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Indications for Genetic Assessment
of Embryos

/
A Aneuploidy screening (PGS)

A Structural chromosome aberrations
(€1p)

A Single gene disorders (PGD)
A Mitochondrial disorders (PGD)
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Ethics
=

A Non-medical sex selection?

A Huntington disease
A Deafness

AHLA typing

iIAMy Sisteros Keepero
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Cell Types- Blopsy

"

A Polar Bodies
I Meiosis | errors
I Meiosis Il errors
I X-linked disorders

A Blastomeres
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Current Benefits and Limitations

/
A Aneuploidy
A Structural chromosome aberrations

A Single gene disorders
A Mitochondrial disorders
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Aneuploidy
=

A Fluorescence in situ hybridization
(FISH) on interphase nuclel

A Comparative genomic hybridization
(CGH) on metaphase chromosomes
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FISH Limitations
-

ASinglechegpktd to test
for the presence of
a specific chromosome A

A Cells are in interphase B
A Limited fluorochromes

A Reduced accuracy with o
additional probes

A Fixation/nuclear spreading
~10-12 chromosomes tested




CGH on Metaphase Chromosomes
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Hybsidization 48-72 hours
to normal metaphase chomsosomes
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L ratio of intensity
(green/red) threshold
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shifts color o green
p-arm

green regions : amplified in tumor
red regions : deleted in tumor
yellow regions : normal copy-number

Loss of DNA
shifts color 10 red

Metaphase Chromosome Ratio Profile
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CGH Benefits and Limitations
-

A Tests for all 23-pairs of chromosomes

A Limitations i hybridization takes ~ 3 days
and requires an FET
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What are the Issues/Risks of PGS~
==

A Test Limitations
I FISH - Limited chromosomes
I CGHT requires an FET

A Embryo mosaicism?

A Damaging the embryo during the biopsy?
I Reduced implantation?
I Blochemical pregnancy?
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What are the Issues/Risks of PGS~
=

A Embryo correction of day-3 embryo?
I CVS1 Placental aneuploid colonies




Biopsy a Better Cell Type?
>

A Trophectoderm
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Structural Chromosome Imbalances
=

A Fluorescence in situ
Hybridization (FISH)

A Reciprocal translocations
I Telomere clones
I Genetic balance
A May have the translocation
I Breakpoint clones
A No translocations

A Robertsonian translocations
I Locus specific clones
I Genetic balance
A May have the translocation




Structural Chromosome Disorders

=

A Pericentric inversions
I Telomere probes

I Identify
duplication/deficient
chromosomes in
embryos

A Paracentric inversions
I Centromere probes
I Telomere probes

i ldentify dicentric
chromosomes in
embryos
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Structural Chromosome Aberrations
—

A If male carrier

I Test sperm for % genetically
unbalanced?
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Duplication and Microdeletion Syndromes
=

A Wolf -Hirchhorn syndrome

A Williams syndrome

A Prader -Willi/ Angelman syndrome

A Smith -Magenis syndrome

A Miller -Dieker syndrome

A DiGeorge/Velo  -Cardio -Facial syndrome
A Kallman syndrome

A Steriod sulfatase deficiency
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Data
s

A Turner Mosaic

A Translocations and inversions
A Aneuploidy

A Single Gene
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Turner Syndrome Mosaics
= |

A Missing a sex chromosome
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Structural Chromosome Disorders
=

A n =343 cycles

A 3270 embryos

A 29% no transfer i poor embryo quality or
abnormal

A 8% - no dx due to cell lysis / poor embryo quality
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Structural Chromosome Disorders
=

A Clinical Pregnancy = 38%
I 41% 1 recriprocal translocations
I 35% 1 rob translocations
I 33% 1 pericentric inversions

A 9% i biochemical
A 9% i miscarriages




Single Gene and Mitochondrial Disorders

/

A Single gene disorders
I PCR
I DNA sequencing
I Linkage analysis

A Mitochondrial
I Recessive




Segregation Patterns

Autosomal Dominant Inheritance Carier Father  Carrier Mother . _
CARRIER (9 NORMAL

Affected  Not Affected MOTHER | FATHER

WAL NC AFFECTED

male ¢ male female

KEY
D=dominant gene n=normal gene

Marmal Carrier Carrier Affectec




Single_{f;ene and Mitochondrial
Analyses Limitations

==

A Single gene disorder
I Mutation must be known
I Allele dropout T misdiagnosis

A Mitochondrial disorders
I Few offered
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Single Gene PGD
s

o To To o

o To Io o

n =209 cycles
2015 embryos
8% - No transfer
7% - No Dx due to cell lysis

51% abnormal

A 7% monosomy or trisomy
CP=51%

Biochemical = 9%
Miscarriages = 6%

Mis-Dx
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Aneuploidy
 —
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Controversies for PGS
==

A Does aneuploidy screening work?
I Mastenbroek S et al. N Engl J Med. July 2007

A 8 chromosomes assessed
A Showed no improvement in implantation

I BUT
A Maternal age (35-41)
I We wouldnot offer PGS
A Many 4-cell embryos biopsied
A 20% no FISH results

A Failed to test for chromosomes 22 and 15
(~ 25% of aneuploidy)

A Tested for chromosome 1 ?2??
A Biopsied 2 cells sometimes

Mastenbroek S et @\ Engl J Med2007;357(1):9L7.
= - B —
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Ccontroversies for PGS

/
APGS doesndét improve clini
(gestational sac and fetal heart beat) and delivery
rates

I ASRM Practice Statement, October 2007
I ESRE Practice Statement i July 2008
I ACOG 1 May 2009

I No prospective, randomized studies to date
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Shady Grove Fertility (10-Probe FISH)
=

n=797

> 2 or more miscarriages

1 Embryo = 33% Chance of Transfer
2 Embryos = 43% Chance of Transfer
3-4 = 46% Chance of Transfer

5-7 = 79% Chance of Transfer
8-9 = 78% Chance of Transfer
>10 = 92% Chance of Transfer
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Shady Grove Fertility (10-Probe FISH)

/
<35 38-40
CP=35%/ET CP=20%/ET
Miscarriage = 4% Miscarriage = 17%
35-37 >40
CP=32%/ET CP =14%

Miscarriage = 8% Miscarriage = 20%




Biopsy a Better Cell Type?
>

A Trophectoderm
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What are the Esues | Risks of
Trophectoderm Biopsy and PGS?

=

A Mosaicism?

I Inner cell mass
I Trophectoderm
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23-Chromosome PGS Trophectoderm
=

A Trophectoderm cells
I CGH on metaphase chromosomes

(Wells et al)
ICandot R/ O mosaici sm
An =72
A2-6 unsuccessful IVF cycles
ACP = 72%

ADelivery rate = 60%
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PGSi1 Trophectoderm
===

n =41 cases
FISH for Chromosomes 13, 14, 15, 16,17, 18, 21,22, Xand Y

Patient recruitment 1 3+ blasts

Indication for PGS

24 hr turnaround from thaw to transfer

114 blasts thawed

78% blast survival

67% re-expansion

83% were biopsied

100% PGD results

PGS (10 chromosomes) - 41% normal, 59% abnormal
Biopsied cells (mean = 5/patient)

Too J>o T Too Jo T oo J>o T o
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PGST1 Trophectoderm
=

A n =41 cases
A 3 had no transfer

A 70% + FHT with gestational sac
(all > 12 weeks)

A 3% Biochemical
A 16 normal deliveries
A No miscarriages

A Blastocyst biopsy and PGS may be a less-
Invasive and more beneficial option to day-3
blastomere biopsy and PGS




New TechnologiesMicroarrays
/

Single nucleotide polymorphisms (SNPSs)

5 AACTGGGAATCCCGAAGTGTG © TGATTACA-3 0

A Normally occurring genetic variant
A ~11,000,000 estimated to be in human genome
A Stable in >1% of the human population
+ More dense
1 Various density arrays
+ Up to ~ 1,000,000 genomic hits
T CGH
+ Less dense
+ Ratio

+ Oligonucleotidesor BACs
T ~ 42,894 genomic hits (Exonic (16404),Intronic (19805),Intergenic (6685))




