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LEARNING OBJECTIVES

1) Embryo / 2pn cryopreservation
2) Oocyte cryopreservation
3) PGD

4) PGS
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Cryopreservation
EMBRYOS /2 pn

- Reasons for cryopreservation of human embryos

» Toincrease efficiency of ART

» Toreduce multiple pregnancies
« To transfer in natural cycle

« Fertility preservation
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Cryopreservation
EMBRYOS /2 pn

- Cryopreservation policy

1

2)

g

cryopreserving before morphology becomes a
substantial factor: two pronucleate stage

optimizing fresh transfer by selecting the
morphologically best embryos to be transferred;
cryopreservation of spare cleavage stage embryos
or blastocysts

[ : Which embryos to cryopreserve?
Which technique to use?
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There is a significant difference in the clinical outcome from
fresh and frozen cycles.

- i = i .
Cryopreserved 12 24 |1y, *P<0.001
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Cryopreservation
Embryos

Embryos Mo of SET's Implantation
Rare

Fresh 2524 31.1% *

Is the technique itself detrimental?
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Cryopreservation
Embryos

Factors impacting could be:
- Quality of embryos prior to cryopreservation
- Biological consequences of freezing/thawing

- Efficiency of methodology

SISMER
1SO 9001:2008.




Cryopreservation
Quality of embryos prior to cryopreservation

& cells® Presh

4 eclla®
Thawed Inascy

Thawed Endaci

* 40 = 42 bpi Elger o1 al (2008 Human Reproduc 1%, 178

Fresh vs. equivalent cryo embryos — NO DIFFERENCE .
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Cryopreservation
Biological consequences of freezing/thawing

Possible biological consequences of embryo cryopreservation
- Cell loss L}

Prelrocie 1 th . limplantathon

blastismeres bl OIMETtH e
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wmrg  Cell loss tends to reduce the implantation potential
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Cryopreservation
Biological consequences of freezing/thawing

Possible biological consequences of embryo cryopreservation
B8 -Cellloss LI ]
- Arrested/compromised development

No meiosis resumption tends to reduce the implantation potential

inlecest




Cryopreservation
Efficiency of methodology

Slow-freezing or Vitrification
?

Vitrification Shirw Fevalue
Day 3 embryos freexing

Cryosarvival (%) st 4 002

<001

g Balaban et al., 2008 SISMER.
150 9001:2008

Cryopreservation
Efficiency of methodology

Loutradi et al (Fertil Steril 90, 186-193, 2008) Systematic review and meta
analysis on vitrification versus slow freezing of human embryos

Kolibianakis et al (Current opinion in OB/GYN 21, 270-274, 2009)
Cryopreservation of human embryos by vitrification or slow freezing:
which one is better?

— Vitrification as compared with slow freezing, appears to
have higher post-thawing survival rates both for cleavage-
stage embryos and for blastocysts

— Post-thawing blastocyst development of embryos
cryopreserved in the cleavage stage is significantly higher
with vitrification as compared with slow freezing

— No significant difference in clinical pregnancy rates per
transfer could be detected between the two cryo methods
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Cryopreservation
Efficiency of methodology

H Optimizing slow-freezing — increased dehydration “

- Embryos dehydrated in a single step using 1.5M
PROH plus 0.2M sucrose prior to slow cooling (10 min)

- Thawing with three steps (0.5M PROH — 0.2M sucrose
— medium

oy Edgaretal, 2009
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Cryopreservation
Efficiency of methodology

Embryos Thawed
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Cryopreservation
Efficiency of methodology

oy Edgaretal, 2009 SISMER
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Cryopreservation
Embryos

Conclusions

1. Embryo quality before freezing is strongly
associated with post thaw implantation potential

2. Thawed embryos have similar implantation potential
to EQUIVALENT fresh embryos fresh embryos

” 3. Blastomere loss reduces implantation potential

\\ 4. Optimal procedures can minimize blastomere loss

5. No data supporting vitrification as a more efficient

procedure
Barg
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Cryopreservation
Blastocysts
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Cryopreservation
Blastocysts

Conclusions

1. RCTs indicate higher survival rates with vitrification as
compared with slow freezing

2. but similar pregnancy rates
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Cryopreservation
2pn

Satisfies legal requirements in several countries

(Germany, Switzerland)

* Not viewed as an embryo — less moral and ethical conflict
associated with handling and discard

« Lack of spindle apparatus

¢ Liquid phase transition temperature is lower than for

oocytes rendering the membranes more resistant to

chilling injury
@- High post-thaw survival rates

Little impact on viability - Implantation rates are similar to
those reported for transfer of fresh sibling zygotes

e Survival is easy to diagnose (all or nothing) by
progression to first cleavage

g
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Cryopreservation
2pn

Timin

* S Phase in the 2 pn oocyte begins at 9-10 h post-
insemination and ceases 3-5 h later

» Duration of G2 Phase is 4-6 h
» Duration of M Phase is 3-3.5 h

Balakier et al., 1993
¢ Optimal time for cryopreservation is 16-20h post-

insemination when majority of 2 pn oocytes are in the G2
phase of cell cycle
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Cryopreservation
2pn

« Time restriction

« Cryopreservation of many pre-embryos with unknown
developmental potential

< Little opportunity to select the one or two most viable pre-
embryos from a cohort for transfer

Potentially increases the number of cycles before
achievement of pregnancy
« Time-consuming and laborious

Slow-freezing or Vitrification
?
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trification (Kuwayal method)

Eaquilibration Solution (ES)
7,5% DMSO
7,5% ETHYLENE GLYCOL
10% HSA

O OGO — ©

oM ES ES ES Vitrification Solution (VS)

3min 3min 9 min VS 1 min 15% DMSO

15% ETHYLENE GLYCOL
10% HSA
0.5 M Sucrose

e

- -
2 5 at 37°C for 1 min .




Cryopreservation
2pn
Conclusions

1. The 2 pronuclear stage can be successfully cryopreserved
with high post-thaw survival

2. There is a significant workload for the laboratory
3. There is a potential delay to achieving pregnancy

4. No data supporting vitrification as a more efficient
procedure
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Cryopreservation
Oocytes

-1t is a less ethically disputable alternative to embryo
cryopreservation

- It could solve the dilemma of abandoned frozen embryos in
the IVF laboratory

- It gives an opportunity for fertility preservation to women at
risk of premature ovarian failure

Slow-freezing or Vitrification
?
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Cryopreservation
Oocytes

Slow freezing 0.1M suc 0.2M suc 0.3M suc

No. thawed 4027 1451 7595
Survival 51% 71% 73%
Fertilisation 54% 80% 73%
Development 85% 93% 90%
Implantation 10% 17% 6%
FH’s/100 2.3 9.0 2.9

thawed oocytes

g hr P ps>special interest group SISMER
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Cryopreservation
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Cryopreservation
Oocytes

Table Il Clinical outcomes of cycles performed with
vitrified warmed oocytes

Patients included

(N = 40)
Number of warmed oocytes 314030
(mean + D)

Mumber of embryos transferred 23 4088
(mean +SD)

Number of embryo transfer performed  39/40 (37.5)
(521

Clinical pregnancy rate per cydle (%) 15/40 (37.5)

Clinical pregnancy rate per transfer (%) 15/3% (38.5)

Ongoing pregnancy rate per ocle (%) 12/40 (30.0)
Ongoing pregnancy rate per transfer (%) 12/3% (30.8)
Implantation rate (%) 19/93 (204)
Ongoing implantation rate (%) 16/93 (17.2)

WO Rienzi et al, (2010) Embryo development of fresh ‘versus'vitrified metaphase Il oocytes after ICSI: a SISMER.
prospective randomized sibling-oocyte study. Hum Rep., 25: 66-73 150 9001:2008

Cryopreservation

Oocytes
[ TABLE &
surdval, and
Vierdied Frosh P vl

M cooytes No. (%) k] 219867 283
M1 cooytes No, (5 Wy Hes 209
GV cotytes Mo (%) 15 uEn a7
Survheal No. (%) 24231 65 i
N of injactact osyies 2 2
Kermal frslization Ko, %] <HITED, 128
Arormal fermiization Na. (%) wo B 408

%mu socyies No. (%) Tan -2 809

| TABLI g 1 | ]

| Fresh vs vitrified oocytes — No differences

Vitrified Frash P wakin
Cleavags rate day 2 embryos () 16T (B4 1764100 (978 =
N of ol iy 2 merbeyan fimwan + 50 ETFRE] 20415 587
Good quaity day 2 embryos (%) TIEAR (844 126/2T8 (1.5 SR
Clamvage rite cay 3 smiryos (%) 125161 (7.6 THEITTE (B4 =
Na. of cell day 3 sntryas (mean + 50) 69123 LR o
Dot quaity day 1 smbeyos (K] 101125 BO.B) 1207240 (BO.5) =8
No. of amisryo underpoing extanded cutlure
Biastocyst mte No. (%) JTE BT 143 {47 g
oo qualty basiocysts No. (W) 2402 (81.7) 4280 (70 L2
4ot [t cmhme o s e fobin Tt ] 0
Barg Cobo et al., (2008) Clinical outcome of oocyte vitrification. Fertil. Steril. 89:1657-1664
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Cryopreservation

Oocytes
TABLE 4
Clinical results.
Vitrified Fresh Mixed

No. of transfers 23 1 4
No. of embryos transferred 49(21+12) 2@2+0) 821 +01)

(mean + SD)
Pregnancy rate per transfer 15/23 (65.2) 1(100) 2(50)
Implantation rate (No. of sacs/ 20/49 (40.8) 2/2 (100) 2/8 (25)

Mo. of embryes transferred)
Multiple pregnancy rate (twin) 5/15 (23.8) 1(100) 0
Miscarriage rate 3/15 (20) 0 0
Biochemical pregnancy rate 1/15 (6.6) 0 0
Ongoing pregnancy rate 11/23 (47.8) 1(100) 2 (100)
Note: Numbers in parentheses are percentages.

g Cobo et al., (2008) Clinical outcome of oocyte vitrification. Fertil. Steril. 89:1657-1664 S!m
150 9001:2008

Cryopreservation
Oocytes

Conclusions

1- Oocyte cryopreservation is a promising method especially
using vitrification procedures

2- To determine efficacy and safety of oocyte
cryopreservation there is still the need to verify the
performance on infertile patients in all age categories (both
young and old patients

3- Pregnancy Follow up (5% malformation rate according to
Cobo at “Updates in infertility treatment” — January 2010 —

Seville, Spain) .

g
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Oocyte cryopreservation — Patients’ expectation

“customers” HIGH
for social
egg-freezing

Cryopreservation for social reason /

Cryopreservation for medical reason

P W
Patients at risk
of POR

Expectation

P N
Oncologic /
patients

LOW

g
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Ovarian tissue cryopreservation

Candidate diseases for ovarian cryopresarvation

& Clomeuoneg
Ewing s nercoma Bohcel s diveass
W i

Bore marmow transplant patents Craarian dissases

Lwiihama
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Ovarian tissue cryopreservation

Preparation of human ovarian lissw
preservation

g
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Ovarian tissue cryopreservation

SERVATION PROTOCOL

Cryoprofectant: 1.8 mold Ethylenegiycol
0.1 molt Sucrose

10 mg'ml HEA

Tomporature profile:

1. Equilibration - rotation (12 % in 30 min)
2 "C'min inddtil = 8 *C

Barusd seeding

= 0,3 "Cimim wngll - 40 °C
=10 *C'min uniil = 140 °C
Liguid mitrogen (= 195 °C)

barg SISMER
www.eshre.eu>specialty groups>special interest group Embryology>archive>Athens2009>Andersen 10 90012008




Ovarian tissue cryopreservation
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Ovarian tissue cryopreservation
Vitrification versus controlled-rate freezing

Based on tissue from 20 women and using morphological
characteristics evaluated by light and electron microscopy

- Vitrification was comparable to slow freezing in terms of

- It appears that the ovarian stroma retained a better
morphological integrity after vitrification

- Clinical implication: vitrification is not yet applied in a clinical
setting

g Keros et al., Hum Reprod, 2009,24: 1670 SISMER,
150 9001:2008

PGD /PGS

Diagnosis = PGD

implies looking for:
specific disease mutation
(including X-linked diseases)
chromosome aberration

Screening - PGS

implies looking for a genetic defect
in all members of a population at
risk being the risk dependent on
the incidence and severity of the
defect

g
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PGD / PGS
WHY TO GO FOR IT?

Fertile / infertile couples whose children might
inherit

- asevere disease

- a predisposition to a pathology

Fertile / infertile couples in which one partner is
carrier of a translocation

Infertile couples aiming at deselecting aneuploid
embryos

Fertile couples who wish to save a sibling’s life
(HLA-typing)

g
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PGD
WHY TO GO FOR IT?

“IVF aims at having a child, PGD aims at having
a healthy child and PGD/HLA testing aims at
having a healthy and helpful child”.

UNESCO's report on preimplantation genetic diagnosis (PGD)
and Germ-Line Intervention, 2003.

SISMER,
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PGD /PGS
MAIN INDICATIONS

ESHRE PGD consortium data collection 1997-2006

e High risk of genetic disease 20.795 cycles

Single gene disorders
Chromosomal abnormalities
Late onset diseases

(i.e. Huntington Chorea)

e Predisposition to late onset diseas
(i.e. cancer)

e HLA typing

e Aneuploidy

* Sex selection for family balancing

g Goossens et al. (2009) ESHRE PGD Consortium data collection VIIL cycles from January to December 2006 with
pregnancy follow-up to October 2007. Hum Reprod 24,1786-1810.
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PGD /PGS
BIOPSY

PGD / PGS
BIOPSY
PB Blastomere Blastocyst
Pros Pros Pros
- Meiosis by- - For maternal and - For maternal and
product paternal defects paternal defects
- Several days for - For mitotic - For mitotic defects
analysis defects - Several cells
available
Cons Cons Cons
- Only for maternal - Reduces - A few hours available
defects embryonic mass - Are TE cells
- Diagnosis on - Mosaicism representative
oocyte counterpart of ICM cells?
g sisuer
PGD / PGS

BIOPSY TECHNIQUES

- mechanical

- laser

g Gianaroli et al., 2002
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PGD /PGS
BIOPSY TECHNIQUES
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PGD /PGS
BIOPSY TECHNIQUES

The embryo

- mechanical

g Gianaroli et al., 2002
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PGD /PGS
BIOPSY TECHNIQUES

The blastocyst

L] Jones et al., 2008
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PGD /PGS
BIOPSY TECHNIQUES
Mechanical Chemical Laser
Pros Pros Pros
- Avoids the use - It was the most - Very easy to use
of heat or acidic commonly used
solutions method for along
time

Cons Cons Cons
- Requires a - Requires a - Requires the release
double holder double holder of heat
- Requires a skilled - Requires a skilled - Training and skill
operator operator underestimated?
-Itis time - Requires the use
consuming of acidic solution

g
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microarrays CGH

Single L‘Eﬁl ~ comparative  genomic
hybridization (CGH) is a

of preimplantation genetic screening
(PGS) that is used after whole genome
amplification to detect rmalities in
the number of chromoso

or an embryo.

harg SiSMER

150 9001:2008

PGS by microarrays CGH

DNA TO BE f NORMAL
TESTED CONTROL DNA
| S

DNA EXTRACTION

DNA AMPLIFICATION

LABELLING

Barg SiSHER

150 9001:2008

PGS by microarrays CGH

HYBRIDIZATION

Barg SiSMER

150 9001:2008




PGS by microarrays CGH

alusied

Barg SiSHER

150 9001:2008

PGS by microarrays CGH

Oocyte polar bodies or single
blastomeres are compared to
a normal control DNA and the
chromosomal status is
evaluated using fluorescent
dyes on microarrays.

barg SISMER.

150 9001:2008
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PGS by microarrays CGH

Promising results are coming, but .......

- Is the technique efficient?

l

To what extent?

1

- Is the technique reliable?

1S0 9001:2008




PGS BY MICROARRAYS CGH

o g, s 3, P8 . ATREFY, B

lﬂ__ pERATE

What next for preimplantation genetic
screening? A polar body approach!
Jeep Gersadin''!, Johs Calling’, Luca Glansrol', Vesrls Goousn®,

Alam Hardpshle", popoe Harper®, Markes Mostag”, Stosed Repping®,
and Andreas Sehenutrior

Bl

BIOPSY ON BLASTOCYSTS

* More chances of high viability

» Diagnosis more robust and accurate
Biopsy of several cells allows:

Less risk of misdiagnosis due to mosaicism or ADO

Reduced impact of embryo biopsy (embryonic cells are
not removed)?

100% of chromosome errors detected
DNA-based: no need for cell fixation
« Is it possible to identify competent blastocysts?

g
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BIOPSY ON BLASTOCYSTS \

Blastocyst biopsy and DNA fingerprinting to link
developmental competence with gene expression patterns

Transfer to the uterus of a single genetically
tested normal blastocyst with demonstrated
high implantation potential

arg  JonesG, Cram DS, Song B, Kokkali G, Pantos K, Trounson AO 2008 Novel strategy with potential to identify (/-0
developmentally competent IVF blastocysts. Hum Reprod 23, 1748-1759, 150 9001:2008




IDENTIFICATION OF COMPETENT BLASTOCYSTS
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g Jones G, Cram DS, Song B, KokKali G, Pantos K, Trounson AO 2008 Novel strategy with potential to

identify developmentally competent IVF blastocysts. Hum Reprod 23, 1748-1759. [

IDENTIFICATION OF COMPETENT BLASTOCYSTS
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Over 7000 transcripts expressed exclusively in ‘viable’ blastocysts

Jones G, Cram DS, Song B, Kokkali G, Pantos K, Trounson AO 2008 Novel strategy with potential to
g identify developmentally competent IVF blastocysts. Hum Reprod 23, 1748-1759.

SLSMER.
1S0 9001:2008

PGD / PGS

Conclusions
1. There is awide range of indications to PGD / PGS

2. The technical procedures are becoming more reliable and
efficient

3. The technical approach can be extended to the research for
embryo competence

g
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