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Petronczki et al., Cell 2003

Richard Dawkins, The selfish gene 1976.

Thomas Kirkwood, Disposable soma theory, 1977.

They are the only cells that biology really cares about,
Ralph Brinster about germ cells, 2012
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Honey, I have a 
genetic disease …
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BRCA1 mutation

IVF & PGD

Transfer embryo without mutation
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The CRISPR-CAS system
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Mulder CL, Zheng Y, Jan SZ, Struijk RB, Repping S, Hamer G* and van Pelt AM (2016) Spermatogonial stem cell autotransplantation and germline 
genomic editing: a future cure for spermatogenic failure and prevention of transmission of genomic diseases? Human Reproduction Update 5, 561-73.

BRCA1 mutation

IVF

Correct mutation in zygotes 
using CRISPR-Cas9

transfer embryo without mutation
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However …..
100 zygotes

20% dead after micro-
injection of CRISPR-
Cas system

50% no cleavage by Cas9

25% repaired using 
HBD gene as 
template (mutation 
not corrected)

60% Repaired by NHEJ (mutation not corrected)

15% repaired using co-injected template DNA (mutation corrected!)

80% left

40% left

6% • Mosaic 
• Off targets

Moreover …..

PGD will be needed to identify and characterize the 
corrected embryos!!!
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HBB mutation



16-01-2017

9

Spermatogenesis

Spermatogonial stem cells

Daily Sperm Production
± 50-100 106 = 1000/sec

0.03 % of  all germ cells

Spermatogonial stem cells form a basis for life long 
spermatogenesis

Balance between self-renewal and differentiation
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Fertility preservation for boys undergoing 
gonadotoxic cancer treatment

Sadri-Ardekani et al., JAMA 302, 2127, 2009

Sadri-Ardekani et al., JAMA 305, 2416, 2011

Mulder CL, Zheng Y, Jan SZ, Struijk RB, Repping S, Hamer G* and van Pelt AM (2016) Spermatogonial stem cell autotransplantation and germline 
genomic editing: a future cure for spermatogenic failure and prevention of transmission of genomic diseases? Human Reproduction Update 5, 561-73. 
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4% 480 21

12

Yi Zheng (AMC):

13,7%

100

2

1
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HBB mutation

• Culture spermatogonia from testis biopsy
• Correct mutation, screen colonies

• Autotransplantation
• Fertilize Barbie

HBB mutation

• Culture spermatogonia from testis biopsy
• Correct mutation, screen colonies
• Remove Ken’s remaining germ cells !!!
• Autotransplantation
• Fertilize Barbie (or ICSI)
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IVF & PGD

Transfer embryo without mutation

Or …..

HBB mutation



16-01-2017

14

But we will of course solve all these problems ….

BRCA1 mutation
Homozygote mutation

HBB mutation

& CFTR mutation

Correct mutations in zygote(s) 
or gamete stem cells

transfer embryo without mutations
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Oh, by the way,
I forgot to mention,
we have no genitals …

Huh !?
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Eggs or Sperm

Bernard Roelen (2016) cahier “Stamcellen”, published by Biowetenschappen en Maatschappij.

Induced Pluripotent Stem Cells

Artificial gametes

Hendriks S, Dancet EA, van Pelt AM, Hamer G and Repping S (2015)Artificial Gametes: a systematic review of biological progress. Human 
Reproduction Update 3, 285-296.
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Artificial gametes

Hendriks S, Dancet EA, van Pelt AM, Hamer G and Repping S (2015)Artificial Gametes: a systematic review of biological progress. Human 
Reproduction Update 3, 285-296.

Take skin biopsy
Make iPSCs
Transform into oocyte

Sperm
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HBB mutation

Induced Pluripotent Stem Cells

Correct mutation

Bernard Roelen (2016) cahier “Stamcellen”, published by Biowetenschappen en Maatschappij.

Eggs or Sperm
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Sperm Take skin biopsy
Make iPSCs
Correct mutation
Transform into oocyte

HBB mutation

Take skin biopsy
Make iPSCs
Correct mutation(s)
Transform into oocyte

Take skin biopsy
Make iPSCs
Correct mutation(s)
Transform into sperm cell
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Take skin biopsy
Make iPSCs

Correct mutation(s)

Transform half into oocytes

Other half into sperm

Self fertilization?

Designer baby ?
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