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The American Society of Gene & Cell Therapy defined the 
cell therapy as the administration of live whole cells or 
maturation of a specific cell population in a patient for 
the treatment of a disease
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Robert Edwards is awarded the 2010 Nobel Prize for the 
development of IVF therapy (1978)
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Embryonic Stem Cells

Embryonic Stem (ES) cells  Mouse ES cells (Evans and 

Kaufman, 1981; Martin, 

1981)

 Rhesus macaque ES cells  

(Thomson et al., 1995)

 Human ES cells  (Thomson 

et al., 1998)

 self-renewal

 Immortal

2007 Nobel Prize: Mario R. Capecchi, Martin Evans 
And Oliver Smithies 



John et al.2010 Human Reproduction

Mitochondrial function and mtDNA



Mitochondrial Genome Fact Sheet

 mtDNA is maternally inherited - through the egg

 Clonal inheritance? 

 Cells have thousand copies of mtDNA

 mtDNA is more prone to mutations (homoplasmy and 

heteroplasmy) 



Diseases caused by mtDNA mutations

 There are more than 700 known disease-associated mtDNA mutations 

(mitomap.org) 

- 285 tRNA/rRNA

- 266 protein coding and control region point mutations; 

- 131 deletions 

 Inherited  - neuropathy, encephalopathy, cardiomyopathy, myopathy, 

diabetes, metabolic syndromes

 Acquired, age related - neurodegenerative diseases,  Parkinson,  ALS, heart 

diseases, diabetes, cancer



Clinical disorders caused by inherited mutations in mitochondrial DNA

Taylor & Turnbull

Nature Reviews Genetics  2005



Complex nature of mtDNA inheritance 
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Leber’s hereditary optic neuropathy (LHON)



Fixed mode of mtDNA transmission

Poulton et al., 2009



Preimplantation Genetic Diagnosis

(also known as embryo screening)

healthy embryo

discard discard

embryos with mutation embryos with mutation 



Mitochondrial genome segregation and bottleneck

Lee et al., Cell Reports 2012



Mitochondrial  Replacement Therapy
to prevent germline transmission of mtDNA mutations



Mitochondrial gene replacement in oocytes

Spindle imaging

Separated chromosomes (nuclear DNA) and 

mitochondrial DNA

Distribution of mitochondria

in mature oocytes

Spindle removal



Mito & TrackerTachibana et al., Nature, 2009



Tachibana et al., Nature, 2013



Tachibana et al., Nature, 2013



MRT Highlights

Use of mt genome from donor egg (not recombinant) 

Applicable to any mtDNA mutation type

Replacement of entire deficient cytoplasm in patient 
oocytes

Preclinical animal  studies demonstrate safety and 
efficacy 

 Approved in UK for clinical applications



Three-parent IVF



Concept of reprogramming by cytoplasm 

Cell BCell A

Cybrid Cell
Cell B?

Cell A?



Concept of reprogramming by cytoplasm 

Oocyte
Somatic Cell

Oocyte



Reproductive Cloning

2012 Nobel Prize: John B. Gurdon and Shinya Yamanaka



Byrne et al., Nature, 2007
Tachibana et al., Cell, 2013



 Ability of oocyte cytoplasm to reprogram is universal across 

mammalian species 

 Factors and mechanisms of SCNT – based reprogramming  are 

unknown

 Oocyte may not be the only cell capable of reprogramming 

Somatic Cell Nuclear Transfer (SCNT) –

reprogramming by factors in oocyte cytoplasm



SCNT into enucleated  2-cell interphase embryos 

Kang et al., Nature 2014



Direct reprogramming

 Introduction and overexpression of several genes 

transforms somatic cells to pluripotent  iPS cells

 Gene combinations:  - OCT4, SOX2, KLF4 and c-MYC (Yamanaka)

 OCT4, SOX2, NANOG and LIN28 (Thomson)

Zaehres & Schöler, Cell, 2007



Comparative analysis of pluripotent stem cell types

Direct 

reprogramming:

iPSCs

Somatic Cell Nuclear 

Transfer

NT-ESCs

4 iPS cell lines4 NT-ESC lines 2 hESO cell lines

IVF-ESCs

Ma et al., Nature, 2014

In Vitro

Fertilization



Copy Number Variations

Ma et al., Nature, 2014



Copy Number Variations

Ma et al., Nature, 2014



DNA Methylation

Differentially Methylated Probes
different from IVF-ESCs

DMPs
shared with HDF

iPSCs 6478 780

NT-ESCs 110 87

Shared 91 74

Somatic cell methylation memory in reprogrammed cells

Ma et al., Nature, 2014



Aberrant CG and non-CG methylation

Ma et al., Nature, 2014



Transcriptional memory in NT-ESCs and iPSCs 

Ma et al., Nature, 2014
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