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Nuclear genome transfer from à mtDNA carrier into a 

mtDNA mutation-free recipient 

• Aim: to achieve wild-type homoplasmic embryos in females 

carrying a mtDNA mutation 

• Method: to transfer nuclear genetic material 

 - from oocytes or preimplantation embryos, retrieved in a 

 mtDNA carrier individual, 

 - to enucleated oocytes or preimplantation embryos donated by  

 a mtDNA mutation-free individual 

(karyoplasts) 

    



Rationale behind nuclear genome transfer procedures: 

1/Reliability of PND/PGD methods would be uncertain 

1/ The mutant load assessed from one human blastomere (day 4)  

 - accurately reflects the mutant load of the whole embryo,  
   (Steffann et al. Cell Report 2014) 

 

 - remains stable throughout the embryo fetal development 
   (Monnot et al. Hum Mut 2010) 

 

2/ The mutant load assessed in a given fetal tissue (10-32 gestation weeks) 

 - accurately reflects the mutant load in all fetal tissues 
           (Steffann et al. J Med Genet 2007; Monnot et al. Hum Mut 2010) 

 

3/ The mutant load assessed in cord blood cells at birth 

 - accurately reflects the mutant load measured in amniocytes 
    (personal data) 

 

  irrespective of the mtDNA mutation type 



Rationale behind nuclear genome transfer procedures:  

2/ the probability to have a healthy offspring through 

PND/PGD methods would be uncertain 
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Rationale behind nuclear genome transfer procedures:  

3/ The predictive value of a embryofetal mutant load for the 

postnatal outcome would be poor 

        # Postnatal data 

                 mutant load threshold for disease expression   
 

- MELAS (m.3243G)                                      ≥ 60 %         

- NARP/Leigh (m.8993T>G/C)               ≥ 60 %         

 

           # PND-PGD Necker 2005-2015 
 

-  Attitude:  mutation load - < 30 %:    PND continuation of pregnancy PGD reimplantation 

           - 30-60 % : PND/PGD discussion with the couple 

           - > 60 %:    PND termination of pregnancy PGD embryo discarded 

- Number: 53 as PND 43 and PGD 10 (12 different mutations ) 

- Results: 
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26 children (PND 23 , PGD 3) , all being symptom-free           « success » rate 50 % (26/53) 

Follow-up of children born after a PND or PGD procedure operated at Necker 



Other approaches ? 

 Cytosolic transfer 

 
 Excess of chromosomal anomalies  

 

 Prohibited by FDA in USA 

   Nuclear genome transfer 

 

 

  1/ Frequency of high levels of embryofetal heteroplasmy 

  PND: termination of pregnancy (50%) 

  PGD: impossibility of embryo transfer 

2/ Residual risk of disease in embryos/fetus with « low » heteroplasmy 

3/ Low probability of healthy offspring in mutant homoplasmic women 

PND/PGD of mtDNA mutations :issues 



A number of approaches devoted to nuclear genome transfer from à 

mtDNA carrier into a mtDNA- mutation free recipient 

• Pronuclei transfer between zygotes 

 - Mouse 
 

 - Human 
 

• Meiotic Spindle transfer between oocytes 

 - Monkey 
 

 - Human 
 

 

 

 

• Polar body genome transfer in oocytes or zygotes 

 - Mouse 
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Japon 
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Nuclear genome transfer: issues 

# Selection of recipient oocytes/embryos  
 Relatives ? Non relatives ? 
 

# Rate of success 
 

# Impact on development: long-term risks? 

- Dysruption of physical links between nucleus and cytoskeletal ? 

- Impairment of nucleus-mitochondria crosstalk ? 
       (Nagao et al., 1998, Genes Genet. Syst., Johnson et al., 2001 Nat Genet. 

       Carelli et al., 2003, Trends Genet., Roubertoux et al., 2003, Nat Genet.) 

- Tolerance of the « contaminant » heteroplasmy ?  

    ( active maintenance of homoplasmy in mammals…) 
 murine models:  Acton et al., 2007, Biol  Reprod, Sharpley et al., 2012, Cell) 
 

# Ethics / Psychology: 3-parent embryos 
    Jeffrey Kahn,  Bioethics, Baltimore « by mixing new DNA into  

     the germ line,  we’re not treating humans. We’re creating humans.  

     There’s not a model for that… » 
 

# Legal (most countries): prohibition of genome  

 modifications impacting the germ cell line in human 
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The 5 respiratory chain enzymatic complexes: 

a double origine, nuclear and mitochondrial 
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Mitochondrial genes 

- Replication 

- Transcription 

- Translation 

 of mtDNA 



Les cytopathies mitochondriales 

  # Incidence ~ élevée (1/5 000-10 000 enfants) 
 

  # Atteinte pléiotropique  

–neurologique, centrale et périphérique 

–neurosensorielle (atrophie optique, rétinopathie, surdité…) 

–musculaire 

–cardiaque 

–endocrinienne (diabète sucré…) 

–Hépatique 

–Rénale 
 

# Pronostic: bénin à gravissime 
 

  # Hérédité  - mendélienne:  3/4 

                 - maternelle par mutation de l’ADNmt: 1/4 
 

  # Traitement ~ 0 
 

Comment prévenir la transmission intergénérationnelle ? 



Transfert de pronuclei vs fuseau vs GP  

• Transfert de PN 

   - PN ~ faciles à visualiser 

   - plus volumineux que fuseau   ↑ risque de lésion cellulaire 

   - nombre de centrosomes anormal  ↑ risque d’aneuploidie 
 

• Transfert de fuseau  

  - difficulté visualisation + isolement chromosomes MII 

  - réactivation ovocyte avant fécondation 
 

• Transfert de GP 
   - GP faciles à visualiser 

   - peu de mitochondries:  ↓ risque de contamination du receveur par  

     de l’ADNmt muté 

    



Les alternatives au transfert nucléaire 

  2 approches 

- Mitochondria-targeted restriction nucleases  

- Mito-TALENs (transcription activator-like effector nucleases) 

I Tarassov, UMR7156, Strasbourg  

petit RNA spécifique de l’ADN muté 

 

ralentit la réplication des molécules mutées 

 

diminution du taux de mutation 

ND5 m.13514A>G 

Genome editing mitochondrial 

La thérapie anti-génomique 

2015, Cell (161, 459–469) Miami, USA 



 

Les mitochondries comme  

 traitement de l’infertilité? 
 

Prélèvement des cellules dites « progénitrices » d’ovocytes  

(située en périphérie de l’ovaire) 

Extraction des mitochondries 

Injection dans l’ovocyte maternel pour le « ré-énergiser » 

7 mai 2015 : naissance du premier bébé avec le 

traitement AUGMENT d’ovascience 

Dr Casper, Toronto, Mount Sinai Hospital 



MODELE : Souris 

MODELE : Humain 

2010, Nature 

2005, PNAS 

METHODE 1 : transfert de pronuclei entre zygotes 
 

(SNP) 

   (102:16765-70) 

 

   (465:82-85) 

Evolution du taux de mutation de l’ADNmt (pré et postnatal) sans ou après transfert nucléaire 

Gestation normale 

Newcastle, UK 

Japon 

- zygotes transférés 39 

- naissances 11 

- hétéroplasmie moyenne 

    - naissance: 11 % 

    - J300: 23 % (+ 12%) 

Gestation après transfert nucléaire 



Cytoskeletal inhibitors 

(karyoplasts) 

   PN Fusion: 

Hemagglutinating virus of Japan 

(HVJ-E) 

    6-8 day culture 
Zygotes (1 PN ou 3 PN)     n = 80 

Development - 8 cells:         22 % 

         - blastocyst:     8% 

Heteroplasmy:                     < 2 % ( 0 – 10 %) 



 

METHODE 2 : transfert du fuseau méiotique entre ovocytes 
 

MODELE : Primate 

  Transfert Fuseau ovo:  15 

  Implantation:                 4 

  Naissance:                     3  

                                  (20 %) 

  Hétéroplasmie       < 3 % 

OK avec un recul de 3 ans 

MII Spindle 

MII Spindle 

Sendai Virus 

fusion 

2009, Nature (461:367-72) Portland, USA 

Spindle 
donor oocyte 



 

METHODE 2 : transfert du fuseau meiotique entre ovocytes 
 

MODELE : Humain 

Problème:  

 Réactivation spontanée 

de la méiose (50 %) 

2013, Nature (493: 632-7) 

2013, Nature (493: 627-631) 

Extrait SeV 

Cellules 

souches 

- Transfert Ovo MII    64 

- Fécondation.             44 

- Blastocyste:    19 (30 %) 

- Hétéroplasmie       < 1% Portland, USA 

New-York, USA 

- Transfert Ovo MII   18 

- parthénogenése      

- Blastocyste:           7  (40 %) 

- Hétéroplasmie              < 1% 



METHODE 3 : transfert de globule polaire 

MODELE : Souris 

      

Hétéroplasmie  0%        10%                     <2%              20%            

 

 

2014, Cell (157:1591-604)  Shanghaï, Chine + Harvard, USA 

Copies 

ADNmt   360 (n=80)   2400 (n =32) 1000 (n =70) 35 000 (n =39) 

(n = 25)               (n = 27)  (n = 30)               (n = 19)  

Blastocyste       89 %           87 %                           55 %                   80 % 




