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Genetic modification

e (I) Somatic Gene Therapy - Not heritable (?)

* (ll) Germ-line Gene Therapy - Heritable.

www.genome.gov — NIH
Genetics and Public Policy Center, 2005

Genomic Modification Can Occur Intentionally or Unintentionally

v'Unintentional — epigenetic change (mouse - diet, human - famine)
v'Unintentional — epigenetic change after IVF (possibly long-term)

v'Unintentional - change in mtDNA (Cytoplasmic Transfer)

v'Intentional - mtDNA sequence - mitochondrial replacement therapy ~ (MRT)

vIntentional - repair/change/elimination of mutation of mtDNA (mito disease)
v'Intentional - repair/change of mutation of nuclear DNA (genetic disease)
vIntentional - repair/change of mutations of nuclear DNA (polygenic trait)
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Lecture Content

1.Unintentional change - genomic expression (Bouillon et al 2016)
2.Intentional change in mtDNA sequence - mitochondrial replacement therapy (MRT)
3.Intentional elimination of mtDNA mutation (mitochondrial disease — TALENS, CRISPR)

4.Intentional repair/change of mutation of nuclear DNA (genetic disease - CRISPR/cas9)

Unintended change in genomic

expression after IVF

Bouillon et al, 2016

PGDIS, Bologna, 2016
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Bouillon et al 2016

e RCT comparing two KSOM-derived media and looking at
pregnancy outcomes from one IVF laboratory — early
study termination (wnwersity Hospital bijon)

* Follow-up of developmental milestones at age 5

* Many IVF studies show immediate outcome differences

* Some studies show perinatal and long-term

developmental effects of ART procedures, whereas other

Stud es dO nOt (Bowen et al 1998; Knoester et al, 2008; Leslie et al, 2005)




Bouillon et al 2016 study

e Comparing two manufacturers of KSOM-

derived media: Global (A) and SSM (B)

e There were two composition differences

(Taurine and Gly-Glu or Ala-GIn)

e Probably other differences — concentrations, QC

©PLOS | one

Effects of Culture Medium on Health and Development

Table 1. C of both culty

dia according to

Component Type

Global medium

SSM medium

Salts and lons

Buffer

Energy Substrates

Amino Acids Essential amino acids

Non-essential amino
acids

Sodium Chloride
Potassium Chioride
Magnesium Sulfate
Calcium Chloride
Potassium Phosphate
Sodium Bicarbonate
Glucose

Sodium Pyruvate
Sodium Lactate
Arginine

Cysteine

Histidine
Isoleucine

Leucine

Lysine

Methionine
Phenylalanine
Threonine
Tryptophan
Tyrosine

Valine

Alanine

B R e S S S S S S S

Asparagine +

B O e e T R St R S S S S

Di-peptide

Serine
Taurine

EDTA
Phenol Red

+

Glycyl-L-Glutamine
+
+

+
+
Alanyl-L-Glutamine
+
+

Tndicator
Antibiotic

Phenol Red +

* Zhao et al., 2013; Morbeck et al., 2014

doi:10.1371/joumal.pone.0150857.t001
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Table 2. Pregnancy outcomes.

Global group SSM group Rate Ratio ]
(No. 179) (No. 192) (95% Cl)
Implantation (% per embryo transferred?) 82 (29.1%) 48 (16.3%) 1.78[1.31-2.43] 0.001
Table 3. Malformations.
Global group* SSM group*
(No. 40) (No. 31)
Major malformations (according to EUROCAT) Detected during the neonatal period 2(5.1%) 1(3.2%)
Detected after the neonatal period 1(2.8%) 1(3.3%)
Minor malformations Detected during the neonatal period 7 (18.0%) 3(9.7%)
Detected after the neonatal period 9 (25.0%) 7 (23.3%)
Major malformations by organ type Cardiac® 2 (5.6%) 1(3.3%)
Nervous system® 0 (0%) 1 (3.3%)
Limbs® 1 (2.8%) 0 (0%)

e
@ y PLOS | ONE Effects of Culture Medium on Health and Development

A: General developmental score (mean)

SSM group

p=0.003

53 55 57 59 61 63 65 67 69 71 Mean Score

B: Proportion of children with developmental problems in at least one domain

SSM group
p=0.002

Global group 25.8%

T I I
0% 20% 40% 60% 80% 100%

Fig 1. Development. General developmental score (A) and proportion of children with developmental problems in at least one out of eight domains
according to the CDI norms (B) in Global and SSM groups.

L d0i10.1371ournal.pone 01508579001




Treatment of Mitochondrial Disease by

Laboratory-Assisted Reproduction

Mitochondrial Replacement Therapy - MRT

PGDIS, Bologna, 2016

Mitochondrial disease

* ~1/100, MERFF, LHON, MELAS, NARP

Threshold mutant mtDNA load 25-80%

Threshold dependent on disease type

Wild-type mtDNA and mutant

Heteroplasmy (malignant)

Benign form is common in aging

Disease is untreatable




Mitochondrial disease

15% of disease mutations on mtDNA

85% dysfunction of nuclear genes of OXPHOS
Symptoms: neurological, respiratory, heart, liver,
kidney, gastro-intestinal, muscular, visual, learning
disabilities

Patient-specific

Therapeutic embryology-based
approaches:

I. PGD (Preimplantation Genetic Diagnosis)
II. MRT (Mitochondrial Replacement Therapy)

lll. Genome Editing




onto be fertlised and develop, e eecwlDy
unaffected by mitochondrial isease. The ¥ fom.
The healthy mitochondria from the the donor wil now be passed on
‘donor will now be passed on down down the matemal line through
the matemal line through future (oA
generations.

| Tachibana et al, 2009, Nature |
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His Fertility Advance Draws Ire

Shoukhrat Mitalipov's Mitochrondrial

By SABRINA TAVERNISE MARCH 17, 2014
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Consultation outcome

Serious mitochondrial disease: new
techniques to prevent transmission

From: Department of Health

History: Updated 22 July 2014, see all updates

Policies Publications

Departments Worldwide How government works Get involved

Statistics Announcements

This consultation has concluded

Download the full
outcome

Mitochondrial Donation: government
response to the consultation on draft
regulations to permit the use of new
treatment techniques to prevent the
transmission of a serious mitochondrial
disease from mother to child

Published: 22 July 2014
PDF. 253KB, 47 pages
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Transatlantic lessons in regulation of
mitochondrial replacement therapy

The UK has approved MRT for clinical use, but the discussion has just begun in the U.S.

ByL Glenn Coben'” Julian Savulesc®
ERY. Adashi

utant mitochondrisl DNA (mt DNA)

ghves rise 10 & boad range of herl-

table clinkal syndromes (7). A cure

remains out of

reach (7). However, recently devel-

oped mitochondrial replacement

therapy (MRT) has raised the prospect of dis-

ease-free progeny for women carrlers (2-£).

‘Moreover, the feasibilfy of replacing mutant

oocytic or zygotie mDNA with a donsted
wikd-type counterpart in humans has

been fimly established (2-%). In the Untled

Kinglom, legidation regulating the clini-

el spplication of MET, now 10

POLICY  yearsin the making, has recently

‘The regulatory vetting of MRT In the Untted
States, under way for & year, remains 4 work
in progress (7). Here, we compare and con-
trast the regulatary history of MRT in the
United Kingdom and the United States and
examine potential lessons learned.

THE UK REGULATORY EXPERIENCE. In
the United Kingdom, matters relating 1o
reproductive technologles are wholly gov-
emed by the Human Fertilisation and Em-
bryology Authority (HFEA), an independent
regulatory agency established by Parlia-
‘ment thiough the Human Fertilisation and
Embryology Act of 1990 (HFE Act). Among
its responsiblities, the HFEA licenses and

In 2005,
the HFEA ssued a research license 10 the
Neweastle Centre for Mitochondital Re-

178 10 APKIL IO - VOL 348 1808 4231

sdememagorg SCIENCE

Regulatory Path in UK & USA

¢ UKHFEA

e HFEA Act 1990

e 2005 research license

e 2011, 2012, 2014 HFEA reports
* 2012 - Public consultation

e 2015 - Parliament gives green light

e USA - FDA argued jurisdiction
e 2001 - IND protocol

e 2015 - Committee of IOM

* 2016 - Positive report
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Treatment of Mitochondrial Disease

DNA Editing - Talens

PGDIS, Bologna, 2016
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Cell

Selective Elimination of Mitochondrial Mutations in
the Germline by Genome Editing

Graphical Abstract

@5  NZB miDNA
@5 BALB mtDNA

mito-Nuclease

mito-Nuclease

@ Mouse mtDNA

@ Human mutated mtONA

Mouse oocyte

Heteroplasmy shift
Human patient cells
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Authors
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In Brief

Using mitochondria-targeted nucleases,
mtDNA mutations are specifically
eliminated in the germline to prevent their
transgenerational transmission. This
strategy represents a potential
therapeutic avenue for preventing the
transmission of human mitochondrial
diseases.

Accession Numbers
GSE67371

2015
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Cell Fusion of Mouse Eggs/Zygotes and Human Carrier Cells
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Treatment of Mitochondrial and Genetic Disease

CRISPR Cas9

PGDIS, Bologna, 2016

CRISPR"

clustered revularly interspaced short palindromic repeats

Berkeley
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Chinese scientists genetically modify human Muzzied

embryos

Rumours of germline modification prove true — and look set to reignite an ethical debate.

David Cyranoski & Sara Reardon
22 April 2015

@, Rights & Permissions

Nine years of censorship

Canadian scientists are now allowed to speak out
about their work — and the government policy that
had restricted communications.

i Like m 250,967 people like this. Sign Up to

see what your friends like.
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CRISPR/Cas9-mediated gene editing in human

tripronuclear zygotes
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ABSTRACT

Genome editing tools such as the clustered regularly
interspaced short palindromic repeat (CRISPR)-associ-
ated system (Cas) have been widely used to modify
genes in model systems including animal zygotes and
human cells, and hold tremendous promise for both
basic research and clinical applications. To date, a se-
rious knowledge gap remains in our understanding of
DNA repair mechanisms in human early embryos, and in
the efficiency and potential off-target effects of using
technologies such as CRISPR/Cas9 in human pre-im-
plantation embryos. In this report, we used tripronuclear
(3PN) zyg to further i i CRISPR/Cas9.

diatad liti, h le o found that

pressing need to further improve the fidelity and speci-
ficity of the CRISPR/Cas9 platform, a prerequisite for
any clinical applications of CRSIPR/Cas9-mediated
editing.

KEYWORDS CRISPR/Cas9, B-thalassemia, human
tripronuclear zygotes, gene editing, homologous
recombination, whole-exome sequencing

INTRODUCTION

The CRISPR/Cas9 RNA-endonuclease complex, consisting
of the Cas9 protein and the guide RNA (gRNA) (~99 nt), is

based on_the adaptive immune system of streptococcus
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human embryos
Study used CRISPR to il HIV-resi ion into embryos.
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Nine years of censorship
@, Rights & Permissions Canadian scientists are now allowed to speak out

about their work — and the govemment policy that
had restricted communications.
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A CCRS5 exon 4 A32

5'acctgcagctctcattttccatacaGTCAGTATCAATTCTGGAAGAATTTCCAGACAttaaagatagtcatecttggggetgg 3’
3'tggacgtcgagagtaaaaggtatgtiCAGTCATAGTTAAGACCTTCTTAAAGGT! accccgacc 5'

gRNA1 gRNA2
B

3PN Zygote Injection

C

5'tctcattttccatacdGTCAGTATCAATTCTGGAAGAATTTCCAGACAttaaagatagtcatcttggg 3’

GRNATEZ i cattttccatac GTCAGTATCAATTCTGGAAGAATTTCCAGACAttaaagatagtcatcttggg

WT
M
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GOT YOUR CAS9 RIGHT HERE- Genome Editing Services
AND THIS NEW ENZYME,
IT WILL BLOW YOUR MIND!

» HSCI - Harvard
» Genscript

» Genetic Services
> Genecopoeia

» Origene

» Best-Gene

» Sigma-Aldrich

» Thermo-Fisher

The Council of Europe’s Convention on Human Rights and
Biomedicine (Oviedo Convention) indicates in Article 13 that:

“an intervention seeking to modify the human genome may only
be undertaken for preventive, diagnostic or therapeutic purposes
and only if its aim is not to introduce any modification in the

genome of any descendants.”

*1999

*The aim was to secure the dignity of human beings within the
field of biomedicine.

«Signed 35 states and ratified by 29

*The UK and Germany have neither signed nor ratified the
convention.

*The UK considered the convention too restrictive

*Germany thought it too permissive
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Conclusions

PGDIS, Bologna, 2016

of modification must be considered separately

e treatments must be considered first

» () International Agreements — Law and Ethics
» () ‘Smart’ Politicians & Public Debate

» (1) Safety studies

» (IV) Bio-informatics

» (V) Inventions of bio-engineering / increased efficiency

PGDIS, Bologna, 2016
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