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Expected Learning 
Outcomes

1. To discuss In Vitro Gametogenesis

2. To explain the relevance to In Vitro 
Fertilization

3. To describe the limitations of the 
technology 
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In Vitro 
Gametogenesis



The Beginning



Cell 137(3):571-584, 2009
“Germ cell fate in the epiblast is a 

direct consequence of Bmp4 signaling 
from the extraembryonic ectoderm…”



Mitinori Saitou, MD, PhD
Kyoto University 

Katushiko Hayashi, PhD
Kyushu University 



Experimental Paradigms

1. The Rodent

2. The Human



Pluripotent Stem Cells

  
                  

 

Or

“Embryonic”

“Induced”



• Amacrine Neurons (Retina) 

• Dopaminergic Neurons (Striatum)

• Motoneurons

Pluripotent Stem Cell Lineages



Stem Cell-Derived

Gametes



Science 374:1-9, 2021 



N Engl J Med 386(2):188-190, 2022 



Convened A Workshop In 2023 
Consensus Committee Report May Follow

 



In vitro derived 
gametes

Time limits on 
maintaining embryos in 

culture
Womb replacementsPreconception 

screeningWhole genome sequencing 
of embryos and fetuses

Egg freezingGenome editing of 
gametes and embryos



•Disruptive technology

•Achievable in the human?

•Likely Timeline?

In-Vitro Gametogenesis



Aldous L. Huxley

1894-1963 1932



• Eggs via Ex-Vivo Ovarian Cultures 

• Embryos via In Vitro Fertilization

• Newborns via Ex-Vivo Ectogenesis         

Predictions



“One egg, one embryo, one 
adult. Normality…Making 

ninety-six human beings 
grow where only one grew 

before. Progress.”

Chapter One

Director of Hatcheries & Conditioning

(Brave New World)



Early Obstacles

In-Vitro Gametogenesis



Soma-Germline
 Barrier

Hypothesis



1834-1914
Professor of Zoology
University of Freiburg

August F.L. Weismann, MD

1893



Germline

Gives rise

Is immortal

Soma

Never gives rise 

Is mortal

to 
the Soma

to
the Germline

The Soma-Germline Barrier Hypothesis



Pluripotent

Stem Cell Formation

Technologis



Somatic Cell 
Nuclear 
Transfer 
(SCNT)



Oocytic Cytoplast

Somatic Karyoplast

“Zygote”BlastocystInner Cell Mass

ESCs

SCNT
         

Nature 182(4627):64-5, 1958

+
John B. Gurdon, PhD

Gurdon JB, Elsdale TR, Fischberg M

1958
(Somatic Cell Nuclear Transfer)



Induction
Somatic Cell

+
Select

 Transcription
 Factors 

iPSCs
Cell 126(4):663-76, 2006

Takahashi K, Yamanaka S

Shinya Yamanaka, MD, PhD

2006



The 2012 Nobel Prize in Physiology & Medicine

Shinya Yamanaka, MD John B. Gurdon, PhD



e/iPSC
  Gamete

Somatic Cell  
In Vitro Gametogenesis



Prerequisites?



Germ Cell Specification Pathway

1. Cues

2. Sequence

3. Timing

4. Niche



The Beginning?



Science 300:1251-6, 2003

Hans R. Schöler, PhD
Max Planck Institute 

for
Molecular Biomedicine



PNAS 100:11457-62, 2003

Nature 427:148-54, 2004 Hum Mol Genet 13:727-39, 2004



Nature 418:293-300, 2002

Nature 436:207-13, 2005

Germ Cell Specification Pathway: Rodent 

Cell 137:571-84, 2009

Science 316:394-6, 2007



Nature 462:222-5, 2009

Cell 160:1-16, 2015

EMBO J 34:1009-24, 2015

Cell Stem Cell 17:178-94, 2015

Germ Cell Specification Pathway: Human  



1. Germ cell specification pathway 
is not conserved between the 
rodent and the human.

2. The genetic networks involved 
are quite distinct as well

State of the Art in 2015



Primordial
Germ Cell 
Like Cells

Haploid
Post-Meiotic

Mature 
Gametes

X

Extragonadal Intragonadal

ESCs

iPSCs

Stem Cells

State of the Art in 2015



The “Final” Frontier

In Vitro Gametogenesis
“All The Way”



Nature 539(7628):299-303, 2016

MII
 Oocytes

Katushiko Hayashi, PhD
Kyushu University 



Science 373 (6552):299-306, 2021



Cell Stem Cell 28(12):2167-2179, 2021



The Human Paradigm



Science 362(6412):356-360, 2018 

Mitinori Saitou, MD, PhD
Kyoto University 



Nat Commun 11(1):5656, 2020



Human In-Vitro Gametogenesis

MII Oocytes?

Spermatozoa?



The Scientific
 &

 Translational Promise



• Advancement of science
– An inexhaustible supply of germ cells
– Functional (null mutant) analysis
– Study of Germ-Somatic cell interactions

• Reversal of germ cell failure
– Autologous gamete replacement
– Gene-edited gamete replacement
– Same-sex parenthood



Impact of IVG on IVF
• Eliminate need in stimulation/egg retrieval

• Do away with gamete donation (age-dependent?)

• Convert IVF to a laboratory procedure

• Require endometrial preparation & transfer

• Improve affordability and thus access?



Regulation



•FDA jurisdiction 

•CBER (Center for Biologics  
Evaluation & Research) 

•HCT/Ps (Human Cells, Tissues, 
and Products) 



In vitro derived 
gametes



Gametes to Order



Stay Tuned



Elife. 2023 Mar 22;12:e87987. doi: 10.7554/eLife.87987



Human In-Vitro Gametogenesis

Granulosa Cells?
Theca Cells?

Sertoli Cells?
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