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What is this?
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Oocyte rejuvenation

• Distinct from Mitochondrial Replacement Therapy (MRT)
(three-parent babies)

• Aim is not reverse aging, replace defective mitochondria

Reznichenko, Huyser, Pepper, Appl Trans genomics, 2016
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Defective mitochondria?
• Cytoplasmic organelle (numerous)
• Function in energy production (ATP)  
• Circular DNA, 37 genes, no histones, numerous
• Non-mendelian genetics, mutation-sensitive
• Maternal origin (oocyte cytoplasm); paternal degraded 

Mitochondria:



Chuva de Sousa Lopes 6

Mitochondria versus Y chromosome
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Mitochondria versus Y chromosome
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Mitochondria during human oogenesis

W22 ovary  

Gomes Fernandes et al, HR, 2018
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Mitochondria during human oogenesis

Hertig and Adams, JCB, 1967



Chuva de Sousa Lopes 10

Mitochondria during human oogenesis

Motta et al, HR, 2000
Blerkom, reproduction, 2004 
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Oocyte rejuvenation: why do we need it?

Wallace and Kelsey, Plos One 2010
Kristensen et al., HR, 2017

• Decline in number oocytes with age 
• Decline in quality of oocytes (low potential being fertilized, etc) 

Problem:

mitochondrial 
dysfunction
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Oocyte rejuvenation: historical context
• non-autologous cytoplasmic transfer to oocytes
• synchronous and asynchronous
• ~3% volume, young donors, ~50 live births  
• heteroplasmy (3 parents, different from MRT)
• suspended US in 2002 

90s-00s:

Barritt and Cohen et al, HRU 2001
Reznichenko, Huyser, Pepper, Appl Trans genomics, 2016
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population of adult oocyte-producing stem cells in human ovaries

White and Tilly et al, Nature Medicine 2012

Oocyte rejuvenation: “oogonial stem cells”

• population stem cells in the adult ovaries
• FACS-sorted DDX4 (surface marker) 
• proliferate in culture
• differentiate to oocytes 

2012:
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population of adult oocyte-producing stem cells in human ovaries

White and Tilly et al, Nature Medicine 2012

Oocyte rejuvenation: “oogonial stem cells”

• population stem cells in the adult ovaries
• FACS-sorted DDX4 (surface marker) 
• proliferate in culture – acquire DDX4
• differentiate to oocytes 

2012:
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Woods and Tilly, Semin Reprod Med, 2015

Kristensen et al., HR, 2017

• Autologous Germline Mitochondrial Energy Transfer (AUGMENT)

• patent 2014 (8,642,329 and 8,647,869)

• ~12 live births 

Oocyte rejuvenation: AUGMENT

• autologous

• uses OSCs

• purified mitochondria

transfer

2015:
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Oocyte rejuvenation: in the clinic

https://embryologistmedia.weebly.com/news/archives/10-2016
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Oocyte rejuvenation: OvaScience

https://www.technologyreview.com/s/603065/rejuvenating-the-chance-of-motherhood/
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https://www.technologyreview.com/s/603274/turmoil-at-troubled-fertility-company-ovascience/

Oocyte rejuvenation: OvaScience
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Oocyte rejuvenation: OvaScience today

http://phx.corporate-ir.net/phoenix.zhtml?c=251343&p=RssLanding&cat=news&id=2338353
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Oocyte rejuvenation: OvaScience today

http://phx.corporate-ir.net/phoenix.zhtml?c=251343&p=RssLanding&cat=news&id=2338353
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Oocyte rejuvenation: alternatives?

Kristensen et al., HR, 2017
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Conclusions

• Autologous mitochondria transfer
• Using OSCs (?) or (immature) oocytes
• Safety concerns and RCTs – ESHRE SIG Stem Cells
• Other factors that could play a role? 

Unresolved issues:
• Is having more mitochondria good or bad?
• Are mitochondria equal (after bottleneck)?
• Place of injection (connection to other organelles in the cell)?
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Thank you!
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