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Why to generate gametes from somatic cells?

* Infertility treatment for patients who are unable to produce their own
functional gametes thus, allowing them to have genetically related children

v" Advanced age

v’ Cancer treatments

v Genetic disease

v' Other medical conditions or injury
v' Same-sex couples

+* Research

** Preservation



Cycle of Embryo and Gamete Development (Germline)
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August Weismann's Theory of the continuity of germplasm

(1892)
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Embryonic stem cells
(ESCs)
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ESCs for Regenerative Medicine
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Mouse oocytes derived from ESCs
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Mouse sperm produced from ESCs
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Human gametes from ESCs?
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Reconstitution of Folliculogenesis In Vitro: Meiosis Is the Biggest Obstacle



ESCs cannot be produced for patients that lack
functional gametes
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Human ESCs Derived from Skin Cells
by Somatic Cell Nuclear Transfer

Tachibana et al., Cell, 2013



Reprogramming of Skin Cells to Induced Pluripotent Stem Cells
(iPSCs)

COMPARATIVE ANALYSIS
hsox2 hKif4 Morphology
Expression profile
hOct4 hc -Myc Epigenetic status
hES culture ITn vi}ro differentiation
conditions eratomas
Human adult Human induced Human embryonic
fibroblasts pluripotent stem (ES) cells
stem (iPS) cells Zaehres & Schler, Cell, 2007




In Vitro Gametogenesis (IVG)
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Requirements for somatic cells to become functional gametes

v Acquiring epigenetic identity of mature sperm or oocytes

v Haploidy

——~—o

/

v Recombination O

™~

v Imprinting reset

v' Oocytes must acquire cytoplasmic maternal factors and
germline mitochondria and mtDNA critical for induction of totipotency
and preimplantation embryo development



IVG/SCNT - making oocytes from somatic cells
by Somatic Cell Nuclear Transfer
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Normal development of offspring derived from diploid SCNT
oocytes

A SPECIAL REPORT ON CLONING




Advantages of SCNT-based IVG

v' Epigenetic identity of mature oocytes

v' Cytoplasmic maternal factors of oocytes critical
for induction of totipotency and preimplantation embryo
development

O Haploidy
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Induction of Haploidy and Crossover
Recombination During Female Meiosis
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Haploidy induced by experimental reductive cell division

mitomeiosis
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Mouse offspring produced by
fertilization of haploid SCNT oocytes
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Fertilization and development of human
haploid SCNT oocytes
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Human IVG by SCNT - Challenges

v Improve homologous chromosome recoghnizing, pairing and synapsis
v Induce crossover recombinations

v Reset imprinting
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