MU NI
e D

Kryokonzervace embryi

doc. Ing. Michal Jeseta, Ph.D.

Gynekologicko-porodnicka klinika, LF MU a FN Brno




WUN I Vitrifikace
MED

vitrifikaCni média reaguiji s intra i extra celularni vodou
shizuji bod mrazu

vytésnénim vody zabrani tvorbé krystalt
roztok ztuhne tak rychle, ze molekuly nemaji dostatek Casu na to, aby se
prestavely do krystalické podoby
velice rychlé zmrazeni cca 23 000 °C/min (od +25 °C do -196 °C)

sirupovity roztok se méni v amorfni led

vysoké koncentrace kryoprotektiv okolo 4M penetrujici a 0,5 M
nepenetrujici — silné hypertonické prostredi

soncentration of cryoprotectant in
30% (EG and DMSQO)

Volume of 0.1 uL

Cooling rate of approximately
23,000°C/min

WOsmolarity of VS =8.000 to 4.000
mOsm/L




MUNI Vitrifikace
MED

« problém vitrifikace je dosazeni a udrzeni podminek uvnitr i vné bunek, které
zarucCuji amorfni stav po celou dobu ochlazovani i béhem procesu zmrazovani

 tohoto stavu je dosazeno, kdyz jsou rozpustene latky dostatecné koncentrované
nebo kdyz je chlazeni dostatecné rychlé, aby zvysSena viskozita inhibovala
nukleaci a zabranila rlstu ledovych krystall

« kdyz se koncentrace CPA zvysuje, Tg stoupa (Tg = —135 °C pro Cistou vodu, <
—135 °C pro roztoky CPA) a amplituda tranzitu mezi Tm a Tg se zkracuje

NS4

vzniku ledovych krystal(



Vitrifikace

—Tguvody je =137 °C

— musi ale byt ochlazeni rychlejSi nez 100 000 "C/min

— zabrani to nukleaci krystalu pfi pfechodu mezi Tm a Tg

—pod Tg je moc pomaly pohyb molekul a nedojde ke krystalizaci
— zalezi na rychlosti ochlazovani a objemu kapaliny

— pridani kryoprotektiv zvysuje viskozitu
— CPA pronikaji do buriky, ¢asteCné nahrazuji vodu a zpomaluiji
pohyb molekul vody, to vede ke:
1) zpomaleni nukleace krystalu
2) redukce rustu krystalu
3) omezeni velikosti krystall mezi Tm a Tg
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Vitrifikace -voda
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Pure Cryopreservation solutions
H0  Culture media Solute = salt— AA - protein
solution = salt - + cryoprotectant
AA - protein

Pfidani CPA méni Tm, Th i Tg — velmi vysoka koncentrace ale buriky poskozuje v zavislosti na dobé expozice

* nad Tg jsou roztoky bud podchlazené, nebo ve stavu krystalické pevné latky

« pod Tg se podchlazeny roztok muze pfimo transformovat z kapalného stavu
do stavu zvaného skelna pevna latka nebo amorfni led

» krystalicka pevna voda vytvorena pfi teploté nad Tg zustane krystalicka i pfi
ochlazeni pod Tg

« aby se dosahlo skelného pevného stavu, musi byt Tm na Tg predan bez

tvorby krystalu
MWUNI
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Vitrifikace

Teplotni bod solidifikace Tg
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Protectant)s
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— je velice dulezité spravné nacasovat pomér koncentrace kryoprotektiv a dobu

expozice, tak aby doslo k dostateCnému prosyceni vzorku, ale bez poskozeni

bunék vilastni pritomnosti kryoprotektiv
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Cryoprotectant Droplet

I 0.42mm |

Vitrifikace

0.1mm I \, Plate ‘

0.2mm

0.7mm

— klicem k uspechu pri dosahovani "skleneného" stavu v extra- a
intracelularnim kompartmentu stanoveni optimalni rovnovahy mezi
nasledujicimi tremi faktory:

1) rychlost ochlazovani a ohfivani (2000 °C/min az 20 000 °C/min; v
nékterych systémech dokonce 1000 °C/min—100 000 °C/min)

2) optimalni viskozita rozpusténé latky

3) objem kapky vitrifikacniho roztoku
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— Dvoufazova reakce buriky v pfitomnosti nevitrifikujiciho roztoku CPA (nVS) a

Cell volume

vitrifikujiciho roztoku CPA (VS). Jsou zobrazeny zmény v objemu bunék a molekularni
zmény (modré teCky molekuly vody, zelené a Cervené tecky bunééné makromolekuly,
Zluté teCky CPA). BEhem inkubace embryi s nVS dochazi k dehydrataci bunék - voda
vytéka akvaporinovymi kanaly (1). Po dosazeni osmotické rovnovahy (A) je vstup CPA
a v menSi mife nasleduje H,0O (2). To je charakterizovano malym nartstem objemu (B).
Ve VS dochazi k silné dehydrataci (3), coz vede k vysSi koncentraci CPA v bunce (4) a

silnému snizeni objemu bunék (C).

e;ﬂ ".;’:5 1 Outflow of H20 (dehydration)
W 2 Entrance of CPA and H20
1",///’///’— k§>
< Ted O 3 Strong collapsing and dehydration
R

4 Concentration of CPA

Aquaporin 3
o CPA
" H.0

c 1 min in ES

¥ Osmotic equilibrium 4

nVsS VS

Time 5 min in ES|| 4 1 min in VS



Vitrification Protocols

Different protocols have Different types:
been proposed: Open Pulled Straw Vajta et al, 1998
CryolLoop Lane et al, 1999
A) 15% EG + 15% DMSO + 0.5M sucrose Hemi-Straw Andervoost et al, 2001
Cryotop Kuwayama et al, 2005
0 0
B) 15% EG + 15% PrOH + 0.5M sucrose Cryoleaf Chian et al. 2009
Cryolock Bernal et al, 2009
C) 7.5% EG + 7.5% DMSO + 12% SSS
) 7.5% ° ° Vitri-inga Almodin et al, 2010
D) 5.5M EG + 1M sucrose Plastic-blade Sugiyama et al, 2010
Carri ] Straw-in-straw Kuleshova and Shaw, 2000
armers. Isachenko et al, 2005
A) Open devices Single-straw closed systems
_ CryoTip Kuwayama et al, 2005
B) Closed devices Cryopette Keskintepe et al, 2009
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Srovnani metod

Slow freezing Vitrification

iy yes no
Speed of freezing 0.3°C/min. 23,000°C/min.
) Amount of low high
ryoprotectant
Cell survival low high
Procedure simple complex
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Vitrifikace ruznych stadii

Vytvoreni standardniho vitrifikacniho protokolu pro vSechna
embryonalni stadia neni realné, protoze embrya se liSi:
* ruzny pomeér povrch/objem
» rozdilny cooling rate mezi zygoty, delicimi se embryi a
blastocystami
* ruzna citlivost na mrazeni mezi riznymi stadii

Optimalnim stadiem na mrazeni jsou blastocysty — jednotny
protokol

MUl
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FAKULTNI
: NEMOCNICE
BRNO

Kryokonzervace PN stadii

« vitrifikace je efektivnéjsSi nez pomalé mrazeni

« kombinace vysoké hladiny kryoprotektiv a velké rychlosti zamrazeni
* mené efektivni pfistup

« skoro se nepouziva

* v minulosti problémy s kultivaci do stadia blastocyst

llpfedchazi etickym problémam s ¢asnym embryem!!




FAKULTNI
: NEMOCNICE
BRNO

Kryokonzervace casnych embryi

co je optimalni stadium pro vitrifikaci je sporné

v minulosti Casto transfery druhy den a tedy i vitrifikace 2. den

pri pomalém mrazeni Casto mrazeni druhy den

nevyhoda je ze je to pfed aktivaci embryonalniho genomu — embryo

nemusi byt schopnée se vyvijet do stadia blastocysty

Oogenesis Fertilization Cleavage Differentiation

XOL X XY

Cumulus / oocyte 1-cell 2-cell 4-cell 8-cell blastocyst

Accumulation of maternal RNA and protein

Degradation of maternal RNA and protein I\ll U N I

Activation of the embryonic genome I\/| E D



Vitrifikace blastocyst

Oproti ostatnim stadiim maiji:

1)
2)

3)

vice bunéek a snadnéji kompenzuji kryoposkozeni

blastomery jsou mensi a snadneji do nich pronikaji
kryoprotektiva

bez spolehlivé fungujiciho mrazeni blastocyst nema smysl délat
prodlouzenou kultivaci embryi

MUl
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Embryo grading

Inner Cell Mass A B (e
(ICM) Numerous and tightly packed | Several and loosely packed cells Few cells
A B
Trophectod C
rophectoderm Many tightly packed cells Several cells organised into loose
(TE) B S Few cells
organised into epithelium

Day 5+

Morula
Embryo Weekly Planner
Egg retrieval and i
Day0 insemination
Day1 Fertilization check iy
i Blastocyst
Day 1-3 Cleavage stage
Day 2 (4 cells); Day 3(8 cells)
Expanded
Blastocyst
Day4 Morula stage .
Blastocyst stage . o

Fully Hatched
Blastocyst

epithelium




« A-many cells, form a single layer;
+ B-few cells, form free epithelium;
« C-very few large cells.

>

Embryo grading

Dulezité je vybrat kvalitni
embryo na embryotransfer,
vSechna ostatni dobra jsou

Blastocysts with expansions 2-3 and 4-5
Intermediate quality
BB

vitrifikovana. -
ig
gs
Nemrazi se: )

1) embrya zastavena ve
VYVO|i

2) embrya lyticka Ci s
vysokym podilem
fragmentaci

Early blastocysts

3) embrya s velice Spatnou
morfologii

Delayed expanding and blastulating embryos

Delayed blastulation




Blastocysts are initially graded numerically, from

1 to 6 (this can be performed under a dissecting

microscope):

1. Early blastocyst: the blastocoele occupies less than
half the volume of the embryo.

2. Blastocyst: the blastocoele occupies half the
volume of the embryo or more.

3. Full blastocyst: the blastocoele completely fills the
embryo, but the zona has not thinned.

4. Expanded blastocyst: the volume of the blastocoele
is larger than that of the embryo, and the zona is
thinning.

5. Hatching blastocyst: the trophectoderm has
started to herniate through the zona.

6. Hatched blastocyst: the blastocyst has completely

escaped from the zona.

The morphology of the ICM and trophectoderm

are then assessed under an inverted microscope:

ICM Trophectoderm

A Tightly packed, many A Many cells forming a
cells, cohesive epithelium

B Loosely grouped, several B Few cells forming a
cells loose epithelium

CVery few cells C.Very few large cells

Expansion

Inner Cell Mass

Trophectoderm
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Jednani s pacienty — kryo embryi

— centrum ktera nabizi kryokonzervaci embryi si musi byt vedom logistickych,
pravnich, moralnich a etickych problémdu, které mohou nastat

— oba partnefi musi podepsat komplexni formulare souhlasu s kryokonzervaci

— Vv pripadé rozvodu nebo rozchodu, Ci smrti jednoho z nich nemohou byt

embrya pouzita

— kryokonzervované vzorky nelze skladovat po neomezenou dobu a musi byt
jasnou politikou kliniky, ze zaznamy jsou spravné udrzovany, s pravidelnymi
audity ulozistée banky

— vSechny pary s kryokonzervovanymi embryi ve skladu musi byt kontaktovani
kazdoroCné, moznosti:

1. pokracujte ve skladovani

2. prenosu zmrazeneého embrya.

3. darujte sva embrya pro vyzkumneé projekty (schvaleno etickou komisi)

4. darujte sva zmrazena embrya jinym neplodnym parim NUNT
5. nechte embrya rozmrazit a zlikvidovat . WED



Vitrifikace 5. nebo 6. den?

— dlouhodobé lepsi jsou vysledky s vitrifikaci 5. den

—den 6 starsi, vétSi blastocel ma vliv na ztratu vody a pronikani

Kryoprotektiv

— snazsSi artificialni kolaps u D5 nez u D6 embryi

Day 5/6 Day 5/6 Day 6 MUNI
Hatching Blastocyst Hatching Blastocyst Fully Hatched Blastocyst M E D



Artificial collapse (AC)

— v letech 2003 a 2004 bylo prezentovana lepSi efektivita vitrifikace lidskych
blastocyst pokud se pred vitrifikaci udéla kolaps blastocyst

— nejprve mechanicky kolaps pomoci ostré jehly, pozdéji mnohem efektivné;si
kolaps pomoci laseru

— opakované zjisténa vyssi efektivita transferd, ale i vy$Si implantaéni a clinical
pregnanci rate

MUl
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Embryo shrinking

— preziti blastocyst a klinické téhotenstvi byly signifikantné vysSi u kolapsu nez
u kontrolni skupiny

— mira implantace a mira zivé narozenych deéti vSak byly v obou skupinach
podobné.

— metaanalyza naznacuje, Zze umélé smrsténi pred vitrifikaci blastocysty
zlepSuje preziti a miru klinického téhotenstvi, ale ne implantaci nebo pocet

Zivé narozenych déti




Vyvoj metod vitrifikace

System

Reference
Direct dropping into liquid nitrogen Landa and Tepla (72)
Electron microscopic grids Martino et al. (24)
Open pulled straw Vaijta et al. (79)
Glass micropipettes Kong et al. (166)
Super-finely pulled open pulled straw Isachenko et al. (167)
Gel-loading tips Tominaga and Hamada (168)
Sterile stripper tip Kuleshova and Lopata (121)
Flexipet denuding pipette Liebermann et al. (169)
Fine-diameter plastic micropipette Cremades et al. (170)
100-pL pipetting tip Hredzak et al. (171)
Closed pulled straw Chen et al. (172)
Sealed open pulled straws Lopez-Bejar and Lopez-Gatius (173)
Cryotip Kuwayama et al. (67)
Cryoloop Lane et al. (87)
Nylon mesh Matsumoto et al. (93)
Minimum drop size Arav(174)
Minimum volume cooling Hamawaki et al. (95)
Hemi-straw system Vanderzwalmen et al. (96)
Cryotop Kuwayama et al. (66)
VitMaster Aravetal.(81)
Solid surface vitrification Dinnyes et al. (109)

Source: ReptiltadﬁomVajtaG.NagyZP.Aveplogranm&leﬁeeaersﬁm needed in the embryo laboratory? Review on vitrifi-
cation. Reprod Biomed Online 2006; 12(6): 779-96 (175), with permission from Reproductive Healthcare Ltd.

MUl
MED



Metody

— Cryoloop

— Open systém
—20000C/min
— 1ul

MUl
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Figure 23.1 examples for commercially available tools used as carriers for high-speed vitrification. (a) Open pulies

Winitlb, Landshut, Germany); (b) McGill Cryoleaf (MediCult, Jyllinge, Denmark); (c) Cryotop (Kitazato, Tokyo, Japan); (d) ©
~ampton Research, Aliso Viejo, CA). Bars represent 2 mm.
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DEVICE VOLUME COOLING RATE
CRYOLOOP >1 pl 20.000 °C/min
HEML-SATRAW >1 pl >20.000 °C,/ min
__CRYOLEAF D >1 pl 23.000 °C/min
VITRI-INGA 1ul 20.000 °C/min
CVM-RING >1 ul 10.000 °C/min
VITRISAFE >1 ul 1.300 °C/min
HSS 0.5 ul 2.000 °C/min
0.25 ML STRAW 25 ul 2,500 °C/min
OPS 1ul 16.700 °C/min
<___CRYOTOP _ D 0.1 ul 23.000 °C/min
CRYOTIP 1l 12.000 °C/min
< RAPIDI D 0.5 ul 1.200 °C/min
CRYOPETTE 1.2u1 23.700 °C/min
ULTRAVIT 0.2 ul 250.000 °C/min

MUl
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Metody

— Vitrolife

— aseptické, uzavreny systém

— 1200 °C/min
—0,5ul
— Rapid-i

Effective vitrification

3

| ™\

Pre-cooled
straw

Consistent
volume

Instant warming

s 4

Easy to
locate

Speed where
it's needed



Protokol Vitrolife

.

RapidVit™ Blast obsahuije tfi pfipravky o — -

pro vitrifikaci lidskych embryi ve stadiu Vitri 1~ Blas Vltn 2" Blast V't'," I:?"‘OEIaS’-
blastocysty. Pfipravky jsou pufrovany MOPS. 8 91112, 10 . o
Obsahuji gentamicin, ktery pusobi jako Necors sagn wro9
antibakterialni pfipravek, a lidsky sérovy 5 ' .

albumin. ooin {7 S0 ok a ¢

Vitri 1™ Blast neobsahuje Zzadna
kryoprotektiva.

Vitri 2™ Blast obsahuje kryoprotektiva
etylenglykol a propandiol.

Vitri 3™ Blast obsahuje kryoprotektiva

etylenglykol, propandiol a ficoll.

Pro pouZiti po ohfevu na teplotu +37 °C. Pokyny pro uchovavani a stabilita
Uchovavejte v temnu pfi teploté od +2 do
+8 °C.

RapidVit™ Blast je stabilni do data
pouZzitelnosti uvedeného na Stitku lekovky a v

o ' a certifikatu analyzy pro jednotlivé Sarze.
{I— Vitrolife #T .) Lekovky s pfipravkem se nesmeji po otevreni
PR .l skladovat. Po dokonéeni zakroku zbytky |V| U N I
== T=s pfipravku zlikvidujte.

=
- .32
=
>



Protokol Vitrolife

Umistéte 0,5-1 ml kazdeho z nasledujicich
pfipravklu do samostatnych jamek 4jamkové
desticky a ohfejte na teplotu 37 °C:

* Vitri 1™ Blast
* Vitri 2™ Blast
* Vitri 3™ Blast

VeSkera manipulace s blastocystami se
provadi pfi teploté 37 °C (na vyhfivané
ploténce).

Vitri1- Blast V2" Blast 13 Bl

Preneste blastocysty z kultivacniho media
do pfipravku Vitri 1™ Blast a ponechte
blastocysty v tomto roztoku po dobu nejméné

5 min., ale nejdéle 20 minut.

Premistéte prislusny pocet blastocyst do
pfipravku Vitri 2™ Blast. Blastocysty zustanou
v tomto roztoku po|[dobu 2 min| Blastocysty
maji tendenci stoupat k hladiné a pokud se
tak stane, shromazdeéte je a premistéte na
dno desticky.

Pripravte nosic k pouZiti.

Jakmile zbyvaji do konce 2 minuty, naneste
20l kapku pfripravku Vitri 3™ Blast na
netoxicky povrch, nejlepe kultivacni desticku.
Mala kapka pripravku Vitri 3™ Blast umozniuje
jednoduché umisténi na nosic.

Poznamka: 20pl kapku lze pouzit pouze
jednou.



Protokol Vitrolife

Jakmile zbyva 10 sekund, zaCnéte
shromaZdovat blastocysty. Pfeneste
blastocysty v co nejmensim objemu pripravku
Vitri 2™ Blast, aby nedoslo ke ziedéni kapky.

Preneste blastocysty do 20ul kapky pfipravku
Vitri 3™ Blast a ponechte je v tomto roztoku
po dobu 45 sekund.|S blastocystami v roztoku
Vitri 3™ Blast zamichejte pipetou. Jakmile
zbyva 5-10 sekund shromazdeéte blastocysty a
umistéte je na nosic.

Poznamka: Celkovéa doba mezi pfenosem
blastocyst do kapky a vitrifikaci blastocyst
nesmi byt delSi nez 45 sekund.

Neprodlené vitrifikujte blastocysty podle
pokynu pro nosié.

How to vitrify blastocysts
(youtube.com)

Effective vitrification

L

‘.'r ®
& =
. e | |
3 3"
/
—— &
— |
=
Pre-cooled
straw
Consistent

volume

14.0 cm
B —



https://www.youtube.com/watch?v=zTH53ldth-0

Protokol Vitrolife cleave

Umistéte 0,5-1 ml kaZdeho z nasledujicich

roztokld do samostatnych jamek a ohfejte na
teplotu 37 “C:

= Vitri 1 ™ Cleave
= Vitri 2™ Cleave

= Vitri 3™ Cleave

Vedkera manipulace s embryi se provadi pfi
teploté 37 “C (na vyhfivané ploténce).

Preneste embrya z kultivatniho meédia do
pfipravku Vitri 1™ Cleave a ponechte embrya
v tomto roztoku po dobu nejméné 5 min., ale
nejdéle 10 minut.

Premistéte pfislusny podet embryido
pfipravku Vitri 2™ Cleave. Embrya zlstanou
v tomto roztoku po dobu 2 min. Embrya maji
tendenci stoupat k hladiné a pokud se tak
stane, shromazZdéte je a pfemistéte na dno
desticky.

Pripravte nosic k pouZiti.

Jakmile zbyva 30 sekund, naneste 20pl
kapku pfipravku Vitri 3™ Cleave na netoxicky
povrch, nejlépe kultivacni desticku. Tento

postup umoZiuje jednoducheé umisténi na
nosic.

Preneste embrya do 20pl kapky pfipravku Vitri
3™ Cleave a ponechte je v tomto roztoku po

dobu 30 sekund) Pro dosaZeni fadné expozice
i Ztoku Vitri 3™ Cleave, asi

dvakrat aZ tfikrat embrya v kapce pfemistéte.
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u n n = | ﬁ | I
Protokol Vitrolife thawing RapidWarmrBlast' 3 /)3 A1) "

08wy of slivfed Mach )t w0 T — ') 4 .

A Cortiind Pasrus vom S '% £, X f o
0k e a — S aal
Gt | o 1=t

B - pid
uuw.—wm ) oL W = s wal'l"l" s"w.rmz a“'"ma Blar

RapidWarm™ Blast obsahuje tii roztoky pro rozmrazeni ol ”—”5::';"5* :;:'“E’;: g:':::f
vitrifikovanych lidskych embryi ve stadiu blastocysty. e 9 e

Roztoky jsou pufrovany MOPS. Obsahuji gentamicin,
ktery plsobi jako antibakterialni pfipravek, a lidsky
serovy albumin.

Warm 1™ Blast obsahuje kryoprotektivum sachardzu.
Warm 2™ Blast obsahuje kryoprotektivum sachardzu.
Warm 3™ Blast neobsahuje Zadna kryoprotektiva.
Pro pouéiti po ohfevu na teplotu +37 “C.

Rozmrazeni:

Umistéte 0,5-1 ml kaZzdého z nasledujicich pfipravkd
do samostatnych jamek 4jamkove desticky a ohiejte na

teplotu 37 °C:
. « Warm 1™ Blast
—_— ; 3 « Warm 2™ Blast
{_ Vitrolife #{ . « Warm 3™ Blast
- BABE88s Veskera manipulace s blastocystami se provadi pfi

-_— teploté 37 °C (na vyhfivane ploténce).



Protokol Vitrolife thawing Sapdjeanin B g f’ L :gi_;;.fg;

erhwyes
g
Lot 165w Wos 1= Stt,

P13 W 2 s, (3D ok W 1 s

Vyjméte nosic s vitrifikovanymi blastocystami ze @ 3
skladovaci kryonadoby. Postupuijte podle pokynu pro
rozmrazeni pouZivanych pro konkrétni nosic.

Ihned po rozmrazeni premistéte blastocysty do pfipravku
Warm 1™ Blast. Instant warming

Nechte blastocysty uvolnit se z nosice a klesnout ke dnu.
Ponechte v tomto stavu pgq dobu 2 min.

Preneste blastocysty do pfipravku Warm 2™ Blast
a ponechte je v tomto roztoku pa dobu 3 min.

Preneste blastocysty do pfipravk u_\ﬂa,[mﬂﬂlalst

a ponechte je v tomto roztoku po|dobu 5-10 min.
Mékolikrat proplachnéte blastocysty kultivaénim médiem
v souladu s béZnymi laboratornimi postupy. Vitrolife

doporucuje pro tento zakrok pouzivat pfipravek G-2™
nebo EmbryoGlue®.

Easy to
locate

Speed where
it's needed
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Protokol Vitrolife Warm cleave

Pfipravek RapidWarm™ Cleave obsahuje ¢tyfi ——— Eisix::ﬁ
roztoky pro rozmrazeni embryi ve stadiu déleni Wm*c'w:":”“’”“’&
vitrifikovanych 3. den. Roztoky jsou pufrovany SE e
MOPS. Obsahuji gentamicin, ktery pusobi

jako antibakterialni pfipravek, a lidsky sérovy

albumin. Rychie umistéte vitrifikovana embrya do
Warm 1™ Cleave obsahuje jako plipravku Warm 1™ Cleave.
kryoprotektivum sacharézu. Nechte embrya, aby se pfemistila z prostoru
Warm 2™ Cleave obsahuije jako Zafizeni na jaho dno. Ponachie v lomito stavu
kryoprotektivum sacharézu. po dobul10-30 sekund

Pleneste ambrya do plipravku Warm 2™
Cleave a ponechie je v tomto roztoku po dobu
1 minuty.

Pieneste embrya do plipravku Warm 3™
Claave a ponechie je v tomto roztoku po dobu
2 minuty.

—~ : Pfeneste ambrya do plipravku Warm 4™
— Cleave a ponechie je v tomto roztoku po dobu

(_ Vitrolife 7T = mifut.
SR T N MNé&kalikrat embrya proplachnéte kullivacnim

Bl 0= médiem v souladu s béznymi laboratarnimi
. ——a postupy.

Warm 2™ Cleave obsahuje jako
kryoprotektivum sacharézu.

Warm 3™ Cleave neobsahuje zadna
kryoprotektiva.

o



Metody

. Vitrification
— Kitazato Protocol

— Cryotop/Cryoleaf 0,1 ul

— Cooling rate 23000 °C/min

— Open/closed system

— SlozZeni: EG, DMSO, trehal6za,
hydroxypropylceluloza
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Protokol Kitazato

VT601 KITAZATO VITRIFICATION SOLUTIONS

12 months shelf life

The Repro Plate is a conic-shaped well
dish, exclusively designed to follow
The Cryotop® Method with comfort.
The Repro Plate has high transparency
and great visibility and also offers two
slots to support the Cryotop®,
allowing those who wish to carry out
loading specimens statically.

Vial 1.5 mL of BS
(Basic Solution)

Vial 1.5 mL of ES
(Equilibration Solution)

2 Vials 1.5 mL of VS
(Vitrification Solution)

Preparation for Vitrification

1. Bring BS, ES and ¥S o room lemperature (25-27°C).

2. Write necessary information about a patient on the
handle/straw cag of Cryotop (See Figure 2-1). You can
alag labal them.

3

[Eryatop]
Fill 907 of Coaling Rack with fresh bquid nitrogen.

[Cryotop S for closed system]

Place Aluminum Block in Cooling Rack SC from the
beginning. Than fill with frash liguid nitrogan wnlil it covers
tie fop of the Alurminum Block (See Figure 2-3).

4. Remova the cultura dish containing Oocyte or Embryo
fram the incubator. Check the quality of the Oocyle or the
Embryo wall with pasteur pipeatte under the microscops
[See Figure 2-4).

For Oocyte Witrification, take the cumulus cells off.

Figern 34

Docyte
Fertuite]ine Spoce
ona Palucida
e
2
L]

# Cornpiare the width of perivitelline Space with

theckness of zona pellucida and record it (Ex.1:1).
It makes sasy to know the completing of the

equilioration after immersing in ES.

WL v



Ekvilibrace embryi

1. Nakapejte kazdych 300 | ES do prvni jamky, VS do druhé a tfeti jamky desti¢ku Repro pomoci pipety.
2. Krok 1: Pfeneste Embryo do TOP centra ES z kultivaéni misky. Za¢ne se spontanné zmen3ovat a postupné se
vraci pavodni velikost absorbovanim roztoku ES (do 15 minut).

KITAZ/ATO.

Embryo Equilibration

é 10 = 15min

Recommendation
2PN |, &-cell or B-call: 10-12min
Merula or Blastocyst: 12 - 15min

Embryo Equilibration 1

Write ES, VST and VS2 on the Iid of Repro Plate. Gently invert each vial of
ES and VS twice to mix contents. Drop each solution 300pL on the plate
using micro pipette (See Figure 2-3). Immediately put the lid on the Repro

Plate.

Embryo Equilibration 2

Aspirate the Embryo at the tip of the pasteur pipette (See Figure 3-4).
Put the Embryo with minimal volume of medium to the TOP canter of ES.

Embryo Equilibration 3 - For 10 - 15minutes

Set up the stop watch (with count up function). Check the time with the

stop watch for the followng steps. The Embryo frae-falls within 30 seconds.

It spontaneously begins to shrink and then gradualy retums to its ongnal

size with infltrating ES, which indicates that the Equiibration is complete.




Vitrifikace

Upozornéni: Mély by byt provedeny nasledujici kroky od 1 do 9 mezi 60 a 90 sekundami.

1. Aspiruijte oocyt (MII) / embryo z ES $pickou pipety.

2.Step 2: Pfeneste oocyt (MIl) / embryo do TOP centra VS druha jamka.

3.Vpichujte oocyty (MIl) / embryo pipetou a vyfouknéte je. Opakovat tento proces tfikrat, zména pozice ve VS
druhé jamky.

4. Pfeneste oocyt (MII) / embryo do VS treti jamky

5. Zménte polohu oocytu (MIl) / embrya ve VS tfeti jamky s pipetou.

6.Vloite oocyt (MIl) / embryo do ¢erné Eary na kryotopu.

7.Vytvorte planarni kapicky.

8. Ujistéte se, zda je oocyt (MIl) / embryo na kryotopu s minimum objem VS tfeti jamky (méné nez 0,1 1) pod
mikroskopem.

9. Okamzité prelijte kryotop do tekutého dusiku.

10.Vloite kryotop do halky a ulozte jej do skladovaci nadrze.

ES

f within 0.5 min

Q Q

. = Blastocyst

Vitrification
Protocol
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Vitrification 5

Aapirate the shrunk Oocyte [Embayo) in W82 at the tip of the pasteur pipette
[Sea Figure 4-4). Place the Oocyte (Embryo) by the black mark of Cryotop
sheel with minimal volume (jess than 0.1pl) of V82 (Saea Figure 4-5a and
4-5b). For more than 2 Oocytes [Embryos), make 1 droplet for each (See
Figure 4-Ga and 4-8h).

Remowval of the excess V5 on the sheet

After putting Docytes [Embegas) an the Cryolop sheat, the excess VE should be removed by aspirating using pipeite.

Step 1 Step 2
Fut the jop of T pipeifie on the boliom end Blide tho pipette horizontaly %o cutside, and
of fhe big W& drop. make the W5 drop: lower.
Figare 4-Zn Flgurs 55
Good example Bad example

Step 3

Aspirmie the moess W5, and minkmize tho W5
drop inot aspirating cocpiel

o

| l- [

Q_-

Wi & placer dropdi By the Black mars of Gryaton shist.

Makn a sieric drople by the black mark ol Sryobop sheat.

The volume of W52 is oo much,

Foparw -4 Figurs 280

Good example Bad examphe

oocoo

cooo B

___eeee




Vitrification

Vitrification 1

After the completion of Equilibration, asprate the Oocyte (Embryo) in ES at
the tip of pastewr pipette (See Figure 4-1). Transfer the Occyte (Embryo) to
the surface center of V81 with minimal volume of ES. Blow only the
Qocyte (Embryo) out to VS1. To avoid getting the remaining ES in the
pasteur pipette nto the VS1, blow out the ES to the outside of the well.
Aspirate fresh VS1 and blow it out again to the outside of the weil. Aspirate
fresh V81 into the pasteur pipette.

Vitrification 2 - within 0.5 minute

Aspirate the Oocyte (Embryo) in VS1 with the pasteur pipette and blow it out to VS1. Quickly stir five times around the
OQocyte (Embryo). Repeat the aspirating, blowing out and stirring three times changing the positions in VS1 (See Figure
4-2). Displace the outer solution of the Oocyte (Embryo) to V81 completely until the remaining ES visually disappears.

Vitrification 3 - within 0.5 minute

Blow out the remaning V81 in the pasteur pipette 1o the outside of the well. Aspirate fresh VS2 into the pasteur pipete,
and then aspirate the Oocyte (Embryo) in VS1 at the tip of the pipette. Transfer the Oocyte (Embryo) to VS2 with
minimal volume of VS1. Stir around the Oocyte (Embryo) changing positions twice with the pasteur pipette in V82 (See
Figure 4-2). This step is completed when the outer Oocyte (Embryo) is displaced to VS perfectly and the flat shrinking in
cause of dehydration is observed.

Vitrification 4

Place the Cryotop under a microscope (Logo should be up) and adjust the
focus on the black mark of the Cryotop shoet (Soe Figure 4-3).

MUl
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Esm VS1 (GoonD) 3 VS2 (Gooi0) P
10 15rn v *

wth 0.5 min

Vitrification
= = E Protocol

f

WS2GoD)  WS1GoL) DS (o)

m-E
@)
Y «\/ «

1 min, 37°C

MUl
MED



Cryotop &= Open System
Vitrification 6-A

Plnge the Cryatop directly into liquid ritragen. Hold the straw cap with tweezers and insert the Gryolop from sheet end
In liquid nitrogan. Then fit the Gryotop with the straw cap by hands screwing tightly in the air (See Figure 4-7).

Figura &-F

Hrkd v sl i wilh tsiviers freed ircairt 1hi
Ciryatop ina it.

Hukd tha siraw cog with legas and it it Tatal # and maks aus il the s cap s

Hightly t the Crychop,

(VLPOO11c))

Figure 21.7 Vvitrified oocytes on Cryotec in liquid nitrogen
with tightly closed cover cap.

Vitrification 6-8 =
Withaul diréct contast with liquid nitrogen, insart the CryolopSC nto the shravw cag pra-set at the Aluminurn Black,
Then seal ihe siraw cap (Ses Figure 4-8).

Figure 48

Mmir ﬂlqun!nlmgnnm

ool s Aksrminuien Blosk in
mmmmmuununi
Dosding Slops. (About § min )

c\mhtuppubhchnmumnmn
sl i with B Bivdw Culles

&

Insart the CrpoiopSE in the straw cap.

Egal the upper par of the sraw cap
with thia Ssaler.

vl - POINT

Laan he ugper parl of 1he alrie cap agairsd the Casling Rack,
This positionirg avoids rfiusccs af cool air from guid nitregen,

‘Whitan d.2em



Thawing Kitazato

1.Warm TS vial {sealed) with & Patri Dish In an Incubstor to 37°Ci=1.5hours).
Slozeni:
« HEPES
° Tre h a | éZ a ::t.ﬁi: ia:?:.eulna specific Cryotop from the cane in the liquid nitrogen. Check the information about the patient on
« Hydroxypropylceluloza
* gentamicin /N caution

Place the Caaling Rack by the

2.Bring DS and WS 1o room temperabure (25--2T77C).

3. Aatrieve the cane which has the specific Cryotop, quickly immerse the cane in a Cooling Rack tilled with Tresh liguid

4. Write DS, W31 and WS2 on the lid of 8 Regro Plate. Genfly invert asch
vidl of DS and WS twica to mix contents. Drop 300pL each for DS, W51
and W52 on the Repro Plate with micro pipetie. Place it on the mecro-
scopa stage and kd it,

Remowe TS vial and the Palri Dish fram the incubator and place the Pelri
Dish on the microscope stage. Gantly inwert the wial of TS twice to mix

carants and paur the full contents into the Patr Dish [Sea Figure 2-1).

. Adjust the foows of the microscope to the Peir Dish with TS.
Use pasteur pipalle in ander 1o focus easly on the canter of the Petri Dsh

(See Figure 2-2).




Thawing Kitazato

Piprava -V teplé lahvicce s TS (uzaviena) Petriho miskou v inkubdtoru pfi 37 ° C (1.5
hodin). « Nalijte cely obsah TS do Petriho misky. « Ohfejte DS a WS na pokojovou teplotu
(doporuceno 23-27 ° C). - Vstiikejte kazdych 3001 DS do prvnijamky, WS do drubé a tieti
jamky Repro Plate s pipetou. Upozomeéni: Jako manipulaéni nastroj poudivejte sterili-
zovanou pipetu s vhodnym vnitni primeér pro oocyty nebo embrya. Doporuené vnitini
priméry jsou: 180 um pro cocyty (MII), 180 um pro embrya v zérodetném stadiu a 250
urn pro embrya $tépeni nebo blastocysty.

Rozmrazovéni Krok 1: Cryotopovy prouZek rychle ponofte dplné do TS. Odejit to
po dobu 1 minuty. Krok 2: Pipetou jemné aspirujte oocyt (MII) / embryo umistéte
jej na BOTTOM DS. Nechte to 3 minuty. Krok 3: 1. Pipirujte cocyt (MIl) / embryo
pipetou a opatré jej vioZte na BOTTOM WS drubé jamky. Nechte to 5 minut. 2. Pi-
petou napipetujte oocyt (MII) / embryo, jemné jej vioite vrchol WS tieti studny.
Poté, co oocyt (MII) / embryo klesne na v dolni é4sti WS tieti jamky, opakujte tento
postupjesté jednou. 3. Pieneste oocyt (MII) / embryo do kultivaéni misky obsahu-
Jicivhodné kultivaéni médium. Inkubujte oocyt (MIl) / embryo doa 37 ° Cinkubator
pro dokonéeni regenerace. Upozornéni 1: Doporucuje se inkubovat oocyty (MIl) a
embrya 2 hodiny. Upozornéni 2: Omyjte embryo a inkubujte embryo pro zotaveni v
vhodna média, aby se zabranilo WS tieti studny pienesené v téle pacienta.

Cryotop® - Open System

3I‘I‘|II‘I

Thawing 1

Caredully twist and rermove the straw cap from the Cryatop
in liquid mitrogen [Sea Figura 3-1). Prop it against the
comer of the Cooling Rack.

Thawing 2

Be ready to use pasteur pipetie keaping the Cryotop in
ligquidd nitrogen. Set wp the stop watch (with count up
function). Check tha time with the stop watch for tha
Tollowing sieps.

Thawing 3 - For 1 minute

Quickly immerse Cryotop sheet into TS on the microscope
slage, 11 should be within 1 second (See figuee 3-2). Find
tha Jocyte (Embryo) adjusting the focus on the black mark
ol the Cryotop sheat, 1 minute alter immessing inte TS,
genily sapirete the Oocyte (Embrys) with the pasteur
pipette after dspensing it from the sheet. Aspirate the
Docyte (Embryol ewen if it does naot dapensae from the
sheet. Also, aspirate TS until the Qocyte [Embryo) maches
2mm frem the tip of the pastewr pipatte (See Figure 3-3).

\/\JV

5m|r| 1rn|n

Fguee 31

St up tha siop walch (with cound up
funotion). Chaok the Bme with the stop watch
fior T folowing steps.

Diooyie | Embryo

p—




Twahing kitazato

Cryotop® SC Closed System.

Thawing 1

Stand the Cryolon3C on the Aluminum Black.

Thawing 2

Cut the marking poirt with Straw Guttar.
Put the culling blade at the black marking paint.
Turn the straw cap slowly to cut.

Thawing 3

Be ready o use pasteur pipetts keeping the CryotopS0 in liguid nitrogen. Set up the stop watch {with count up
function). Check the tme with tha stop watch for the following steps.

Thawing 4 \
|rsart Ehe ot pigce of the straw cap into the space f

between the CryatopSC and the Aluminum Block.

This is to take out the CryotopSC easier.

Figarn 34
Thawing 5 — For 1 minute

Quickly immearsa the CryotopSc shest into TS an the microscops stage by
traneferming it linearly. [t should b= within 1 second (See Figure 3-4). Find the
Docyte (Embrya) adusting the foous on the black mark of the Cryotop sheet.

1 minute after immersing into TS, gently asperate the Oocyte (Embrya) with the
pasteur pipetta after dispansing it from tha sheat, Aspirata the Oocyte [Embryo)
even il it does nol dispensae from the sheel. Alko, aspirate TS until the Oocyte [—
[Embryo) reaches 2mm from the tip of the pastewr pipette (5ee Figure 3-5).

WMECU



Cryotop Embryo Vitrification Animation (youtube.com)

Kitazato Vitrification Method - Kitazato IVF (kitazato-ivf.com)

PART 5

Washing

Washing 1 - For 5 mwutes Flgura &1

3 minubes [ater, after rmmersing info D3, genly aspirate the Cooyle

[Embryo) in 05 with the pastewr pipette. Also, aspirate DS until the
Thawing Docyie [Embryo) reaches 2mm from the tip of the pastowr pipette
[Sea Figure 5-1).

PART 4
Fipues fridn
Dilution Blow ot anly DS in the pasteur gipatla into the BOTTOM center of
W51 slowly (Ses Figure 5-2a), than gantly place tha Oocyte (Embryo)
Dilution - Far 3 minutes an the boftom there (Ses Figure 5-20). Laave il for 5 minutes, This s

Figrarn 4-1a Figurs 41k

Blow out anly TS in the pasteur pipatte into the BOTTOM center of also for '11':'5”5' gredual digplacement from DS 1o WS1.

DS slowly (See Figure 4-1a). then gantly place the Oocyte (Embrga)

on the bottom of the TS layer (3ee Figure 4-10). Leave it for
3 minutes. This is for mastly gradual displcement from TS to DS, Washi ng 2 - For 1 minute

5 rminutes jater, after mmersing inlo W31, asprate the Dooyle

[Embryo) with minimal voluma of W51 with pasteur pipatte {Sea
Figure: 53} and transier it to the TOP canter of WS2. Afer the
Cocyte (Embryo) free-falls to the bottom of WS2, do the same
wiork again in WS2 (Sae Figure 5-4).

4 V4 4

Fipurn 5-4

Washing 3

Transfar the Qocybe [Ermbrys) bo a culbere dish containing the appropriate culfure mediom.  [noutsate the Oocyle
[Embryo) In a 37°C incubator to complate recowvery.
Completion of recovery ; Cooyie (Embrya) for 2 hours for recommandation.

L v


https://www.youtube.com/watch?v=Axfl-f6acAk
https://kitazato-ivf.com/vitrification/#products

step 1/(D step 3/(1)

Figure 21.8 Warming plate and warming procedure of the Cryotec method. Abbreviations: DS, dilution solution; 15, tha
solution; WS1, washing solution 1; WS2, washing solution 2,

MUl
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Metody

— Cryolock

— 23 000 °C/min
— Sage (Cooper)
— Open systém
—2ul

MUl
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Vitrifikace se musi provadét pfi pokojové ieploté

P r O t O k O I SA G E :“zrg_rfaﬁsajﬁjlci postupy nepouZivejte vyhilvany

stolek mikroskopu. V pribéhu inkubace ve vitn-
fikaénim a vyrovnavacim roztoku minimalizujte
wystaveni vzaorkl svétlu. Pred poufitim roztoky

Equilibration Solution (ART-8025-A) je roztok iempetLe na poljovay feplole
modifikované HTF pufrovany MOPS, ktery

obsahuje neesencialni a esencialni aminoky-

seliny, gentamicin sulfat (10 mg/l), 7,5% (viv)

dimethytsulfoxid (DMS0O) a ethylenglykol a &
12 mg/ml lidského sérového albuminu.

-,
Vitrfication Solution (ART-8025-B) je roztok modi- \ ,w/N/ —
fikované HTF pufrovany MOPS, ktery obsahuje Ny "Soroge ffcncy

neesencialni a esencialnl aminokyseliny, gen-
tamicin sulfat (10 mg/1), 15% (viv) dimethylsul-

fead (DMSO) a ethylenglykol, 12 mgiml lidského
sérového albuminu a 0,6 M sachardzy.

Tento produkt obsahuje 10 mg/l gentamicinu,

coZ je aminoglykosidicke antibiotikum. :
: ‘%ﬁ = {%‘ R
Squilibration Solution Mtrfication Solution
. @ 15252520 p "5}!] 15252520 /
A. Metoda mikrokapek .- =T

B. Metoda ve 4well MUNI
MED



A. Metoda mikrokapek

Pred pougitim nékolikrat opatrné obrafte
ampulky s rozioky ES a VS, abyste zajisiili

dobré promichéni obsahu. Obr. 1

Opaimé pfemistéie embryo (embrya)

(ne vice nez dvé v jedne procedure) s min-
mainim mnozstvim kulivacniho média do homi
Easti kapky ES, a spustie éasovag. Nechie
blastocysty, aby v prubéhy volného padu

v kapce ES po dob
rovnovaZného stavu. Embryo (embrya) se

S eeg

zmensi a polom posiupné znovu rozsif do své w"_- w
pivodni velikossi, co2 bude naznadovat, Ze o i

dosazeni rovnovazneho stavu je kompletni.

V prib&hu stavu vyrovnavani v ES piipravie
4 x 20 pl kapky roztoku VS, jak je ukazano
na obr. 1.

Nasledujici kroky musi byt provedeny za

LEGEMNDA:

90-110 sekund. ES=Equilibration Solution {wyrovnavaci maok)
V&=\irification Solution (vitrifikadni roziok)

- pfenos amibrya do dalsi kaphy
T =hami cast kapky
C =slfed kapky

S MUNI
MED




A. Metoda mikrokapek

Po dosaZeni rovnovazného stavu v rozioku
ES natahnéte £ast rozioku ES do pfenosové
pipety a na 5 sekund pfeneste embryo (emb-
rya) s minimalnim cbjemem z kapky mztoku Obr. 1
ES do stfedu prvni kapky rozioku VS (VS1).
Na dobu 5 sekund rychle pfenesie embryo
(embrya) z prvni kapky roztoku VS do stie-
du druhé kapky roztoku V'S (VS2)
Nasledné na dobu 10 sekund pleneste
embryo (embrya) z VS2 do stiedu treti
kapky roztoku VS (VS3).

Nakonec pieneste embryo (embrya) z VS3
do spodni Gast éivrié kapky rozioku V5
(VS4).

S eeg

10 - Lo
U procesu vitrifikace postupujte podle pokynQ o _ﬁ
uvedenych pro nesié, kiery choste poudit. 0

Z kapky V54 opatmé pieneste embryo
{embrya) v < 1 pl roztoku V'S do vitrifikalniho
zafizeni, kieré choste pousit, posiupujie
podie pokynu uvedenych v navocu k pouditi
pro nosig, kiery cheete pouZit.

LEGEMNDA:
ES=Equilibration Solulion (wyrovndvaci maick)
Nezapomeiite: Doba mezi prvnim umisténim V5= Viirification Solution {vitrifikaéni roziok)
embrya (embryi) do roztoku VS (V51) a - pienos ambrya do daléi kapky
ponofenim do kapalngho dusiku by neméla T =homi ast kapky
presahnout dobu, kterou jste pro tento C =sifed kapky
postup stanovili jako optimalni, zcela jisté B =spodni £ast kapicy
by neméla byt delsi neZ 110 sekund (viz I\ll U N I

MED



B — Metoda 4well misky

Pripravte vicejamkovou destiéku kapnutim
1 mi roztoku ES do jamky 12 1 ml roztoku
VS do jamky 2 (viz niZe uvedeny obr. 2).
vyndejte kullivaéni misku 5 embryem
(embryi) z inkubatoru a zkontrolujte kvalitu
embryi. Kdykoli je to moZné, pouzivejte
pro vitrifikaci pouze nejkvalingji rozsifena
embrya.

>

5-15 min. Load preferred vitrification
device within 60-90 sec.
KEY:
ES= Equilibration Solution
VS= Vitrification Solution
- = Transfer to next well

Opatmé pfemisiéte embryo (embrya) (ne
vice neZ dvé v jedné procedufe) s mini-
malnim mno2sivim kulivacniho media do
homi Gasti jamky 1 obsahujici roztok ES, a
spusile casovac. Nechie embryo (embrya),
aby v prib&hu volného padu v raztoku ES po
dobu 5 az 15 minut goesahly rovnovazneho
stavu. Embryo {emﬁgaj se Zmensi a polom
postupné znovu rozsifi do své plvodni
velikostl, coz bude naznacovat, Ze dosaZeni
rovnovaZzného stavu je kompletn'.

Po dosaZeni rovnovazného stawu v roztoku
ES natahnéte ¢ast roztoku ES do pleno-
sove pipety a pfeneste embryo (embrya)

s minimalnim objemem z jamky s roztokem
ES do stfedu jamky s roziokem V5.
Embryo (embrya) v rozicku VS mirmym
krouzenim trvajicim [20-30 sekund promi-
chejte, aby se s roztokem VS fadné spajilo
U procesu vitrifikace postupujte podle poky
nl uvedenych pro nosit, kiery cheele pou-
Zt. Opatmé pieneste blastocysiu (blasto-
cysty) v < 1 pl moztoku VS do vitrifikaéniho
zafizeni, ktere cheete pou?it, postupujte
podle pokyni uvedenych v navodu k poudil
pro nosic, ktery cheete poudit

"Hﬂll 1 "o'l‘ﬂl 2
1 II. 1 lli.
Load carrier device
it 00110 e
LEGEMDA:
ES=Equilibation Salution
[wyrauT avacd nozhak)
WE=Vikrificztion Solution
(vitrifieatni raziok)
- pFenos embrya db daldi jamky

Zygote, embryo and blastocyst protocol

1 min
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A. Metoda mikrokapek warming

Popis REF
produkiu Eislo
1,0 M Sucrose Warming Solution  ART-B030-A
0,5 M Sucrose Warming Solution ~ ART-B034-B
MOPS Solution ART-B030-C

Proces zahfivani a fedéni musi probihat pli
35=-37 “C. Pro nésledugicl postupy pouZile
vyhfivany stolak mikroskopu. V' pribéhu inkuba-
o v zahfivacim roztoky minimakzute vystaveni

vzorkl svétlu. Pfed pouZitim roztoky vyhempernuj-

te na teploby 35=37 °C.

Plipravie obracené vifko Pettho misky asap-
fickym kdpnutim jedné 20 wl kapky rozioku
1M WS a dvou 20 pl kapek roztoku 0,58 WS
iviz obr. 1 vipravo). TR 20 pl kapky rozioky M3
budou plipraveny pozddji v kroku 12.

Postupuijte podle pokyn( k pouziti pfiloZzenych
k nosiéi tykajicich se okamzitého (do 2
sekund) ponofeni nosice do kapky rozioku 1M
WS poté, co byl vytazen ze svého ochranné-
ho obalu. Embryo (embrya) vyplave z nosice
do roztoku 1M WS. Embryo (embrya) v roz-
toku nechte po dobu jedné minuty. Embryo
(embrya) se zmensi a vyplave do vrchni ¢asti

kapky.

Do pfenosoveé pipety natahnéte ¢ast roz-
toku 0,5M WS a na dobu 2 minut pfeneste
embryo (embrya) z kapky roztoku 1M WS

s minimalnim objemem do spodni casti
prvni kapky roztoku 0,5M WS.

Néasledné na dobu 2 minut preneste embryo
(embrya) do spodni £asti druhé kapky rozto-
ku 0,5M WS.

Na doby 3 minut pfeneste embryo (embrya)
do spodni asti prvni kapky roztoku MS
(MS1).
Nasledné na dobpi 3 minutlpfeneste embryo
(embrya) do homni casti druhé kapky rozio-
ku MS (MS2)
Na doby 3 minut pfeneste embryo (embrya)
do homni Easti tfeti kapky roztoku MS (MS3).
Nakanec pfeneste embryo (embrya) do
misky s médiem, které bylo predem uve-

= o

o ) -y -

Q:mm- 1

=
=

Vs Fersheaton W
2t —

& i ReE AT e
FEF ART-8030-A 5 | *EF ART-8030C
10M Sucrose Warms® A“" Sucrose Warmin: YPS Soiution

a1 15252521 3 = ‘:.’m' ] 9] 15292621

. M50ec 1 NSNS hee D) . M1500623 ]
w— B 5 =
- =

Obr. 1

LEGENDA:

1M WS = 1 M Sucrose Warming Solution
0.5M WS = 0,5 M Sucrose Warming Solution
MS = MOPS Solution

= = pienos embrya do dali kapky

T = horni &ast kapky

B = spodni éast kapky
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A. Metoda 4well warming

Popis REF
produkiu Eislo

1,0 M Sucrose Warming Solution  ART-B030-A
0,5 M Sucrose Warming Solution  ART-B8030-B
MOPS Solution ART-B030-C

Postupuijte podle pokynl k pouziti pfiloze-
nych k nosici tykajicich se okamzitého (do 2
sekund) ponofeni nosice do jamky 1 obsa-
hujici roztok 1M WS poté, co byl vytazen ze
svého ochranného obalu. Embryo (embrya)
vyplave z nosice do roztoku 1M WS.

Embryo (embrya) v roztoku nechte po dobu
Embryo (embrya) se zmensi
a vyplave do vrchni Easti jamky.

Do prenosové pipety natahnéte ast roz-
toku 0,5M WS a na dopreneste
embryo (embrya) z jamky 1 do jamky 2
obsahuiici 1 ml roztoku 0.5M WS.

Nasledné na doby 5 minut pfeneste embryo
(embrya) do horni ¢asti jamky 3 obsahujici
1 ml roztoku MS.

Potom na doby 5 minut jpfeneste embryo
(embrya) do horni ¢asti jamky 4 obsahujici
1 ml roztoku MS.

Nakonec pfeneste embryo (embrya) do
misky s médiem, které bylo pfedem uve-
dené do rovnovainého stavu a inkubujte

v CO5 inkubatoru pfi teploté 37 °C po dobu
34 hodin, aby pred dal$i manipulaci a/
nebo prenosem doslo k dalSimu obnoveni.

TM WS 0.5M WS

LEGENDA:

1M WS = 1 M Sucrose Warming Solution
0.5M WS = 0,5 M Sucrose Warming Solution
MS = MOPS Solution

- - prenos embrya do daléi jamky

‘ MS1 ‘ MS2

Transfer to preferred culture media for recovery



Manualné narocna procedura — pozor na
warming

£
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Figure 24.8 Survival and clinical outcomes according to

the operator. Abbreviations: SV1% and CP1%, survival and clini-

cal pregnancy rates for the person doing the vitrification pro-

cedure. SV2% and CP2%, survival and clinical pregnancy rates MUNI
for the person doing the warming procedure. |\/| E D



Kryoembryotransfer

—elective ET — pouze jedno embryo transferovano vSechna dalsi
dobra jsou vitrifikovana

— po rozmrazeni je vhodné presvedcCit se zda embryo pfezilo
mrazeni

— viditelna reexpanze je dukazem viability po mrazeni

Morfologické zmény zmraZenych blastocyst po rozmrazeni a post-
rozmrazené kulture.

(A) zmrazena blastocysta ihned po rozmrazeni

(B) blastocysta se zacina zmensSovat v 0,5 mol/I sachardzy

(C) blastocysta se po dalsi dehydrataci po dobu 10 minut pevné
zmensila v 0,2 mol/l sacharozy

(D) blastocysta se zacina znovu expandovat po 1 hodiné kultivace

in vitro e
(E) blastocysta s >50% reexpanzi blastokély po 2 hodinach in

vitro kultivace pred ET

Plvodni zvétSeni x400.




Open x closed system

— otevieny systém je efektivnéjSi — u vitrifikace oocytu vyznamné
— hrozi kontaminace vzorku patogeny v dusiku

— uzavreny systém nuloveé riziko kontaminace
— horSi manipulace
— horsi vysledky po rozmrazeni

| VITRIFICATION: |
| Direct plunging in
| contaminated LN, |

© Oocytelembryo
‘ microrganism

8 Lo

Adhesion of frozen microrganisms to
oocyte/embryo and on carrier’s
surface

WARMING:

Immersion of
contammated carner in
warming solution at 37°C

Hemi-Straw
Cryotop
Cryoleaf
Cryolock
Vitri-inga |
Plastic-blads

Uture medium (37°C)

/L

Activation of warmed microrganisms
and contamination of culture medium

VITRIFICATION: |
Direct plunging in
contaminated LN, |

@ Oocytefembryo
' microrganism

Adhesion of frozen microrganisms to
sealed external straw

WARMING: ‘
Immersion of clean inner
carrier in warming ~
solution at 37°C | /

“Straw

in Straw” /‘-’ /
|High Security |/,
Vitrification //‘ !."

1/

; > ,"
\ /
/i
4

' Culture medium (7°C) | |

No contamination of cufture medium




Open-closed system

Luble 6.1 A Review of the Main Open and Closed Vitrification Devices

Deviee

Volume (uL) Cooling rate (°C/min) Warming rate (*C/min)

Open idevices
Cryotop

Hemi straw
Cryoloop
Cryoleal
Cryolock

Vit inga

Open pulled straw
Fiber pluy

Chowed devices
025 ml straw
Vitrmale

HAY

Waphd |
Crywlip
Crpnpette
laen

Flat strip
Small gutter
Nylon loop
Flat strip
Ilat strip
Hole
Mini-straw
Hook

Straw

Small gutter

Smiall gutter

Hole

Minl straw

Mink straw

COwarte ghass mbcrocapillary

25-100
03

0.5
0.05

0.5

23,000
>20,000
>20,000

23,000
>20,000

20,000

16,700

10,000

<2500
1300
2000
1200
12,000
23,700

Unpublished

=>25,000
>25,000
25,000
>25,000
=25,000
>25,000
20,000
25,000

~1300
>25,000
>25,000
=25,000
<20,000
<20,000
Unpublished




Riziko kontaminace — otevreny systém

VITRIFICATION:
Direct plunging in

© Oocytelembryo
. microrganism

Adhesion of frozen microrganisms to
oocyte/embryo and on carrier’s
surface

WARMING:

Immersion of
contaminated carrier in
warming solution at 37°C

Open Pulled Stra
Cryoloop
Hemi-Straw
Cryotop
Cryoleaf
Cryolock
Vitri-inga /|
Plastic-blads

» medium (37°C)

Activation of warmed microrganisms
and contamination of culture medium
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Riziko kontaminace — uzavreny systém

WARMING:
Immersion of clean inner
carrier in warming

VITRIFICATION:
Direct plunging in
contaminated LN,

solution at 37°C
@ Oocytefembryo T
‘ microrganism in Straw”
High Security
//// Vitrification

w o

w
® w
: Culture medium (37°C)

LN, (-196°C)

Adhesion of frozen microrganisms to | No contamination of culture medium
sealed external straw
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Semi-closed system

— teoreticky kazdy closed systém muze byt semi-closed systém

— zamrazeni primo v dusiku, tedy s vysokym cooling rate, ale skladovani

individualné v uzavrenych zatavenych pejetach

— minimalizace krizové kontaminace mezi vzorky, ale nelze vyloucit kontaminaci

vzorku patogeny v tekutém dusiku

Adhesion of frozen microerganims

to microcapillary surface

VITRIFICATION

Direct plunging in
contaminated LN2

8@ Microorganism

~ o |

© CcCells

N2

Microcapillary into the seal protective
sheetavoiding cross-contamination

MUl
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Riziko kontaminace |I.

s A

patogenu v kapalném dusiku
— kapalny dusik ale i plynny dusik (') mohou pusobit jako vektor a
mohou prenaset patogeny mezi vzorky

» odbér spermatu neni sterilni zakrok

* oocyty jsou béhem odbéru kontaminovany krvi

« nadoby jsou nevhodné utesnéné nebo uzavieneé nehermetickymi
metodami

* vnéjSi povrch slamek a kryozkumavek je vzdy kontaminovan

 skladovaci nastroje (kanystry, drzaky, peany) nejsou sterilizovany

« ziskany sterilni LN, obvykle neni prepravovan za aseptickych
podminek, a proto jej nelze povazovat za sterilni

« kontaminované vzorky (spermie, oocyty) nelze zcela
dekontaminovat

 ve vétSiné IVF laboratofi nejsou Dewarovy nadoby pravidelné MUNI
dekontaminovany. WED



L \ / \ /

Example of a Example ofan Exampl of an

RI ZI ko k O n t am I n a C e I I . ol sealed CeATip over-sealed CeyoTip iidssceealed CryoTap

— jedina bezpecCna metoda uzavreni je tepelné svarovani —
— tepelné svarovani je naroCny postup a vysledek zavisi na mnoha
faktorech, v€etné materialu, tloustky stény a priméru slamky, teploty,
sily tlaku a délky ohfevu - nedostateéné ¢i rozsahlé taveni muze mit za
nasledek netésnosti

— v kapalném dusiku se vyskytuji patogeny a spory plisni = ‘

— nuzky pro stfihani slamek jsou nesterilni -

— nadoby na dolévani nejsou sterilni “le -ﬁ
“Lnlvx

— vSichni pacienti bez vysledku serologii jsou ulozeni v karanténe

— je nutné oddélovat vSechny infekéni pacienty od pacientu serologicky MUNT

negativnich — samostatné ulozeni ME D



Riziko kontaminace lll.

— nebyl zaregistrovan zadny pripad prenosu patogenu mezi vzorky v
asistované reprodukci

—nebyla hlaSena zadna infekce pfipisovana pfenosu béhem
kryokonzervace reprodukcnich bunek

—nebyl hlasen zadny prenos infekce v dusledku IVF u lidi ani u
zvirat

— neexistuji zadné dukazy o tom, Ze by reprodukéni vzorky, v€etné
spermii, vajiCek nebo embryi, mohly zadrzovat jakékoli patogeny
prenasene krvi v dobe, kdy jsou kryokonzervovany

Vysvétleni: prahova uroven potiebna ke zptsobeni klinické infekce

Je v zenské reprodukcni soustavé vysoka (pravdépodobné jako
prirozena ochrana proti infekCnim agens, ktere se hojné vyskytuji

ve spermatu), postupy promyvani a fredéni v ART redi infekCni

agens tak, ze jiz je] nelze povazovat za patogenni WU

MED
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Riziko kontaminace IV. ;“(_

. ] PouZzivejte nosice legalné dostupné na trhu a
— Vitrolife uréené pro vitrifikaci lidskych blastocyst pro
zajisténi dostateCnych rychlosti ochlazovani

Vitrolife ’z a ohfevu.

PART OF WITROLIFE GROUP

— Kitazato citlivjna toto antibiotikum. POZNAMKA: Diouhodoba bezpecnost vitrfikaénej techniky
amaximalni skladovatelnost vtekutém dusiku nebyla stanovenaanenizndma.

An experimental study using the Cryotop open device demonstrated that 45 %
KI,A 7“, a® of samples became contaminated after just 10 seconds of contact with

contaminated liquid nitrogen (Criado et al., 2011). In the same study no

— SAGE
Pozor: PouZivejte legding prodavana (loina
zalizeni urdend pro poudit u vitifikace embryi.
} PouZivejie uzaviené dloing systémy, aby se

5 ;l':'l; GE zabranilo potencialnimu riziku virove kontami-
nace, nepouZivejie otevieng UloZné systémy,
ve kierych vzorek phichazi do primeho kontakiu
5 kapalnym dusikem. Rychlost chlazeni dloZné-
ho zafizeni musi byt mezi 1 800 aZ 20 000 *C/
minutu (Camus et al., 2006).



System sledovani teploty v kryonadobach

= "™ IVIVALENCIA1LN2C £ Conemar (X
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FAKULTNI
: NEMOCNICE
BRNO

Masaicismus - rebiopsie

— velké mnozstvi mozaicistnich embryi

— odbér trofektodermu — vysSsi vyskyt mozaicismu

— nékdy nutna rebiopsie

— rozmrazeni, rebiopsie a nasledné druha vitrifikace

Legend
Euploid TE cell

@ Aneuploid TE cell
© Euploid ICM cell
@ Aneuploid ICM cell

False Negative False Positive



Embryo revitrifikace

— pouzivany nastroj nezbytny pro PGT revitrifikace

— dfive nemyslitelné, dnes uspésnost stejna jako jedna vitrifikace

— blastocysty bioptované a vitrifikované dvakrat mély horsi klinické
vysledky ve srovnani s blastocystami vitrifikovanymi jednou

— pacientky s PGD by mély byt poucCeny, ze provedeni druhé biopsie
a vitrifikace, kdy se nepodari ziskat vysledek z pocCatecni biopsie,
snizi pravdepodobnost otéhotnéni.

— existuji vSak studie, které tvrdi ze revitrifikace nema vliv na live birth
rate

MUl
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Hormesis — hormeticky efekt

— uspésna kryokonzervace embryi vyrazné zvysila Sance na uspésny vysledek
IVF

— existuje také teorie, ktera popisuje "lecebny" efekt zmrazeni embrya, coz
muZze vysvétlovat vySSi uspésnost pfenosu zmrazenych embryi ve srovnani s
transferem Cerstvych embryi "Teorie o embryo-kryo 1€Cbé" : zmrazeni a
rozmrazeni by mohlo aktivovat endogenni mechanismy preziti a opravy u
preimplantacnich embryi - proces rozmrazovani vyvolava nizkou uroven
stresu, coz vede k hormezi

— fizeny stres by mohl vést k opravé poskozeni mitochondrii a chybnemu
skladani proteinu

— vysvétleni vysSSi uspésnosti KET ve srovnani s Cerstvym ET u zenv
pokrocilém reprodukénim véku MUNT

MED



Hormesis

— po rozmrazeni dochazi ke zvysene mitochondrialni aktivité, ktera je podobna
fyziologickym procesum probihajicim v trofektodermalnich burikach.

— skokovy narust spotreby kysliku po zmrazeni a rozmrazeni ma pravdépodobné
pozitivni vliv na zahajeni implantace embrya.

— "kryo-osetreni embrya" ma dvé hlavni slozky

— v dusledku zmrazeni nebo rozmrazeni embryi dochazi ke sniZzeni hladin
reaktivnich forem kysliku (ROS), dochazi k detoxikaci bunék a snizuje se
mnozstvi mutované mtDNA

dalsim mechanismem vlivu je rychlé zotaveni .

(skokovy efekt) mitochondrialni aktivity :

v trofektodermalnich bunkach blastocysty,

ktera je soucasti fyziologického procesu

Implantace

Live birth rate (%

<35 35-37 38-40 41-42 > 42
Age (years)

=t Fresh ET —f— FET

ROS & Mt DNA mutation before freezing = ¥ = ROS & Mt DNA mutation after thawing
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