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Program prednasky:

= neplodnost a jeiji priciny
= |ékarsky asistovana reprodukce
v historicky vyvoj
v zakladni rozdeleni a prehled metod
v IVF a jeji modifikace
= in vitro fertilizace
v Historicky vyvoj
v Standardni priibéh a modifikace IVF
= klonovani ¢loveka

v Klonovani pro vyzkumneé ucely / terapeuticke
klonovani

v Reprodukeni klonovani
= priprava umelych gamet
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NEPLODNOST
A JEJI PRICINY




NEPLODNOST

= snizena nebo chybéjici schopnost zplodit potomka
(NE kompletni neschopnost mit déti, NE sterilita)

= po uplynuti 1 roku pri nechranéném pravidelném
styku nedoslo k otehotnéni

= celosvetove statistiky WHO:
5 - 15 % pard:
neschopnost pocit dité
10 - 25 % pard:

neschopnost pocit druhé nebo dalsi dité
(tzv. sekundarni infertilita)




Kategorie neplodnosti dle WHO

Primarni neplodnost
= naprosta absence poceti i pres pravidelny
nechranény pohlavni styk po dobu jednoho roku

Sekundarni neplodnost
= | pres pravidelny nechranény pohlavni styk po dobu
jednoho roku nedoslo k zadnému novému poceti poté,
co v minulosti k oplodnéni doslo

Pravidelné spontanni potraty / kojenecka umrtnost
= umrtnost zive narozenych deti pred dosazenim
pateho roku zivota

"Neobjasnéna neplodnost"
= absence poceti zplsobena faktory jako laktace,
antikoncepce, snizena sexualni aktivita nebo

NI\

z neznamych pricin
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B Failure of ovulation
(15% of cases)

[ Pelvic disease : tubal
damage or endometriosis
(30 to 40% of cases)

. Male factor with an abnormal
semen analysis
(30 to 40% of cases)

B Unexplained infertility in
10% of cases

B 1/3 of couples : problem is

B 1/3 of couples: problem of
infertility identified only in
females.

1/3 of couples: anomalies
detected in both partners.

exclusively identified in males.




Priciny neplodnosti

= zenska neplodnost

poskozeni vejcovoddl, hormonalni poruchy (=
produkce oocytll), vrozené vyvojové vady délohy,
endometridza, genetickeé Ci imunologicke faktory
neplodnosti (rejekce spermatu), problémy s nidaci

= muzska neplodnost

nizka kvalita spermatu, autoimunitni problémy,
aktualni zdravotni stav, urogenitalni infekce,
poskozeni chamovodd, koitalni problémy

= dalsi priciny neplodnosti

vysSSi vék pri poceti, stres, uzivani drog a lékd,
kuractvi, alkoholismus, vliv zivotniho prostredi




Posun vekovych kategorii u zen (1983-2003):
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Zakladni vySetreni pri neplodnosti

zakladni gynekologicke vysetreni

rodinna, osobni a gynekologicka anamnéza, krivka
bazalnich teplot, mikroabrase endometria,
mikrobialni obraz posevni, onkologicka cytologie,
kolposkopie, pripadne rentgenove vysetreni delohy

specializované vysetreni

laboratorni hormonalni screening, vaginalni
ultrazvuk, vysetreni spermiogramu, pripadné
komplexni diagnosticka laparoskopie a
hysteroskopie, geneticke, imunologicke Ci
urologicke vysSetreni
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Get out of the

After you, Sir.

way, you stupid!
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How the gentlemen died out
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ASISTOVANA REPRODUKCE
= jakykoli medicinsky zasah, ktery napomaha
lidskému rozmnozovani

chirurgicke zakroky

farmakoterapie (napf. hormonalni lécba)

umelé oplodnéni (artificial insemination, Al)

OC

0]6

OC

néni v organismu zeny

neni ve zkumavce (/n vitro fertilization, IVF)
néni mimo organismus zeny
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Asistovana reprodukce (AR)
zahrnujici manipulace s gametami, prip. s embryi:

» umelé oplodnéni (artificial insemination, AI)
IUI, GIFT

= oplodnéni ve zkumavce (in vitro fertilization, IVF)
IVF-ET , IVF-KET , ZIFT
AH
MESA , TESE
PZD, SUZI
ICSI / PICSI, ROSNI
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AR homologni, heterologni

= umelé oplodnéni (Al)

v intrauterinni inseminace (IUI)
v intrafallopianni transfer gamet (GIFT)

= jn vitro fertilizace (IVF)

v

NN N VN NN

chirurgicky odbér spermii z nadvarlete (MESA)
nebo varlete (TESE)

subzonalni inzerce spermii (SUZI)

parcialni disekce zony pellucidy (PZD)

injekce kulatého jadra spermatidy (ROSNI)
intracytoplazmaticka injekce spermii (ICSI / PICSI)
prenos embryi po rozmrazeni (KET)
intrafallopianni transfer zygoty (ZIFT)

asistovany hatching (AH)



Intrauterinni inseminace (IUI)

Die intrauterine Insemination (1Ul)
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Intrafallopianni transfer gamet (GIFT)
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GIFT PROCEDURE

Fallopian Tube
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Historicky vyvoj metod umeélého oplodnéni - IUI

experimenty probihaly prevazné v utajeni
(zasahy do reprodukce byly povazovany za ostudne
a neprirozene)

1790 — Londyn (1866 — New York):
prvni provedeni homologni IUI
1884 — Philadelphia:

prvni provedeni heterologni IUI
(zverejnéno 1909)

1953:

prvni Uspésna IUI s vyuzitim
kryokonzervovaneho spermatu
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IN VITRO
FERTILIZACE (IVF)
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Historicky vyvoj metod IVF

» 1944 — prvni provedeni IVF s lidskymi gametami
= 1978 — narozeni prvniho ditéte pocateho metodou

IVF

= 1982 — prvni dvojcata po IVF
= 1983 — narozeno prvni dité po zamrazeni embrya
= 1985 — prvni znamy pripad nahradniho materstvi

= 1988 — poprve
genetic

= 1990 — poprve

brovedena preimplantacni
ka diagnostika

houzita metoda 1CSI

= 1997 - prvni dité ze zamrazeného oocytu



22

1978 - Louise Brown (Velka Britanie)

Ceskoslovensko: 1982 - GIFT
1983 - IVF




2010 — Nobelova cena za fyziologii a Iékarstvi:

= Sir Robert G. Edwards
"for the development of /n vitro fertilization"




Nardst vykond IVF v letech 1985-1997:

Annual number of IVF cycles in UK and N.America
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24



25
Zakladni schéma IVF
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Hormone
injected
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[ — _ Fertilization
' of eggs

Pregnant
mother

Insertion of embryo
into uterus

—=Suction
device Y

Nutrient solution

Recover eggs
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Odbér oocyttl po hyperovulaci

Die ovarielle Punktion
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IVF / ICSI
ET

Prodlouzena kultivace embryi
(5 dni)
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Asistovany hatching (AH)
» metody naruseni ZP (>15 um):

v mechanicky (mikrojehla)
v chemicky (enzymy)
v laser

Bi8120 Aplikovana bunécna biologie / 05 / 20.3.2017
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hatching (AH)

Y

Assisted Hatching

Asistovan
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Indikace k AH:

= vek pacientky nad 35 let

= opakované nedosazeni tehotenstvi po transferu
kvalitnich embryi

= zvysena hodnota FSH u pacientky
= ZzjiSténi silnéjSiho obalu embrya
» na zadost pacientky
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Indikace k ICSI:

= selhani oplozeni vajicek v predchozich cyklech
» nizka koncentrace a pohyblivost spermii

= ziskani spermii chirurgickym odbérem z varlete
nebo nadvarlete (= MESA/TESE)

= potreba provedeni preimplantacni geneticke
diagnostiky (PGD)

» na zadost pacientky

PICSI

» aplikace metody ICSI se zralymi spermiemi,
které byly selektovany pomoci vazby na
hyaluronany
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mikromanipula

Metody pro lécbu poruch pohyblivosti spermii




Transfer embryi = ET (prip. KET)

Der Embryonentransfer
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Preimplantacni / pregestacni geneticka diagnostika
(PID / PGD)

37

Metody:
= biopsie
(blastomer, blastocysty, polarniho téliska)
= geneticke testy
= eliminace embryi se specifikovanou vadou

PID se provadi obvykle v kombinaci s ICSI
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Biopsie polocytu pro ucely PID

Bi8120 Aplikovana bunécna biologie / 05 / 20.3.2017



Bi8120 Aplikovana bunécna biologie / 05 / 20.3.2017



40
Indikace k PID:

= vrozena chromozomalni aberace u néktereho z
rodicd

= vysSSi vék zeny, nebo obou rodict
» porod ditéte s vrozenou vyvojovou vadou v rodiné
= opakované spontanni potraty nejasné etiologie

= opakovana zastava vyvoje embryi na prodlouzené
kultivaci

Historicky vyvoj detekénich metod:

= cytogenetika (FISH): 13, 18, 21, X, Y

= molekularni genetika: dle indikace / diagnozy
= celogenomova analyza
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Rizika spojena s IVF

Pro zenu:

= ovarialni hyperstimulacni syndrom (OHSS),
viceCetné gravidity

» torze vajecnikll, mimodélozni gravidita,
preeklampsie, SC, psychicke problémy

» dlouhodobé riziko nadorovych onemocnéni ?2??

Pro dite:
= predcasny porod — (extrémne) nizka porodni
vaha
» riziko nadorovych onemocnéni ???
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Placenta 29 (2008) 5135-5140

Contents lists available at ScienceDirect

LACENTA
Placenta
journal homepage: www.elsevier.com/locate/placenta __ w
Follow-up of Children Born after ART
E. Basatemur, A. Sutcliffe
Adolescent and General Paediatric Unit, Institute of Child Health, University College London, 250 Euston Road, 6th Floor, London NW1 2P0, UK
ARTICLE INFO ABSTRACT
Article history: Assisted reproductive therapies (ART), namely in vitro fertilisation (IVF) and intracytoplasmic sperm

Accepted 13 August 2008 injection (ICSI), have become widely used in the treatrent of human infertility. Children conceived using

ART represent a substantial proportion of the population. Follow-up of these children is necessary in order
Keywords: to evaluate the risks of infertility treatment upon subsequently conceived offspring. In recent years there

Follow-up ) ) has been considerable work in this field. This review summarises current evidence regarding the health of
if;r'smd reproductive therapies children conceived following ART, encompassing neonatal outcomes, the risk of congenital malforma-
In vitro fertilisation tions, neurodevelopmental outcome, physical health, psychosocial well being, and the risk of cancer. The
IVE main risks for the future well being of ART children remain multiple pregnancies and low birth weight.
Intracytoplasmic sperm injection Evidence regarding the outcome of singletons bom at term following ART is generally reassuring. It is
ICS1 essential that follow-up of ART children continues as they progress through adolescence into adulthood.

© 2008 Elsevier Ltd. All rights reserved.
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Best Practice & Research Clinical Obstetrics and Gynaecology
Vol. 21, No. |, pp. 67—81, 2007 B E S

doi:10.1016/j.bpobgyn.2006.08.004
available online at http:/fwww.sciencedirect.com
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Outcomes of IVF conceptions: are they
different?

Jane Halliday™ Bsc(Hons), PhD

Associate Professor
Public Health Genetics, Murdoch Childrens Research Institute, Parkville, 3052 Victoria, Australia

Perinatal outcomes, such as preterm delivery, low birth weight and some obstetric complica-
tions, are increased significantly after in-vitro fertilization (IVF) compared with spontaneously




Pocet cykli (v tisicich)

Poéet cykla AR podle zamysleného cile, 2007-2013, CR
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Zdroy: Marodni registr asisiované reprodukce

Pozn.: IVF = mimotéini oplodnéni, KET = krycembryofranser, PGD = prenalaini geneficka diagnosika
ED = darovani oocyiu, OOR = pfijed darovanych cocyty, EMR =piijefi darovanych embryi,
Freez = zamraZen
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Podil vékovich skupin

Podil jednotlivych vékovych skupin Zen na celkovém poctu
cykla, 2007-2013, CR
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is totally in favour of IVF.

One group that
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KLONOVANI CLOVEKA
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Varianty klonovani ¢loveka (dle zamysleného cile)

Repro

dukcni klonovani (Reproductive Cloning)

= prenos embrya, vzniklého metodou SCNT, do
delohy zeny, nasledné téhotenstvi a narozeni ditéte

Terapeutické klonovani (Research Cloning)

= em
POC

bryo, vzniklé metodou SCNT, udrzovano v
minkach in vitro

. VyZ

= izolace ESCs a indukovana diferenciace (bunécna

kum (geneticka kontrola diferenciace)

V 4

terapie bez problémt s imunokompatibilitou)

Tvorba cybridl
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2001:
Jose Cibelli et al. (Advanced Cell Technology)
» 19 rekonstruovanych embryi metodou SCNT:

3 embrya schopna bunécného déleni (max. 6
bunek)

= 22 oocytl aktivovano partenogeneticky:

6 embryi se délilo az do stadia blastocysty
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Hwang WS et al.:

Evidence of a pluripotent human embryonic stem
cell line derived from a cloned blastocyst.

Science 303, 1669-1674, 2004

= ES morfologie, normalni karyotyp
= embryonalni markery

= schopnost diferenciace in vitro

= 70 pasazi in vitro

Hwang WS et al.:

Patient-specific embryonic stem cells derived from
human SCNT blastocyst.

Science 308, 1777-1783, 2005
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2005 - terapeutické klonovani cloveka povoleno
ve Velke Britanii (pro vyzkumneé ucely)

2006 - prvni uspesné provedeni SCNT na lidskych
bunkach (UK)

2008 - "hybridni" embryo (cybrid): enukleovany
oocyt zivocisSného plivodu, jadro lidské
somatické bunky)

(2003: Cina)
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22?2 2006 - Zavos and Illmense:

» 3 "rekonstruovana" lidska embrya (SCNT), z toho 1
se vyvijelo do 4bunécného stadia

» nasledna implantace do délohy prijemkyni — gravidita
se nepotvrdila

s ol 5 S Y LS 5] = .
.-Ei'{f?h f«.s af .hn.'fr.nfu;_p, .}__._4.1—7.}4: MG ‘ Tay].m- & Frandis
Copyrighe @ Taylor & Francs Group, LLC Torley & Frarschs Group

ISSN: 0148-5016 |>|'int_f1;'}‘_’1-{l'.‘-’r'?;'} online
DO L0 TOS0/014850 105005 05057

http://www.zavos.org/library/UAAN_A_150346.pdf

POSSIBLE THERAPY OF MALE INFERTILITY BY REPRODUCTIVE
CLONING: ONE CLONED HUMAN 4-CELL EMBRYO

P. M. Zavos and K. lllmensee =& Refrogen Lid., Limassol 3106, Cyprrus, and
Andrology Institute of America Lexington, Kentucky, USA
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"Holy great mother of God, I've been cloned!"
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PRIPRAVA UMELYCH GAMET




2007 - Universities of Gattingen and Munster
Medical School of Hannover

» "uméla spermie": spermatogonium pripravené
transdiferenciaci bunék kostni dfeneé nasledna
diferenciace do fenotypu spermii

= neovereno!

MAKING SPERM CELLS FROM BONE MARROW TISSUE

R

s
Gt

-

SOURCE: Newcastle Liniversity
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2009 - Karim Nayernia
= "umeéla spermie"

» neplodny muz — jadro somatické bunky —
SCNT — blastocysta — odbér hESCs —
diferenciace do fenotypu spermii

i |
ok

59




60

Stem cells are They are then cultivated in

taken from a chemical soup that turns
female donor’s them into female' sperm cells.
bone marrow.

STEM CELLS: Blank cells with the
power to turn into other cell types,
creating a ‘repair kit’ for the body.

Pioneer: NSl L The sperm cells could then

; Eg?-{ﬁsor : RSN A I be used to fertilise eggs
Nayernia RIS PRI R VG el using IVF techniques.




2015 - "Three parent babies"
= britska vlada schvalila navrh umoznujici
vytvareni embryi z DNA 3 lidi

61

Maternal Inheritance

PATERNAL MITOCHONDRIA
DESTROYED AFTER FERTILISATION

CELL DIVISION IN
DEVELOPING EMBRYO
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Method one: Embryo repair
Step 1 Step 2 Step 3

Parents’ embryo

%@ @ .
) ® @~ Unhealthy Parants’ nucleus
%ﬁ B B @ | Mitochondria removed .
L P - Parents’ nucleus
@ 'S ' B %% _-—-__—'—'—‘-i - now in donor embyro

Donor's nucleus

\ removed and
Parents’ nucleus p
destroyed

Donor embryo

@
B, Y
%, ) / %
%% @ @ ——— Healthy k) g%% %1'

%%%@% ,%%-% mitochondria ‘%% %@: .
B ool @ oD R g2
B R % )
B o % ®q
% Method one: Egg repair
Donor’s nucleus Step 1 Step 2 Step 3
—— Mother's egg
L
% % % Unhealthy Mother's nucleus
Qﬁ Qﬁ LY g | mitochondria removed )
LY ° _________________1-‘ Mother's nucleus
% %0 Q§ now in donor egg
% %
% L)
® Donor's nucleus % B 2
Mother’s nucleus r_je_mal"?d e X Q% ® % %
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Donor egg % b % %—%‘ %%
® P XN / B g %‘&
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