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,Znate se uz dostatecné dlouho, zacinate uvazovat o ditéti a
tak se rozhodnete, ze se vezmete ... Budouci matka zvédave
nakukuje do kocarku a zjistuje, Zze v centru mésta maji
krasné tehotenskée saty, presneé jeji styl, manzelovi se urcite

take budou libit. Muz obhlizi trikolky a odhaduje, kolik asi
stoji detska hokejova vyzbroj.“
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Plodnost (Fertilita)

Plodnost (fertilita)

= schopnost jedince se pohlavneé mnozit

= komplexni vlastnost, ktera je
vysledkem schopnosti samcu a samic
poskytovat zdravé potomstvo v
optimalnim pocCtu za urcity Cas

= demograficky ukazatel vyjadrujici_
prumérny pocet potomku na jednu zenu




Plodnost (Fertilita)

» Pravdepodobnost otehotnéeni pri nechranénem styku u
zdravého paru na jeden menstruacni cyklus je cca 25%

e Primérny vék provorodiéek v CR 26,3 roku

e Prumérna zdrava zena do 35 let s pravidelnym nechraneénym
pohl. stykem ma sanci otehotnéet cca 16%, tj. prumeérne
otéhotnéni Ize dosahnout 1/6 ovula&nich cyklu

. 5Ok% zen (20-34 let) otéhotni do dvou mésicu, 80% do pul
roku

(Zdravotnicka statistika MZCR, www.uzis.cz)




Neplodnost (Infertilita)

Neplodnost (Infertilita)

= neschopnost dosahnout Neplodnost ve svété

klinickeho tehotenstvi po 12 a W “m iﬁ W ’m m S

vice mésicich nechranéneho

0z
pn'ﬂ e odh d 1 potize nep'.o::‘r*os.:n

jeden rok.

pravidelného pohlavniho styku
Kdo mirte za to, oz 20—30 % prpac
(WHO) :"C'SS"L" sena: 20 =35 % piipada
v . oba parinert: 25—40 % pripaca

e VCR~20-25% paru

Cisla: Podil déti, kte ro¢né narodi

diky umélému oplod éni, ve
As 5 n‘HllCl‘lUi vybranych zemic h:
sve osua

4 o asistované reprodukci p res 3 % Dansko, Finsko
o Lec ba n e p lOd n OSt] Norsko, Svédsko, Bclgxc Slovinsko
Asi i prijde na svét
zdy rok .ze zkumavky” 3 % - Cesko

mirné nad 1 % - usa

= reprodukcni medicina
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Priciny neplodnosti

Zenské faktory

« ovaridlni faktor - vajecnik nevytvori nebo
neuvolni kvalitni zivotaschopné vajicko

o tubdrni faktor - poskozeni vejcovodu, chybéni
vejcovodu, neprichodné vejcovody

« endometrioza - pritomnost délozni sliznice
mimo dutinu délozni

Muzské faktory

spatna funkce spermie - neschopnost spermie Q %
proniknout a oplodnit vajicko zeny ~ ‘

Velka Mala  Zazena HruSkovita Vakuolizovana Zdvojena
hlavicka hlavicka hlavicka hlavicka hlaviéka hlavicka

« Oligozoospermie (<15*10°¢ v ejakuklatu)

o Astenozoospermie (nedostatecna pohyblivost)

« Teratozoospermie (Spatna morfologie)
Azoospermie (nepritomnost spermii v ejakulatu)

Zdvojeny Zahnuty Svinuty
bicik bicik bi¢ik

Obr. Priklady patologickych morfologickych nalezt (zdroj:
ZDRAVA SPERMIE - prevence neplodnosti)
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Genetické priciny neplodnosti u zen

1) Chromozomvé aberace - strukturni i pocetni zmény
Turneruv syndrom - 45, X

; A et
Lsuperzeny“ - 47, XXX T
Aneuploidie v gametach ¥

2) Mutace - geny ovlivnujici srazeni krve
MTHFR (1p36.3)
Leidenska mutace (F5 - 1g23),
G20210A v genu pro trombin
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Genetické priciny neplodnosti u muzu

Chromozomové aberace

« Klinefelteruv syndrom - 47, XXY

o Muzi - 47, XYY

e Strukturni abnormality chr. Y
delece v (Yp)(11.3) - SRY - porucha vyvoje pohl. Ustorji
delece Yq11 - AZF - azoosperima factor
= porucha vyvoje spermii

« Translokace autozomdu, Y/A, Robertsonské translokace
- centromericka fUze akrocentrickych chromozoma (13-15, 21, 22)

« Aneuploidie v gametach (X,Y, 21, 13,18)

Genové mutace
Cysticka fibroza - mutace DF508 v CFTR1, 97% muzu neplodnych




Asistovana reprodukce (ART)

Asistovana reprodukce je oznaceni pro leékarske postupy a metody, pfi
kterych dochazi k manipulaci se zarodeCnymi bunkami nebo s embryi,
vCetne jejich uchovavani, a to za ucelem léCby neplodnosti zeny nebo
muze

Komplexni proces je dnes vétsinou zalozen na technikach in vitro
fertilizace

Kromé paru s diagndzou vyuzivaji i pary s normalni fertilitou, ale riziko
prenosu genetické vady nebo patologicych markeru

Specializovana centra - kliniky, sanatoria




Historie IVF

« 17st- van Graaf - Graafovy folikuly, van Leeuwenhoek - pozorovani savcich spermii
« 19st - prvni vedécké prace o oplozeni in vitro na zviratech
- Schenk (1878), W. Heape — porod 6 krali€¢ich mladat po vitro oplozeni (1890).
» 1944 — Rock, Menkin — oplozeni lidského oocytu in vitro
e 1951 — Austin, Chang - pro oplozovaci schopnost spermie je nezbytny jeji
- pfedchozi pobyt v genitalnim traktu samice (kapaciatce spermii)

e 2. pol 20st — Cambridge University - R.G. Edwards
- popis zrani oocytu a oplozeni in vitro, moznost kultivace embryi

« 1971 — Steptoe, Purdy: Nature — moznost in vitro kultivace
lidskych embryi do stadia blasystocysty

« 70. léta — vylepsSeni kultivarcnich médii, laparoskopicych
technik, kryokonzervace

» 1978 — Lancet — klinické aplikace oplozeni in vitro - L. Brownova

e 2010 - R.G. Edwards - Nobelova cena za embryologii
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25.7. 1978

Prvni dité na svété
pocaté metodou in
vitro se narodilo
tricetileté Anglicance
Lesley Brownové. Slo
o hol€icku jménem
Louisa.

Historie IVF

29. 10. 1984

Prvni dité v Ceské republice Porod prvnich
narozené po poceti in vitro. Stalo dvojcat ze

se tak na gynekologicko-

zkumavky v CR

porodnické klinice FN v Brné, ktera

je dodnes jednim

z nejvwyznamnéjsSich center
asistované reprodukce ve stredni

Evrope.

3

MDr'. J. Tesdr'ik

Prvni
tehotenstvi po
pouziti PGD
vCR

Vv casne dobe

se rodi v CR ,ze zkumavky",
tedy po metodach
asistované reprodukce
(AR), kolem 2 % déti ze
véech, coZ je témér 2000
rocné. Ve sveté pocet takto
narozenych déti jiz
prekroéil milion.

Prof. P. Travnik
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IVF Kliniky

Hadecka
planinka

42

L'ART-Gynecology,
=’ |aboratory Assisted...
' =]
Hvezdarna a
planetarium Brno

/ UNICA Brno  (®) Fakultninemocnice

&7 Brno - Porodnice
Brno
IVF clinic ReproGenesis
Reprofit
International Brno

 42]
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IVF Kliniky

V CR v souéasné dobé 41 registrovanych IVF center (6x Brno, 8x
Praha)

Specializovana centra asistované reprodukce (gynekologie,

porodnictvi, reprodukcni medicina, genetika, biochemie)

Vetsinou soukroma centra x spoluprace s akademickym a

zdravotnickym sektorem

2016 — 17998 IVF cyklu, 52% hrazeno ZP

Specializace na zahranicni klientela - ,,reprodukéni turistiska“




Co obnasi IVF

In Vitro Fertilization

4
@

from ovary

eggs retrieved |

€99 production
stimulated by
hormone
therapy

fertilized
eggs
introduced
INto uterus

&
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Metody asistovaneé reprodukce

Intrauterinni inseminace (1Ul)

= zkoncentrované procisténé spermie se zavadeji specialnim katetrem do
dutiny delozn1 v obdob1 ovulace

In vitro fertilizace (IVF)

= klasicka metoda mimotélniho oplodnénti,
pri které jsou spermie kultivovany s
oocyty in vitro.

ICSI - intracytoplasmaticka injekce spermii
skrz obal (zona pellucida) do vajicka

PICSI - zdokonalena ICSI

umoznuje vybrat a vpravit do oocytu pouze
zralou spermii pres vazbu na oocytarni
komplex (hyaluronan)



irurgicka aspirace spermii

Table 2 - Sperm retrieval techniques, acronyms and indications.

Technique

Acronym Indications
Percutaneous epididymal sperm aspiration

PESA Obstructive azoospermia

Microsurgical epididymal sperm aspiration MESA

Obstructive azoospermia
Open epididymal fine-needle aspiration

ND Obstructive azoospermia

Percutaneous testicular sperm aspiration; percutaneous testicular fine-needle aspiration TESA; TEFNA, Obstructive azoospermia;

Failed epididymal retrieval in OA cases;
Epididymal agenesis in CAVD cases;
Favorable testicular histopathology' in NOA cases;
Previous successful TESA/TEFNA attempt in NOA cases

Testicular sperm extraction (single or multiple biopsies)

Obstructive azoospermia;
Failed epididymal retrieval in OA cases;
Failed TESA/TEFNA in OA cases;
MNon-obstructive azoospermia
Single seminiferous tubule biopsy

Obstructive azoospermia;
Failed epididymal retrieval in OA cases;
Failed TESA/TEFNA in OA cases;

Non-obstructive azoospermia
Microsurgical testicular sperm extraction

Micro-TESE

MNeon-obstructive azoospermia
OA: obstructive azoospermia; NOA: non-obstructive azoospermia. CAVD: congenital absence of the vas deferens. ND: not defined.
Hypospermatogenesis.

Figure 6 - Microsurgical epididymal sperm aspiration (MESA).
After exposure of the testis and epididymis, a dilated epididymal
tubule is dissected and opened. The fluid is aspirated, diluted
with sperm medium and sent to the laboratory for examination
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Hormonalni stimulace - zisk oocytu

Minimal stimulation

Gn' Gn'+CC (100 mg)
w

Antagonist protocol

Gn' Gn'+Cetorelix (0.25 mg)

Agonist long protocol

Triptorelin (0.1 mg)+

Triptorelin (0.1 mg) Gonadotropin (Gn)'

Oocytes
retrieval (post
36 hours)

HCG (post 14"
day or when =2
follicles =18 mm)

>

'Gn dose varies among patients

GnRH - gonadorelin, hormon uvolnujici gonadotropin
CC - clomiphene citrate, synteticky estrogen, podpora ovulace

&
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IVF cyklus

Cleavage

l I
2-celled 4-celled  8-celled

Fusion of egg
and sperm
pronuclei

Blastocyst

Implanted
blastocyst




IVF cyklus

o pri IVF cyklu ziskame obvykle néekolik embryi...
o idealni je provest transfer jednoho embrya

e ale kterého...a jak ho vybereme...??? ..morfologie ?




Genetické abnormality

Around 70 percent of embryos in older patients are chromosomally abnormal

Pre- 1mplantat10n genetic dlagn031s for

aneuplmdy is ‘living up to its promise’

User-friendliness steers
developments at Organon

« velka cast embryi bez ohledu na vék matky je aneuploidni (54 % ve
veéku pod 35 let, 82 % ve véku 40 let a vice)

Duvod = poruchy meiozy




Zavislost véku matky na uspéesnosti
implantace embryi

Implantation

e

20 25 30 35 40 Maternalage

D. Wells, ESHG Paris, 2013
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Chromozomoveé aberace u embryi

« Klasicky model
~ 90 % aneuploidii vznika v prubéhu meiézy | u Zen

Hyperhaploid Mormal

gametes
:: gametes
(n=24) | (n=23)

M

Hyperhaploid
gamete

Hypohaploid in=24)
gametes
{n=22) Hypohaploid

MI non-disjunction MIl non-disjunction gamete

in=22)




d Genet. 2011 Juli48(7 14337, doi 10.1138/mg.2010.088070. Epub 2011 May 28.

Array comparative genomic hybridisation on first polar bodies suggests that non-disjunction is not the
predominant mechanism leading to aneuploidy in humans.

Gabriel AS, Thornhill AR, Ottolini ©F, Gord
School of Biozciences

an A Brown AP, TaylorJ, Bennett K, Handyside
, Univerzity of Kent, Canterbury CT2 THJ, UK.

A, Griffin DKL

WULYLE aL IVICLapIiigac 1

e

Predcasné rozdéleni sesterskych

chromatid v MI
je vice nez desetkrat Eastéj§i
pricinou vzniku aneuploidie, nez
klasicka nondisjunkce |

7 | /

Oocyte at Anaphase | following non- Oocyte at Anaphase | following precocious separation of
disjunction (smaller chromosome) sister chromatid (smaller chromosome)

‘ Gabriel A S et al. J Med Genet 2011;48:433-437
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(2-43107-18. doi: 10.1158/0003235301. Epub 2011 Jan 28.

Chromosome bnnrmalltles in the human oocyte.
Fragouli E, Wells D, Delhanty 0.

Inztitute of Reproductive Sciences, Nuffisld Department of Obatetricz and Gynascology, University of Oxford, Oxford, UK. slpida. fragouli@obe-gyn.ox.ac.uk

Hyperhaploid ococyte

1st polar body

Diakinesis

Hypohaploid oocyte
(n=224+%)
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Genetické analyzy pouzivané u IVF

1. PREIMPLANTACNI GENETICKA DIAGNOSTIKA

monogenni choroby
volba pohlavi u X-vazanych chorob

vrozene strukturni abnormality (Robertsonské translokace,
balancované translokace)

1. PREIMPLANTACNI GENETICKY SCREENING

detekce nejcastejsich vrozenych pocetnich chromozomovych
aberaci - aneuploidii

PREIMPLANTACNI GENETICKA ANALYZA
(PGA)




a) Molekularni cytogenetika (I-FISH)
« aneuploidie, translokace, mikrodelecni syndromy aj

b) PCR - monogenni choroby
« specifické mutace - CF, thalasemie, srpkovita
anémie, hemofilie, DMD.....

« array-CGH (DNA cipy) - pocetni i strukturni CHA
e SNP &ipy - KARYOMAPPING

e« Exomové sekvenovani - validacni studie




Genetické analyzy pouzivané u IVF

1. PREIMPLANTACNI GENETICKA DIAGNOSTIKA

monogenni choroby
volba pohlavi u X-vazanych chorob

vrozene strukturni abnormality (Robertsonské translokace,
balancované translokace)

1. PREIMPLANTACNI GENETICKY SCREENING

detekce nejcastejsich vrozenych pocetnich chromozomovych
aberaci - aneuploidii

PREIMPLANTACNI GENETICKA ANALYZA
(PGA)




PGA - vstupni biologicky material

XY

Oplozeni in vitro Biopsie embrya

Polarni télisko Blastomera (3. den)




Biopsie embryi - rozdily mezi 3. a 5.
dennim odbérem

Biopsie embrya 3. den
(blastomery)

« analyza 1 - 2 bunék

e 30 - 60 % ztrata implantacniho
potencialu

o vysSi riziko mozaicismu

e Casova tisen (24 hod)

Biopsie embrya 5.- 6. den
(blastocysta)

« analyza 5 - 10 bunék

« mensi riziko mozaicismu

e moznost vitrifikace embryi po
odbéru - dostatek casu pro vysetreni
« ne vsechna embrya dosahnou stadia
blastocysty




Chromozomove abnormality u embryi

Pocetni chromozomoveé aberace (aneuploidie)
* jsou nejcastejsi genetickou zménou u lidskych embryi

« aneuploidie se casto vyskytuji i u morfologicky normalné se vyvijejicich
embryl' (A. Mertzanidou, 2013)

* snizuji uspésnost metod asistované reprodukce

Strukturni chromozomove aberace
« postzygotické mitotické poruchy jsou u embryi velmi casté

e azu 70 %embryi byla pomoci SNP ¢ipu prokazana chromozomova
nestabilita - duplikace, amplifikace, delece, UPD (vanneste et al., 2009)

SCREEINING POUHYCH ANEUPLOIDII U RANYCH
EMBRYI NESTACI!

I\~




Preimplantacni geneticky screening/diagnostika

PGD Timeline

T — PCR -PGD for Fresh ET

Implementation of aCGH- PGD
the FISH into the CGH- PGD
cytogenetics .

First aCGH-delivery

SNP-
array

PGD
First PCR - PGD

Implementation of the CGH
into the cytogenetics First delivery

o arrayCGH reported f
i o I IR A, e 0, s MR Do

L e . i >y




Preimplantacni geneticky screening/diagnostika
pomoci techniky I-FISH

Screening - AneuVysion Vysis MultiVysion Probe Panel
(13,18,21,X,Y,16,22)

SpectrumGreen 21

> SpectrumGold Y
e g SpectrumAqua 18

Vice chromozomu na jedné bunce - opakovana FISH (FISH -
zhodnoceni, odmyti, nova FISH - zhodnoceni)




Ukazka screeningu -detekce aneuploidii
pro ucely PGD

aaaaaaaaaaa tavené embryo
070601/2

v — X

«~18 : 7

L]

BLASTOMERA 300901/17
pozice 16
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PGD - detekce Robertsonovskych
translokaci metafaze - FISH (rodic)

t(13:14)

'



PGD - detekce Robertsonovskych translokaci
interfaze - nadbytecny nebo chybéjici signal

(vybér blastomer s balancovanou translokaci nebo normalni
sestavou chromozomu)

13
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Preimplantation genetic screening: a
systematic review and meta-analysis

of RCTs

S. Mastenbroek’, M. Twisk, F.van der Veen, and S. Repping

Center for Reproductive Medicine, Acdemic Medical Center, University of Amsterdam, Meibergdreef 9, 1105 AZ, Amsterdam,
The Metherands

Correspondence address. Tel: 43 1-20-5663090; E-mail: s.mastenbroeki@amc.uvanl

Submitted on December 31, 2009, resubmitted on fanuary [0, 200 [; gecepted on January 31, 200 |

BACKGROUND: Preimplantation genetic screening (PGS) has increasingly been used in the past decade. Here we present a systematic
review and meta-analysis of RCTs on the effect of PGS on the probability of live birth after IVF.

METHO DS: PubMed and trial registers were searched for RCTs on PGS, Trials were assessed following predetermined quality criteria. The
primary outcome was live birth rate per woman, secondary outcomes were ongoing pregnancy rate, miscarriage rate, multiple pregnancy rate
and pregnancy outcome.

RESULTS: Nine RCTs comparing IVF with and without PGS were included in our meta-analysis. Fluorescence in situ hybridization was used
in all trials and cleavage stage biopsy was used in all but one tral. PGS significantly lowered live birth rate after IVF for women of advanced
maternal age (risk difference: — 0.08; 95% confidence interval: —0. 13 to —0.03). For a live birth rate of 26% after [VF without PGS, the rate
would be between |3 and 23% using PGS. Trials where PGS was offered to women with a good prognosis and to women with repeated

implantation faillure suggested similar outcomes.

CONCLUSIONS: There is no evidence of a beneficial effect of PGS as currently applied on the live birth rate after IVF. On the contrary, for
women of advanced matemal age PGS significantly lowers the live birth rate. Technical drawbacks and chromosomal mosaicism underlie this

inefficacy of PGS. Mew approaches in the application of PGS should be evaluated carefully before their introduction into clinical practice.

PGS pomoci I-FISH nezlepsuje uspésnost IVF.....pI'OE?
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Problémy PGA |

 vysetreni 1 bunky - moznost diagnostického
omylu ?




Problémy PGA I

EMBRYA:

« normalni (vsechny bunky diploidni)

Jedna bunka nemusi
reprezentovat celé embryo !!!

« mozaika (diploidni + aneuploidni bunky)

« abnormalni (vsechny bunky
abnormalni)

« chaotické (kazda bunka obsahuje
jiny pocet chromozomu)




Problémy PGA Il - strukturni CHA

\ Full text acce: * vided to Masaryk University, Faculty of Science
by Central Library
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erken ™ / Nestaci vysetrit

T \ aneuploidie !
e e Celogenomové
AEOGRE  uida vysetfeni !
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Il m n o p q im n D E F

e U embryi se vyskytuji téz strukturni aberace (delece, duplikace,

UPD atd...) ...postygotické mitotické poruchy mitozy jsou €¢etnéjsi
nez meiotické...
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Vyuziti celogenomovych
screeningovych technik v PGA

« |zolace 1 - nekolika bunék + celogenomova amplifikace

e Vyuziti mikroCipovych technik array-CGH, SNP Cipy

« Moznost vysetrit cely genom - nutno v kratkém casovem
intervalu (24 h) X zamrazena embrya (vitrifikace)
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Review:
Whole genome amplification in preimplantation genetic diagnosis

Ying-ming ZHENG. Ning WANG, Lei LI, Fan JIN™
{Deprarrment gf Reproducive Endocrimolagy, Women s Hogpimal, School of Medicme, Zhejfang Univerzity. Hangzhow 310004, Ching)
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Human Reproduction, Vol.25, No.4 pp. 1066-1075, 2010
Advanced Access publication on January 24, 2010  doi:10.1093/humrep/dep452
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reproduction Reproductive genetics

Preclinical validation of a microarray
method for full molecular karyotyping
of blastomeres in a 24-h protocol

D.S. Johnson"®, G. Gemelos', ). Baner"?, A. Ryan', C. Cinnioglu',
M. Banjevic', R. Ross?, M. Alper, B. Barrett?, J. Frederick®,
D. Potter"5, B. Behr®, and M. Rabinowitz"’

Gene Security Network, Inc., 2686 Middlefield Road, Suite C, Redwood City, CA 94063, USA “Genome Technology Center, Stanford

University, 318 Campus Drive, Stanford, CA 94305, USA *LaJolla IVF, 9850 Genesee Avenue No. 610, L , CA 92037, USA *Bost

130 Second Avenue, Waltham, MA 0245 |, USA *Huntington Reproductive Center, 23961 Calle d alena, Suite 503, Laguna Hills, CA
92653, USA *Obstetrics and Gynecology, Stanford University Medical Center, 900 Welch Road, Palo Alto, CA 94304, USA 'School of

Engineering, Aeronautics and Astronautics, Stanford University, Stanford, CA 94305, USA
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Amplifikace DNA - klicovy krok PGA

15 min

5 min 5 min 5 min Hands-On o .
s > o
ONE TWO THREE Time Polymerizatio )

Add Enzyme Extraction Add Pre-Amplification Add Amplification —— ——— 3
Master Mix Master Mix Master Mix s

Ph: 29
Debranching

b ¢ L
Single Cell Amplified Library x :

o — —> —>  Analysis glt‘!iblz'gnching

a— Y i @m‘gﬂ“
_ &% LT

Pobmerizotion

Genomové metody — potfeba ug DNA, = 106bunek, aspirat trofoekrodermu
20 bunék = pg DNA, nutnost amplifikace DNA




Metodika screeningovych technik u PGD

Array-cgh workflow

(

L
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Apply to Microarray
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BAC array CGH-za 12 hodin

Aneuploidie i strukturni zmeény (delece, duplikace) v celém genomu
Rozliseni ~ 5 Mbp

Ana.pioidy 12 Known 10 FORAsewin matarnsl age and s 2 <t #y appicatins cowrng pre-mplartian, cnstiutanal and cancer
homashgy wnoestoed 10 56 & meo o 2ame workiow and &8 sUPROAS by & COMTCN Satwara
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Oligo array-CGH pro PGD

Agilent Technologies

1. Agilent SurePrint Mikrocipy

« 8x60k mikrocCipy

 Rozliseni az 1 Mbp,. 2 - 5 Mbp
standard

2. High Resolution Scanner
« Rozliseni 10- 2 mm
» AZ 48 microarrays / cyklus
* 15 min / 1 array (60k array)

3. Agilent Genomic Workbench
 Kritéria pro analyzu
» Vizualizace dat
« Tvorba protokoll, sprava dat

FN BRNO




Preimplantacni geneticka analyza pomoci
high-resolution array-CGH

Material: buniky z trofoektodermu 5-dennich embryi
Amplifikaéni protokol: PicoPLEX WGA Kit (Rubicon Genomics, USA)

Microarrays: 8x15K - CytoSure™Single Cell Aneuploidy Array, OGT UK

8x60K - Agilent SurePrint G3 Oligo CGH Microarray

Software: CytoSure Interpret Software, Genomic Workbench

Kontrola: hodnoceni 4 zaskoleni pracovnici




Porovnani profilu chromozomu 19 u na
platforme Agilent a OGT

Agilent 8x60k OGT 8x15

92424137 _S01_CytoGH_0207_Febl3 2 2 { 2538093 10057_S01_CytoCGH_0207_Febl3 2 2

Vyssi falesna pozitivita 15k platformy, nejcastéji chr. 11, 16 a 19




Porovnani profilu chromozomu 22 na
platforme Agilent a OGT

S Agilent 8x60k —————— OGT 8x15

Vyssi hustota 60k microarrays dava robustnéjsi vysledky v porovnani s 15k




Mozaicismus a verifikace vysledku u PGA

Plot Setling: Devyser Completev2 %[ Panesft v BB W GEaa) | ()
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Preimplantacni geneticka analyza pomoci high-
resolution array-CGH

Thanks to WGA... Story of 400 Embryos

Preimplantation genetic analysis

Cligonucleotide DNA microarrays platforms:

CytoSure Single Cell Anevploidy Array  8x 15K (OGT) [resowsion: z30kn) n=222
SurePrint G3 Human CGH Microarray Kit  8x40K (Agilent) (rezcwrion: 2100) n=178

Analysis success: 90% (400,/442) n=400

ABNORMAL

n=1238 7%

>

STRUCTURAL CNVs
NORMAL" AMNEUFLOIDIES
n=2462

Pregnancy Rate (PR):

>

Clinical Pregnancy Rate (cPR)

Mikuldsovd A. et al, SLG konference 2014, Praha
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Biol Reprod. 2012 Dec 27.87(6):145. doi: 10.109%/biclreprod.112.103192. Print 2012 Jun.

DNA microarray reveals that high proportions of human blastocysts from women of
advanced maternal age are aneuploid and mosaic.

LiuJ, Wang W, Sun X, Liu L, Jin H, Li M, Witz C, Williams D, Griffith J, Skorupski J, Haddad G, Gill J.

Key Laboratory of Major Obstetrics Diseases of Guangdong Province, Guangzhou Medical College, Guangdong, China.

Hum Reprod. 2013 Jan;28(1):256-64. doi: 10.1093/humrep/des362. Epub 2012 Oct 9.
Microarray analysis reveals abnormal chromosomal complements in over 70% of 14
normally developing human embryos.

Mertzanidou A, Wiltion L, Cheng J, Spits C, Vannesie E, Moreau Y, Vermeesch JR, Sermon K.

Faculty of Medicine and Pharmacy, Research Group Reproduction & Genetics, Vrije Universiteit Brussel, 1090 Brussels, Belgium.

Human Reproduction, Vol.26, No.4 pp. 941-949, 2011

Advanced Access publicaton on February 2, 2011 doi: 101093 Yhumrep/derDl4

human Reproductive genetics
reproduction £e

PGD for a complex chromosomal
rearrangement by array comparative
genomic hybridization

E. Vanneste 'Z, C. Melotte !, T. Voet!, C. Robberecht!, S. Debrock?,
A. Pexsters3, C. Staessen?, C. TomassettiZ, E. Legius!, T. D’Hooghe?
and J.R. Yermeesch '*




Karyomapping - SNP profilovani

SNP profilovani rodici + embryi = komplexni pohled, monogenni
choroby + detekce aneuploii

Karyomapping: comprehensive linkage-based PGD
(harnessing the power of ~280,000 genome-wide SNPs

Father (Carrier) Mother (Carrier)

Embryo 1
Unaffected

lumina




Karyomapping - SNP profilovani

Chr 11 (0 - 135,007 kb)
e R

Karyomapping combines
genome wide linkage based
detection of single gene defects
(A) with chromosomal
aneuploidy including monosomy/
deletions (B) and trisomies
involving inheritance of two
different meiotic chromosomes
from one parent (D).
Chromosome duplication is not

Chr 11p15.4 (3,047 - 7,451 kb) detected (C).
pIST

HBB
Chr 4p16.3-p16.2 (876 ~ 5,446 kb)

Embryo 1
cell 1




Technologie masivniho paralelniho sekvenovani

Next-generation DNA sequencing

Sanger sequencing

DNA fragmentation

In vivo cloning and amplification

@@

Cyck- soquencing
YWETGA &

premer
croaTC 7
TGATCT 7
( -.A'z"A,
GATCTAT 7
{ WCTATG ,
( WICTAIGC 7
TCTAIGCY 7

CTGATCTATGCTC ~
CTGATCTATGCT (‘."

temglate) '|

Next-generation sequencing

DNA fragmentation
==

[—]
ow—

Advantages:

DN
=

In vitro adaptor ligation

- Construction of a sequencing
library = clonal amplification to
generate sequencing features

“ No in vivo cloning,
transformation, colony picking...

- Array-based sequencing

~ Higher degree of parallelism
than capillary-based sequencing

Cyclic array sequencing
(»10% readwarray)

00
09,
<




Technologie masivniho paralelniho
sekvenovani (NGS) v IVF

« NGS technologie se pomalu zacinaji prosazovat i v ramci PGS

« Zpracovani vétsiho mnozstvi vzorku v jednom experimentu v
porovnavani s mikorcip. technikami

V soucasné dobé pouzivany na velkych IVF klinikach hlavné pro
screening aneuploidii x moznosti komplexniho pohledu (ploidie,
strukturni zmény, mutace)

«Nejcastéji forma uzavrenych systému - Illumina, lon Torrent, nebo
forma pripravy knihoven (napr Agilent, Roche apod)




VeriSeq PGS (Illumina)

SEQUENCING BY SYNTHESIS

Most new sequencing t nulate aspects of natural ONA synthesis toidentify the b strand o AMPLIFICATION
interesteither by ‘ba oth approaches depend on repeated cycles of chemical
reactions, but the technol sts and increase speed by miniaturizing equipment to reduce the

« Sekvence syntézou

« Detekce aneuploidii za 12 hod
o Az 24 vzorku, rozliseni 16 Mbp

amount of chemicals us p 1 of DNA fragments simultaneously (opposite page).

BASE EXTENSION

Asingle-stranded DNA fragment, known as the template, is
anchored to a surfacowith the starting point of acomplementary
strand, fa\\ndthppumudu @dtoone ofits ends (). When
[dNTFsI and polymerase are
g\umenuru m(hpmmpmum\l
and dNTPs
uorescent tag
va.eshnq!hwdwmuul(hsne lyincorporated nucleotide (c). Its
luor then stripped away, and the process startsanew.

Laserlight

E
\ =

c

Purophosphate dotection uses

iibase
hate moleculeis
releasedwhen abaseis added tothe
complementary strand, causing a
chemical reaction with a luminescent
proteinthatproducesa flash of ight

LIGATION

ingle-stranded template 1o
dosignate the beginning of an unknown sequence (a]. Short,
tly labeled *query primers® are createdwith degenerate
ept for one nucleotide at the query position bearing one of the
urbase typos (b). Tho enzymelgaseains ono o the quory primers
tothe anchor primer, following base. mm"mwmm:lvmhpba
the query position in the template strand (c). The anchor-query
pnmel\nmp[pxlslh«nsmppvdAiﬂu:‘ndvhgpvme‘-s ropeated for
adifferent position inthe template.

Anchor primer

Template

Fluorescent
wor nnnn@nnnn

nnnnfnnnn
nnnnGnnnn

nnnnAnnnn

Ligase.

Query position

e-extonsion or bgaianroa
oftho sametamplats mrendsimultane cusky. CalLfreemechode (0 and
making these copies involve PCR on a miniaturized scale.

fonies AfterPCR
Template |

-

Polony cluster

@ Palonles—polmerase colonles-—created directlyonthe sufacoofa
or gel each contain a primer, whicha template dand bind
within each polony produces a cluste ntaining mmmn,mmmpmw

After PCR

%
5
lets containing polymerase within
an oil emulsion can serve as tiny PCR Bead polony
chambers to produce bead polonies
atemplate fragmentattachedto,
Oifemlsion
uces
template, allattached to

MULTIPLEXING

Sequencing housandsr millonsof emplateragments nparalll maxinizos

eed. A single-molecule base-extension system using fluorescent.signal
dotaction forexample, places hundreds of millions of different template
s ona e srs (e ow I Aratharmathod ko il rl i
bead polonieson a gel surface for simultaneous sequencing by ligation
with fluorescencesignals, shown inthe image at right bolow, w
0.01 percent of the toal iido area

Single-molecule array Beadpolonies

8\
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VeriSeq PGS (lllumina)

BlueFuse analyticky SW

UNCATIZAL SCTWALE FELEAZ - Jis - Asulds ASTIB 500K72T -Nstoeq ¢

L Km/X B YIS €

- MRt A_'i‘l-\nAASMM—&ﬁ PR ﬁh’““‘ :i &
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1

nu o lum lm 1 n.u.

i i wm L Ty
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BlueFuse software provides a complete solution for analyzing, storing, and reporting VeriSeq results. A. Sample database shows experimental information. B. Profiles
for the sample (top) and DecisionTrack information (bottom). C. Karyotype chart for whole-genome view (top) and region view with the opportunity to annotate

(bottom). D. Reports per embryo or per cycle (embryo report shown).




lon Torrent Aneuploidy Analysis
(Life Tech Inc.)

incorporates - Hydrogen ion
into DNA is released

CONSTRUCT PREPARE RUN ANALYZE
LIBRARY TEMPLATE SEQUENCE DATA

&
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lon Torrent Aneuploidy Analysis

e Protokol do 24 hodin

o Rozliseni ~ 10 Mbp

« Cena 70S / embryo pri 32 spolecné
analyze 32 embryi
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NGS u PGD

e Technologie budoucnosti

e Rutinnimu vyuziti zatim brani cenové naklady a
algoritmus v laboratorich (3 vs. 5 denni embrya,
technologie vitrifikace apod.)

« Vyvoj - detekce na exomoveé urovni - ,,all in“
= CHA, mutace pro monogeni choroby

« V soucasné dobeée probihaji validacni studie




NGS u PGD

Agilent OneSeq Target Enrichment

Detekce CNAs, LOH a mutaci v ramci jednoho experimentu

OCOOCOO O O O OO O OO0 O O OO
I I | R I —
Genomic SNP  ClinGen disease SNP SNP ClinGen disease SNP

backbone associated region associated region

Figure 1. Bait design schema used for OneSeq target enrichment.

Knihovna: 60 Mbp / vzorek: 300 kbp rozliseni, LOH oblasti od 5 Mp, exomovy
panel klinicky vyznamnych mutaci
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Fertil Steril. 2013 Apl 377-1384.e6. doi: 10.101

Evaluation of targeted next-generation sequencing-based preimplantation genetic diagnosis of monogenic

disease.
Treff NR', Fedick A, Tao X, De

a B, Tavlor D, Scott RT Jr.

+ Author information

Abstract
OBJECTIVE: To investigate the applicability

.fertnstert. 2012.12.018. Epub 2013 Jan 8

f next-generation sequencing (NGS) to preimplantation genetic diagnesis (PGD); to evaluate

NGS u PGD

Send to: c PGS results for a chaotic embryo
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semiconductor-based NGS for genetic analysis of human embryos.

DESIGN: Blinded

SETTING: Academic center for reproductive medicine

PATIENT(S): Six couples at risk of transmitting single-gene discrders to their offspring.

INTERVENTION(S): None.

MAIN OUTCOME MEASURE(S): Embryeonic genctype consistency of NGS with two independent conventional methods of PGD.

RESULT(S): NGS provided 100% equivalent PGD diagnoses of compound peint mutations and small deletions and insertions compared with both
reference laboratory- and internally developed quantitative polymerase chain reaction (QPCR)-based analyses. Furthermore, NGS single-gene
disorder screening could be performed in parallel with qPCR-based comprehensive chromosome screening.

CONCLUSION(S): NGS can provide blastocyst PGD results with a high level of consistency with established methodologies. This study and its design

could serve as a model for further development of this important and emerging technology.

- . . A A Display Settings: [~ Abstract
Copyright @ 2013 American Society for Reproductive Medicine. Published by Elsevier Inc. All rights reserved.

Eertil Steril. 2014 May;101(5):1375-82. doi: 10.1016/.fertnstert.2014.01.05

screening of embryos.

E w @ 0 A 2 9

Chromosomal Position

Epub 2014 Mar 6.

2, Spizzichino L2, Cotroneo E2, Cottone G2, Kokocinski F3, Michel CE®.

+ Author information

e R— FPE v S
™l b it o e A A el s nat Abstract
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T applicability to preimplantation genetic screening (PGS)
DESIGN: Retrospective blinded study
SETTING: Reference laboratory.

INTERVENTION(S): Nane

array-CGH diagnoses of single blastomeres

specificity for aneuploid embryo call (2
97.39%-100%)

screening on single cells. Given the high level of consistency

precision

PATIENT(S): Karyotypically defined chromosomally abnormal single cells and whole-genome amplificatior
array comparative genomic hybridization (array-CGH), selected from 68 clinical PGS cycles with embryos biopsied at cleavage stage.

-100%) with a sensitivity of 100% (9

Send to:

Development and validation of a next-generation sequencing-based protocol for 24-chromosome aneuploidy

OBJECTIVE: To validate a next-generation sequencing (NGS)-based methed for 24-chromosome aneuploidy screening and to investigate its

WGA) products, previously analyzed by

MAIN OUTCOME MEA SURE(S): Censistency of NGS-based diagnosis of aneuploidy compared with either conventional karyotyping of single cells or

RESULT(S): Eighteen single cells and 190 WGA products from single blastomeres, were blindly evaluated with the NGS-based protecol. In total
4,992 chromosomes were assessed, 402 of which carried a copy number imbalance. NGS specificity for aneuplo
copy number assignment) was 99.98% (95% confidence interval [CI] 99.88
chromosome diagnosis consistency) was 100% (95% CI 94.59%-100%

(consistency of chromosome
00%). NGS
ity of 100% (95% ClI

with a sensitiy

CONCLUSION(S): This is the first study reporting extensive preclinical validation and accuracy assessment of NGS-based comprehensive aneuploidy
th an established methodology, such as array-CGH, NGS has demonstrated a robust
high-throughput methodology ready for clinical application in reproductive medicine, with potential advantages of reduced costs and enhanced

Copyright @ 2014 American Scciety for Reproductive Medicine. Published by Elsevier Inc. All rights reserved
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Different countries, different rules

Legislativa a IVF

PROSPECTIVE
PARENTS NATIONAL HEALTH

INSURANCE COVERAGE
®D QO Q R

National regulations by statute

BELGIUM

FRANCE

GREAT BRITAIN

ISRAEL

ITALY

NETHERLANDS

AUSTRIA

RUSSIA

SPAIN

SWEDEN

TURKEY

full coverage

full coverage
partial coverage
full coverage
partial coverage
partial coverage
partial coverage
no coverage
partial coverage
full coverage

partial coverage

National regulations by guidefines CD

CHINA
INDIA
JAPAN

USA

http://www.pharmaceutical-int.com/article/co2-incubator-fo

@ w Q No coverage

a no coverage
@I QX

no info available

no coverage
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SPERM
DONATION

for IVF*

ovum
DONATION

for IVF

ICSi**
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PGD a embryotransfer
PGD

 CR: povolena Némecko, Svycarsko: nepovolena
Embryotransfer (ET):

« CR: max 1 embryo, USA 2-5, nékteré zemé
neomezeno,

« Vyssi pocet embryi - nizsi porodni vaha, nezralost,
zvys. pece, socialni problémy
Kryokonzervace: CR povolena
po IVF riziko SA 5%, vicecetné gravidity SA 50%
Fetoredukce: nad 3 plody v CR povolena
Nahradni matka: v CR nepovoleno zakonem, biolog.

matka




Etické aspekty

« Pokrok technologii asistované reprodukce a
prenatalni a preimplantacni diagnostiky
vyzaduje upravu etickych a pravnich
norem, ktere by branily jejich zneuziti a
umoznili naopak jejich vyuziti v prevenci

« Zabranéni neoduvodnénym genetickym
manipulacim....volba pohlavi ?




Po PGD...

Po provedeni PGD by mely byt vysledky
konzultovany s klinickym genetikem

+

Mela by byt provedena kontrola pomoci
prenatalni geneticke diagnostiky




Rozhodnuti vzdy prislusi rodine.







