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Fthical Issues in Assisted Human Reproduction

Stem cell guidelines open door to more permissive
research on human embryos

By Kelly Servick | May. 26, 2021, 11:00 AM
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International guidance on 14-day limit
to growing human embryos ‘relaxed’
by scientists

3 ISSCR MailOnline

INTERNATIONAL SOCIETY

Scientists DROP the 14-day embryo
rule - a key limit on stem cell research -
in huge guideline update that could
pave the way for studies on genetic
disorders and miscarriage

ersion 1.0, May 2021




Emerging Issues in Assisted Human Reproduction

Expanded Preimplantation Mitochondrial Replacement
Genetic Diagnosis Non-invasive PGT

Germline Genome Editing

Edited Synthetic Gametes Enhanced Aneuploidy Screening

Voiding Donor Anonymity Expanded Carrier Screening

Polygenic embryo risk scoring

Genetic enhancement | |
of embryos Non-invasive Prenatal Testing NIPT

Non Invasive Prenatal Diagnosis NIPD WGS of Newborns



Impact of Genomics and
Personalised Medicine on ART

_Increased knowledge of personal genetics
. allowing genetic choice before reproduction

Enhanced genetic diagnosis on embryos
In Vitro

Manipulating genes in vitro and in vivo

Appreciating the difference between personal
genomics and transgenerational genomics




Preconception Testing before ART
(Expanded Carrier Screening)

For those who already have a child with a serious monogenic
condition who may be interested in avoiding the genetic \
disorder using PND or PGD i aicicbecited

ECS increasingly being requested prior to ART to inform | A test on ‘the'ind IVId ual

individuals or couples of possible genetic disease risks for s L ST o
their future offspring and their reproductive options IS a test O n_ the Wh ole fami Iy

BUT:

Tests should be designed to achieve high clinical validity and
have established clinical utility

Pre-and post-test counselling is of utmost importance

Henneman, et al., Responsible implementation of expanded carrier Eur J Hum Genet (2016).



Direct to Consumer Genomic testing and screening is
being done with increasing frequency by the population

The four largest companies have now tested nearly 30 million people

May 2019

* AncestryDNA reported in that they had a database of over 15 million completed samples
* 23andMe had tested over 10 million people

 MyHeritage had a database of 2.5 million people
 FamilyTreeDNA has over 2 million users

The number of people who have taken a DNA test
is expected to grow to ~100 million by 2021

Genetic databases and donor anonymity: Kennet, Reisel and Harper. Human Reproduction, Vol 34 (9) 2019, 1848-9
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Screening Newborns for genetic disease

[ TEST OF NECESSITY ] MORAL INFRINGEMENTS [ GOOD GOVERNANCE ]

Then consider

infringements on ...
I£:.. rSelfD e o N Carri .
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Parental [ V| and Privacy °fCh'|d;\ should be distinguished from
Consent . NEWBORN
Disclose N~ [ Seif Dotermination. SCREENING PROGRAMS
Results ’ ) and Privacy of
YES Require _Parentand Child | Heelprick tests aim to detect
- ~ >J newborns with serious treatable
disorders for which early treatment
N distice might be preventative.
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after: Alice Miller, Jason Robert, Robin Hayeems. Am J Pub Health 2009
Decision tree for considering the application of public health ethics principles to incidental carrier results generated through newborn screening.



Screening Newborns for genetic disease
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BUT added to these are genetic tests
CF, Sickle, & Congenital Hypothyroidism (UK)
In Singapore - additional tests

CAH, SCID R.Thal, SMA, ALD

These tests can also reveal carrier
status — which is not about immediate
health but may infringe the child’s
autonomy and self-determination

It is also a comment on the whole
family status without their knowledge
or consent

after: Alice Miller, Jason Robert, Robin Hayeems. Am J Pub Health 2009
Decision tree for considering the application of public health ethics principles to incidental carrier results generated through newborn screening.



BIOETHICS COUNCILE

BIOETHICS

Whole genome sequencing of babies

There is broad agreement within the genetics
community that it is not acceptable to use whole
genome sequencing to look opportunistically for
a broad range of conditions in babies —

especially conditions for which no treatment may
be available.

https://www.nuffieldbioethics.org/publications/whole-genome-sequencing-of-babies



Testing the embryo for genetic risk

1. Recurrent: PGD (PGT-M&SR)

Associated with particular known inherited disorder
Cystic fibrosis; Huntington; haemophilia, ntDNA disease

With new genomic methods
Has become much more precise and reliable




Testing the embryo for genetic risk

2. Sporadic: PGS (PGT-A)

Occurs randomly; often age related aneuploidy.

Screening for possible loss or gain of whole chromosome e.g.
(Down t21, Turner XO) or for genomic variants / new mutations.

With new genomic methods

Rationale still valid: but in practice not wholly reliable due to
improved detection of mosaicism - false positives.

*  We have imperfect understanding of the biology of how partial
chromosome anomaly is handled during development.

»  Some aneuploidy may be normal at early stages:
many embryos are being discarded unnecessarily.



Changing the genetic risk
Instead of just examining the genome to avoid affected births

and design better treatments, why not just alter the inherited
genome?
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Mitochondrial replacement in mtDNA genetic

a Polar body transfﬁ Ise a.Sé) Maternal spindle transfer € Pronuclear transfer

Patient oocyte Donor oocyte Patient_ciocyte Donor oocyte Patient oocyte Donor oocyte
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Can be circumvented by transferring
parental DNA into unaffected donated egg

@ Wild-type mtDNA
@ Mutant mtDNA

Maternal (patient) nuclear DNA
(:) Donor nuclear DNA

O Paternal nuclear DNA

I Craven L, etal. 2017.
»
Ax® Annu. Rev. Genom. Hum. Genet. 18:257-75
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RNA-guided genome editing using Crispr

Ser THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE
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SEEK AND DESTRﬁY

PAM sequences reckuit and activate Cas9 endonuclease
in CRISPR/Cas9 genome-editing tool pace2

-

CHEMISTRY , COSMOLOGY DEVICE PHYSICS ° mrun]z.cmmnunz

TAKING STILL IN SEE RADIO IN
CHARGE THE DARK ANEWLIGHT | | | =
9 1770028083095 |”
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Specificity and precision is a primary
concern for efficacy and_safety

Genome Editongue

| 11

Intended Edit Off target Edit
(precision) (specificity)




Use on Sperm
Eggs and
Embryos

Ishii, T. Brief. Funct. Genomics
Jan 2017

A Embryonic genome editing

Microinjection of Blastomere biopsy Trophectoderm
editing system for PGD biopsy for PGD
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( .
l
IVF or ICSI , ~ - Embrvo
—_—y | — A — - . A — ) ! J] y
- & ' hoeed . transfer
e Zygotes Cleavage process Blastocysts Verified
(One-cell-stage (3 days post (4-5 days post blastocysts

embryos) fertilization ) fertilization)

IVF or ICSI

—
B Oocyte editing C Spermatogonial stem cell editing

=
Edlted:)ocytes Testicularbiopsy _— — FACSsorting
Microinjection of — K O e K
editing system " NS Transfection of
T SSCs Purified §SCs editing system
}
Qocyte retrieval - Transplantation __— Genetic analysis ——— .
ﬂ ,‘ _ e % _ k o _ r __f";_’_ 4
MII cocytes Verified Edited SSCs
SSCs



Is Genome Editing better than PGD

Advantages of editing:
* Perhaps more embryos to biopsy
* Perhaps more unaffected available for transfer

Disadvantages of editing
* Efficiency of editing will have to be checked
* Reliability of the edit will have to be confirmed

e Off target effects including unexpected indels, mosaicism,
aneuploidy, will have to measured and controlled for




nature International weekly journal of science
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Heritable human genetic modifications pose serious risks, and the therapeutic
benefits are tenuous, warn Edward Lanphier, Fyodor Urnov and colleagues.
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SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING

27-29 November 2018

Lee Shau Kee Lecture Centre
‘ Centennial Compus
The University of Hong Kong

-

‘ o Corwened by
o ¢
e

=

SECOND INTERNATIONAL SUMMIT ON

HUMAN GENOME EDITING

Chinese biophysicist Dr He Jianku stunned
the world that he has created twin girls by IVF

genome editing and embryo transfer, born in
Oct 2018.

Corrected CCR5, a gene that might reduce
susceptibility to HIV

Addresses a social construct: not about
avoiding a serious genetic disease



Transgenerational Genomics

Preconception testing for
recurrent genetic disease
Consanguinity risk

Whole Genome
Sequencing

to screen for
any genetic
disease
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and ART jGT for monogenic disease (PGD)

/% PGT for sporadic aneuploidy
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Genome editing of embryos
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Non-Invasive Prenatal Testing

Non-Invasive Prenatal Diagnosis

Exome sequencing in ultrasound
detected anomaly

In utero gene editing / therapy
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Transgenerational Genomics

Preconception testing for and ART  pGT for monogenic disease (PGD)
recurrent genetic disease
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Genome editing of embryos

Extended but limited

heel-prick gene test Non-Invasive Prenatal Testing
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Transgenerational
Genomics and ART

Integration of
Clinical Genetics
&
Comprehensive
Laboratory
Service
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