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Developing systems to grow human oocytes in vitro 

>100 Live Births 

Tissue freezing in Edinburgh since 1996. First EdinburghTissue 

reimplanted 2015 
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Store of non-growing (NGFs) (primordial) 

follicles utilised throughout reproductive 

life 

Primordial Follicles are present in the ovarian cortex at all 

ages. Can we utilise the large numbers that are lost in vivo? 



Why develop oocytes in vitro? 

ÅDefine the fundamental mechanisms 
of oocyte development (basic 
science) 

ÅClinic: Fertility Preservation 

ÅClinic: Next generation IVF (IVG) 

ÅAnimal Production 

ÅEndangered species 

ÅToxicity testing 



Mice from Primordial Follicles  

(and now PGCs and iPSCs) 

Eggbert: First mouse born from an in vitro grown primordial follicle: 2 step system total of 

22 days  in vitro before IVM and IVF. Eppig & OôBrien., 1996, OôBrien et al., 2003 

More recently: Complete in vitro generation of fertile oocytes from primordial germ cells  

Morohaku et al., 2016  and iPSCs Hikabe et al., 2016 

 



Developing human primordial 

follicles from cortical strips in vitro 

Human ovarian cortical 

biopsies taken for 

fertility preservation 

contain mainly 

primordial/unilaminar 

follicles. 

The challenge is to 

develop oocytes in 

vitro from primordial 

stages to maturation 

and fertilisation. 

 

 

Frozen-thawed cortical strips 

Rhabdomyosarcoma Pt 15yrs:thawed from slow freeze 
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Making an Egg is Complicated 

Growth/ Meiotic Arrest 

Acquisition of Meiotic Competence 

Acquisition of Developmental Competence 

Transcription/Transcriptional Repression 

Genomic imprinting 



Developing a multistep culture 

system for human oocytes 

Å1) Optimising growth from primordial 
stages 

 

Å2) Supporting development of isolated 
growing follicles 

 

Å3) Final stages of oocyte development 

 

Å4) Testing function (meiotic and 
fertilisation potential) and normality 



Source of Human OvarianTissue 

For Research 
 

ÅSmall strip of ovarian cortex donated after 
informed consent:  

ÅCaesarean section (Healthy women) 

ÅFertility Preservation (various cancers and 
Turners syndrome) Some tissue obtained 
after chemo treatment. 

ÅTissue from 15 months-45 years (fresh and 
cryopreserved) 

ÅTransgender patients (whole ovaries at 
time of gender reassignment surgery) 

 
 



Step 1: Micro-Cortex Culture 

Micro-cortical fragments  

Free floating cultures: basic 

conditions serum free medium 

Underlying 

stroma reduced 

larger follicles 

removed 

Cortical biopsy cut into 

strips 

Tissue Architecture. 

Surface area and 

density of stromal 

cells important feature 

Telfer et al., 2008 Human Reproduction 23: 

1151-8 



Step one: Activation and Growth of 

Quiescent Follicles 

ÅOptimal time & size to remove growing follicles from  micro-cortex environment 

Å6-8 days; Ó 100ÕM mean diameter  

ÅProlonging Step 1 results in increased death and poor quality follicles/oocytes 

Telfer et al., 2008 Human Reproduction 23: 1151-8 



Step 2: Isolating Growing Follicles 

Cultured 

micro-cortex 

Follicles 

before 

isolation 

Isolated Follicles 

Manual dissection using needles and fine scalpel 

       Activin A supplementation of medium 

                       Additional 6-8 days in vitro  



Antral development from in vitro grown 

human primordial follicles within 10 days

Telfer et al., 2008 :  A two step serum free culture system supports 

development of human oocytes from primordial follicles in the presence of 

activin. Human Reproduction 23: 1151-1158


