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Germ-line genetic modification:  what is wrong with it?
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Genetic modification

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

• (II) Germ-line Gene Therapy  - Heritable.

www.genome.gov – NIH

Genetics and Public Policy Center, 2005 

Genomic Modification Can Occur Intentionally or Unintentionally

�Unintentional – epigenetic change  (mouse - diet, human - famine)

�Unintentional – epigenetic change after IVF  (possibly long-term)

�Unintentional - change in mtDNA  (Cytoplasmic Transfer)

�Intentional - mtDNA sequence - mitochondrial replacement therapy (MRT)

�Intentional - repair/change/elimination of mutation of mtDNA (mito disease)

�Intentional - repair/change of mutation of nuclear DNA (genetic disease)

�Intentional - 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
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Bouillon et al 2016

• RCT comparing two KSOM-derived media and looking at 

pregnancy outcomes from one IVF laboratory – early 

study termination  (University Hospital Dijon)

• 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 

studies do not (Bowen et al 1998; Knoester et al, 2008; Leslie et al, 2005)
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• Comparing two manufacturers of KSOM-

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

• There were two composition differences 

(Taurine and Gly-Glu or Ala-Gln)

• Probably other differences – concentrations, QC

Bouillon et al 2016 study
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Treatment of Mitochondrial Disease by 

Laboratory-Assisted Reproduction

Mitochondrial Replacement Therapy - MRT

PGDIS, Bologna, 2016

• ~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
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• 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

I. PGD (Preimplantation Genetic Diagnosis)

II. MRT (Mitochondrial Replacement Therapy)

III. Genome Editing
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Tachibana et al, 2009, Nature
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Regulatory Path in UK & USA

• UK HFEA

• HFEA Act 1990

• 2005 research license 

• 2011, 2012, 2014 HFEA reports 

• 2012 - Public consultation

• 2015 - Parliament gives green light

• USA   - FDA argued jurisdiction

• 2001  - IND protocol 

• 2015  - Committee of IOM

• 2016  - Positive report
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Treatment of Mitochondrial Disease

DNA Editing - Talens
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Year Complexity      Precision

1991 + -

2009 + +/-
2011

2012 - +
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2015



13

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
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� HSCI - Harvard

� Genscript

� Genetic Services

� Genecopoeia

� Origene

� Best-Gene

� Sigma-Aldrich

� Thermo-Fisher

Genome Editing Services

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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� Each type of modification must be considered separately

� Alternative treatments must be considered first

� Future development will be affected by:

� (I)  International Agreements – Law and Ethics

� (II) ‘Smart’ Politicians & Public Debate

� (III)   Safety studies

� (IV) Bio-informatics

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

PGDIS, Bologna, 2016
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