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Course description

In ART programs world wide, there are several topics of concern that impact
greatly on patients and are of great concern for clinicians and scientists alike:
reducing multiple pregnancies and male and female gamete
cryopreservation.

Each topic independently brings its own need for ongoing discussion and
research;

(1) the scientific community as well as the public is concerned about high-
order multiple births and clearly the only remedy to almost avoid multiple
birth is to transfer only one embryo which should result in more embryos
being cryopreserved. However, national and international registers indicate
that the results obtained with cryopreserved embryos are substantially lower
than with fresh ones; (2) storing the male gamete is currently an accepted
clinical procedure; (3) it is also clear that storing the female gamete can
have great impact in reproductive medicine. Despite some successful clinical
trials, there are several problems associated with the cryopreservation of the
female gamete.

To optimize the cryopreservation of human embryos and gametes clinical
embryologists worldwide have empirically modified basic procedures. Often
these modifications were introduced without any justification and moreover
this has not led to a substantial improvement of the results.

Therefore understanding basic principles of cryobiology and cryopreservation
will help scientists and clinicians to optimize protocols for providing multiple
options to the patients.

The SIG embryology is offering a two-day course aimed at clinical
embryologists, clinical staff and other members with an interest in the
fundamental cryobiology and understanding of human embryo and gamete
cryopreservation. The course will attempt to describe the scientific properties
of cryobiology, how they have been developed and how they are applied. The
course will also describe the current status of human embryo and gamete
cryopreservation and the factors influencing the cryopreservation outcome.

Learning objectives

At the conclusion of this course, the participant should be able to:

U apply the fundamental principles of cryobiology to improve current
cryopreservation procedures

U to understand the factors that influence the cryopreservation outcome

U summarize current cryopreservation practices in ART
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Fundamental cryobiology for clinical
embryologists

Henri Woelders

Wageningen UR, Animal Sciences Group
Lelystad
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Fundamental Cryobiology

In this presentation:

Explain some aspects of fundamental cryobiology

and how this fundamental knowledge can help us to understand
and improve methods for freezing embryos and gametes
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Fundamental Cryobiology

A great variety of terminology can be encountered:

>

Cryogenic storage
Freezing

Slow freezing

(ultra) rapid freezing
Vitrification

Drying
Freeze-drying
Glass transition

> D D > > > D
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Fundamental Cryobiology

They all relate to the same physico-chemical relationships

But are not necessarily the same thing.
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Slow Freezing

VIViso
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Mazur, 1963; Mazur and Koshimoto, 2002;  see also Liu et al.,
199
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Slow Freezing

Water freezes (extracellularly) as pure ice
An unfrozen fraction remains that contains all solutes

>

The volume of unfrozen fraction D

Water content D

Solute (salt) concentration & While IIF is prevented!
Osmotic pressure €

Viscosity &

> > > >

At some point of temperature and concentration CGlass transition
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Glass transition

Glass transition means that a liquid becomes solid in an amorphous
state. The lateral mobility of molecules becomes practically zero.

A glass is stable because (by definition) molecules have lost the ability
of translation movement. No significant biological or chemical changes
will take place.
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Phase diagram
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Phase diagram

Phase diagram of trehalose - water
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Vitrification
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Phase diagram of trehalose - water

50

-100 A

liquid solution

-150

04 06
Mass fraction of water

ANIMAL BCIENCES GROUP
waADE NG

Wiy

Drying (and/or increase solutes)

Temperature (°C)

150

Phase diagram of trehalose - water

100 -

50 q

.50 -

-100 -

liquid solution

-150

0.2 0.4 0.6 0.8
Mass fraction of water

ANIMAL BCIEND
waADE NG

GROUP

Wiy

Freeze Drying
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Fundamental Aspects

The common denominator is the phase diagram shown earlier
and the fact that any storage requires glass transition

A glass is stable because (by definition) molecules have lost the ability
of translation movement.

Still, a glass at very low temperatures is much more stable than a glass
at ambient temperatures.

For cold storage you must go to glass transition while preventing IIF

ANIMAL BCIENCES GROUP
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Cryoprotective Agents (CPAS)

To reach glass transition, water content must be low
Or....Solute concentrations must be very high.

Negative effects of very high salt:
Salt loading

Destabilisation of proteins
Cell shrink excessively

> > >

By replacing part of the solutes by permeable solutes this can be
alleviated
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CPAs

Examples of such compounds:

A propane triol glycerol

A propane diol propylene glycol (PG)
A ethane diol ethylene glycol

A butane diol

A ethanol

A methanol

A dimethyl sulfoxide DMSO

—— WA EN MO E




CPAs

Impermeable CPAs can be used in addition to permeable CPAs
For instance macromolecules that increase the viscosity

A PVP
A PVA
A Ficoll
A Hexa-ethyl Starch (HES)
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CPAs from nature

How to make the intracellular solute concentration high?

1. We use membrane permeable solutes (CPAS)

2. Nature has another trick:
When frost sets in or hibernation starts, cold hardy plants and animals
produce high intracellular concentrations of sugars, like trehalose
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CPAs from nature

We can mimic this trick by loading cells with trehalose:
e.g. by

A Electroporation

A Injection (e.g. into oocytes, Eroglu et al, 2003)

A Using membrane pores (Staph aureus hemolysin. Genetically
modified so they become switchable from open to close by addition
or removal or addition of zinc2* ions; This has successfully been
applied to freeze fibroblasts

ANIMAL BCIENCES GROUP

—— WAGEH 1M D E M

Osmotic events

A Cells shrink in hyper-osmotic; swell in hypo-osmotic solution
A Cells shrink and swell when CPA is added

A Cells shrink during ice formation (slow freezing method)

A Cells swell and shrink when CPA is removed

All these osmotic events can be predicted, and optimised, when we know:

Cell water volume

A Membrane surface area

L, Membrane permeability for water

P Membrane permeability for permeant solute (CPA)

and the respective activation energies (E,) of L, and P

ANIMAL BCIENCES GROUP
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Measuring membrane permeability

Spermatozoa: Stopped flow fluorometry

Volume changes of sperm after adding cryoprotectant
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Measuring membrane permeability

Embryo’s

Transfer the embryos in medium with e.g. 10% glycerol.

Video recording of Shrink-swell cycles

Image analysis A measure/calculate the volume of the embryo

> > >

VIV(iso)

o 5 10 15 2
Time (min)
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Measuring membrane permeability

>

Use equations that describe 09
membrane flux

VIV(is0)

o s 0 M =
Time (min)

A Fitting of the measured shrink-swell curve with these equations will
render values for L, en P

A By doing this at three different temperatures, one can use an ‘Arrhenius

plot’ to calculate the temperature dependence.
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Apply Fundamental cryobiology:

Addition and removal of CPA
In vitrification and slow freezing
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| Volume excursion after adding CPA

Adding CPA leads to shrink-swell cycle
Magnitude of volume excursion depends on
. Ratio of Lp and Ps
Concentation of CPA
May harm cells when exceeding osmotic tolerance limits

VIV(iso)

Time (min)
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| Volume excursions Removal of CPA

144
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Removing 1.5 M CPA (0.71; 0.35; 0 M)
08
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Human oocytes:
Lp = 0.55; Ps=8.00
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Volume excursions Addition of vitrification solution

¥ Human oocytes:
08 Lp =0.55; Ps=8.00
°
306 Oocytes are equilibrated with:
7 s 7.5% EG + 7.5% DMSO
0.2 .
Then, placed in:
0.0 15% EG + 15% DMSO + 0.5 M
o B 2 3 4 5 Sucrose
Time (min)
ANIMAL BCIENCES GROUR
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Volume excursions

A Such simulations can show what happens in terms of cell volume but
also in terms of intra and extracellular concentrations of solutes.

A For instance it can be shown that the intracellular concentration of
EG and DMSO of human oocytes in Vitrification Solution is not
reduced by using the non-permeant CPA sucrose.

A What happens to the cells depends on type of cell, type of CPA,
concentration of CPA and non-permeant solutes, etc.

A Therefore, these simulations help make decisions on type of CPA
and protocol.
ANIMAL BCIENCES GROUP
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Apply Fundamental cryobiology:

The cooling rate in slow freezing methods
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Slow Freezing: The Cooling Rate

The purpose of slow freezing is:
Increase solute concentration to glass transition while preventing IF

IIF is prevented by cooling slow enough to allow the cells to dehydrate
enough to prevent intracellular supercooling.

The question arises: How slow is “slow-freezing”

ANIMAL BCIENCES GROUP
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Cooling Rate

At a too high cooling rate
A IIF
A Pore erosion caused by a too rapid water efflux

A Too abrupt (ultra)structural morphological change (very
rapid shrinking)

At a too low cooling rate

A Cells shink to a too low volume
A Cytoplasma becomes too high salt
A Unfavourable conditions last longer
ANIMAL BCIENGES GROUP
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Cooling Rate

Optimal rate somewhere between ‘too slow’ and ‘too
fast’

100
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Cooling rate; theaoretical modelling

Mechanisms of cryo damage are related to osmotic changes
during freezm? and thawing, and to the resulting flux of water
across the cell membrane

These events can be modelled mathematically

To do this, one must know the values of V,, A, and L, en Py

Theoretical Model

Mazur 1963 Assumed linear cooling (constant cooling
rate)
Liu et al. 2000 Also assumed linear cooling, but included

movement of CPA

ANIMAL BCIENCES GROUP
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Theoretical Model

Theory predicts that a linear freezing programme is not optimal.

Woelders and Chaveiro (2004) developed a model without
assuming a linear freezing programme

ANIMAL BCIENCES GROUP
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New Theoretical Model woelders and Chaveiro 2004)

Boundary conditions:

Cooling rate must always be as high as possible

But not too high to cause IIF

Membrane flux of water and CPA must not be too strong
Transmembrane osmotic pressure difference must remain within
limits

> > > >

These boundary conditions can be expressed mathematically

ANIMAL BCIENCES GROUP
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New Theoretical Model

¢ =molar conc.

av, =7 ART-P m = molal conc.
dr | "7 186 issi ;
. p = permissible supercooling
7 - E, = activation energy
dv, PA Cepa(ini -0 A -
iz p D Cerdiny  TU T cra(r) L, = hydraulic conductivity
dt Cyaniy ¥ Cepagin 1.86 Vw(r)

P, = permeability CPA

0 = Celsius temperature

=L, ART p-(0+p)?/ (N 1.867)

Eu Eu
e lrgcen o R295 RT

Eu Eu
|n(f;(255))+k 295 RT
e

Woelders et al, 2004
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New Theoretical Model

Due to the chosen boundary conditions, the model predicts
the ‘optimal’ freezing programme, in which:

. The cooling rate is always as high as possible
(to prevent so-called “slow cooling damage”)

While conditions that could lead to “fast cooling damage” are

precluded.
ANIMAL BCIENCES GROUP
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New Theoretical Model

Bovine spermatozoa (Woelders and Chaveiro 2004)
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New Theoretical Model

Human blood stem cells (Woelders & Lagenberg unpublished)

[DMSO] varied (mol) B

Temperature (°C)
IS
5
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New Theoretical Model

Bovine morulae (preliminary estimates of L,,, P en E;)

CPA concentration varied

Temperature (°C)

time (min)

Wiy
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New Theoretical Model

Human oocytes (Woelders, unpublished)

CPA concentration varied

Temperature (°C)

0.0 50 10.0 150 200
time (min)
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Present slow freeze method

Embryos, oocytes
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Vitrification

Phase diagram of trehalose - water

liquid solution
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Vitrification

No importance of Cooling Rate?

A Very high cooling and thawing rate enable vitrification with lower
CPA concentrations
A Ultrarapid cooling to outrun:
. Spindle depolymerization
(but see Stachecki et al 2004; Rienzi et al 2005)
. Lipid lateral phase separation
. Other hypothermia induced changes
LY HT T T DI
Vitrification

Very high cooling and thawing rate by techniques like

A Minimal volume (cryoloop o.p.s., cryotop etc.

A Solid surface freezing (ops, cryotop)

A N, at freezing point versus at boiling point (Vitmaster)
Applications, e.g.

A Semen vitrified without any CPA (Isachenko et al 2003)

A Oocytes vitrified with relatively low CPA concentration (e.g. Lucena
et al. 2006; Antinori et al. 2007)

ANIMAL BCIENCES GROUP
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Vitrification human oocytes

Year 1st author Method Clinical/Experim.

2004 | Fuchinoue GV, Taxol, Vitrification Exp.

2005 | Kuwayama Vitrification Cryotop Babies

2005 | Kyono Vitrification Baby

2006 | Lucena Vitrification Cryotop Pregnancies
2006 | Isachenko Aseptical Vitrification Exp.

2006 | Chen GA Vitrification Baby

2006 | Chen ZJ Vitrification Cryoloop Babies
2006 | Selman Vitrification Pregnancies
2007 | Kuwayama Vitrification Cryotop Review
2007 | Antinori Vitrification Cryotop Babies

ANIMAL BCIENCES GROUP
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Conclusions

Understanding of fundamental aspects of freezing and thawing enables us:

A To explore new ideas
A To optimise existing (slow-cooling) methods
A To optimise combinations of CPA concentration-cooling curve such that
optimal results may be obtained with the lowest possible CPA
concentration
_— e e
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Basic principles of cryopreservati
vitrification

Etienne Van den Abbeel

Prague 2007

Outline of the presentation

Introduction

Basic principles of freezing
Conclusions

Basic principles of vitrification
Conclusions

Prospects for the future
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Oocyte donation programmes
Malignancy

Social

Ethical

_— Efficient oocyte cryopreservation procedures
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Introduction
Importance of human embryo cryopreservation

Increase the efficiency of ART

|

Efficient embryo cryopreservation procedures

. Tool to reduce multiple pregnancies

U
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Human oocyte and embryo cryopreservation

Data from international and national surveys

l

Not all oocytes and embryos survive the cryopreservation with (all) cells
intact

Implantation potential of cryopreserved oocytes and embryos is lower than
for fresh embryo’s

U Improve cryopreservation procedures
¥
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Introduction

Cryopreservation of reproductive cells
i

Stopping biological time
-196°C
|

Lethal intra-cellular ice formation

Fate of cellular water

-l C

/ o
Equilibrium (quasi-equilibrium) cooling  Non-equilibrium cooling
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Introduction

Basic definitions

Cryobiology: is the branch of biology that studies life at below-normal
temperatures

Cryopreservation: is the process of preserving or storing living systems in a
viable condition at low temperatures for future use by freezing or by
vitrification (= ice-free cryopreservation)

7 titel
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Basic principles of freezing

Equilibrium cooling (controlled-rate cooling)
37°C
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Basic principles of freezing

Quasi-equilibrium cooling (interrupted controlled-rate cooling)
37°C

D — —
: Q e
~ 0 0

water

0 ed | r_Rapid thawing
_ . Controlled-rate cooling
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Basic principles of freezing

Principle variables of freezing

g The effect of cooling rates
g Likelihood of intracellular ice formation
g Cell volume excursions during cooling
g Osmotic responses to CPA solutions
g Chilling injury
U
¥
0 el 242007

Basic principles of freezing

Principle variables of freezing

g The effect of cooling rates

&« C
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Survival of Cryopreserved Mouse Embryos
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Basic principles of freezing

Principle variables of freezing

g Likelihood of intracellular ice formation
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Intracellular Ice Formation in Mouse Oocytes /
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Basic principles of freezing

Principle variables of freezing

g Cell volume excursions during cooling

&« C
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Cell Volume and Survival of Mouse Oocytes
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Basic principles of freezing

Principle variables of freezing

g Osmotic responses in CPA solutions
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Cryoprotective Additives
. Methanol 32
. Ethylene Glycol 62
. Propylene Glycol 76
. Dimethyl Sulfoxide 78
. Glycerol 92
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Mouse Ooocytes in 1.5 M Ethylene Glycol
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Mouse Ooocytes in 1.5 M CPA Solutions
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Human Oocytes in 1.5 M Ethylene Glycol
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Basic principles of freezing

Principle variables of freezing

g Chilling injury

Damage between 30°C and -7°C without freezing

(cytoskeletal elements, membranes, lipids)
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Conclusions on freezing

When cells cooled slowly, their survival depends on cooling rate
and/or warming rate.

Q

Various chemicals may act as cryoprotectants (CPAS).
Cells may be killed by cooling to ~0°C.
Cells may survive freezing but be killed by osmotic shock.

Expensive equipment required.

Q@ @ @ @ @

Long procedures.

25 el 242007

Rationale of vitrification

g Slow cooling allows time for cell dehydration at subzero temperatures

g Vitrification:
. Dehydrate cell before cooling
g Vitrification:

. Cool rapidly to “outrace” chilling injury

&« C

26 el 2:4-2007

Basic principles of vitrification

Definition of vitrification:

Solidification of a solution without ice chrystal formation
(Nucleation temperature (Th) = glass formation temperature (Tg) )

B Luyet (1948; 1949)

&« C
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Basic principles of vitrification

™
™ .
non-equilirium vitiication
equilibrium vitrification
o
0% 0% 80%  [CPA]WIV
Vitrfication: Tg = Th
28 tiel 2.4-2007

Basic principles of vitrification

Non-equilibrium cooling (cooling by direct plunging into LN2)

Equilibrium vitrification Non-equilibrium vitrification
S

22°C Q 22°C
6 to 8 M CPA, — Permeation and dehydration +— 4 to 5M CPA and
macromolecules and sucrose (1 to 2ul)
isugars (25 to 150ul) H20

Slow to moderate warming “Very rapid warming"|
Slow to moderate “Very rapid”
ﬂ cooling \%ling

> 7

-196°C

U

¥

29 tite! 2-4-2007

Basic principles of vitrification
Probability of vitrification
Cooling and warming rates x viscosity (CPA)/Volume solution
(Yavin and Arav, 2007)

U

¥
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Basic principles of vitrification

Succesfull vitrification of human oocytes, embryos and blastocysts
depends on a correct interplay between a “sufficient” high cooling rate,
“sufficient” extracellular CPA, “sufficient” permeation or concentration
of a penetrating cryoprotectant, “sufficient” dehydration by a non-
penetrating cryoprotectant, and a “sufficient” high warming rate

31 tel 242007

Basic principles of vitrification

Principle variables of vitrification
g The effect of cooling and warming rates
g Permeability of cells to water and CPA
g CPA toxicity

g Osmotic responses in CPA solutions

&« C

2 el 2:4-2007

Basic principles of vitrification

Principle variables of vitrification
g The effect of cooling and warming rates

. Concentration of CPA low or near zero: cooling and warming rates
>1.000.000°C/min

- Technically a challenge

&« C

33 el 2:4-2007
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Basic principles of vitrification

Principle variables of vitrification

g The effect of cooling and warming rates

. Concentration of CPA very high: low cooling and warming rates
(20 to 2000°C/min)

- CPAs toxic

- Volumes of vitrification solutions 25 to 150 pl

- Safe storage

cl d 4
105ea-Systems:

(Fahy et al, 1984; Rall et al, 1985)

gq((-h

titel

242007

Basic principles of vitrification

Principle variables of vitrification

g The effect of cooling and warming rates

. Concentration of CPA moderate: cooling and warming rates from
15.000 to 30.000°C/min

- Small volumes used (1 to 2 pl): safety?

- Direct contact between cells (milieu) and LN2: safety?
(Vajta et al, 1996, 1997)

=—Speciat-devices used-for vitrification (EM-grids, cryotop, tremi

straw, cryoloop, OPS, SSV, cryo leaf....)

&« C
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Basic principles of vitrification

Principle variables of vitrification
g Permeability of cells to water and CPA
. Glyc<EG<DMSO<PG
. Variability amongst oocytes and embryos

. Oocytes<zygotes<embryos<blastocysts

&« C

3% el

2:4-2007
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Basic principles of vitrification

Principle variables of vitrification
g Permeability of cells to water and CPA
. Glyc<EG<DMSO<PG
. Variability amongst oocytes and embryos

. Oocytes<zygotes<embryos<blastocysts

37 itel

242007

Basic principles of vitrification

Osmotic response in 1.5M CPA
Vol

Time

&« C

38 el

2:4-2007

Basic principles of vitrification

Principle variables of vitrification
g Permeability of cells to water and CPA
. Glyc<EG<DMSO<PG
Variability amongst oocytes and embryos

Oocytes<zygotes<embryos<blastocysts

&« C

39 el
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Basic principles of vitrification

Principle variables of vitrification
g CPA toxicity
. Type and concentration of CPA
- PG, EG, DMSO, Glyc ....

. Temperature of exposure

40 el

242007

Basic principles of vitrification

Principle variables of vitrification
g Osmotic responses to CPA solutions
. Osmotic tolerance limits of cells to be vitrified

- Stepwise addition or one-step addition of CPAs?

&« C
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Benefits of vitrification as compared to freezing

Very simple procedure?
Reduces the time of the cryopreservation procedure?

No ice crystallization

Q@ @ @ @ @Q

Flexibility

Eliminates the costs of expensive programmable freezing equipment?

&« C

42 el
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Variables of vitrification that can profoundly influence its
effectiveness

g Technical proficiency of the embryologist

The device that is used for vitrification

Q

g Direct contact of the LN2 and the vitrification solution can be a source
of cross contamination (EU?)

g Concentration and type of CPA and the temperature of exposure

g Risk of crystallization during storage or warming

43 el 242007

Applications of vitrification

Vitrification may offer more options than slow cooling for:
Oocytes
Embryos

Blastocysts

&« C

44 el 2:4-2007

Conclusions

Recent published data on the “vitrification” of human oocytes, embryos
and blastocysts indicate that vitrification “apparently” works and
produces even somewhat “better” results than conventional freezing

&« C

45 el 2:4-2007
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Conclusions

g Vitrification to improve survival and viability of human oocytes,

embryos and blastocysts
. How?

. Safety?

. Efficiency?

46 el

242007

Prospects for the future

g Equilibrium vitrification in low toxicity solutions
. Injected CPAs (Trehalose or other CPASs)
g Alteration of oocyte, embryo or blastocysts
. Stabilization of cytoskeletal elements
. Alteration of membrane permeability (aquaporins)

Atrtificial shrinking of advanced blastocysts

&« C

47 tiel

2:4-2007

16



Human embryo
cryopreservation :
A review of clinical issues
related to success rate

D Royeére, Médecine et Biologie de la
Reproduction, CHU Bretonneau, UMR6175
Inra / Cnrs / Haras / Université de Tours

Eshre SIG Embryology Course
Prague April 2007

FET : clinical issues related to
success rate

» Factors involved in FET issue
- FET cycle itself
- OPU cycle source of frozen embryo(s)
- Patients characteristics
e Factorsinvolved in pregnancies issued fraom
===
- Comparing fresh and frozen embryo transfers
- Analysing FET issues as a function of development
stage
- Related to OPU cycle

Eshre S1G Embryology Course
Prague April 2007

Factors involved in FET ‘issue

* Report on French Data Base Fivnat/ FET 2001-
2002
o 14 247 registered FET
— FET cycle analysis
» 9286 FET related to OPU
— Patientage
— Infertility factor
— Ovulation treatment
— ART procedure

Eshre S1G Embryology Course
Prague April 2007




Time lag between OPU and FET

1318 19-24 2yrs
Month
Mean interval : 9,5 + 12,8 months; 63 % 6 months, 79 % year following OPU

Fivnat

Eshre SIG Embryology Course
Prague April 2007

Day of %reezi

Total Day2-Day3 : 85.9 %
Total Day5-Day7 : 10,6 % Fivnat

Eshre S1G Embryology Course
Prague April 2007

FET cycle

— 2001
Natural cycle
Stimulated cycle

Hormonal Replacement 3,6
cycle + GnRHa 0,001

Hormonal replacement 26,4 Bo==2672
cycle - GnRHa
Other / Unprecised mm

Fivnat

Eshre S1G Embryology Course
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FET cycle :ovulation treatment

P<0,001

[Fsr+ccouiMe | 08 | 08 | 08 |

Fivnat

Eshre SIG Embryology Course
Prague April 2007

FET cycle : bvulation triggering
(hCG) depending on the cycle type

Natural cycle
Stimulated-cycle

Hormonal replacement
cycle + GnRHa B850k

Hormonal replacement
cycle - GnRHa

Fivnat

Eshre S1G Embryology Course
Prague April 2007

FET - Results (1)
SR N ooy

Transfers (% / thawing)

Clin Pregnancy Rate CPR
(/thawing)

Thawed embryos : mean
(spy| @, 4) (1.6) | (L 5)
Transferred embryos : mean .
(SD)| (0,7

Fivnat
Eshre S1G Embryology Course
Prague April 2007




FET : Results (2)

Tranferred embryes/
transfer “mean (SD)

Transferred embryos /7 1,79

thawing : mean (SD) (0,95) 7) | ( )
% thawed embryo used : L0+ —L1,8F| “7370
mean (SD) (34,9) 5,9) | (35,2)

Fivnat
Eshre SIG Embryology Course
Prague April 2007

CPR as a functibn of time lag between
OPU and FET -and prognostic of OPU

- All together Preg /Fresh T No Preg / Fresh T}

1012 1318 19-24
Monthe—— — — Fivnat
P<0,001

Eshre S1G Embryology Course
Prague April 2007

Clinical Pregna:ncy rate depending
of the day of freezing

B ClinPregRate]

Fivnat

p<0,001

Eshre S1G Embryology Course
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Clinical pregnancy rate as a
function of FET cycle treatment

N CP
Cycles Rate

cycle + GnRHa
cycle - GnRHa

Eshre SIG Embryology Course
Prague April 2007

Fivnat

Clinical pre:gnancy Rate as a
function ofovarian stimulation

[ TN %o [wom |

Eshre S1G Embryology Course
Prague April 2007

Influence of embryo recovery on
implantation

[ Tiwolentation| raire |
Thawed embryos : mean 2,7 (1,4) e lhe))
(SD)

TFransferred Embryons

Fivnat

Eshre S1G Embryology Course
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Clinical pregnanéy rate as a function of
the number of embryo-transferred

Fivnat

Eshre SIG Embryology Course
Prague April 2007

Clinical pregnanby rate as a function of
age at OPU"and age at FET

=29 30-34 3537 3839 4041

1 AgeatOPU ® Age at FET Fivnat

The influence of age at OPU is more relevant than age at
EET=

Eshre S1G Embryology Course
Prague April 2007

Clinical pregnanby rate as a function of
age at OPU and age at FET

Age at OPU

Age at FET : NS (p=0,22) Age at OPU : p<0,02

Eshre S1G Embryology Course Fivnat
Prague April 2007




Schalkoff,1993
Wang 2001

Human Reproduction Vol21, Nod pp. 2363-
Andres Salumets'>5, Anne-Maria Suikkari’, Sirpa Mikinen®, Helle Karro’, Anu Roos*
and Timo i
Eshre SIG Embryology Course
Prague April 2007

TABLE 2. Risk. \oss, relaive risks, and 95%
conceived trough assisted reproductive technology, Urited States, 1999-2002

 embryo type. and woman's age among 148434 pregrancies

v o o L% POy (0 d ot ey e o e o v —
aose ey Hovd 6 GRS PR skt Cireral
Toal e wedw 26 84288 144 83 51 44 22 12 054 045 016 Nolapolcable
Pallent eos
Fresh embryos by
el age
] 8%7 4088 23 21827 102 69 42 A1 22 12 051 041 012 Relent

=) 18770
a7 25309
840 18341
a2 5468
a2 5 158

Thawed emoryos by

0 12 T4 15
850 139 72 38 14

337 79 171 101 21

40 @5 23 U 15 27

st 78 28 14 a2 "

42 %3 o5 21 121 41

Donor eggs

Fresh enbrycs 375 e 29243 120 73 42 18 080 05

Thawed emoryos 1A 425 29 315314 w6 88 41 16 03030

Fregrancy Loss pmong Fregnancies Concefesd throsgb s Reproducie
Tedhaskagy Lakes Sraey, 10 2{3
Shwry L P Lmew i Sewem! wad Doraer | jarmema

s e o e sk g v v v . b M
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Clinical pregnaney rate as a function of
infertility factors

Tubal Male NMFD Tubal Tubal Endo Unexpl
only only only +Mae +NMD

Fivnat
P O ,04 Eshre S1G Embryology Course
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Clinical pregnancy rate as a function of
ovarian stimulation-for OPU

Short prot Long prot Antag No GnRHa

P<0,01 Fivnat

Eshre SIG Embryology Course
Prague April 2007

Clinical pregnancy rate as a function
of ART procedure

Fivnat

Eshre S1G Embryology Course
Prague April 2007

e

121,308 p. 23652574, 206
Andres Salumets"*, Anne-Maria Suikkari’, Sir le Karro', Anu Roos*
and Timo Tuuri’

Van Steirteghem 1994
Kowalik, 1998
Mandelbaum, 1998
Simon, 1998
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‘Table 2. Parameters examined in relation to the implantation rate. Individual parameters are either expressed in all
embryos transferred (expressed) or not expressed in any of the embryos transferred (non-expressed). The relative risk
describes the ratio of the expressed to the non-expressed parameter. The P-value tests the difference in implantation
rates for the expressed and non-expressed parameters. NS = not statistically significant; CI = confidence interval

Pa ters Implantation rate (95% CI)in Relative risk P-value
Expressed n Non-expressed (95% CI)

Four or more cells at freezing | 0.14/0.10,0.18) 383 0.06 (0.03,0.11) 23(12,46)
Resumption of mitosis 0.14(0.11,0.18) 381 006(002,020) 85  24(0.7,83)
Survival of all blastomeres 0.12(009,0.16) 498 0.05(0.02,0.15) 25(08,7.6)
Resumption of mitosis 017(0.12,024) 188 007(004,0.12) 259 24(13,46)
including more than 2 cclls
Six or more cells at transfer 020(013,03) 105 0.06(0.04,0.10) 32(17,61)
Child in previous fresheyele | 0.16 (0.11,0.23) 216 0.08 (006,0.1) 603 19(1.2,30)
v 0.12(008,0.16) 519 0.09(007,0.13) 12(08,20)
sted hatching 0.15(0.11,0.19) 351 0.07(0.05,0.10) 21(13,33)
Age less than 36 years 0.12(009,015) 559 0.07(0.04,0.12) 16(09,28)

Eshre SIG Embryology Course
Prague April 2007

Clinical pregnancy rate as a function of
the fresh embryo transfer issue

Failure Implantation
P<0,001 Fivnat

Eshre S1G Embryology Course
Prague April 2007

Table 2. Parameters examined in relation to the implantation ratc. Individual parameters are cither expressed in all
embryos transferred (expressed) or not expressed in any of the embryos transferred (non-expressed). The relative risk

ibes the ratio of th d to the non-expressed parameter, The P-value tests the difference in implantation
rates for the expressed and non-expressed parameters. NS = not satistically significant; CI = confidence interva

Para Implantation rate (95% CI)in clative risk  P-valie
Expressed Non-expressed

Four or more cells at freezing | 0.14/(0.10,0.18) 0.06(0.03,0.11) 3(1.2,46)
Resumption of mitosis 014(0.1,0.18) 381  0.06(0.02,020) 85 07.83)
Survival of all blastomeres 0.12(0.09,0.16) 0,05 (0.02,0.15) 5(08,7.6)
Resumption of mitosis 0.17(0.12,024) 007(004,012) 259 24(13,46)
including more than 2 cells
Six or more cells at transfer 0.20(0.13,031) 0,06 (0.04,0.10) 32(17,6.)
Child in previous fresheyele | 0.16 (0.11,0.23) 216 0.08(0.06,0.1) 603 19(1.2,30)
IVEACST 0.12(0.08,0.16) 009(007,013) 300 12(08,20)
Assisted hatching 0.15(011,0.19) 351 0.07(005,0.10) 21(13,33)
less than 36 years 0.12(0.09,0.15) 0.07(0.04,0.12) 16(09,28)

Wang, 2001

Osmanagaoglu, 2004 Eshre S1G Embryology Course
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FET : clinical issues related to
success rate

e Factorsinvolved in FET issue
- FET cycle itself
- OPU cycle source of frozen embryo(s)
- Patients characteristics
* Factors involved in pregnancies issued from
EET=
- Comparing fresh and frozen embryo transfers
- Analysing FET issues as a function of development
stage
- Analysing FET issues as a function of OPU cycle

Eshre SIG Embryology Course
Prague April 2007

Materiél & Methods

Files FET pregnancies/ period 1996-2002:
4138

Included (discarding biochemical ones & non
available issues) : 3632

Parameters assessed: % Spontaneous
Abortion, Ectopic Pregnancy, Medical
termination, Multiple Pregnancy, Prematurity,
Hypotrophy, Perinatal death, Malformations,
Sex ratio

The number of feetus was taken in account

Eshre S1G Embryology Course
Prague April 2007

Pregnancy issues following
Frozen Embryo Transfer
(FroET) as compared to Fresh
Embryo Transfer (FrekET)

Eshre S1G Embryology Course
Prague April 2007




Issues of clinical pregnancies

OFreET
B FroET

Spont Ab Ect Preg Med Term Deliv
SA : 21.6 vs. 17.3 %, p < 0.0001

Eshre SIG Embryology Course
Prague April 2007

Fivnat

Issues of clinical pregnancies

e Increase in pregnancy wastage Aytoz, 1999
e Clinical abortion rate 20-25%,

Kowalik, 1998

Aytoz,-1999

Van-den Abbeel, 2000

Salumets, 2003

Eshre S1G Embryology Course
Prague April 2007

Multiple Pregnancy Rate (after reduction)

Singleton i Triple or more

MPR 14.8 vs. 26.7 %, p < 0.0001 Fivnat

Eshre S1G Embryology Course
Prague April 2007




Multiple Pregnancy Rate as a function
of the number-of embryos transferred

2Emb 3Emb 4Embet+ Fivnat

Eshre SIG Embryology Course
Prague April 2007

Morbidity during pregnancy

FreET
® FroET

Metr 1st T Metr 2nd T Metr 3rd T HTA/Dysg

Fivn:
Eshre S1G Embryology Course i

Prague April 2007

Pathologies during singleton
pregnancies

ok

FreET
B FroET

o

I Hkk
N7 ar> B | |
PreDelThr PraeviaP RPHem  MembRupt Hosp

Eshre S1G Embryology Course P

Prague April 2007
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Characteristics=0f singleton neonates :
prematurity, hypotrophy

FreET
B FroET

. 7 |
<37WA <33WA <2500g <1500g < 10éPerc
Weight : 3148 + 561 g vs. 3291 + 546 g (FreET vs. FroET )

Eshre SIG Embryology Course IRIIELE

Prague April 2007

Characteristicstof singleton neonates :
mortality, malformations, sex ratio

In Utero PrecNeo Perinat Malf + Sex Ratio

Death Death Death Genetic Abno
Fivnat

Eshre S1G Embryology Course
Prague April 2007

Issues of pregnancies after FET
depending on the development
stage (embryo = FET vs.
Blastocyst = FBT)

Eshre S1G Embryology Course
Prague April 2007
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Clinical pregnancies issues

ERB8EBBIK

Spont Ect Preg Med Term Delivery

Abortion .
Fivnat

Eshre SIG Embryology Course
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Multiple Pregnancy Rate (after reduction)

Singleton i Triple and more

Fivnat

Eshre S1G Embryology Course
Prague April 2007

Characteristics of singleton neonates

<37WA <33WA <2500g < 1500g < 10th
Perc

Poids : 3292 + 554 g vs. 3391+ 503 g ( FET vs. FBT )

Fivnat
Eshre S1G Embryology Course
Prague April 2007




Rate-of spontaneeus abortions as a function
of stimulation-and development stage

Natural Stimul cycle HR +
cycle GRHa

Eshre SIG Embryology Course
Prague April 2007

Delivery rate as a function of cycle treatment

0 DelivRate/transfer

Natural  Stimul HR +
cycle cycle GnRHa

Such difference was not explained by the ovulatory status of the patients

Eshre S1G Embryology Course
Prague April 2007

Spontaneous abortion rate as a- function
of embryo survival after thawing

e At least one good survival embryo
(100% intact blastomeres)
OR = 0,701 [ 0,504 =0,974]
Van den Abbeel,-1997
SurvBlast EPL 17.3% vs. 42.9% Partial

» Blastocyst vs. embryo
OR =1,352-[-0;945=1,933]

Eshre S1G Embryology Course
Prague April 2007
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Pregnancy issues after FET
related to OPU

Eshre SIG Embryology Course
Prague April 2007

Influence of age at OPU

Ml Deliv/Pre

0
0
&
0
A
0
2
10

(0]

<29yrs 303 3537 3839 4041 >A2yrs
ws - yrs ysys

Age at OPU and Spontaneous Abortion Rate :
OR=1,15[1,03 - 1,29 ]

Eshre S1G Embryology Course
Prague April 2007

Which OPU parameters-were related to
issue-of pregnancies faollowing FET ?

* No influence of
- ART procedure (IVF or ICSI)
- The number of frozen embryos
- Pregnancy following OPU
- Sperm concentration

on Spontaneous Abortion rate as well as
Multiple Pregnancy Rate

Eshre S1G Embryology Course
Prague April 2007
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Conclusions (1 )

e General evolution of pregnancies
following FET remain similar to
pregnancies issued from OPU

Multiple Pregnancy Rate however is
lower after FET

Patient age at OPU is the major
prognostic factor for FET pregnancy
issue.

Eshre SIG Embryology Course
Prague April 2007

Conclusions (¢ 2 )

The less favourable prognostic of pregnancies
issued from FET cycles using Hormonal
replacement could not be related to patient
ovulatory status.

The lower frequency of various-complications
in singleton pregnancies, as compared to fresh
transfer’s (Precocious Delivery Threatening,
PraeviaPlacenta, membrane Rupture,
Prematurity, Hypotrophy, In Utero Death)
was notexplained by patient age but might
refer rather to their fertility statuswhen
embryos may be frozen.

Eshre S1G Embryology Course
Prague April 2007

. Short term evaluation
. e .
Pregnancy issue . Neonate status

I L & i [
B e
" Long term evaluation ‘
N 'q'__ "
P "

Fertility of progeny Health &fertility
- of next progenies
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attention !
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Embryo characteristics
influencing outcome of human
embryo cryopreservation

Kersti Lundin
Reproductive Medicine
Sahlgrenska University Hospital
Goteborg, Sweden

Overview

e Embryo quality

e Embryo scoring variables vs. embryo
freezing variables

e Number of cells

* Morphology

 Early cleavage

« ICSI / IVF

* Media

What is "embryo quality”?

How do we define "embryo quality”?




What are we measuring?

Development variables
Implantation potential
Live birth

I

Nuclear status / cytoplasmic status /
metabolic status / environment /
chromosomal status

Variables for embryo selection

Oocyte assessments

Zygote scoring
Cleavage rates
Morphology (fragmentation, cell size)

Number of nuclei
Metabolic / genetic status?

Embryo selection criteria

* PN morphology

* no MNB

4 cells( —8)

* even sized cells

* < 20 (-30?)% fragmentation

« first cleavage before 25-27-hours
* 1 nucleus / cell




Number of cells (prefreeze)
Sahlgrenska University Hospital

Cell survival 100% |60-80% |< 50% |mean
4 cells (n=320) 55% 18% 27% 69.1
5 cells (n=94) 37% 24% 39% 60.0
6 cells (n=44) 34% 32% 32% 63.6

Implantation vs. number of cells

5572 embryon

2 cells frozen day 2 7.2%
4 cells frozen day 2 16.9%
4 cells frozen day 3 5.5%
Non-intact 4 cells day 2 <11%

Fresh 4 cells day 2 16.6%

~ 30% implantations lost due

to cryopreservation Edgar et al 2000

Survival and cleavage rate vs. |
implantation rates (n=654 cycles)

100% blastomere survival —= 22% IR
50-75% blastomere surviva—> 7% IR

» Cleaved embryos = 20% IR
Uncleaved — 3% IR

e Intact + Cleaved embryos =——> 27% IR

Guerif et al 2002




2003-2006 (n= 1393 SET)
Sahlgrenska University Hospital

Survival, % Implantation (%)
100 232/967 (24)
70-90 56/325 (17)
60 9/63  (11)
40-50 7/65  (14)

 Predictive factors for outcome of
i frozen embryo transfers

822 double embryo transfers
420 single embryo transfers
» Delivery rate 18.7 vs. 14.3%

* Predictive factors:
- Woman”s age
- Embryo quality (2 4 cells,
intact after thawing)

‘ Salumets et ;2006

SU: Frozen-thawed transfer -
Predictive factors for live birth

e 622 single embryo transfer cycles
* 16% live birth
e Independent predictive factors:

- Fertilisation method (1VF)
- Embryo survival




Embryo morphology and survival rates
(640 4-cell embryos frozen separately on day 2)

Cell survival 100% | 75% |<50%

Grade 4:1+4:2A (n=435) * | 46% 15% | 39%

Grade 4:2B (n=160) * | 36% 15% | 49%

Grade 4:2c (n=45) 53% 10% | 37%
A= <20% fragm *p=0.15

B= irregular cell size 100% v.s <100% and
¢ = slightly granular 75/100 vs. < 75

. Early cleavage and survival rates |
(297 embryos frozen separately on day 2) |

Cell survival 100% |> 50%

Early cleavage 52% 14%

Late cleavage 59% 11%
ICSI vs. IVF -

Sahlgrenska Hospital 2003-06

Survival rates
* ICSI: 46% > 60% survival
* IVF:  49% > 60% survival

Implantation - single embryo transfers
« ICSI: 18.9% (709 SET)
e IVF: 24.5% (795 SET)




Frozen-thawed transfer -
Predictive factors for live birth

* 622 single embryo transfer cycles
e 16% live birth
< Independent predictive factors:

- Fertilisation method (1VF)

- Embryo survival

Influence of culture medium

Freezing |CM1+FM1 CMI1+EM1 |CM2+EM2 CM2+FM1
Thawing |CM1+TM1 CM2+TM2 |CM2+TM2 CM2+TM1
N= 1321 483 305 68

100% 44.9% 47.0% 32.8% 39.7%
75-90 12.3% 9.9% 15.4% 14.7%

% GQE 51% 56%

FM1/TM1 = Hepes-based freezing/thawing medium
FM2 / TM2 = PBS-based freezing/thawing medium

Embryo selection criteria

Fresh transfer Cryopreservation

* PN morphology

*no MNB

e 4cells( -8)

« even sized cells

¢ < 20 (-30?)% fragmentation
« first cleavage before 25-27-
hours

« 1 nucleus / cell

* PN morphology ?

*no MNB

e4cells( —8)+

« even sized cells

¢ < 20 (-30?)% fragmentation

« first cleavage before 25-27-
hours

* 1 nucleus / cell ?




Cumulative birth rates - Addition in live
births from freezing-thawing transfers

"Realistic" estimate of cumulative live birth rate
70
60
50
40

30
fresh transfers
——fresh + frozen transfers

% live births

20
10
04

Cycle number

Conclusion

« In a high-quality program, transfer of good
quality cryopreserved embryos yield a
pregnancy rate which is a considerable
addition to that of fresh transfers

« Although the overall lower pregnancy and
implantation rates compared to fresh
transfers indicate that embryo quality is
affected, success rate after transfer of a
single intact embryo may be comparable to
transfer of a fresh embryo
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—| Aneuploidy

Euploid 33%
Aneuploid 67%

—‘ Structural abnormalities ‘

Euploid/balanced 19%
Aneuploid/unbalanced 81%

—‘ Single gene disorders ‘

Recessive Dominant

Wwild type 25% 50%
Healthy carrier 50% -
Affected 25% 50%

SISMER,
VISION 2000




- Embryo biopsy E

- Genetic analysis

VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

Chromosomally abnormal embryos
> 7 cells and <5% fragmentation

Slow-freezing w/ PROH
in 0.1M sucrose

Frozen on the afternoon of day 3

Thawed two days later

Magli MC, Gianaroli L, Fortini D, Ferraretti AP, Munné S (1999) Impact of blastomere biopsy

SISMER
and cryopreservation techniques on human embryo viability. Hum Reprod 14, 770-773 VISION 2000




BIOPSIED EMBRYO CRYOPRESERVATION

Embryo freezing

Embryos were frozen using 1,2-propanediol (PROH) and 0.1M sucrose as
cryoprotectants in HEPES-buffered HTF medium (L lle et al., 1985). HSA
was used to supplement both freezing and thawing (25 mg/ml) solutions.

1- 1.5 mol/l PROH for 10 min at room temperature
2- 1.5 mol/l PROH with 0.1 mol/l sucrose and loaded individually into plastic
straws.

Cooling:

- start at 20°C, at a rate of —2°C/min to —=7°C
- manual seeding was induced manually

- 0.3°C/min to -30°C

- 50°C/minto —150°C

- plunging and storage in liquid nitrogen

Magli MC, Gianaroli L, Fortini D, Ferraretti AP, Munné S (1999) Impact of blastomere biopsy
and cryopreservation techniques on human embryo viability. Hum Reprod 14, 770-773 VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

Embryo thawing

- Exposure of straws to air for 30 s
- immersion in a water bath at 30°Cfor 45 s.

PROH was removed by serial transfer into:

-1.0 MPROH + 0.2 M sucrose at room temperature for 5 min
-0.5M PROH + 0.2 M sucrose at room temperature for 5 min
- 0.2 M sucrose for 10 min.

Rehydration was completed by transfer to HEPES-buffered HTF medium for 10
min.

Embryos were transferred to culture medium at 37°C before being assessed for
blastomere survival.

Magli MC, Gianaroli L, Fortini D, Ferraretti AP, Munné S (1999) Impact of blastomere biopsy SISMER
and cryopreservation techniques on human embryo viability. Hum Reprod 14, 770-773 VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

The cryopreservation of biopsied embryos has given
disappointing results when performed at the cleavage

stage.
707
601 O Intact
O Lysed
% 507 R
O Survival
40+ index
30+
20+
10+
o biopsied b ied
Magli MC, Gianaroli L, Fortini D, Ferraretti AP, Munné S (1999) Impact of blastomere biopsy SISMER.

and cryopreservation techniques on human embryo viability. Hum Reprod 14, 770-773 VISION 2000




BIOPSIED EMBRYO CRYOPRESERVATION

Embryos derived from abnormal fertilization
> 6 cells and <20% fragmentation

Slow-freezing w/ DMSO

Frozen on the morning of day 3

(No indication about thawing)

Joris H, Van den Habbeel E, De Vos A, Van Steirteghem A (1999) Reduced survival after |SMER
human embryo biopsy and subsequent cryopreservation. Hum Reprod 14, 2833-2837. VISION 2000

| The solution was made-up in HEPES- BIOPSIED EMBRYO

buffered Earle's medium supplemented with 0.5% wiv HSA (further
referred to as HEPES medium). Embryos were first incubated in CRYOPRESERVATION
300 ul HEPES meiom with 0.75 mumoll DMSO for 10 min u 22°C. Joris et ol 1999
The embryes were then g to & 150 pl droplet of HEPES
medium with 1.5 M DMSO and incubated for 10 min at 22°C. The
embryos were loaded into plastic ministraws [0.25 ml, Pailetie Souple,
Indusirie de la Médecine Vétérinaire (IMV), L'aigle, Air Liquide,
Machelen, Belgium]. The loading of the straws was done as follows:
25 pl of HEPES medium was aspirated into the straw and then some .
air was aspirated. Mext, 150 pl HEPES medium with 1.5 mmoli {10 min, 22°C
DMSO contining the embryos was aspirated, followed by the
aspiration of another air bubble. Subsequently, HEPES medium was. .
aspirated until the cotton plug of the straw became wet. The open 13%";';%:5? rg’\ell‘ggm
end of the straw was closed with powder (IMV, Air Liquide). Up to B
three embryos were loaded into a straw. The loaded straws were 10 min, 22°C

dtoa freczer (Minicool 40 PC, Air Liquide)
and placed horizomally in the freezing chamber. The controlled
freezing procedure started after all the swaws had been loaded.
Cooling from 22°C o =7°C was done at a rate of 2°Cimin. This -
temperature was kept for § min. At this point the seeding was

@ 300pI HEPES medium
+0.75 mmol/l DMSO

seal 150pl 25pl

rformed by touching the straws with a liguid-nitrogen-{L N }-cold
forceps at the level of an air bubble. After another § min at <7°C,

the temperature was lowered to -80°C at a rate of 0.3°C/min_and E
10 =100°C at 10°C/min. The straws were then plunged into LN, Straws SlMER
were stored verically in L. filled contuiners (GT40, Air Liguide). VISION 2000

For thawing the straws were taken from the LNy and wrea  BIOPSIED EMBRYO
o the ymgramnm'blz freezer that had first been cooled to —100°C.
After 8 5 min holding period at —100°C the straws were warmed fo CRYOliRES‘ERVATION
4°C at 4°Cimin, After a 10 min holding period the straws were taken oris et al., 1999
from the chamber and the content of the straws was expelled in -
HEPES medium ining | mmoll sucrose (Sigma). After an
incubation of 10 min at 22°C the embryos were transferred 10 2 mi HEPES medium
of HEPES medium without sucrose and further incubated for 10 min @ + 1 mmol sucrose
at 22°C. After two additional rinsing steps the embryos were put
into calrure.
10 min, 22°C
(&) @ 2 ml HEPES mediu
O O O |romn 2z
o — =
SISMER
VISION 2000




BIOPSIED EMBRYO CRYOPRESERVATION

The cryopreservation of biopsied embryos has
given disappointing results when performed at the
cleavage stage.

.b

[ >50% Intact

a blastomeres|

—
% ab
‘.
O Survival
index
— — —

29 biopsied 16 drilled 20 non biopsied

Joris H, Van den Habbeel E, De Vos A, Van Steirteghem A (1999) Reduced survival after
human embryo biopsy and subsequent cryopreservation. Hum Reprod 14, 2833-2837. VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

Standard method - freezing

Initially, embryos were frozen using 1,2-propanediol (PROH) and sucrose as
cryoprotectants in HEPES-buffered HTF medium (Lassalle et al., 1985). HSA
was used to supplement both freezing (10 mg/ml) and thawing (4 mg/ml)
solutions.

Embryos were equilibrated in 1.5 mol/l PROH for 10 min at room temperature
before being transferred to 1.5 mol/l PROH with 0.1 mol/l sucrose and loaded
individually into plastic straws.

Cooling was conducted in programmable freezer at a rate of —2°C/min to —7°C,
at which point seeding was induced manually. Cooling was then continued at
rates of —0.3°C/min to —-30°C and -50°C/min to —150°C before plunging and
storage in liquid nitrogen.

Jericho E., Wilton L, Gook DA, Edgar DH (2003) A modified cryopreservation method increases SISMER
the survival of human biopsied cleavage stage embryos. Hum Reprod 18, 568-571. VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

Standard method - thawing

Embryos were thawed rapidly by removing straws from storage, exposure to
air for 30 s and immersion in a water bath at 30°C for 45 s.

PROH was removed by serial transfer into 0.75 mol/l PROH in the presence of
0.2 mol/l sucrose at room temperaturefor 5 min followed by 0.2 mol/l sucrose
for a further 5 min. Rehydration was completed by transfer to sucrose-free
HEPES-buffered HTF medium for 10 min.

Embryos were transferred to culture medium at 37°C before being assessed for
blastomere survival.

Jericho E., Wilton L, Gook DA, Edgar DH (2003) A modified cryopreservation method increases SISMER
the survival of human biopsied cleavage stage embryos. Hum Reprod 18, 568-571. VISION 2000




BIOPSIED EMBRYO CRYOPRESERVATION

Modified method

Adjustments were made to both the freezing and thawing solutions but not to
the freezing or thawing rates.

Freezing

- The concentration of PROH in the freezing solutions remained at 1.5 mol/l,
but the sucrose concentration was doubled to 0.2 mol/l.

- The HSA protein supplement was replaced by 20% (vol:vol) heat inactivated
maternal serum.

Jericho E., Wilton L, Gook DA, Edgar DH (2003) A modified cryopreservation method increases
the survival of human biopsied cleavage stage embryos. Hum Reprod 18, 568-571. VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

Modified method
Thawing

- In order to maintain the osmotic buffering effect of increased sucrose during
rehydration the concentration was increased to 0.3 mol/l during the first
thawing steps.

- Thawed embryos were rehydrated by sequential transfer to 0.75 mol/l PROH +
0.3 mol/l sucrose (5 min), 0.3 mol/l sucrose (5 min), and 0.2 mol/l sucrose (10
min). The concentration of HSA during thawing was 20 mg/ml.

- Rehydration was completed by transfer to sucrose-free HEPES buffered HTF
medium (10 min) and embryos were transferred to culture medium at 37°C
prior to assessment.

Jericho E., Wilton L, Gook DA, Edgar DH (2003) A modified cryopreservation method increases SISMER
the survival of human biopsied cleavage stage embryos. Hum Reprod 18, 568-571. VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION

a

b
‘ []>50% Intact
blastomeres|

b
a
%
[ Survival
index
> |
Standard protocol Modified protocol

%P<0.02 °P<0.001

Jericho E., Wilton L, Gook DA, Edgar DH (2003) A modified cryopreservation method increases SISMER
the survival of human biopsied cleavage stage embryos. Hum Reprod 18, 568-571. VISION 2000




BIOPSIED EMBRYO CRYOPRESERVATION

Implantation of biopsied embryos cryopreserved using the
modified method.

No. Thawed cycles 41
No. Transferred cycles (%) 36 (88)
No. Total pregnancies 8
No. Clinical pregnancies 6

(%) per transferred cycle (16.7)

(%) per thawed cycle (14.6)
Implantation rate (%) (12)

e sl of huTan bopsied lomvage Sage Embryos. Hum Reprod 10,568 878 N

BIOPSIED EMBRYO CRYOPRESERVATION

The freezing protocol
was applied to 18
blastocysts diagnosed
as abnormal by PGD.

After thawing, 11
survived (61%) and 8
hatched in vitro.

SISMER,
VISION 2000

BIOPSIED EMBRYO CRYOPRESERVATION
AIM OF THE STUDY

- To grow biopsied embryos which were
diagnosed as normal or healthy carriers after PGD
(for aneuploidy, translocations or genetic
disorders) to the blastocyst stage and freeze
them.

- To analyze the outcome of the thawing cycles.

Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied .
embryos at the blastocyst stage. Hum Reprod 21, 2656-2660. SismER




BIOPSIED EMBRYO CRYOPRESERVATION
MATERIALS AND METHODS

89 frozen blastocysts

49 patients

Thawing cycles

34 patients 47 thawed blastocysts

The cryopreservation solutions were based on the use of HEPES-
buffered T6 medium supplemented with 10% HSA.
(S

Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied
embryos at the blastocyst stage. Hum Reprod 21, 2656-2660. Sisuer

PROH - FREEZING: SOLUTIONS

1)  T6HEPES + 25mg/ml HSA —>
2)  15M PROH =

3) 1.5M PROH + 0.1M sucrose

Straw loading —>

seal embryo
air air .
Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied Lo |
embryos at the blastocyst stage. Hum Reprod 21, 2656-2660. vsws‘émgnZn

PROH - FREEZING

Starting temperature +18°C

Step 1 - 2.0°C/min to -7.0°C

Step 2 seeding at -7.0°C

Step 3 - 0.3°C/min to -30°C

Step 4 - 50°C/min to -154°C
LN,

Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied
embryos at the blastocyst stage. Hum Reprod 21, 2656-2660. SiSMER




PROH - THAWING

Performed in the late afternoon of the day preceding the transfer

1- 1.0M PROH + 0.2M sucrose —_

2-0.5M PROH + 0.2M sucrose ==

3-0.2M sucrose —

Magli MC, Gianaroli L, Grieco N, Cefali E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied
660,

SISMER,
VISION 2000

RESULTS Conventional
cycles

No. Thawed blastocysts 47 92
No. Survived blastocysts (%) 25 (53) 87 (58)
No. Transferred cycles (%) 18 (53) 63 (68)
No. Clinical pregnancies 7 18

(%) per transferred cycle (39) (29)

(%) per thawed cycle (21) (20)
Implantation rate (%) (32) (20.7)
No. Abortions 2 5
No. Infants born 6 13

embryos at the blastocyst stage. Hum Reprod 21, 2656-2660.

SISMER
JSION2000.




Cumulative data in PGD and conventional IVF/ICSI cycles
PGD cycles IVF/ICSI cycles

Patients (n) 34 88

Age in years (M + SD) 35.9+4.4" 33.8+34" P<0.005

Oocytes [n (M + SD)] 416 (12.2+2.9) | 899 (10.2+3.3)

Inseminated oocytes (n) 416 695

Fertilized oocytes [n (%)] 337 (81) 542 (78)

Embryos [n (%)] 310 (92) 515 (95)

Biopsied embryos (n) 272 -

PGD normal [n (%)] 140 (51) -

Transferred embryos [n (%)] 54 (17)" 141 (27)™ P<0.001

Cryopreserved embryos [n (%)] 47 (15)™ 150 (29)"™ P<0.001

Transferred cycles (n) 292 750

Clinical pregnancies [n (%)] 13 (45) 23(31)

Implantation rate (%) 259 19.9 |

Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied e

Cumulative data in PGD and conventional IVF/ICSI cycles

‘ PGD cycles IVF/ICSI cycles ‘
\
Transferred cycles—cumulative (n) 47 138
Transferred embryos—cumulative [n (M £ SD)] 79 (1.8+0.5) 228 (1.6 £0.5)
Clinical pregnancies—cumulative (n) 20 41

Percentage per transferred cycle 43 30

Percentage per patient 59 47
Abortions—cumulative (n) 5 13
Implantation rate (%)—cumulative 29.1 20.2
Take-home baby rate per patient (%) 44 32

Magli MC, Gianaroli L, Grieco N, Cefalu E, Ruvolo G, Ferraretti AP (2006) Cryopreservation of biopsied .

embryos at the blastocyst stage. Hum Reprod 21, 2656-2660. Sisuer,







From the definition of vitrification:
Vitrification is obtained by combining:
the use of concentrated solutions

with rapid cooling,
to avoids the formation of ice.

Factors that influence the
probability of successful vitrification

Il

Cooling — warming rates X Vviscosity

Type of embryos - cells
Volume of the sample

1 |Use of high concentration of permeable cryoprotectant

Vitrification Depress the freezing/melting point. | S|ow freezing

CP: 5M-7M Increase the viscosity. CP: 1.5M

Permeable  Ethylene glycol - DMSO - Erythritol
Low MW Propanediol - Glycerol

Two solutions
Non Permeable

Low MW Sucrose Trehalose EG.
E.G.-DMSO
High MW Ficoll, PEG
Macr (Ficoll, polyethylene glycol) ?beneficial effect?

* Encapsulate the embryos in a vitrification layer solution

1 Exposure to cryoprotectants

Step 1: To protect the intracellular part

sc | (not vitrified solution)

EG DMSO Sucrose | Ficoll 400 | Osmolarity

10% 0%
@sM) | (14m)

Vsl / / 3500

Step 2: To protect the intra and extracellular parts

(vitrified sol)
EG DMSO Sucrose | Ficoll 400 | Osmolarity
20% 20%
VS2 (36M) (28M) 0,75M 25uM 6770




How embryos react in VS1 and VS2 ?

Volume analysis in relation with the exposure to

cryoprotectant solutions
Ectors F. & Vanderzwalmen P. GIGA - ULg

Evaluation of cytoplasmic volume in VS1 (2PN; FVVB) 3 droplets of
M2, VS1 & VS2 under oil

Embryo is maintained with a holding pipette
One picture / 10”

VS1: Intracelggar penetration of CPs (not vitrified solution)

| SV

% of 120 i

cytoplasmic ;0o

vome [\ VS110%-10%  1V5220%-20%

T
60 \96 asolaga

40

20

. LD > >
0 10 20 30 40 50 60 120 180 190 200 210 220 230 240

Time (sec)

dehydration Entrance of CP Dehydration
VS2 permits intra & extracellular vitrification by:
1. Dehydration of the cell to protect the embryo
2. Vitrification of the extracellular compartment




SC

| SV
% of 120 1
cytoplasmic 300 <166 +
volume w \ VS1 10%-10% 1VS2 20%-20%
T
. 66 osolg

94553

" Nesooqgs 755 :W
1
T

o 2 2> 2
0 10 20 30 40 50 60 120 180 190 200 210 220 230 240
Time (sec)
Rapid
dehydration ~ Low entrance of  Dehydration induces concentration
CcP of VS1 CPs that enter during step 1

Almost no entrance of VS2 CPs

The final [CPs]; will be determined by the time of
exposure in VS1 and the rate of dehydration in VVS2

The success of cryopreservation protocols depends on:

¢ 1.OPTIMAL DEHYDRATION process when cells are exposed to
hypertonic donditions. (! Don’t touch Osmotically inactive H20 )
Honction of the concentration of VS1
Hydrauljc conductivity: Cell ‘s permeability to H20

¢ 2.OPTIMAL PENETRATION RATE OF CRYOPROTECTANT.
120

100
Volume

of hecell 80

60

40

20

O L e e e e

S D O PP SRS SO DS

» Type and concentration of cryoprotective additives (CPs)
E permeability property of the CPs (ethylene glycol > glycerol)
E concentration (higher CPs, faster it will permeate the cell)
E temperature of the CPs

E type of CPs
1.2

Volume change of bovine 8-cell

1.0
g
5 o.8
=
=
g 0.6
b=
£ o.a
: (DMSOA)
u\'-r\ ———— ¥ T e |
o 1 =2 3 <3 5

Exposure time (min)  Mukaida 1998




The success of cryopreservation protocols depends on:
¢ 3.0OPTIMAL EXPOSURE TIME TO THE CPs

How long the cells have to be exposed to VS1 solution in order to
obtain a successful vitrification (avoid toxic effect) ?

120

% of cell / sec

DV D
PSP R RSP S S

Time (sec)

Minimal and optimal conditions of exposure
to high cryoprotectant concentrations

CARRIER
Speed of
Type of cooling SYSTEMS

cells N\

VRS

-

Entrance >
of CPs P ——

C

3. OPTIMAL EXPOSURE TIME TO THE CPs
Determined by a number of biophysical factors

120
100 14166 ST EP 1
80 B .;ﬂm#&m

N2 0 — O

% of cell / sec
20

0+ T T T T T T
CESL PP LR PSSP
Time (sec)
Largest cell in the body (130um) with high water content and one single
membrane

Largest cells have a low surface area to volume ratio, hence they are less
efficient at taking up CP and at loosing water




Determined by a number of biophysical factors
Blastomeres from the same embryo react differently to CP.

3PN Pronase O O Add to 10% EG 10% DMSO
|
| -\
- —— BLASTOMERE 1
- i —— BLASTOMERE 2
VOL % —— BLASTOMERE 3
. Y =< BLASTOMERE 4
|
|

0O 10 20 30 40 50 60 120180

SECONDS

2 Use of high speed of cooling

Vitrification 1 Volume of the CP drop

Size of the sample critical cooling rate:
The rate of cooling which
(0-5mi & pi & ply produces vitrification

be of embryo carrier

bF LN2

Conventional LNz Slush-LNz

CARRIER SYSTEMS (I)

2.000°C/ min

French mini-Straws. (vanderzwaimen 1986, Vanderzwaimen 1997 chen et af, 2000; Yokota et al, 2000, 2001, Vanderzwalmen et al, 2002)

Small straws with thin walls. 10.000°C C/min
(1) Open-pulled straws (OPS) (vatja Kuleshova et al, 1999; Chen et al, 2000)

(2) Flexipet-denuding pipette (FDP) (iebermann et ar, 2002)




CARRIER SYSTEMS (li)

Increase the speed of temperature conduction: small volume of CP, 20.000°C/min
contact with LN2

Direct contact between a small volume of vitrification solution and LN2.

(1) Electron microscope copper grid (EM grids)(Martino 1996, Hong et af, 1999; Park et af,
2000; Chung et al, 2000; Wu et al, 2001; Son et al, 2003; Yoon et al, 2003)

(2) Cryoloop (CL) (ane et at, 1999; Mukaida et al, 2001, 2003; Liebermann & Tucker, 2002; Reed et al,, 2002;
Liebermann & Tucker, 2003)

(3) Hemi-straw system (HS) (vanderzwalmen et a, 2000; Kuwayama & Kato, 2000; Liebermann & Tucker,
2002; Sugioka et al, 2003; Vanderzwalmen et a/., 2003)

(4) Cryotop (kuwayama et al., 2005)

Open Pulled Straw (OPS;
P Vajta 1998 (OPs) Cryoloop (CL)

(Lane et af, 1999; Mukaida et al, 2001, 2003; Liebermann & Tucker, 2002; Reed et al., 2002;

Liebermann & Tucker, 2003)

Cryotop Hemi-straw system (HS)

(Kuwayama & Kato, 2000) (Vanderzwalmen et af, 2000; Liebermann & Tucker, 2002; Sugioka et al, 2003)

BUT

The disadvantage of the ultra-rapid vitrification procedures is that the
vitrification solution comes in direct contact with liquid nitrogen during
cooling .

Source of contamination: bacterial, fungi, viruses
(Tedder 1995, Fountain 1997, Bielanski 2000, Fountain 1997, Bielanski 2003 )

Contamination in Liquid Nitrogen Storage Vessels
U during distribution
U during storage:
a From the LN2
ice formed in the atmosphere above liquid nitrogen

ice formed on the walls of Dewars. Aseptic vitrification
@ From the samples Isolation of the sample




Vitrification of mouse pronuclear embryos after polar body biopsy without
direct contact with liquid nitrogen FS 2005

Aseptic technology of vitrification of human pronuclear oocytes using open-
pulled straws Hum Reprod 2005

(“straw in straw” vitrification) Isachenko V
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Comparison of open and closed methods for vitrication of human embryos and the
elimination of potential contamination Kuwayama 2005
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Vitrication of mouse pronuclear oocytes with no direct liquid nitrogen contact Larman 2006




RT

- 35°%

- 80°

- 20.000°c/min

Aseptic vitrification

Aseptic device
- 2.000°c/min

- 196°
To ‘ Phase diagram: Vitrification ‘
o Long exposition time: equilibration ??? I
20°C
W\—
-7°C ]
5' - 15"+ 60"~ 90"
-40°C
@%%% Glass phase
? €—ll0a0> »
-120°C + Glass phay LN2
TOXICITY 2?72
Intracellular Concentration of solute & CPs
To
20°C 4 Liquid phase

-120°C

-7°C | %
-40°C %%i% 3 54 %

=

5’15 +60"- 90"

oA
i%%? {fjé: Glass phase

_/ TOXICITY 2?22

- 20.000°c/min

Intracellular Concentration of solute & CPs
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Key objective: Balance between maximizing the cooling rate and

CARRIER
Speed of
Type of cooling SYSTEMS

cells

Entrance
of CPs

P

Storage, warming and rehydration, differ only slightly between the two procedures

the main difference exists in :

C Exposure to cryoprotectants
c Fast Cooling to subzero T°

c Fast Warming : warming is one of the most important
steps

cFunction of the time of exposure to the CPs and type of cells

11



One decade experience with
vitrification of human embryo

Ice free cryopreservation of mouse embryos at =196 C by vitrification.
»in vitro* development in DMSO - EG-sucrose-acetamide
Rall-Fahy Nature 1985

A simple and efficient procedure for preservation of mouse embryos by vitrification.
,»in vivo* development and births of mice after using Glycerol-Propanediol as CP

Scheffen-Vanderzwalmen Cryo-letter 1986

Pregnancies following transfer of cattle embryos preserved by vitrification.
.in vivo* development and births of calves after using Glycerol-Propanediol as CP
Massip-Vanderzwalmen Cryo-letter 1986

A simple method for mouse embryo cryopreservation in a low toxicity vitrification solution,
without appreciable loss of viability.

,»in vivo development* in a solution of Propanediol-Ethylene Glycol
Kasai —Koni JRF 1990

Are programmable freezers still neeced in the
embryo laboratory?

Dr Gébor Vgt W= e s

12



Slow freezing vs vitrification
C 57BL/6 mice: zygotes to blastocysts

100
90
80

70
%

blastocysts 60
50

40
30
20
10

0

2PN 2-4 cell 8 cell Blasto  controle

Vitrification provides better results than slow freezing for all
developmental stages

Ectors Vanderzwalmen: Giga Transgenic unit 2005  Walker et al 2004 SMR - A PART Paris 2006

Slow freezing vs vitrification : human
retrospective studies

slow freezing Vitrification
Nb transfers 254 254
5 Survival (after 3 h) 96% 98%
Implantation 30% 33%
Ong. preg/ vitrif 43% 49%
Liebermann FS 2006
Nb transfers 51 35
Survival (after 3 h) 86% 100%
Implantation 7% 43% p<0.05
Ong. preg / transf 18% 27% p<0.05
Stehlik RBMO 2005
Nb transfers 80 84
Survival 60% 95%
Implantation 4% 15% p<0.05
Ong. preg / transf 17% 35% p<0.05

Rama Raju RBMO 2005

BLASTOCYST
VITRIFICATION

13



Advantages of blastocyst
cryopreservation

(1) Small volume and high number of
blastocyst cells (Cryobiologically)

(2) Selection of the best embryos
(biochemically and Cytogenetically)

Pregnancies and births after vitrification on day 5 and day 6.

 Blastocysts after IVM, IVF and culture
Kyono 2005
« Blastocysts after assisted hatching and/or PGD
Zech 2005 Escriba FS 2006
 Blastocysts after previous slow freezing on day 3
Hiraoka 2006
« Revitrification of blastocysts
Son 2005

« Blastocysts after IVF and culture to day 5
(Vanderzwalmen 1997, Choi 2000, Mukaida 2002, Reed 2002, Cho 2002,
Son 2003, Liebermann 2003, Kuwayama 2005, Stehlik 2005)

% 60

Vitrification of blastocysts:
overview of the litterature (end 2004)

100 i
90 | choi 000)  # 20
80 —|Reed (2002)  #5
70 _| Cho (2002) #41
__| Son (2003) # 25
50 Lieberman (2003) # 165
40 ._ | Vanderzwalmen (2003) # 294
30 Mukaida (2004) #95(
2 “ I\ Kuwayama (2005) # 30
10 “ e (Impl ?72)
o

Survival preg - births implantation
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