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PRE-CONGRESS COURSE 2 - PROGRAM

Joint SIG Embryology and SIG Andrology

“To what extent do male and female gametes influence embryo development?”

Course co-coordinators: Etienne Van den Abbeel (SIG Embryology), Dominique Royére (SIG Embryology),
Lars Bjorndahl (SIG Andrology), TBA (SIG Andrology)

Course description: a basic course on paternal and maternal contributions to human embryo development
in-vitro

Target audience: clinical embryologists and andrologists and clinicians
Program

Topic I: Paternal contributions to human embryo development

09.00 — 09.30: Paternal influences on embryo development: from pronucleus to genomic activation
- J.P. Renard (F)

09.30 — 10.00: Is it useful to perform chromatin assays in ART: a critical assessment - J Tesarik (E)

10.00 — 10.15: Discussion

10.15 - 10.45: Coffee break

Topic 1I: Maternal contributions to human embryo development

10.45 - 11.15: Oocyte — cumulus dialog and mammalian embryo development - D. Albertini (USA)
11.15 - 11.45: Strategies to improve clinical in-vitro maturation of oocytes - J Smitz (B)
11.45-12.00: Discussion

12.00 — 13.00: Lunch

13.00 — 14.00: Business meeting of the Special Interest Group Embryology

Topic Ill: Sperm and eqqg interactions

14.00 — 14.30: Sperm - egg fusion, ICSI and egg activation: what's new? — J. Evans (USA)
14.30 — 15.00: Optimizing in-vitro fertilization systems - D Mortimer (CND)

15.00 — 15.15: Discussion

15.15 - 15.45: Coffee break

Topic IV: How to improve embryo selection?

15.45 - 16.15: Selecting sperm - D Sakkas (USA)

16.15 — 16.45: Selecting oocytes - U Eichenlaub-Ritter (D)
16.45 — 17.15: Selecting embryos - F Guérif (F)
17.15-17.30: Discussion

17.30 - 18.30: Business meeting of the Special Interest Group Andrology
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Etiology of sperm nuclear DNA damage

* Necrosis

* Apoptosis (programmed cell death - PCD)

* Abortive apoptosis or oxidative cell damage
without the activation of apoptotic cell

signalling pathway

Abnormal sperm chromatin condensation

— Necrosis evaluation —

Viability tests
supravital eosin staining

hypo-osmotic swelling test
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Physical and biological changes in

apoptosis

- Shrinkage, which detaches the cell from adjacent cells

+ Traslocation of PS from the inner cytoplasmic membrane to
the outer surface.

* Release of cytochrome C and Apoptosis Inducing Factor (AIF)
into the cytoplasm from the mitochondrial (propapoptotic
proteins decrease the mitochondrial transmembrane potential)

+ Uniform aggregation of chromatin along the membrane.
+ Fragmentation of the nuclear DNA into lengths of ~200 bp.

+ Degradation of the cell into apoptotic bodies and
phagocytosis by neighboring cells or macrophages.

Wyllie AH et al. 1980 and Vaux DL et al. 1996

Techniques for determination of

sperm DNA fragmentation

+ SCDA / SPERM CHROMATIN DISPERSION

ASSAY
+ AOQ: Acridine orange + microscopy

* SCSA: Acridine Orange + Flow cytometry
- Comet: Electrophoresis + Fluorescent dye

+ NT: Nick translation biotinylated UTP
* Tunel: UTP binding + Flow cytometry or

microscopy

SCSA technique
(Sperm Chromatin Structure Assay)

+ Use of acridine orange and flow cytometry.

+ Calculation of DNA fragmentation index :DFI
(Evenson D et col).

- DFI appears correlated with DNA breakage
measured by COMET or TUNEL

+ Fertility prognosis :
DFI<15% : good
+ 15%<DFI<30%: uncertain

DFI>30% : poor (few pregnancies and high
pregnancy wastage)

+ Impact on early embryo development
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COMET technique
(Single Cell Gel Electrophoresis : SCGE)

+ Sperm on very thin agarose gel on slide,
in situ lysis, electrophoresis, labelling
with fluorescent ADN stain.

+ Fluorescence intencity and length of
comet tail are correlated with the
extent of DNA strand breaks. [

TUNEL technique
TdT-mediated dUTP Nick End Labeling

+ Direct techniaue for visualization of DNA
fragmentation in cell nuclei.

+ Incorporation of labeled nucleotides to
ends of broken DNA strands by the
action of terminal deoxynuceotide
transferase

- Biotinylated nucleotides + fluorochrome-
couples Abs

* Fluorescence microscopy or flow
cytometry
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Flow cytometry
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Apoptosis and spermatogenesis

+ Programmed cell death is required for normal
spermatogenesis in mammalians (to ensure cellular

omeostasis odriguez et al., 7
h + Rodrigu /., 199,

+ Enhancement of apoptosis is the result of various
testicular and systemic pathologies (maturation arrest,

ipospermatogenesis ...) Gandini et al., 2000; Tesarik at al., 1998

We have analysed the relationship between

caspase activation and DNA damage in both germ end
Sertoli cells maintained in vitro within explanted
segments of the human seminiferous tubules

Tesarik et al., 2002

Programmed Cell Death in

Testicular Biopsy
IIT) Patient whith Sertoli cell only Syndrome

Caspase activity in isolated Sertoli cell. The activity is accumulated
in cytoplasmic granules (absent in the nucleous).

* Nuclear DNA fragmentation in
ejaculated spermatozoa is due

to abortive apoptosis or a

nonspecific post-testicular
oxidative damage rather than

classical apoptosis:
- Diagnostic considerations

* Treatment options
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DNA frqgmentation and IVF

There is a negative correlation between TUNEL+
IVF outcome

Sun J.G. et col, Biol. Reprod., 1997

DNA fragmentation and ICSI

Negative correlation between TUNEL+ and fertilization

(Baccetti B et col, Cytol. Pathol., 1996)
(Lopes S et col, Fertil. Steril. , 1998)

mpact of DNA fragmentation on ICSI outcome not found in all studie:

(Host E. et col, Acta.Obstet. Gynecol. Scand., 2000)

DNA fragmentation of 104 couples
(IVF: 50; ICSI: 54)

+ TUNEL assay
+ Negative correlation between DNA

fragmentation extent and basic sperm
parameters

- If>10% TUNEL+, | fertilization rate
* No relationship with embryo grade

* No relationship with pregnancy rate in
IVF

* Impairment of pregnancy rate in ICSI

Human Reproduction, May 2003
Benchaib et al

Most frequently used thresholds

Technique Threshold Clinical context ~ Reference
TUNEL (microscopy) 12% TUNEL+ (8]} Duran et al., 2002
TUNEL (microscopy) 18% TUNEL+ ICSI Benchaib et al., 2003
TUNEL (microscopy) 24.3% TUNEL+a  ICSI Henkel et al., 2003
TUNEL (microscopy) 36.5% TUNEL+a  IVF Henkel et al., 2003
SCSA (flow cytometry) 27% DFIb IVF and ICSI Larson-Cook et al.,
SCSA (flow cytometry) 30% DFIb IVF and ICS Virro et al., 2004
TUNEL (microscopy) 15% TUNEL+a ICSI Greco et al., 2005
TUNEL (flow cytometry) ~ 30% TUNEL+ a ICSI Hazout et al., 2006
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+ If fragmentation moderated, it can be

repaired by oocyte
- Sakkas et al., 1996 :

- Ahmadi and Ng, 1999

+ If fragmentation high, repair
impossible

- Sakkas et al. (1996_)
* Fragmentation may cause sperm

chromatin decondensation failure

Association with previous failure

% TUNEL-positive spermatozoaa

Group A (first attempts) ~ Group B (third attempts)

(n=343) (n=136)
Childbirth 103+ 1.4b 6.9+1.3b
No childbirth ~ 19.2+3.3 17.8+34

Effect of female age

% TUNEL-positive spermatozoaa

Group A (patient oocytes) Group B (donor oocytes)

(n=268) (n=281)
Female age 34.7+32 218+1.1
Childbirth 64+14 11.8+29
No childbirth 130+28 13.7+3.2
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* Treatment options for

male infertility due to
sperm nuclear DNA

fragmentation

ICSI clinical outcomes: ejaculated
versus testicular sperm

« Sperm Attempts  Clinical Pregnancy  Implantation
* Source pregnancies rate rate

« Ejaculate 18 1 5.6% 1.8%

e Testis 18 8 44.4% 20.7%

Greco et al., Hum.Reprod. 2005

Search for less invasive

approaches

+ Oral antioxidant treatment

+ High-magnification ICST (HM-ICSI)
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Oral antioxidant treatment

(1g vitamin C, 1 g vitamin E daily, 2 months)

Time of analysis TUNEL+ sperm (%)
Before treatment 22.1 +£7.7

P<0.001
After treatment 9.1+7.2

Greco et al., J. Androl 2005

Oral antioxidant before ICSI

(1g vitamin C, 1 g vitamin E daily, 2 months)

Time of attempt Pregnancy rate Implantation rate
Before treatment 6.9% 2.2%

P<0.001 P<0.001
After treatment 48.3% 19.6%

Greco et al., Hum. Reprod. 2005

* High-magnification ICST

(HM-ICST)
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Well-condensed chromatin Poorly condensed chromatin

Bedford et al,1973 (x 46000)

VACUOLES

MSOME

Motile Sperm Organelle Morphology Examination

» Inverted microscope (Olympus 1X70)
» Nomarski contrast: x100 immersion lens

» Video camera
» Total magnification = direct optical

magnification ElSOx) x video coupler
magnification (0,99x) x video camera
magnification(44,45x) = 6600x

> Cr)]t_)slsrvation Wilco dish: glass bottom 170pm
thic

Bartoov et al .2002, J Androl 23:1-8
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x400 x6600

-

Données AMP EYLAU

)

Sperm heads with different-sized vacuoles
visualized by MSOM

Conventional- vs HM-ICSI in patient
with >40% DNA-fragmented sperm

ICSI attempt Implantation rate  Birth rate
Conventional 1/24 (4%) 0/24 (0%)
HM 7121 (33%) 6/21 (29%)

Hazout et al. 2006
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Double effect of antioxidants

Before After P-value
treatment  treatment

DFI (%) 324 26.2 0.0004

HDS (%) 17.5 215 0.0009

Ménézo et al., RBMOnline 2007

Conclusions - 1

« Different techniques can be used to assess
sperm DNA integrity

Sperm DNA integrity status predicts
ART clinical outcome

Cut-off values depend on technical
aspects and vary between labs

Conclusions - 2

Therapeutical solutions now available
Antioxidant treatment

Testicular sperm if antioxidants fail
Potential adverse effect of antioxidants
High-magnification ICSI

Chromatin assays: a guide for prognosis
and the choice of adequate treatment
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The oocyte-cumulus dialog and

mammalian embryonic development

David F. Albertini, Ph.D.
Hall Professor of Molecular Medicine

Kansas University Medical Center
July 1, 2007

Outline

« Developmental contingencies for oocyte-

granulosa communication

« The molecular and cellular components of
the germ/soma interface

Impact of preovulatory communication on
developmental competence

Impact of periovulatory communication on
developmental competence
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Developmental contingencies for

oocyte-granulosa communication

« establish primitive contacts during follicle
formation-quiescence

« elaborate junctional contacts at onset of follicle

growth-nutritional support
« remodel at acquisition of meiotic competence-

impose arrest state
 assure cumulus autonomy during follicular

expansion-reinforce phenotypes
« remodel in response to LH surge-meiotic

progression

The molecular and cellular components

of the germ soma interface

« Intercellular junctions:gap, adhesion, signalling

e Zona Pellucida: more than a landing pad
» Secretion and uptake machinery for exchanged

ligands:BMP-15, GDF-9,KL
» Transzonal projections(TZPs): hormonally

regulated transfer devices
» Oolemmal mosaic membrane array:multiple

inputs, multiple outputs

Impact of preovulatory communication

on developmental competence

« control the pace of oocyte and follicular
growth

¢ maintain cumulus phenotypic identity to
prevent the onset of atresia

« coordinate the acquisition of meiotic
competence with meiotic arrest signals

 impose gradients for the localization of
oocyte RNAs and proteins
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Factors affecting oocyte/embryo quality

« shortening or prolonging follicular phase

« distortions in ratios of secreted factors

from oocyte or granulosa
* receptiveness or overdosing for

gonadotropin responsiveness
* removal of COC from the follicle

* removal of the cumulus cells
the infinite dilution

Consequences of oocyte deficiencies

on embryo performance

« growth restriction leads to organelle decrease,
misplacement, and loss of function

» precocious resumption of meiosis reduces
cytoplasmic maturation

« introduces variations in mRNA and protein

stability
« Multiple outcomes:cell cycle timing, ZGA onset,

allocation of icm/te, modified checkpoint
regulation, loss of synchrony with implantation

signals.

Conclusions

« immediate environment of oocyte dictates

an organizational plan to carry out pre-
implantation development

« disturbances during pre/peri ovulatory

period have long term consequences in
initial cell cycles of embryo

* mechanism involves maternal factors that
interact with new zygotic gene products
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Impact of periovulatory communication

on embryonic development

« cumulus signalling "corticalizes" nuclear
and cytoplasmic maturation

« remodelling of the zona both facilitates
exchange of factors, their availability, and

impacts sperm penetration
« critical time window to synchronize

cumulus metabolic up-regulation with
oocyte
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ESHRE PRE-CONGRESS COURSE, Lyon 2007

STRATEGIES to IMPROVE

CLINICAL IVM of OOCYTES

Johan Smitz
Follicle Biology Laboratory

Free University Brussels (VUB)

5 June, 2007 SmitzIVM 2007 1

[ PREGNANCY FOLLOW_UP |
5

5 June, 2007 SmitzIVM 2007 2

STATUS 2007

« good results : PCO background
ICSI obligatory

< Not always enough (10) oocytes

High nr of ET vs conventional IVF
« More miscarriages than in conventional ART

5 June, 2007 SmitzIVM 2007 3
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AIMS

e Adapt IVM to ALL patients ?
¢ IVM as afirst line in ‘easy cases’ ?

5 June, 2007 SmitzIVM 2007

In Vitro Maturation (IVM) : results today

IMPLANTATION RATE PER EMBRYO TRANSFERRED:

IVM 7%

Factor 2to 3

IVF/ICSI 14-20 %

5 June, 2007 SmitzIVM 2007

REMEDIES for improved IVM ?

Determine the maturation grade of oocyte -
cumulus complexes

Design appropriate culture environment for variable
culture time (few days)

2.1. Pioneer pharmacology of nuclear arrest of
prophase oocytes
Investigate effects of substances effecting
cytoplasmic maturation

2.2

Investigate relation gene expression - developmental
competence —— predictive tests

5 June, 2007 SmitzIVM 2007
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5 June, 2007

problems inherent to the ovarian status

¢ 1 n months *history’ of the follicle

» Oocyte quality pre-determined ?

e 2 asynchrony in the FSH-recruited
follicle cohort
e Can we ‘treat’ it ?

5 June, 2007 SmitzIVM 2007
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Human follicle development

- FSH threshold/window concept -

Bl et
8 / window B
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s g
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5 June, 2007 Adapteehfromefauser (1997) 10

DEALING WITH A COHORT :
maturation capacity window

2 situations
O
2O

590

%%

Small wide
Maturation Maturation
window window

time

How long does the oocyte in the follicle keep its full potential ?
Windew = ? 2-3 days ? SmitzIVM 2007 1

MODELLING

110-130pm Equal culture conditions

Synchronous development
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Experience from MOUSE : maturation potential upon LH stim

Q_ :

T
30T
20T
107
6 8 10 12 14 16 Culture time (days)
07 SmitziVM 2007

ART REGISTRIES : OUTCOMES

* PRETREATMENT

Desensitisation = + 5% pregnancies

(throughout different gonadotrophin protocols)

5 June, 2007 SmitzIVM 2007 14

‘Natural’ cycle day at oocyte retrieval

m no transfer

0 not pregnant
o biochem
ome

m ongoing

Cycle day at I0C

Dr A.M. Suikkari (Vaestolitto, Helsinki)15

5 June, 2007 SmitzIVM 2007
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PROBLEM 1 :

HETEROGENEITY OF THE COC

5 June, 2007 SmitzIVM 2007 16

5 June, 2007 SmitzIVM 2007 17

RT-PCR technology

Extraction

Transcription

PCR

using
specific primers

2 #eycles copy’s of 1 specific fragment
corresponding with a specific MRNA

. (200-600 bp)

SmitzIVM 2007 18
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POTENTIAL MARKERS in cumulus for Follicle dey stage I

Expression of:

* LH-receptor expression
* AMH
« Mucification enabling factor(s)

« Steroidogenic enzymes: aromatase
« growth factors / GF receptors

5 June, 2007 SmitzIVM 2007 19

PROBLEM 2 :

Cumulus cells are removed

or drop off during prolonged culture

5 June, 2007 SmitzIVM 2007 20

COMMUNICATION GC - OOCYTE

Absence of communication —

-lons

-Nucleotides defects on _fertilisation
- premature migration of cortical granules

- decrease in penetrability of sperm

- decrease in acrosome reaction
Syngamy

- inability to form the male pronucleus
Development

- EGF
“LH— Effectors (cAMP)

- decreased supplies of transcripts to be
activated and translated during early pre- and

< PACAP—

O O = post implantation development
- inadequate embryonic genome activation
~Transcription factor:
tne, 2007 - m-RNA SmitzIVM 2007 21
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PROBLEM 3

nuclear maturation progresses inevitably,
but within variable time frames :

When to do ICSI ?

5 June, 2007 SmitzIVM 2007 22

CYTOPLASMIC MATURATION

progresses in parallel and partly independent from nuclear
maturation

essential contribution from metabolic coupling with the
cumulus cells (glutathion, effects from growth factors)

during oocyte maturation (few hours) :
- translation of stockpiled dormant transcripts
- changes in protein neosynthesis profile
- modification in adenylation of certain mMRNAs

* some proteins have been characterised : essential for cell
5 GYede control (c-mos, cy iR 2007 2

Attempts to improve
[Frecrancy FoLLow ue |

L =
Q

SmitzIVM 2007 g
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Attempts to improve IVM g

« Patient selection
« Stimulate ovary or natural cycle ?

¢ Culture conditions

¢ Clinical results
 Future aims

5 June, 2007 SmitzIVM 2007 25

Oocyte In Vitro Maturation

« Clinical management: SOPs have been developed
- patient pretreatment: stimulation FSH/HCG
- retrieval technique of OCC

- endometrial preparation

Laboratory techniques: to be improved
- maturation technique(s)
- maturation medium

- fertilisation technique
- safety

CYTOPLASMIC MATURATION

. depends on culture conditions

medium composition
cellular environment

5 June, 2007 SmitzIVM 2007 g
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IN VITRO MATURATION

SMALL ANTRAL FOLLICLE.

!

OOCYTE - CORONA - CUMULUS

!

HOW TO CULTURE ?

5 June, 2007 SmitzIVM 2007 g

Measure mRNA in cumulus biopsy

VM

1992- 2007 FUTURE

5 June, 2007 SmitzIVM 2007 29

DEVELOPMENTAL COMPETENCE

« oocytes acquire the potential for developmental competence in

the period preceding the maturation stimulus

« aprolonged COC culture would enable the oocyte to complete
biochemical processes essential for further embryonic
development

- transcribe mRNAs
- translate essential proteins

- and / or posttranslationally modify them

ESSENTIAL for further embryonic development
5 June, 2007 SmitzIVM 2007
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Stop Start

BRAKE ON NUCLEAR PROGRESSION
24 = 48 9 72 ... HOURS

retrieve oocyte cumulus > space for intervention on oocyte - resume meiosis -> fertilise 2 culture

/ ® ®

continued dialogue  add activators of cytoplasmic

maturation non invasive analyses
with cumulus l
= energy metabolism Decision level
« stores of MRNA
« increase glutathione

5 June, 2007 SmitzIVM 2007 31

PROOF OF CONCEPT & “pre-clinical” safety

MOUSE IVM MODEL

1. relation follicle immaturity — oocyte competence

Immature follicle < OCC - IVF + ET - Poor results.

2. helping effects of cumulus in culture

cumulus-surrounded
immature follicle < oocytes.
cumulus-free

3. Pre-incubation (nuclear arrest) improves oocytes’ competencies

immature follicle

preincubation 24 hrs > maturation > IVF ET

< cumulus-surrounded oocytes

5 June, 2007 Smlmﬁ?%ediate maturation > IVFET 3

Immature OCC: culture issues to develop in HUMAN

Cytoplasmic immaturity improvement

HYPOTHESIS
=> Need for prolonged pre-maturation phase

Determine TIMING for 00CYte fertilisation

Preliminary safety analysis

5 June, 2007 SmitzIVM 2007
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Stop Start

BRAKE ON NUCLEAR PROGRESSION
24 = 48 9 72 ... HOURS

& Reversal of arrest

@

Proof of concept study :

n= 66 patients

170 OCC obtained pré-HCG and 36h post-HCG

Oocytes can remain ‘nuclear’arrested in-vitro for 72 hours

Reversal of arrest (72h + 24-30h): 68 % resumed meiosis

Global efficiency ( PB’s /retrieved OCC) : 50 %

34

Stop Start

BRAKE ON NUCLEAR PROGRESSION
24 = 48 9 72 ... HOURS

& Reversal of arrest

Proof of concept & Safety study :
n= 84 patients
250 OCC obtained 36h post-HCG

Oocytes remain ‘nuclear’-arrested in-vitro for 48 h

5 June, 2007 SmitzIVM 2007

35
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Conclusions

Perfection of IVM could lead to increased embryo yields
(savings for social security / less invasive for patient)

» Improvements in IVM culture to be expected from increased
knowledge

» Tools from molec biol
» Measure cytoplasmic maturation

Standardisation of IVM procedure is needed

« Control of nuclear arrest could improve IVM technology

5 June, 2007 SmitzIVM 2007 37

5 June, 2007 38
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ESHRE Joint SIG Embryology and SIG Andrology
Pre-Congress Course:
“To what extent do male and female gametes
influence embryo development?”

Sperm-egg fusion, ICSI and
egg activation: what's new?

Janice P. Evans, Ph.D.
Johns Hopkins University
Bloomberg School of Public Health
Baltimore, MD, USA

Lecture Overview and
Learning Objectives

» Review of the mechanisms underlying
egg activation

» Comparison of egg activation responses
in conventional IVF eggs and ICSI-
fertilized eggs

— Case study: Abnormalities in an egg
activation response (membrane block
establishment) in ICSl-fertilized eggs

From fertilization to offspring

Gamete
merger

Ca?*-

dependent
—> Ca2t —» effector =——p| Egg-to-embryo
transition

molecules
Preimplantation
development
E@ Postimplantation
development

|

OFFSPRING
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Changes occurring upon fertilization

Unfertilized Fertilized
CO)
« Arrested at metaphase Il « Cell cycle resumption
« Cortical granules in — Exit from metaphase Il arrest
cortex — Progression to mitosis

* CG exocytosis

— ZP block to polyspermy
Membrane block to polyspermy

Oscillatory Ca?* rises in

mammalian eggs
C——

340/380
340380

T d Evans
Reproduction (2007) 133, 383-393

Intracellular calcium signaling and

egg activation responses

Membrane block
to polyspermy

CG exocytosis

ZP block to polyspermy w é\genrzfgaur; -
?_\—- P\ ) sperm interactions
Pg’g_\rlm/ O O
e I /
activity 24 Ca?*-dependent | mRNA
l Ca effectors recruitment

./ N

Ei% IP, receptor Cell cycle

resumption
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Post-fertilization changes in eggs:
Candidate Ca?*-dependent effector

molecules for different egg activation events

» Ca?*-Calmodulin (CaM)-dependent kinase
(CaMKII)

— Exit from metaphase Il arrest
— Cortical granule exocytosis

» Myosin light chain kinase (MLCK)
— Polar body emission (meiotic cytokinesis)

— Cortical granule exocytosis

» Protein Kinase C (PKC)

— Cortical granule exocytosis

Post-fertilization changes in eggs:
Different relative Ca2* dependence

for different egg activation events

* From studies in mouse with experimentally
manipulated [Ca2+]cy, increases (Dev. Biol.

250:280-291):
— minimal Ca?* input - cortical granule exocytosis

— moderate Ca?* input - metaphase Il exit

— higher Ca?* input - progression to embryonic
interphase (pronuclear stage), mRNA recruitment

Post-fertilization changes in eggs

« Cortical granule exocytosis

— Initiation requires 1-4 Ca?* rises

— Several CaZ*-dependent effectors likely:
CaMKIl, MLCK, PKC, others

 Cell cycle resumption

— Metaphase Il exit triggered by 4-8 Ca?* rises
— CaMKII activity leads to activation of the

Anaphase-Promoting Complex, leading to
cyclin B degradation
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Post-fertilization changes

* Recruitment of mRNAs for translation

— Progressively more with 8 to 24 Ca?* rises
— Required for initiation of transcription in one-

cell mouse embryos

« Membrane block to polyspermy
— Ca?* regulates timing of establishment

— CaMKII participates, but not sufficient

— Supplemental trigger linked with some
event(s) associated with sperm-egg

interaction

Differences in Ca2* oscillations in

ICSl-fertilized eggs

Complete failures

— Especially in certain pecies (equine, bovine)
* Temporal

— Delayed initiation
— Premature cessation

» Spatial
— Differs from distinct point of origin at sperm entry

point with conventional IVF

Varies with how sperm is prepared for injection

Differences in activities of Ca2* -

dependent effector molecules in
ICSI-fertilized eggs

* Very little known!

— One analysis of CaMKII activity in mouse eggs
post-IVF or post-ICSI at two post-insemination
time points (Mol. Human Reprod. 2007, 13, 265-272)

« First Ca?* rise
« Rise occurring with second polar body emission

— CaMKII activities similar in IVF- and ICSI-
generated zygotes (although functional differences
still possible)
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Case study in egg activation:

The membrane block to polyspermy

« Post-fertilization change in egg
membrane function

— Pre-fertilization - receptive to sperm
— Post-fertilization - unreceptive to sperm

* Functions in conjunction with the ZP
block to polyspermy

« Occurs in most, if not all, species
(addressed ahead)

Polyspermy and

triploid embryos in mammals

* Triploidy detected in ~1% of conceptuses
— 10% of spontaneous abortions
— 30% of chromosomally abnormal spontaneous

abortions

» Majority of triploid conceptuses are the result
of fertilization by two sperm

* Incidence of polyspermy in mammals is 1-2%
— 3-30% with delayed mating/insemination

Summarized in Gardner and Evans
Reprod. Fertil. Dev. 18, 53-61

Perivitelline sperm

PVS sperm Species Interpretation
10s-100s Rabbit, pika, * Membrane block
pocket gopher, highly effective
mole * ZP block relatively
ineffective
1-10 Mouse, human, < Utilization of both ZP

rat, guinea pig, cat, and membrane blocks

ferret, pig, cattle

Rare Dog, sheep, * ZP block highly

field vole effective
* Inconclusive regarding
membrane block

‘Yanagimachi, 1094
Florman and Ducibella, 2006
Gardner and Evans, 2006
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Impaired membrane block establishment
in ZP-free eggs with no sperm-induced

increase in [Ca?*],
(10 pM intracellular Ca?* chelator, BAPTA-AM)

Sperm incorporation over time Reinsemination
10 BAPTA-AM  *
*
8 * 2
Av. # Av. # green
sperm 6 sperm fused
fusedlegg per egg
44 1
Control
2
0 1 2 3 4 5 0
Unfert Fert Fert
Time (hr) BAPTA-AM

McAvey, Wortzman, Williams, Evans

Gardner, Williams and Evans
Biol. Reprod., 67:1342-1352

Reproduction (2007) 133:383-393

Failures in the membrane block

» Parthenogenetically-activated eggs

— Dev. Biol. 71:22; Mol. Reprod. Dev. 34:65 and 52:183
 ICSl-fertilized eggs
— Mol. Reprod. Dev. 44:256 and 52:183

» Both parthenogenesis and ICSI trigger Ca2*

rises that differ from those with fertilization.

» Hypothesis: Only “fertilization-like” Ca2* rises
can trigger membrane block establishment.

Egg activation by sperm versus sperm
extract-induced parthenogenesis

Activated Unfertilized Activation

by sperm control treatment Sperm
/ extract
@ g

‘ Challenge with sperm (reinsemination)

Assess whether sperm from this insemination penetrate the eggs
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Activation of eggs with

sperm factor does not induce
membrane block establishment

2

Av. #

sperm
fused/egg

Unactivated Sperm factor inj  IVF (sperm act.)

Wortzman-Show, Kurokawa, Fissore and Evans

Mol. Human Reprod. in press

Egg activation by
conventional IVF versus ICSI

Conventional Unfertilized ICSI
IVF control (sperm head)

> 3T

9

Challenge with sperm (reinsemination)

Assess whether sperm from this insemination penetrate the eggs

Variations on ICSI| do not induce

membrane block establishment

» Sperm head
* Whole sperm (to include the tail)

» Permeabilized sperm (to facilitate

factor release in the egg)
» Multiple sperm heads (to increase

dose of sperm factors)

Wortzman-Show, Kurokawa, Fissore and Evans

Mol. Human Reprod. in press
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Testing the role of sperm-egg adhesion

Unfert. 2+ signali Adhesion Sperm
control Ca? signaling +CaZ*S|gnaI|ng
Sperm Sperm
extract extract
Caz+
deficient
medium

9¢

|

Membrane Membrane Membrane Membrane
receptive receptive receptive unreceptive
to sperm to sperm to sperm to sperm

Wortzman-Show, Kurokawa, Fissore and Evans

Mol. Human Reprod. in press

The membrane block and

sperm-egg interactions

« Many papers on gamete membrane

interactions use “sperm-egg fusion” to refer
collectively to all events leading up to fusion

(e.g., sperm-egg binding).
* In considering ICSI and the membrane block,

we also need to broaden “sperm-egg fusion”
to events linked with fusion.
— The actual cellular event of membrane fusion itself

is unlikely to be sufficiently catalytic to trigger a
change throughout the egg.
— Adds very little new membrane (a mouse sperm

head is only ~0.14% of the surface area of a
mouse egg) - unlikely to be a dilution effect.

Membrane block establishment and

events linked with sperm-egg fusion

EGG MEMBRANE
membrane continuity, UNRECEPTIVE
delivery of Ca?* release TO SPERM
activity (maybe other ," A | Y

i v

factors?) sperm ’
incorporation,
introduction of

additional factors?

cortical
remodeling
(fertilization cone)

./ effects on a sperm

PLC o component(s)?

PRy — i a effects on egg cortex

Caz+ -  — | ormembrane?
‘pi PR and/or ather®
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Establishment of the

membrane block to polyspermy
involves both gametes

» Sperm delivers signal(s) that trigger
membrane block establishment

— Sperm-induced increase in intracellular calcium
— Some event(s) associated with sperm-egg

membrane interactions

» Egg responsiveness to the signal

— Post-ovulatory aged eggs are less able to
establish the membrane block to polyspermy

(Mol. Human Reprod. 2005 11:1-9).

Final thoughts

» ICSI leads to live births, although ICSI does not
faithfully mimic all events of the egg-to-embryo

transition
— Differences in Ca2* rises

— Membrane block establishment

« inconsequential in infertility clinics (no risk of
polyspermy for ICSI-fertilized eggs)

» Are other events of egg activation and early
embryogenesis modified in ICSl-fertilized eggs?

— Advantages to having gamete merger occur

through sperm-egg interactions?
» Are other events of egg activation and early

embryogenesis sufficiently similar to conventional
IVF embryos?
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Optimizing In-Vitro

Fertilization Systems

Dr David Mortimer, PhD

Oozoa Biomedical Inc

Vancouver, BC, Canada

Learning Objectives

1. To identify the biological, chemical and physical factors

that influence the design and organization of in-vitro
fertilization systems in the human ART laboratory.

2. To recognize extrinsic factors that can impact adversely
upon human fertilization in vitro.

3. To apply process analysis to optimize in-vitro fertilization

systems in the human ART laboratory.

© Oozoa Biomedical Inc, April 2007

In-Vitro Fertilization

Fertilization: The fertilization of a mature oocyte to

produce a normal zygote that is capable of
developing into a normal, competent embryo.

IVF Process: The ability of the sperm preparation and
culture systems to support sperm capacitation

ands the fertilization of mature oocytes.

Confounders: Sperm dysfunction

Sperm DNA damage (inherent / iatrogenic)
Anti-sperm antibodies
Incomplete / abnormal ooplasmic maturation

© Oozoa Biomedical Inc, April 2007

Page 41 of 83



The Process Of Fertilization

SPERM
SAMPLE

Spem Sperm
wmram{m;Ly !
feominal plasma EEEIED

Binding Fenetration of

gmne/7/ o zona cumulus and
pellucida conona

Penetraticn Sparm-— ' incomoeation

of zona oolemma spem nlu
pellucida fusion {by) oocyte
Spam
disassembly

Pronuieas
Bpproximaton
& breakdown
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Process Analysis: Basic Principles

What is a process? Inputs | “Something happens” |

IVF is a Process:
too many “lower level” Process.

Process mapping:

* Draw out the system and define each component Process.

* Dig deep: each Process must have no subordinate or derivative

(sub)process(es).

¢ Identify and define the all of the factors that control each
Process.

© Oozoa Biomedical Inc, April 2007

Output

Sperm + Oocytes | “Lab systems” | Embryos
but it can’t be analyzed as such because “Lab Systems” includes

e Process
— Mapping
TR e, IDEFO process

systems

mapping of IVF

Mortimer & Mortimer : Quality and
Risk Management in the IVF
Laboratory, CUP 2005: Fig 7.5

© Oozoa Biomedical Inc, April 2007
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Process Control for In-Vitro Fertilization

Indicators: e Define the process to be monitored

« Must measure only the intended process
* Must minimize extraneous effects

Indicators for IVF fertilization:

Fertilization rate % oocytes inseminated with >2PN
Normal fertilization rate % oocytes inseminated with 2PN
Polyspermy rate % oocytes inseminated with >2PN

Low or failed fert'n rate % of cases with <25% or 0% zygotes

Indicators for ICSI fertilization:

Fertilization rate % oocytes injected with 2PN

© Oozoa Biomedical Inc, April 2007

Why Optimize Fertilization In Vitro?

* Reduce the risk of poor or failed fertilization:

« Select the most functional sperm
« Provide optimum support for sperm capacitation and fertilization
 Avoid iatrogenic sperm dysfunction

* Maximize the number of embryos:
« Maximize the fertilization of the available MI1 oocytes

* Optimize embryo quality:
« Select sperm with the best DNA
 Prevent sperm DNA damage during processing

* Reduce the unnecessary use of ICSI:
* Maximize the number of zygotes produced
* Prevent acrosomal enzymes damaging the oocyte

(e.g. Morozumi & Yanagimachi, PNAS 102: 14209-14, 2005)

© Oozoa Biomedical Inc, April 2007

The WHO and Structured Management

WHO Manual for the Standardized Investigation, Diagnosis

WHO mananl for tha and Management of the Infertile Male (2000) — Figure §

diagnosis and management
of the infertile male

®

(2000)

© Oozoa Biomedical Inc, April 2007
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Sperm Surface ASABs and IVF

Royal Women’s Hospital (Melbourne) IVF Unit

%lgG %IgA # men Oocytes fertilized (%)
>80% >80% 8 18/66 27%
+ve <80% 9 47/65 72%
-ve -ve 75-80%

Clarke et al. (1985) Am. J. Reprod. Immunol. Microbiol., 8:

© Oozoa Biomedical Inc, April 2007

ASABs and Management

BINDING & SITE*

MANAGEMENT

Tail-tip only

<50% head / midpiece / tail
50-80% midpiece / tail
50-80% head

>80% midpiece / tail

>80% head

Not clinically significant

Not clinically significant

Try IUI? orgoto IVF

IVF (adjust sperm numbers?)
Try IVF orgoto ICSI

ICSI

*e.g. by Immunobead test

SOURCE: Rowe et al. (2000) WHO Clinical Manual for the Standardized Investigation, Diagnosis
and Management of the Infertile Male. Cambridge University Press, Cambridge, UK.

© Oozoa Biomedical Inc, April 2007

An Argument Against “ICSI For All”

What happens if you use ICSI on someone for whom 1\VVF would work?

Parameter Criteria IVF 1Sl Criteia
Rate  # Rate  #
COCs retrieved 1n 1
Maturity % Mils (85%) 85% 9.35
ICSI damage rate -3% 9.07
Fertilization rate as % of COCs inseminated 80%  8.80 70%  6.35 of Mils injected
Cleavage rate % of zygotes 98%  8.62 98%  6.22
Utilization rate Day 3embryos for ETorcryo  65% 561 65%  4.04
Embryos transferred 2 2
Implantation rate (fresh) 30% 60%  30% 60% Equalchance
Embryos cryopreserved 3.61 204
Cryosurvival rate 5% 270 75% 153
Implantation rate (frozen) 0% 54%  20% 31%
Cumulative implantation potential 114% 9%
Loss of outcome for patient 23%

© Oozoa Biomedical Inc, April 2007

Page 44 of 83



Sperm Functional Assessment or “SFA”

* Semen Analysis

«Comprehensive as per WHO’99 and ESHRE/NAFA
«Detailed morphology including TZI

* Trial Wash

*PureSperm gradient: determine quantitative & qualitative yields

« Anti-Sperm Antibodies
«Direct IBT with “GAM” bead, + isotypes if >20%

« Computer-Aided Sperm Analysis (IVOS v12)
*Mucus penetrating population in semen
*Hyperactivation: “HAmax” assay (includes spontaneous control)

© Oozoa Biomedical Inc, April 2007

The SFA and ICSI Usage

Sydney IVF (Australia):

* >90% male factor by WHO criteria
* ~35% ICSI / ~65% IVF with <5% failed fertilization

SOURCE: Dr D. Mortimer (unpublished data)

Genesis Fertility Centre (Canada):

Period stims/yr 1Ullyr ICSI IVF  R/ICSI
Pre-STM  550-600 minimal  60% 40% active programme
STM 650-700 ~600 40%  60% almost none

SOURCE: Dr S.T. Mortimer (personal communication)

© Oozoa Biomedical Inc, April 2007

Sperm Preparation and ROS

Significance of Reactive Onygen Species
and Antiovidants in Defining the EMicacy of
Sperm Preparation Techniques

A NN %

© Oozoa Biomedical Inc, April 2007
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Sperm Preparation : Dangers of ROS

RESIDUAL CYTOPLASM
= excess of cytoplasmic enzymes

LDH, CK, SOD, G6PDH

© Oozoa Biomedical Inc, April 2007

PureSperm® Density Gradients

Factors affecting PureSperm gradient yield

Interface area Gradient volume & density

10

—_— ; 2 _g a8

® 40 = B o

30 i g4

: i i{:

g 20 P =

- Tube: 10 10 2 om0 scomo
2 40 Layer: 1 0.76 0.75 (%viv)
-D' 2

Z 9 Gradient 20

[ | 2 3 4
Interface area (cm*2)

preparation

Motite sparm (10°6)
H
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Sperm Preparation: PureSperm® method

Tt Afver Standardized method:
centrifugation centrifugation
1.5 ml layers / <1.5 ml semen
semen seminal plasma 300 g x 20 min then 500 g x 10 min
seminal plaama
:?: d gt Ly Y. .
ield:
PEbpe | | souprinarend
O * The most dense sperm: these have

fully condensed nuclei and no excess
cytoplasm.

Adber

centrifugation

serminal plasrma

upper laysr reh

wppet layer §
et layer raft

sperm pelet

Harvestiag

* Higher proportion of normal sperm.

* Typically >95% progressively motile —
if not then it indicates either poor
technique or is diagnostic:

<85% consider ICS|
<80% definitely ICSI

© Oozoa Biomedical Inc, April 2007
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Sperm Preparation & DNA Quality

5 CMA, STAINED AND AFTER PREPARATION

SWIM-UP PERCOLL  PURESPERM

CMA,; staining shows decreased
presence of protamine (i.e.
poorly condensed chromatin). Endogenous DNA nicks

Patients

© Oozoa Biomedical Inc, April 2007

Sperm Preparation: Conclusions

* Do not centrifuge seminal spermatozoa:

It pellets the good spermatozoa along with abnormal, moribund &
dead spermatozoa + other cells, debris, etc, with the risk of ROS
generation in the pellet, causing impaired fertilizing ability (damage

can be so severe as to prevent fertilization).

Avoid iatrogenic sperm dysfunction.

Do NOT use the “classical” swim-out from a washed pellet!

* Use an established, safe, alternative method

* Most widely applicable = 2-layer density gradient + 1 wash

© Oozoa Biomedical Inc, April 2007

Origins of IVF Media

* Media for somatic cells: e.g. EBSS, MEM, Tyrode’s, TALP

* Media based on oviduct fluid:
* Tervit's “SOF” (1972) « Ménézo’s “B2” (1976)

* Quinn’s “HTF” (1985) | *“Advantage” sequential media system
* Mortimer’s “STF” (1986) | “M91” | Cook SIVF sequential media

* De novo formulations: e.g. BWW, Bavister’s HECM, Biggers’ KSOM
® Research animal embryo culture media: e.g. CZB

* Most human embryo culture medium development has been
based on in-vivo produced mouse zygotes (i.e. not even IVF-

derived mouse zygotes)....

© Oozoa Biomedical Inc, April 2007
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Culture Conditions for Capacitation

Sperm capacitation in vitro requires:

¢ Separation from seminal plasma (decapacitation factor)

* A “capacitating” culture medium:

* Physiological balanced salts to be isotonic and support general

homeostasis
® Glucose, usually ~5 mM (range 2.8-6.7 mM)
* Bicarbonate ions, usually 25 mM
® Calcium ions (range 1.7-3.0 mEqg/l)
® Albumin as a sterol acceptor: minimum of 10 mg/ml

(mid-cycle oviduct fluid contains about 30 mg/ml, serum ~45 mg/ml)

© Oozoa Biomedical Inc, April 2007

Seminal Plasma and Fertilizing Ability

Ld3H

voynyaued o,

(]

time in seminal plasma (min) % [vv) semnal plasma

Rogers et al. (1983, Fert Sterd, 39:206 Kanwar et al (1979), Fert Sterd, 31.321

n
0

© Oozoa Biomedical Inc, April 2007

Capacitation Dynamics (1/3)

Hyperactivation dynamics vary greatly between men:

% hyperactivated

Time (h)

<14% HA indicative of need for high sperm numbers at IVF

Karande et al. (1990) J. Androl., 11 (sup): P-28 (Abstract 31). © Oozoa Biomedical Inc, April 2007
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Capacitation Dynamics (2/3)

Molecular markers of sperm capacitation (after 90 min incubation)
Tyrosine phosphorylati Hyf ivation (%) Progesterone-induced
of the sperm flagellum (%) acrosome reaction (%)
30 30 6
20 ) 20 4
10 10 2
0- 0 - 0
Cook SIVF Fertilization Medium
Cook SIVF Sperm Buffer “Non-capacitating Medium™” (EBSS-BSA, -HCO,)
SOURCE: Mossley ef al, Mol. Hum. Reprod_, 11: 523.0, 2005 "Many Sparm stk to ehde

© Oozoa Biomedical Inc, April 2007

Sperm Senescence

¢ All sperm have a finite lifespan: varies between men and
within an ejaculate (also normal vs abnormal sperm).

* Prolonged exposure to seminal plasma is deleterious.
* Sperm have a high metabolic rate under capacitating

conditions: leads to ROS generation / “burn-out”.

® Once capacitated, sperm are highly labile: spontaneous
and induced acrosome reactions.

* Acrosome-reacted sperm cannot fertilize.
® Sperm die soon after the acrosome reaction in vitro / in vivo.

® Therefore: collect after OPU and process immediately
use a non-capacitating “holding” medium, &

keep at room temperature to slow metabolism.

© Oozoa Biomedical Inc, April 2007

Conclusions: General Principles

THINK LIKE A SPERM!

* The biology controls everything that is done in the IVF Lab.

® The chemistry and physics must provide optimum support
to the biology.

* The engineering must reflect the physical and chemical
requirements.

* The design and organization of the lab systems must reflect
all of the above.

© Oozoa Biomedical Inc, April 2007
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Learning Objectives

1. To identify the biological, chemical and physical factors

that influence the design and organization of in-vitro
fertilization systems in the human ART laboratory.

2. To recognize extrinsic factors that can impact adversely
upon human fertilization in vitro.

3. To apply process analysis to optimize in-vitro fertilization

systems in the human ART laboratory.

© Oozoa Biomedical Inc, April 2007
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Course 2 - Joint SIG Embryology and SIG Andrology
"To what extent do male and female gametes

influence embryo development?”

Selecting sperm:

by Nature

and in the Laboratory

Denny Sakkas

Department of Obstetrics, Gynecology and Reproductive Sciences
Yale School of Medicine

Yale University
UsA

Spermatogenesis

. . Spermatogonia
Mitosis ' @9 P d

. O Spermatocytes
Blood-testes barrier

Meiosis

Early spermatids

Differentiation Elongated spermatids

Mature spermatozoa
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In a process that produces tens

of millions of spermatozoa a day:

How does nature police

spermatogenesis to provide the
best spermatozoa and how can

these fail?

Two systems that may

police abnormal sperm

production:

Apoptosis

DNA repair and remodeling

Apoptosis During Spermatogenesis

- In addition to proliferation and

differentiation the outcome of

spermatogenesis is affected by the extent
of programmed cell death (apoptosis).

+ Apoptosis occurs normally and continuously
in the testis throughout life.
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Apoptosis has two possible roles
during normal spermatogenesis:

1. Limitation of the germ cell population to
numbers that can be supported by the Sertoli
cells

2. Selective depletion of abnormal sperm cells

enabling the production of normal mature
spermatozoa

TUNEL Staining in Testis From Men With

Azoospermia and OAT Compared to Normal Controls

60

*

50

40

% Mean (+ SEM) TUNEL
positive cells per tubule

*
30 *
20
10
o L1

Normal OAT Obstructive Non
obstructive

When challenged with

abnormal sperm production

how effective is apoptosis

in providing normal

ejaculated spermatozoa?
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