec je tento proces in vivo rele-
vantni [5]. i

Pochopeni trans- a dediferenciace a jeji uskuteénéni in
vitro by mélo Siroké praktické pouziti. Napf. v experi-
mentaln{ terapii infarktu myokardu se osvédgily kardio-
myocyty derivované z lidskych EKB, které jsou schopné
regenerovat tkdn i zlepsit srdecni funkce, ale problémem
z0stdvd imunologickd bariéra. ReSenim se tedy zdd
v soucasnosti testovand dediferenciace autolognich
DKB, které by byly reprogramovény k multipotenci diky
kokultivaci s lidskymi EKB [12, 23].

K dediferenciaci se kromé kokultivadnich technik
pouZivajf i jiné metody - enukleace EKB a jejich ndsled-
na fize s DKB, permeabilizace buné&nych membrin
DKB naésledovédna opét bunéénou fiz{ & pouziti nékte-
rych cytokind a ristovych faktord [12, 27].

Zatim pouze nékolik typi DKB prokazalo urcitou
schopnost dediferenciace, a navic miZe byt snadno
a minimdlné invazivné ziskdvdno z t&l pacienti. Mezi
takové buriky patii hematopoetické bufiky ziskdvané
z pupecnikové krve.

Cilem nasi price bylo optimalizovat podminky
kokultiva¢niho in vitro systému, jeZ by umoznil dedife-
renciaci hematopoetickych kmenovych bunék (HKB),
coZ by vedlo k jejich v&t3i dostupnosti pro klinické po-
uzitf.

MATERIAL A METODIKY

Purifikace HKB z pupeénikové krve

HKB jsou charakterizovdny pkftomnosti markeru
CD34 [2, 22, 24]. Jejich selekcee byla provedena imuno-
magneticky pomocf isola¢niho kitu (Direct CD34 Proge-
nitor Cell Isolation Kit, Midi-MACS System, Miltenyi
Biotec, Bergisch Gladbach, Germany) [11, 28].

Detekce CD34% bunék priitokovou cytometrii

Priitokovd cytometrie byla provddéna na systému
FACSCalibur (Becton Dickinson, Franklin Lakes, USA)
a analyzovédna pomoci softwaru CELLQuestPro (Becton
Dickinson, Franklin Lakes, USA). Z kaZdého vzorku
pupecnikové krve bylo ziskdno ptiblizné 3x10* bungk.
Mirtvé buriky a debris byly analyzou vyfazeny. Kontrola
homogenity CD34+ bun&cné populace byla providéna
pomoci ndsledujicich protildtek: CD133/2-PE (Miltenyi
Biotec, Bergisch Gladbach, Germany), CD34-PerCP-
CY5.5 (Becton Dickinson, Franklin Lakes, USA)
a CD45-FITC (Becton Dickinson, Franklin Lakes,
USA). Pouze ty vzorky, které obsahovaly vice nez 90 %
CD34+ bunék byly pouZity pro dal3i experimenty.

K detekci dediferenciace byly pouzity nésledujici
markery pluripotence: SSEA-4 (Chemicon, Temecula,
CA), Tra-1-60 (Chemicon, Temecula, CA) a Tra-1-81
(Chemicon, Temecula, CA). K vizualizaci markerii jsme
pouZili anti-my3i biotin (DakoCytomation, Glostrup,
Denmark) a streptavidin-APC (Becton Dickinson, Fran-
klin Lakes, USA).

Kokultivaéni systém

Kokultivaci jsme provadéli na miskdch Transwell Sys-
tem (Corning, NY, USA). Ty umoziiuji péstovat v jed-
nom médiu buiiky riizného pivodu i vlastnosti, separo-
vané permeabilni membranou (péry priméru 0.4 um).
Uskute¢nili jsme dva typy kokultivaénich pokusii.

Experiment &. 1: Mysi embryondlni kmenové buiiky
(mEKB) (mEKB Sv129 poskytnuté Dr. L. Schoonjan-
sem, Univesity of Leuven, Belgie) byly pé&stovany na
podpiirnych burikdch, kterymi byly mitoticky inaktivova-
né mysi fibroblasty (MIMF). To bylo uloZeno v dolnim
kompartmentu. Lidské HKB [1x10%/ml] byly kultivova-
ny v hornim kompartmentu. Jako kontrola byly péstovi-
ny podpiirné buiiky bez mEKB v dolnim kompartmentu,
s HKM umisténymi v hornim kompartmentu.

Experiment ¢. 2: Mys{ EKB byly péstovdny bez pod-
plirnych bunék. Stav jejich diferenciace byl ovéfen kon-
troln{ detekc{ AP, cytokeratinu a vimentinu. ProtoZe mysi
EKB nejsou bez podptirnych bunék dlouhodobg stabilni,
byly do dolntho kompartmentu kazdy den ddny &erstvé.
Lidské HKB [1x10%ml] byly kultivovany v hornim kom-
partmentu.

V obou experimentech bylo pouzito TX-WES mé-
dium (ThrombX, Leuven, Belgie) doplnéné 10% fetdl-
nim telecim sérem (FTS) a 2 mol/L L-Glutaminem.

Imunocytochemie

Kontrola diferenciace my3ich EKB byla providdéna
imunohistochemicky — buiiky byly zkoumdny na pfitom-
nost alkalické fosfatizy (AP) (Alkaline Phosphatase
Substrat Kit [II,Vector Laboratories, Inc., Burlingame,
CA, USA), cytokeratinu (EPOSTM Anti-human Cytoke-
ratin/HRP; DakoCytomation, Glostrup, Daénsko)
a vimentinu (EPOSTM Anti-Vimentin/HRP; DakoCyto-
mation, Glostrup, Dansko). My3i EKB byly fixoviny
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1 % paraformaldehydem. Detekce AP byla provddéna
dle firemniho protokolu. Po té byla provddéna detekce
cytokeratinu a vimentinu. Fixované buiiky byly inkubo-
vané s cytokeratinem/HRP (1:10) a vimentinem/HRP
(1:10). Po inkubaci byly buiiky opldchnuty a byl pouZit

b&Zny DAB systém (peroxidase substrate diaminobenzi-
dine).

VYSLEDKY

V experimentu €. 1 byla provadéna kokultivace mEKB
+ MIMF a HKB. Bohuzel k detekei jakychkoliv zndmek
dediferenciace nedoslo. Jedinou zménou byl pokles
intenzity hematopoetickych markerd na HKB. Exprese
markeru CD45 byla stabilnéj$i neZ exprese markeri
CD34 a CD133, které vymizely velmi rychle.

Kokultivaci jsme provadéli i bez mEKB a zjistili jsme,
Ze vysledek je stejny. To nds vedlo k domnénce, Ze pod-
plrné buniky moznd pfekryvaji vliv mEKB, a v pokusu
¢. 2 jsme je tedy vyfadili.

Bohuzel ani v tomto usporadan{ kokultiva¢niho systé-
mu nebyly detekovany Zédné znidmky dediferenciace,
Jjedinou zménou byl opét pokles hematopoetickych mar-
kerti HKB bunék.

DISKUSE

MozZnych pfi¢in nezdaru naSeho kokultivaéniho systé-
mu je n€kolik. Jednou z nich miiZe byt fakt, Ze buiiky
byly pomémé vzdilené, a tak naSim dal§im krokem
v optimalizaci fungovén{ systému je umozZnit vzdjemny

- bun&¢ny kontakt EKB a DKB, coZ se jiZz v n&kterych
jinych dediferenciacnich experimentech osvédcilo [3, 4
18, 20, 25, 32].

Hlavni problém ale bude pravdépodobné tkvét v tom,
Ze byly pouzity buiiky od riiznych Zivoéinych druhd. To
vede jednak k technickych komplikacim a jednak k ne
zcela prirozenému prostiedi pro oba typy bunék. Piikla-
dem je nemoZnost pouZitf mysiho leukemického inhibig¢-
niho faktoru (LIF) v systému. A¢koliv by LIF zachoval
dediferenciaci mysich EKB, pro lidské HKB je zcela
nevhodny. Podobné je tomu tak s pouzitym médiem, TX-
WES, které je optimdlni pro mEKB, ale neni nejlepsi
volbou pro HKB. Z toho tedy jasné vyplyvd, Ze nejvets{
Sanci na tspéch dediferenciace budou mit kokultiva&n{
systémy zaloZené na komponentech pochdzejicich z jed-
noho Zivo¢iSného druhu.

Ackoliv mEKB a lidské EKB jsou oboji savéi, maji
celou fadu rozdilnych vlastnosti — reagujf jinak na cyto-
kiny, riistové faktory, exprimuji rizné geny apod. [15].
Prvni linie mEKB byla popsdna v roce 1981 [9, 17]
a trvalo dalSich témér 20 let, neZ se podafilo publikovat
derivaci prvni linie lidskych EKB [29]. Od té doby se
tyto dva svéty neustdle setkdvaji, lidské EKB jsou
v mnoha publikacich péstovany na podplirnych buiikdch
mystho plivodu apod. Takové usporddani je viak nepo-

El

uzitelné pro humanni medicinu {16, 19]. Aby bylo moz-
né lidské EKB pouZit, je nutno je péstovat co moZn4 nej-
bezpecnéji. Z toho ditvodu byly podpiirné buiiky zvifeci-
ho plivodu nahrazeny ldskymi buiikami, napt.
fibroblasty [13] anebo vypu$tény uplné [14]. DalSim
dilezitym krokem je dprava médif, a to tak, aby obsaho-
vala pouze proteiny lidského plivodu ¢i jests 1épe synte-
tické, pfesné definované rtistové faktory. Mechanicky (ne
enzymaticky) provadéna izolace embryoblastu i pasdZo-
vani kolonif je dal$im krokem k zvySeni bezpecného
pouZzivani linif [27].

K objevu media, jez bude ,fisté“, slozené jen ze syn-
tetickych rlstovych faktorii pfesné definovanych kon-
centraci, pfispiva studium riiznych regulaénich molekul.
Jednim z cytokint, ktery reguluje pluripotenci a spon-
tanni diferenciaci EKB a jehoZ mechanismy plisoben{
(aCkoliv je o nich jiZ sepsdno na stovky praci) jestd
nejsou zcela pochopeny, je leukemicky inhibini faktor
(LIF).

Zatimco u mEKB je funkce LIF zfejma — jeho pfi-
tomnost v médiu zachovdva linii v nediferencovaném
stavu a aktivace STAT 3 (signal transducer and activa-
tor of transcription 3) skrze receptor pro LIF (LIF-R)
se zdd dostalujici pro zachovani pluripotence, u lid-
skych EKB je situace daleko sloZit&j§i. Bylo prokdza-
no, 7e LIFR-beta a gp130 (dal§i souddst LIF-R) jsou
exprimované na lidskych EKB a také Ze LIF miZe
indukovat fosforylaci STAT3. I pfesto vSak LIF sim
0 sob¢ neni schopen pluripotenci lidskych EKB udrzet
[7]. Exprese LIF i LIF-R (jak mRNA, tak proteinu)
byla prokazana na spontdnné se diferencujicich lid-
skych EKB. Tato exprese je signifikantné vét$i nez
u nediferencovanych bunék, které hojné exprimuji
SOCS-1 (supresor cytokinové signalizace-1). Ani
suplementace LIFu do média nezastavila spontdnni
diferenciaci bunék [1].

Navic LIF reguluje expresi celé fady dal$ich vyznam-
nych molekul, napt. CD 44 a lamininu A, které hraji
vyznamnou roli v diferenciace lidskych EKB [6, 30, 31].

ZAVER

Pochopeni mechanismii pluripotence, diferenciace
a dediferenciaci jisté pfispéje k budoucimu terapeutické-
mu pouZziti EKB i DKB v tkdnové terapii.

Podékovdni: Autori dékuji dr. Lucovi Schoonjansovi
z Centra pro molekuldrni a vaskuldrni- biologii 7 Uni-
versity of Leuven v Belgii za jeho obétavou pomoc
a podporu v priibéhu celého projektu.
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Abstract

Objective: Leukemia inhibitory factor (LIF) is one of the key cytokines in the embryo implantation regulation. We investigated the
prevalence of the LIF gene mutations in the population of infertile women that consisted of nulligravid and secondary infertile patients.
Study design: We designed a LIF gene mutation screening method that is based on the Temperature Gradient Gel Electrophoresis (TGGE).
The population to screen consisted of 176 infertile women including group A of 147 nulligravid women and group B of 29 women with
secondary infertility that had a history of either miscarriage or an ectopic pregnancy but no live births. The control population was comprised
of 75 healthy fertile subjects. The groups of fertile controls and infertile patients were compared for statistically significant differences using
the rtest.

Resudrs: Six potentially functional LIF gene mutations, the G to A transitions at the position 3400 leading to the valin to methionin exchange
at codon 64 (V64M) in the AB loop region of the LIF protein, were detected. All of the six positive women were infertile. Four of them were
nulligravid and two of them had history of spontaneous conception followed by early miscarriage. No positive TGGE samples were identified
in the control group, which means that the frequency of functionally relevant mutations of the LIF gene in infertile women is significantly
enhanced in comparison with controls (P < (.05, 1-test).

Conclusion: The results suggest that the LIF gene mutations affect fertility. Even though they occur infrequently, their impact on molecular
events during early phases of pregnancy should be further established.

) 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Leukemia inhibitory factor (L1F); Mutations; Embryo implantation; Infertility

1. Introduction attaches itself to it and the embryonic trophoblast invades the
decidua. All these steps are controlled by a variety of mutually

The process of the embryo implantation can be divided into interacting molecules of both the matemal and the embryonic
three phases: apposition, adhesion, and invasion. The origin [1,2]. Many cytokines, growth factors, transforming
apposition comprises the blastocyst orientation in the uterine growth factors, and adhesive molecules are known to trigger
cavity towards the endometrium. During the adhesive and the initial process forthe embryo nidation during the adhesive
invasive phases, the blastocyst approaches the epithelium, phase and accomplish mutual embryo-matemal contacts

during the invasive phase [1.3-5]. Accumulated evidence

* Corresponding author. Tel.: +42 377 617 229; fax: +42 377 617 290; sugpests that cyiokine signalling produced and received by
mobile: +42 604 724 171. the endometrial epithelium and the blastocyst represents a key
E-mail address: M. Kralickova@seznam.cz (M. Kralickova). event in the Cmbryn—malcrnal crosstalk !_3,&]. The leukemia

(1301-2115/% - sec front matter & 2006 Elsevier Ireland Ltd All rights reserved.
dox: 10.1016/).cjogrb. 2006.02.008
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inhibitory factor (LIF) is regarded as one of the most
important signalling vectors [7-12].

LIF is a polyfunctional highly glycosylated cytokine (a
glycoprotein, M,, 38-67 kDa) that influences a wide range of
cell types in different ways, from the promotion of cell
proliferation and lifespan, to the control of their differentia-
tion in regard to the tissue environment in which the target
cells perform their functions [13,14].

LIF mature protein of maternal origin and its encoding
mRNA have been identified in endometrium, Fallopian
tubes, and cervical mucus [15-18]. Its high endometrial
production in the mid and late phase of the menstrual cycle
stresses its important role in the implantation [17.19].
Simultaneously, the blastocyst expresses the mRNA for LIF
receptor (LIF-R), which documents the significance of LIF
in the embryo-maternal crosstalk [20]. LIF receptor is also
expressed on the endometrium and oocytes. Binding of LIF
to LIF receptor and gpl30 activates signal transduction
pathways.

LIF can be detected in uterine flushing and its production
is in the majority of women with unexplained infertility
significantly deregulated [21]. Likewise, endometrial
explants derived from infertile women showed reduced
levels of LIF secretion [21-24].

Targeted disruption of LIF gene in female mice caused
the implantation failure of blastocyst. However, these
blastocysts transferred to wild-type pseudopregnant reci-
pients implanted successfully and developed to term [7,8].

Human LIF protein is encoded by the unique gene located
in the 22q12 region of the 22nd chromosome. Its coding
sequence, as well as some parts of the non-coding
sequences, is highly conserved. The coding region consists
of three exons, the promotor region comprises of four
conserved TATA boxes and two transcription-starting sites
[25-27]. Until now, only two reports have been dedicated to
the identification of LIF gene mutations in infertile women
|28,29]. Both studies conclude that heterozygosity for LIF
gene mutations leading cither to decreased availability or

Table 1
Patients and controls

specific biological activity of the LIF protein could act as
genetic predisposition of infertility due to its impact on
efficacy of embryo implantation. Nevertheless, the sig-
nificance of LIF gene alterations, their prevalence. func-
tional consequences, and clinical impacts are still not fully
understood. Therefore, in this study a control group of fertile
women and a group of nulligravid and secondary infemile
women have been screened for the presence of LIF gene
mutations,

2. Materials and methods
2.1, Patients

The population to screen consisted of 176 infertile
women of mean age 31 &4 years. The population was at
first divided according to type of infertility (nulligravid
women = primary infertility |=group A] or secondary
infertility [=group B]). The group A was divided according
to assumed cause of infertility (ovulatory disorder, tubal
blockage, endometriosis, male subfertility. idiopathic
infertility). A group of nulligravid patients comprised of
57 women diagnosed with primary idiopathic infertility and
a history of at least one IVF or ICSI treatment failure
(average 1.8 embryo transfer per patient) and of 90 women
with primary infertility with known etiology. The subgroup
B comprised of 29 women diagnosed with secondary
infertility with history of a miscarriage or an ectopic
pregnancy after spontaneous conception but no live births
(Table 1).

The control population comprised of 75 healthy fertile
women that conceived spontaneously and delivered success-
tully atleast once in their history. The group had similar
mean age (34 £ 6 years).

The study was approved by the Charles University Ethics
Committee and informed consent was obtained from all
individuals.

Type of infertility Assumed cause of infertility

Successfull IVFICSI treatment
(Failure of IVFHICSI treatment)

LIF mutation-
positive women

176 Infertike women Al =57 women with primary 8 (48) 1(1)
idiopathic infertility and history
of IVF or ICSI treatment failure
A = primary infertility A2 =90 women with primary Anovulation 3(5) 1
nfertility with known etiology Tubal blockage 9(2) [ (1]}
Endometriosis 4011 01y
Male subfertility 22 (2Mn 0 (0y
Combination of factors 10(5) 0 (o
B = secondary infertility B =29 women with History of miscamiage 17 9(8) 1(1)
sccondary infertility or celopic pregnancy 1z 50N 0

75 Healthy control subjects Conceived spontancously
and delivered successfully

at least ones in their history

1= =)
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2.2, DNA extraction

Peripheral blood leukocytes were used for the DNA
isolation in all cases. DNA was isolated by the DNeasy
Tissue Kit (QLAgen, Hilden, Germany) according to
manufacturer’s protocol.

2.3. Polymerase chain reaction (PCR) and mutation
status of the LIF gene

The coding regions were analyzed by the Temperature
Gradient Gel Electrophoresis (TGGE). Forthis purpose, the
exon 3 was divided into three parts so the LIF gene was
finally screened and divided into five partly overlapping
fragments. PCR was performed using five sets of primers
listed in Table 2. Primers were modified using the Poland
java script (www.biophys.uni-duesseldorf.de/POLAND/
poland.html) by GC-clamp addition to create a thermo-
stable domain suitable for TGGE. The reaction conditions
were as follows: 12.5 pl of HotStart Tag PCR Master Mix
(QlAgen). 10 pmol of each primer. 100 ng of DNA and
distilled water up to 25 pl. The amplification program
consisted of denaturation at 95 °C for 15 min and then 35
cycles of denaturation at 95 °C for 30 s, annealing at 60 °C
for 30 s and extension at 72 °C for 1 min. PCR was finished
by a final extension at 72 °C for 7 min. The amplification
program was the same for all analyzed exons exceptexon 1
where the annealing temperature was 50 °C. The length and
the quality of the PCR products were checked in standard
agarose gels.

Table 2
Table of primers

Exon Name Sequence 5" — 3
El EIF-GC CGOCCGOCGOGCCCCGOGOCT
GGOCCGCCGCCCCCGOCCG
CTATGATGCACCTCAAACAA®
EIR GGGGCGGGTGTATTTA®
E2 E2F GCCACCCTTTCCTGCCTTTCTAC!
EXR-GC COGGCGOGLGGCGGUGGGOCGG
GCGCGUGGOGCGGCGGGOG
TCCCTGCCATC TCCTGTCAGTATC”
E3.1 E3.1F-GC COGCCCGOCGOGCCCCGOGOCCGU
CCOGCCGOCCOCGOCCT
ACAATTCCAGATGCTTACAGGG”
E3.IR-GC GCGGG GOCAAGGTACACGACTATGC"
E3.2 E32F CCCAAC AACCTGGACAAGCTATG®
E3.2R-GC COCCCGOCGOGCCCCGOGOOCGT
CCCGCCGOCCCCGOCCT
CCGTAGGTCACGTCCACATG
E3.3 E33F-GC CCOGC CCTCCTTAGCAACGTGCTGT®
E33R-GC COGGGCGHGLGCLGGIGLGOCGGE

CGCGGGOHCGOGEOGLETG
ACATCTGGACCCAACTCCTG®

GC clamps in Ttalics.
* QOur original primers.
*® Primers inspired by Giess [28].

Table 3

The temperature gradients for pamllel TGGE gels

Exon Temperature gradients ("C)
El 55-63

E2 53-65

E3.l 58-66

E32 H0-63

E33 58-62

Screening of mutations was performed by heteroduplex
analysis on TGGE (Biometra, Goettingen, Germany) on 8%
denaturing acrylamide gel (AA:bis-AA (5:1)[37].6 M urea,
1x MOPS, 2% glycerol). The TGGE analysis was
performed in two steps—electrophoresis conditions for
parallel gels for each exon had to be at first optimized by
perpendicular gels. Consequently. the parallel gels for
patients’ samples were run. The running time is constant for
all exons | h 30 min, the temperature gradients for each exon
are shown in Table 3. DNA bands were detected by silver
staining method according to standard protocol [30].

The relevant DNA samples of all women positive in
TGGE analysis were amplified and sequenced by automated
sequencing using a Big Dye Terminator Sequencing Kit (PE/
Applied Biosystems, Foster City. USA). The samples were
run on automated sequencer ABI Prism 3100 Avant (PE/
Applied Biosystems) at a constant voltage of 12.2kV for
180 min. In order to avoid errors, all PCR and sequencing
experiments were repeated atleast twice in TGGE positive
patients.

24, Statistical analysis

The groups of fertile controls and infertile patients were
compared for statistically significant differences using the ¢-
test

3. Results

Six positive samples were identified by TGGE in exon 3.2
in the group of infertile women (n = 176). All samples showed
analteration in DNA sequence that was identical to previously
described potentially functional LIF gene point mutation, the
G to A transition at the position 3400. It is known that this
mutation leads to an amino acid exchange of valin to
methionin (V64M) in the region corresponding to AB loop of
the LIF protein. The AB loop seems to be highly important for
interaction with the LIF-R, so that the mutation causing the
amino acid exchange within the region could resultin reduced
biological activity of the LIF protein |28].

All six mutation-positive women were infertile. Four of
them were diagnosed with primary infertility and had a history
of atleast one unsuccessful IVF cycle. Out of these four, one of
them was diagnosed with primary idiopathic infertility and
did notsucceed in IVF/ICSI twice. The second was diagnosed
with endometriosis and failed to succeed in IVF/ICSI twice.
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The third one of them was diagnosed with primary idiopathic
infertility but she became pregnant after second IVF
treatment. The fourth suffered by ovulation disorder and
became pregnant after second IVF cycle.

The final two mutation-positive women belonged to the
group of secondary infertile women. They both became
pregnant spontancously but suffered from early miscarriages
at the 7th and 8th week of their pregnancies. Subsequently.
one of them had a history of a single unsuccessful IVE/ICSI
cycle and the other delivered successfully after second IVE.

No positive TGGE samples were identified in the control
group, which means that the frequency of functionally
relevant mutations of the LIF gene in infertile women is
significantly elevated in comparison with controls
(P < (.05, r-test).

4. Discussion

LIF gene mutations in nulligravid infertile women have
already been described in two papers. The first report in 1999
searched for mutations in 74 non-selected nulligravid infertile
women and three point mutations were identified. Two of
them were the G to A transitions located in exon 3 at the
positions 3400 and 3424 of the LIF gene that lead to anamino
acid exchange in the regions corresponding to AB loopof the
LIF protein. The third mutation, the C to A transition at
position 715, was located in the regulatory region 6 bp from
the start codon of the LIF gene. It is hypothesized that this
mutation led to transcription abnormalities and result in the
decreased LIF expression [28].

The second report focused on women with recurrent failure
of IVF or ICSI. defined as three or more embryo transfers
(n=45), and on women diagnosed with unexplained
infertility for atleast 2 years (n=350). The previously
described G to A transition at the position 3400 and the G
to A transition at position 3441 were identified in nulligravid
women with unexplained infertility. The G to T transition at
the position 3453 was identified in a nulligravid woman with
more then three failures of IVE. Both newly described
transitions, at the position 3453 and 3441, did not cause the
protein structure alterations. The C to A transition at the
position 3235 in the intronic pant between exons 2 and 3 was
found in a control fertile individual. The only one woman with
the heterozygous potentially functional mutation at position
3400 conceived after IVF treatment. The authors suggested
that the second allele of the LIF gene, stimulated hormonally
during super ovulated cycle could compensate the defect [29].
Their hypothesis was supported by recent study, which
demonstrated that LIF on luminal epithelium enhances the
expression of a subset of progesterone-regulated genes [31].

Our study is the first report identifying potentially
functional LIF gene mutations not only in nulligravid
infertile patients but also in two women who became
pregnant spontancously. Both of them suffered from early
miscarriages and that is why we hypothesize that the fully
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functional LIF gene could be in these cases important not
only for the embryo implantation but also for its further
development.

The mechanisms that compensate for the LIF defects are
not clear yet. The role of the second LIF gene allele and the
hormonal stimulation were hypothesized in both above
quoted reports [28.29]. Our results showed that the
conception is possible not only after the hormonal
stimulation but also spontaneously, without any treatment.
In our opinion, the other compensatory mechanisms could
rely on a cooperation of a row of various regulatory
molecules, most probably again of cytokine nature.

One of the possible mechanisms how LIF gene mutations
could affect implantation and eardy blastocyst development
is through endometdal leukocytes. The endometrial
leukocytes are submitted to complex morphological,
biochemical and functional changes during the menstrual
cycle and play important role in implantation and pregnancy
establishment [for review see 32]. All their regulatory
factors, both endometrial and embryonic origin. are
balanced by homeostatic mechanisms regulated by neu-
roendocrine system. This is the reason why stress and the
patient’s strategy for coping with it might influence the
fertility [33.34]. The influence of the LIF gene absence on
the infiltrating lymphoid cell populations was already shown
in mice. In the LIF knockout mice the percentage of
macrophages was reduced by more than half and their
distribution was disrupted suggesting that LIF is a
chemokine for these cells. On the other hand, the NK cells
were doubled compared to wild type mice. indicating that
LIF restricts the migration of NK cells to the uterus [35].

Asearliersuggested by Giessetal. [28], LIF substitution in
infertile women with LIF gene mutation might serve as a
therapeutic option. Borini et al. attempted in 1997 the local
LIF administration during the IVF at the time of embryo
transter but the patients’ population was not examined for the
LIF gene mutations so his results were not conclusive [36].
The beneficial effects of LIF on blastocyst development and
morphology were observed in several studies [37.38]. In our
opinion, the local LIF application, most probably in culture
media or with the transfer media at the time of embryo
transfer, specifically to the LIF gene mutation-positive
women. could increase their chances for the successful
conception. In general, supplementation of culture media with
cytokines or growth factors is still an attractive approach in
enhancing embryo viability and implantation rate. The
beneficial effect of LIF in improving implantation and
subsequent increased birth rates should be explored further.
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ABSTRACT. To characterize the impact of the potentially functional mutation — the G to A transition at
the position 3400 of the leukemia inhibitory factor (LIF: a pluripotent cytokine that plays a central role in the
control of the embryo implantation) gene that leads to the exchange of valine with methionine at codon 64
we evaluated the association of the LIF gene mutation and the levels of antiphospolipid antibodies (aPLs) in
the peripheral blood of infertile women (the aPLs examination was part of our routine immunological test
during the mfertility check-up). Eight infertile mutation-positive women were diagnosed with idiopathic
mfertility (7 = 5) and endometriosis (» = 3) and their levels of aPLs in serum were compared with 115 infer-
tile women without any LIF gene mutation. Enzyme-linked immunosorbent assay was used for the detection of
seven antiphospholipid antibodies; the results were statistically assessed by the Fisher’s 2 by 2 exact test to
evaluate the association of the LIF gene mutations and aPLs in serum of infertile patients. The presence of
aPLs was significantly higher in our study group (100 %) than in 30 % of aPLs-positives in control infertile
patients (p = 0.0035) which indicates that the aPLs are elevated in women with LIF gene mutations.

Abbreviations

aPLs antiphospholipid antibodies LIFR LIF receptor

ELISA  enzyme-linked immunosorbent assay NK natural killer (cells)

ECS fetal calf serum ph-Ser  L-phosphatidyl-serine

IVF in virro fertilization SD standard deviation

LIF leukemia mhibitory factor TGGE  temperature gradient gel electrophoresis

Out of the many cytokines that take part in the endometrium-blastocyst cross talk, LIF has been
found to be essential for the embryo implantation process (see, e.g., Kralickova et al. 2005). In endometrium
of healthy women, LIF and LIF mRNA are expressed throughout the menstrual cycle with a striking increase
in the mid-secretory phase, coinciding with a supposed window of implantation. LIF acts on cells by binding
to LIFR and gp130. Human blastocysts express mRNAs for LIFR and gp130, participating actively in esta-
blishing contact with the endometrium. In the endometrium, LIFR and gp130 are expressed in the epithelium
throughout the cycle with strong increase in the mid-secretory phase (for review see Aghajanova 2004).

The /if knockout mice have doubled the percentage of uterine NK cells compared to the wild-type
mice at the time of implantation window, indicating that LIF restricts the migration of NK cells to the uterus
(Schofield and Kimber 2004).

It has been demonstrated that certain phospholipids are exposed on the endothelial surface and may
interact with syncytiotrophoblast and cytotrophoblast layers and alter implantation during natural as well as
in vitro fertilization as well as the feto—maternal interactions during the rest of pregnancy (Aron et al. 1995).
aPLs have an established association with recurrent miscarriage, embryo implantation failure, growth retard-
ation, placental abruption and stillbirth (Balasch ef al. 1996; McIntyre 2003; Coulam et al. 1997). Because
some investigators showed contrary results (Kowalik ef al. 1997; Eldar-Geva et al. 1999), the relevance of
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the presence of aPLs to embryo implantation, infertility and IVF outcome and their mechanism of action 1s
still a matter of discussion.

The link between NK cells and aPLs has been established. Women with recurrent miscarriages and
antiphospholipid antibodies showed significantly elevated NK cells than women without these antibodies.
In addition, women with other infertility diagnoses and autoantibodies to phospholipids have significantly
higher levels of NK cells than women without antiphospholipid antibodies (Kwak et al. 1995; Beer et al.
1996). A relationship between increased natural killer-cell activity, mcreased serum levels of aPLs and
trophoblast cell apoptosis has been reported (Roussev et al. 1996: Kaider ef al. 1999: Sher et al. 2000).

The role of 7if gene mutations in embryo implantation failure and m infertility remains in general
unclear. In infertile women, three heterozygous potentially functional point mutations have so far been 1den-
tified (Giess ef al. 1999; Steck ef al. 2004); these studies conclude that heterozygosity for /j/~gene mutations
leading to decreased availability or specific biological activity of the LIF protein could act as genetic predis-
position of mfertility due to its impact on the efficacy of embryo implantation.

We proved that the LIF gene mutations are not restricted to nulli gravid patients or to other inferti-
lity diagnoses (i.e. to anovulation, tubal factor, endometriosis, male factor or idiopathic infertility); it is un-
fortunate that we were not able to characterize the detected mutations (Kralickova ef al. 2006). While the
significance of LIF gene alterations, their functional consequences and clinical impacts are still not fully under-
stood, here we focus on their characterization by examining their association with increased levels of aPLs in
the peripheral blood of infertile patients.

MATERIALS AND METHODS

Patients. Eight women (average age 35.2 + 3 years) with potentially functional /if mutation, the
G to A transition at the position 3400 leading to the exchange of valine with methionine at codon 64
(VM) in the AB loop region of the LIF protein (study group) and 115 infertile women (average age 33.5 =
6 years) without any LIF gene mutation (control group) were included.

The control group comprised 10 patients diagnosed with endometriosis and 32 patients diagnosed with
unexplained infertility (group I) plus 73 patients diagnosed with male factor (group 2). Endometriosis patients
comprised all the stages of disease. Patients classified as idiopathic (unexplained) infertility were documen-
ted by laparoscopy to have patent tubes, were free of pelvic adhesions and endometriosis, and had a normal
uterine cavity by hysteroscopy or hysterosalpingography. They had normal ovulation and there was no evi-
dence of male factor, antisperm or zona pellucida antibodies.

The study was approved by the Charles University Ethics Committee and informed consent was
obtained from all individuals.

DNA extraction, PCR and mutation status of the lif gene. Peripheral blood leukocytes were used for
the DNA 1solation in all cases; it was 1solated by the DNeasy Tissue Kit (QOI4gen, Germany) according to
manufacturer’s protocol. The coding regions and the exon—intronic junctions were analyzed by TGGE.
The exon 3 was divided into 3 parts and /ijf was screened and divided into 5 partly overlapping fragments.
PCR was performed using five sets of primers (Table I) which were modified using Polish java script
(www.biophys.uni-duesseldorf.de/POLAND/poland.html) by GC-clamp addition to create
a thermostable domain suitable for TGGE. The reaction conditions were as follows: 12.5 uL of HotStart Taq
PCR Master Mix (Qiagen). 10 pmol of each primer. 100 ng of DNA and distilled water up to 25 pL. The
amplification program consisted of denaturation (15 min, 95 °C), 35 cycles of denaturation (30 s, 95 °C),
annealing (30 s, 60 °C), extension (1 min, 72 °C) and final extension (7 min, 72 °C). The amplification pro-
gram was the same for all analyzed exons except for exon 1 where the annealing temperature was 50 °C. The
length and the quality of the PCR products were checked in standard agarose gels.

Screening of mutations was done by heteroduplex analysis on TGGE (Biometra, Germany) on 8 %
denaturing acrylamide (AA) gel (AA-bis-AA 375:10, 6 mol/L urea, 1x Mops, 2 % glycerol). The TGGE
analysis was performed in two steps — electrophoresis conditions for parallel gels for each exon had to be at
first optimized by perpendicular gels. Consequently, the parallel gels for patients” samples were run. The run-
ning time was 1.5 h at temperature gradient (Table I). DNA bands were detected by silver-staining method
according to standard protocol (Beranova ef al. 2001; Kralickova ef al. 2006).

The relevant DNA samples of all women positive in TGGE analysis were amplified and sequenced
by automated sequencing using a Big Dye Terminator Sequencing Kit (PE/Applied Biosystems, USA). The
samples were run on automated sequencer ABI Prism 3100 Avant (PE/Applied Biosystems) at a constant volt-
age of 12.2kV for 18 min. In order to avoid errors, all PCR and sequencing experiments were repeated a mi-
nimum of two times in TGGE positive patients.

120



Moznosti a vyznam prodlouzené kultivace embryi

2007 LIF GENE MUTATION AND ANTIPHOSPHOLIPID ANTIBODIES IN INFERTILE WOMEN 545

Table I. Table of primers® and temperature gradients for parallel TGGE gels

= ; o . A Temperature
Exon Primer Sequence 5 3 psdicit, °C
El EIF-GC 55-63
EIR
E2 E2F 53-65
E2R-GC
E3.1 3.1F-GC 58-66
3.1R-GC
E32  E30F 60-63
E3.2R-GC
E33 E3.3F-GC 58-62
E3.3R-GC

8In italies — GC clamps; * — our original primers; ** — primers according to Giess ef al. (1999).

ELIS4 for detection of antiphospholipid antibodies was used in all the women for the detection of
seven antiphospholipid antibodies: aPLs against cardiolipin, ph-Ser, ph-glycerol. ph-inositol, ph-ethanolamine,
phosphatidic (ph)-acid (Sigma, USA) and against By-glycoprotein I of class IgG, IgA, and IgM. As shown
earlier, this complete aPLs panel using the above isotypes is suitable (Coulam ef a/. 1997; Ul¢ova-Gallova
et al. 2002) and was used as a part of our previous examination.

Blood was centrifuged and kept at —22 °C before analysis. For ELISA, polystyrene microtiter plates
were coated with 50 pL solution of phospholipid (50 pulL per 1 mL of methanol) and were allowed to dry
overnight at 4 °C. The plates were then blocked by solution containing 10 % FCS 1 1 mol/L Tns buffer
(TBS: 250 mmol/L Tris-HCI, 1.5 mol/L NaCl; pH 7.4) for 30 min at room temperature. The plates were then
washed thrice by binding buffer (g/L: NaHCO3 2.93, NayCO3 1.59, NaN3 0.2; pH 9.6).

Sera from patients and controls. diluted 1:50 m TBS containing 10 % FCS. were added to the wells
after the wash. The plates were incubated for 2 h at room temperature, and then washed 5x with TBS with
5 % Tween 20. Fifty ul of peroxidase-conjugated anti-human immunoglobulin (IgG, IgA, or IgM) was
added and mcubated for 1 h at room temperature. The plates were then washed 5% 1n TBS-Tween. Fifty pL
of substrate solution was added to each well and incubated in the darkness for 30 min at room temperature.
The reaction was stopped by adding 50 uL. of 2 mol/L sulfuric acid. The absorbance of each well was deter-
mined using a Titertek Multiscan MCC/340 (Flow Laboratories, UK) at 492 nm. Background absorbance
was run for all patient’s sera diluted 1: 50 in wells on 1dentical microtiter plates coated with methanol but
without phospholipids. The phospholipids used to coat the ELISA plates were: ph-serine, ph-ethanolamine,
ph-1nositol, ph-glycerol, phosphatidic acid.

Commercial ELISA was used for detection of antibodies against cardiolipin (Milenia, UK) and
Ba-glycoprotein I (Immunotech, Czechia).

Statistical analysis was performed by cut-off levels for Ig-isotypes of aPLs obtained from 3 SD
or 95th percentile which were calculated using Statgraphics software.

The results were statistically assessed by the Fisher’s 2 by 2 exact test to evaluate the association of
the LIF gene mutations and aPLs in serum of infertile patients: p < 0.05 was considered to be statistically
significant.

RESULTS

Eight infertile women were found with potentially fumctional LIF gene mutation — the G to A transit-
ion at the position 3400 leading to the valine to methionine exchange at codon 64 (V64M) in the AB loop re-
gion of the LIF protein. The aPLs detection in the peripheral blood (which was part of their immunologic
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examination during their mfertility check-up) showed that aPLs levels significantly increased in all LIF gene
mutation-positive women (100 %). Five of them who were diagnosed with 1diopathic infertility had increased
levels of antibodies against ph-Ser. None of them become pregnant after the first [IVF treatment. A corticoid
was applied in all these cases during the second IVF-ET without any success in three of them: the two other
became pregnant. The other three LIF gene mutation-positive women were diagnosed with endometriosis.
They had increased levels of antibodies against ph-Ser (two cases) and cardiolipin. All of them got pregnant
after IVF treatment.

In the control population. only 35 infertile patients were aPLs positive (30 %). Five of them were
diagnosed with endometriosis (50 % of endometriosis patients), 15 of them were diagnosed with unexplained
infertlity (47 % of unexplained mfertility patients) and 15 of them were diagnosed with male factor (20 %
of male factor patients).

The presence of aPLs was significantly higher (100 %) than 30 % of aPLs positives in the control
group of infertile patients with no LIF gene mutation (p = 0.0035). Comparing the study group (100 %) and
control group ! (48 %) showed that the presence of aPLs is higher in our study group but the difference is on
the border of statistic significance (p = 0.051).

DISCUSSION

Comparing the two control groups we confirmed the data of Sher er al. (1994) who showed that the
presence of aPLs 1is significantly higher in women diagnosed with endometriosis (50 %) and unexplained
infertility (47 %) than in women infertile because of the male factor (20 %) (» = 0.01) (Table II).

Our results suggest that LIF gene mutat-

. . 1ons are associated with the presence of aPLs
Table II. Control population — infertile women with no mutation in ¢ p ‘

the LIF gene in serum of infertile patients. We hypothesize
_ that this is due to the LIF mmpact on NK cell
_ Nt aPLs positive population that is functionally connected with
Diagnose ofpatients 2 - the presence of aPLs. Nevertheless, the mecha-

- nism 1s still unclear.

5 — N _ An area of active mvestigation 1s the field
Unexplained infertility 32 15 46.9 : ; ;
. 10 3 500 of aPLs and uterine leukocytes interactions
Group I (umexplained 42 20 476 when there is the possibility that aPLs do not

infertility + endometriosis) directly cause reproductive failure but rather
Group 2 (male factor) 73 15 205 function as markers or intermediaries for an
Total 115 35 304 underlying, abnormal activation of cellular
mmunity. As in autoimmune syndromes, it is

" — number of cases. possible that aPLs are secondary to some

underlying disease or that they are instrumen-
tal in the pathogenesis of the various manifestations (Ul¢ova-Gallova et al. 1996, 1998).

NK cells are an important component of decidualised endometrium in normal human pregnancy
and they are believed to regulate the migration and differentiation of highly invasive trophoblast.

In the peripheral blood. it was proven that diminished numbers of the CD36* CD16-CD3-NK cells
are related to infertility (Michou er al. 2003). Infertile women have a significantly higher expression of NK
cell activation markers (CD69™ and CD1617) than control fertile women (Nirivalas et al. 2001; Coulam and
Roussev 2003). NK-cell activity was significantly higher than in the control group (Matsubayvashi et al.
2001).

In the endometrium throughout the luteal phase, infertile women have fewer CD36™ cells than nor-
mal fertile controls. It was hypothesized that the differences observed in endometrial leukocytic subpopulat-
ions between fertile and infertile women may contribute to unexplained infertility probably by affecting the
embryonic maternal dialogue during the implantation and early placentation period (Klentzeris ef al. 1994).

If we divide infertile women according to the cause of infertility, the deregulation of NK-cell sub-
populations has been implicated in the etiopathogenesis of the unexplained infertility as well as endometrio-
sis. The differences observed in the follicular fluid (FF) compared to fertile controls may explain the defects
in folliculogenesis and oocyte maturation and in these patients these modifications could be one of the fac-
tors altering their fertility (Lukassen er al. 2003).

The exact mechanism of NK-cell regulation in infertility is not yet understood. The possible mecha-
nism is the regulation by cytokines (Saito ef al. 1993 Kubrycht e al. 1993; Jokhi er al. 1994; Nakamura et

122



Moznosti a vyznam prodlouzené kultivace embryi

2007 LIF GENE MUTATION AND ANTIPHOSPHOLIPID ANTIBODIES IN INFERTILE WOMEN 547

al. 1998). We currently do a study that examines the differences of endometrial NK-cell population in cases
of various causes of infertility with regard to the /if gene mutation presence.

Even though the LIF gene mutations are quite rare in the population of infertile women (for that
reason they are probably not very valuable for clinical management of infertility) we believe that their
importance is in being a unique model of LIF actions.

Immunological alterations may be triggered by the LIF gene mutation and may be mvolved in the
etiopathogenesis of unexplained infertility as well as of endometriosis. Furthermore, the immunological dia-
enostics in the group of patients with unexplained mfertility and endometriosis might be useful. The pre-
valence of aPLs in serum of LIF gene mutation-positive infertile women and the prognostic significance
in women undertaking both the natural and the assisted conception needs to be established in a larger study
with a greater number of patients positive for the LIF gene mutation. The complexity of pathogenesis of
infertility and embryo implantation failure justifies further investigation.
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P. Sima). The authors thank Dr. F. Sefrna for supervision of statistical analysis, Mrs. P. Novakova for assistance with sample collection.
and Mrs. R. Williams for critical reading of the text.
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