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ASSISTED REPRODUCTIVE TECHNOLOGY
IN EUROPE: EIM REGISTERS
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Genomics




FIRST POLAR BODY ANALYSIS
INCIDENCE OF ANEUPLOIDY ACCORDING TO AGE
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FIRST AND SECOND POLAR BODY ANALYSIS
INCIDENCE OF ANEUPLOIDY ACCORDING TO AGE

n=357

80 -

70~

60

50

1st PB
40 2" PB D
P<0.025

30

=X
>
=)
Qo
o
>
<)
c
<

20
10

O

ap<0.05 = ‘:‘:‘
bP<0.01 l A
°P<0.005 VISION 2000

9/06-10/08




VM

Reduced developmental capacit

- Defective Ca-signalling m
- High incidence of multinucleated blastomeres
- High incidence of aneuploid embryos

S.I.S.ME.R.
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FIRST POLAR BODY ANALYSIS

INCIDENCE OF ANEUPLOIDY IN RELATION TO THE
MATURATION STAGE

212 cycles
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935 Ml

Maturation stage 1 hr after oocyte pick up

Updated from: Magli MC, Ferraretti AP, Crippa A, La  ppi M, Feliciani E, Gianaroli L (2006) First meiosi s errors in immature
oocytes generated by stimulated cycles. Fertil Ster il 86, 629-635.
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FIRST POLAR BODY ANALYSIS

CHROMOSOMAL STATUS ACCORDING TO THE MATURATION STAG E
M| MI+GV

In vitro
matured

No. biopsied oocytes 935 VAVIRS

No. diagnosed oocytes 888 (95) 392 (88)
)

No. FISH normal (%) 361 (47) 114 (29)

No. FISH abnormal (%) 527 (53) 278 (71)

No. missing/extra 285 (54) 86 (31)
chromatid (%)

No. missing/extra 37 (7) 19 (7)
chromosome (%)

No. complex 205 (39) 173 (62) 0.001
abnormalities (%)

Updated from: Magli MC, Ferraretti AP, Crippa A, La  ppi M, Feliciani E, Gianaroli L (2006) First meiosi s errors in immature S.I.S.MER.
oocytes generated by stimulated cycles. Fertil Ster il 86, 629-635. Yo o0




FIRST POLAR BODY ANALYSIS

FREQUENCY OF ANEUPLOIDY FOR THE DIFFERENT CHROMOSOMES

In vivo . . . . abp<(.005
matured

In vitro . cP<0.005

matured dP<0.01
fP<0.05

Updated from: Magli MC, Ferraretti AP, Crippa A, La  ppi M, Feliciani E, Gianaroli L (2006) First meiosi s errors in immature S.I.S.MER.
VISION 2000

oocytes generated by stimulated cycles. Fertil Ster il 86, 629-635. 9/96-12/06




Epigenetic




OOCYTE MATURATION

- Acquisition of meiotic competence at specific stage
of folliculogenesis

- Temporal coordination of oogenesis and
folliculogenesis

Nucleus _ _
Protracted phase of oocyte growth in pre  -atral follicles

Cytoplasm
M A Final maturation and ovulation induced by FSHandL H
Oocyte-granulosa cell communication

Oocyte-specific genes required for the
expression of developmental competence

Somatic cell genes influencing oocyte H
guality and embryo development

S.I.S.ME.R.
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OOCYTE MATURATION

Groups of genes function at sequential stages of 0o EESS

Oocyte maturation Embryo development

FIGa Follicle development Mater First cleavage
e]p]=X¢) Meiotic growth Dnmt 1/o Genomic imprinting
Connexin 37 Meiotic growth / blockage TCL 1 Compaction
Cdc25b Meliotic progression

C-mos Meiotic arrest

Formin-2 Spindle anchoring

BMP15 Cumulus expansion

!

Complete meiosis, sustain monospermic fertilization and oocyte activation,
predispose the transition from maternal transcripts to mMRNAs of embryonic
origin. H

S.I.S.ME.R.
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IMPRINTING DEFECTS < > |[VM/IVF

Animal studies

Sheep - Large offspring syndrome associated with lac k of
expression and aberrant methylation of  Igf2r
(paternally imprinted, maternally expressed)

Mouse - Decreased expression of 1gf2 and H19 associated
with the addition of FCS to M16.
(Igf2 maternally imprinted, paternally expressed
H19 paternally imprinted, maternally expressed).

- Aberrant expression of the normally silent paternal

allele of H19 in embryos cultured in Whitten’s
medium vs. KSOM.

S.I.S.ME.R.
VISION 2000




IMPRINTING DEFECTS «<—> ART

POSSIBLE MECHANISMS

3- Oocyte culture conditions. Factors and length of exposure to specific
media, and growth factors therein may alter oocyte maturation.

B v Loss of imprinting of H19

was enhanced by different
culture media in mouse

embryos.

V
Inability of Whitten’s to maintain levels
é of DNA methylation sufficient to
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support monoallelic H19 expression

0

2 M S.I.S.ME.R.
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IMPRINTING DEFECTS < > [VM/IVF

Female germ cells

Oocyte growth
and maturation

Acquisition of maternal methylation imprints

RNA processing
Snrpn  splicing factor protein
Prader Willi

Protection from methylation of imprinted
genes that are usually non-methylated in the
female germ line

Non translated RNA
H19 Igf2 regulation —
WilmsTumor ﬁ
Beckwith Wiedeman R

VISION 2000




IMPRINTING DEFECTS <«—— IVM/IVF

Female germ cells

Abnormal methylation patterns in 2-cell
embryos from superovulated females

I

Use of gonadotropins - Could cause the premature release of oocytes
that did not complete the imprinting process

Mouse l

- Delayed embryo development

- Increased number of abnormal blastocysts
- Increased number of resorptions and fetal growth re tardation




IMPRINTING DEFECTS < > [VM/IVF

Female germ cells

Accelerated meiotic progression

Tendency to organize microtubules at times when the y are
normally suppressed

Altered pattern of chromatin phosphorylation

The presence of H
cause chromosomal malsegregation

S.I.S.ME.R.
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Proteomics




HUMAN OOCYTE MATURATION

« During oocyte growth numerous genes are
transcribed and translated

Protein translation actively continues during oocyte
maturation

Accumulated transcripts and macromolecules are
used for meiotic and early embryonic developmental
events

S.I.S.ME.R.
VISION 2000




HUMAN OOCYTE MATURATION

IVM oocytes have a reduced developmental competence

To investigate the protein profiles of  In vitro
matured human oocytes

To compare protein profiles of invivo and in vitro
matured human oocytes

|solate and sequence missing proteins

Anderiesz C, Ferraretti AP, Magli MC, Fiorentino A, Fortini D, Gianaroli L, Jones GM, Trounson AO (20 00) Effect of

recombinant human gonadotrophins on human, bovine a nd murine oocyte meiosis fertilization and embryonic development
in vitro. Hum Reprod 15,1140-1148 VISION 2000




ONE-DIMENSIONAL PROTEIN PROFILES OF
SINGLE HUMAN OOCYTES

IVM

220kDa |
97.4kDa |
66kDa |

46kDa

30kDa

21.4kDa
14.3kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

DIFFERENCES

10 MIl VIVO 10 MIl IVM

220kDa
97.4kDa
66kDa

46kDa

30kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

SIMILARITIES

10 MII' VIVO 10 MII'IVM

220kDa
97.4kDa
66kDa

46kDa

30kDa

21.4kDa

14.3kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

DIFFERENCES

10 MIl VIVO 10 MIl IVM S/O

220kDa
97.4kDa
66kDa

46kDa

30kDa

21.4kDa
14.3kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

SIMILARITIES

10 MIl VIVO 10 MIl IVM S/O
L L

21.4kDa

14.3kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

DIFFERENCES

10 M1l IVM S/O 10 MIl'IVM

220kDa
97.4kDa
66kDa

46kDa

30kDa

21.4kDa
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PROTEIN PROFILE
OF IN VITRO AND IN VITRO MATURED OOCYTES

SIMILARITIES

10 MII'IVM

220kDa
97.4kDa

66kDa

46kDa

21.4kDa

14.3kDa
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21.4kDa

14.3kDa

PROTEINS ISOLATED AND SEQUENCED

10 MIl VIVO

| = Major Vault Protein
¢ GV, invivo IVM, IVM S/O)

E1= Ubiquitin carboxyl-terminal
hydrolase isozyme L1
¢ GV, invivo IVM, IVM S/O)

E2= Apolipoprotein A-1
¢ GV, invivo IVM, IVM S/O)

C= Alpha-I protease inhibitor
¢ in vivo Mll, IVM S/O)

K= zona pelluicda sperm
binding protein 2
¢ in vivo Mll, IVM S/O) SISVER

VISION 2000




M|
In vivo matured
stimulated cycles

M|
In vitro matured
stimulated cycles

M|
In vitro matured
unstimulated cycles

S..S.ME.R.
Anderiesz C et al. (2000) Effect of recombinant human gonado  tropins on human, bovine and murine oocyte meiosis, fertili zation and VISION 2000

embryonic development in vitro. Hum Reprod 15:1140-1148.




Transcriptomics




MOLECULAR MARKERS OF OOCYTE
DEVELOPMENTAL COMPETENCE

To develop measurable or identifiable
characteristics that can be used to discriminate

between oocytes and embryos of high quality
and of low quality




GENE EXPRESSION PROFILING OF IN VIVO
AND IN VITRO MATURED HUMAN
OOCYTES

To explore the gene expression profiles of
oocytes matured In vivo or In vitro to gain some

understanding of the genes that confer
developmental competence




Origin of MIl Oocytes

Unstimulated
cycle




Sample Preparation

Pronase

Zona-enclosed Zona-free

Wash x3 Hepes buffered HM
Wash x4 PBS

Store at -80C Snap Freeze
Extract Total RNA using Liquid N ,
Picopure RNA Isolation Kit
Oligo-dT primed linear amplification
Biotynlate cRNA and array

5mhPicopure
Extraction Buffer




Discovery Probes Present in Any IVM MII, In Vivo MIl or GV
Raw Data




GV vs IVM Ml

IVM Mll vs MII

GENE EXPRESSION

ONON N NONO)
&

® 5
e O

It is possible to get a microarray
profile from a single human oocyte

Jones G.M., Cram D.S, Song B., Magli M.C., Gianaroli L., Lach am-
kaplan O., Findlay J.K., Jenkin G., Trounson A.O. Gene Expre ssion
Profiling of Human Oocytes Following In Vivo or In Vitro Maturation

Hum. Reprod. 2008, 23: 1138-1144

S.I.S.ME.R.
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PGD AT THE BLASTOCYST STAGE

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

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

Jones G, Cram DS, Song B, Kokkali G, Pantos K, Trou nson AO 2008 Novel strategy with potential to ident  ify developmentally S.|1.S.ME.R.
competent IVF blastocysts. Hum Reprod 23, 1748-1759 . VISION 2000




Conclusion

« Upregqulation of transcripts from GV to IVM MIl and the
detection of transcripts that are unique to IVM Ml|
Indicates either
— de novo polyadenylation
— de novo transcription
— de novo transcription & polyadenylation

Downregulation of key genes in several major
metabolic pathways suggests a decreased abillity to
generate energy for downstream embryo development
and may help to explain the very poor developmental
competence of in vitro matured oocytes from
stimulated cycles




Conclusions

 The gene expression profile of human in vivo
matured oocytes will be critical to differentiate
genes involved In:
— Meilosis
— Pathology associated with the reduced

developmental competence of in vitro matured
oocytes from stimulated cycles




Polar body gene expression

Research |




Research { DNA methylation




GLOBAL DNA METHYLATION ANALYSIS ON HUMAN
OOCYTES AT DIFFERENT STAGES OF MATURATION
AFTER SUPEROVULATION

1. INDIRECT IMMUNOFLUORESCENCE PROTOCOL:

- OOCYTE FIXATION
- ANTI-5-METHYL-CYTIDINE STAINING (15 antibody)

- ANTI IgG-CY3-CONjUGATED (2" antibody)
- SYBR GREEN DNA STAINING

2. INTENSITY SIGNAL ANALYSIS BY CONFOCAL MICROSCOPY

3. SIGNAL QUANTIFICATION BY RELATED SOFTWARE

S.I.S.ME.R.
VISION 2000




GLOBAL DNA METHYLATION ANALYSIS ON HUMAN
OOCYTES AT DIFFERENT STAGES OF MATURATION
AFTER SUPEROVULATION




MII OOCYTE
CONFOCAL MICROSCOPE SCANNING

S.I.S.ME.R.
VISION 2000




GV OOCYTES
SINGLE SECTION AT THE CONFOCAL MICROSCOPE

nucleolus

DNA methylation
fluorescent signal
Peri-nucleolar chromatin (Cy3 staining)

(SYBR GREEN staining) S.S.MER.

VISION 2000




MIl OOCYTES
SINGLE SECTION AT THE CONFOCAL MICROSCOPE

= b

DNA METHYLATION INTENSITY SIGNAL

v

Similar DNA methylation intensity signals were
found in 8 of 10 oocytes (80%) SISMER

VISION 2000




GV OOCYTES
SINGLE SECTION AT THE CONFOCAL MICROSCOPE

a b

Premature release
of oocytes that did
not complete the
Imprinting process

DNA METHYLATION INTENSITY SIGNAL

\

Significant hypo-methylation of DNA was found
In 5 of 10 oocytes (50%)

S.I.S.ME.R.
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Research |

DNA fragmantation




OOCYTE DNA FRAGMENTATION

Within cells, DNA fragmentation should be caused of:

1. NECROSIS
2. AUTOLYSIS

3. APOPTOSIS (PROGRAMMED CELL DEATH)

|

Intranucleosomal cleavage of DNA into shorts fragme nts (180-200bp)

S.I.S.ME.R.
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OOCYTE DNA FRAGMENTATION

Aim of this study is to compare DNA fragmentation b etween

MIl OOCYTES MIl OOCYTE

(in vitro matured from GV or Ml stage) (MII after pick-up )

}

DNA fragmentation detection with  TUNEL TEST

S.I.S.ME.R.
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OOCYTE DNA FRAGMENTATION

Principles of TUNEL TEST :

- Oocyte fixation;

- Ligation of dNTP digoxigenin-conjugated to the 3’-O H ends
result of DNA fragmentation;

-Anti-digoxigenin-fluorescein-conjugated antibody bi nding;

- Total DNA staining with DAPI.

\

DNA fragmentation detection at fluorescence microsc ope

S.I.S.ME.R.
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OOCYTE DNA FRAGMENTATION

IVM MII oocyte IVM MII oocyte
Fragmented DNA Intact DNA

S.I.S.ME.R.
VISION 2000




OOCYTE DNA FRAGMENTATION

4 (67%)

2 (33%)

1 (25%)

3 (75%)

S.I.S.ME.R.
VISION 2000




OOCYTE DNA FRAGMENTATION

Reactive oxygen conditition (ROS) is higher in the IN Vitro

!

culture environment.

In vitro culture conditions may accelerate apoptotic process
or induce necrosis of ovulated oocytes.

!

Probably, DNA fragmentation is involved in the elim Ination
or prevention of fertilization of oocytes with cytop lasmatic or
chromosomal defects.

S.I.S.ME.R.
VISION 2000
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IMPRINTING DEFECTS «<—> ART
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PROTEINS ISOLATED AND SEQUENCED

Major vault protein (mvp)

Is a component of a ribonucleoprotein structure kno wn as
a “vault”

Gene located on short arm of chromosome 16 (16pl1l1.2 )
Function in human oocytes unknown

Oocyte growth and homeostasis?

Nucleocytoplasmic transport?
Cytoskeletal structure?
Microtubule dependent events?
Signal transduction?

S.I.S.ME.R.
VISION 2000




PROTEINS ISOLATED AND SEQUENCED

Apolipoprotein-Al

Is the major protein moiety of HDL
Gene resides on the long arm of chromosome 11
Expressed primarily in the liver and intestines

Function in human oocytes unknown
Required for oocyte membrane generation?

S.I.S.ME.R.
VISION 2000




PROTEINS ISOLATED AND SEQUENCED

Ubiquitin carboxyl-terminal hydrolase isozyme L1

Ubiquitin associated with the proteolytic processing of proteis

Generation of monomeric ubiquitin is essential for ubiquitn-
mediated responses

uchl 1 - protease involved in the processing of linec
polyubiquitin
Function in human oocytes unknown

Involved in the generation of monomeric ubiquitin for
proteolytic events ?

S.I.S.ME.R.
VISION 2000




PROTEINS ISOLATED AND SEQUENCED

Alpha-1 protease inhibitor or alpha-1 antitrypsin

Gene resides on chromosome 14

High follicular fluid levels of alpha-1 protease inhibitor - correated
with embryonic cleavage and the attainment of normal pregnancy

Low levels of alpha-1 protease inhibitor - correlated with redued

pregnancy potentia
Actual function of alpha-1 protease inhibitor?

— General action of limiting protease activity and thereby
protecting ooplasmic proteins from degradation

— prevention of premature zona hardening
— facilitate fertilization by activating sperm motility
Function in human oocytes - to be determined

S.I.S.ME.R.
VISION 2000




PROTEINS ISOLATED AND SEQUENCED

Zona pellucida sperm-binding protein 2 (zp2)

ZP2 - glycoprotein that comprises the zona pellucida
Functions as a secondary sperm receptor

Absence in IVM oocytes - explain reduced fertilization rates
seen with inseminatiol

Nature of reduced zona pellucida sperm-binding protein 2
expression in IVM oocytes?

— Inhibition of translation
— degradation of protein

S.I.S.ME.R.
VISION 2000




GV vs IVM MIl Gene Tree Based on 6,648
Statistically Significant Probes

\

> 82% - GV to IVM MII

~18% GV to IVM Ml




