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[Balakier,!
Human Reprod (1999)]!

*	  

*ostensible application: 
beta thalassemia 

tri-nuclear 
zygote 

-- typically 
arise due to 

multiple 
sperm 

penetration; 
generally 

discarded in 
IVF 



*‘clustered regularly interspaced short palindromic repeats’  

CRISPR*-Cas9 
genome editing 

~20 bases 



Efficiency currently 
generally <100% 

[Charpentier, Nature (2013)]!

CRISPR*-Cas9 
genome editing 

gene deleted 

gene inserted 

Various kinds of potential alterations in gene 
due to “repaired” DNA 



h"ps://www.youtube.com/watch?v=2pp17E4E-‐O8	  

McGovern Institute video 



[Barrangou, Microbe (2009)]!

CRISPR	  originally	  a	  bacterial	  “immune	  response”	  
against	  foreign	  DNA	  (e.g.,	  viruses,	  other	  microbes)	  



CRISPR-‐Cas9	  Historical	  Timeline	  

[Hsu,	  Cell	  (2014)]	  



CRISPR-Cas9 
genome editing 

Among myriad kinds of 
applications in basic 
science and in medicine, 
one is correction of 
genetic diseases 
-- examples: 
§  Cystic fibrosis 
§  Muscular dystrophy 
§  Huntington’s disease 
§  Beta thalassemia 
§  Sickle cell anemia 
§  … 

[Hsu,	  Cell	  (2014)]	  



Overall	  Context	  of	  Gene	  Therapy	  

[h3p://stemcells.nih.gov/info/2001report/pages/chapter11.aspx]	  



Embryo-‐Based	  
Gene	  Therapy	  

[Araki,!
Reprod Biol Endocrinol (2014)]!

Embryo Transfer 

Non-Invasive Parental 
Genetic Testing 

Chorionic Villus Sampling 
(or Amniocentesis) 

Intra-Cytoplasmic 
Sperm Injection 

In Vitro 
Fertilization 



ApplicaMon	  to	  
Disease	  Research	  –	  
Animal	  Studies	  

Example:	  
neurological	  
pathologies,	  in	  
non-‐human	  
primates	  



ApplicaMon	  to	  GeneMc	  Disease	  
CorrecMon:	  Animal	  Studies	  

Example:	  
cataracts,	  in	  mice	  



Key Issues 

Ø Ethics I 
§  germ-line cells vs somatic cells 

o  alterations enter human heredity 

Ø  Safety 
§  unintended consequences 

o  off-target effects 
o  gene co-variation effects 
o  general lack of predictive capability 

Ø Value 
§  actual medical benefit? 

Ø Ethics II 
§  “desirable” traits? 
§  informed consent? 
§  socio-economic equity? 
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Germ-line vs Somatic Cell Gene Editing 

[h3p://csls-‐text2.c.u-‐tokyo.ac.jp/inacHve/05_06.html]	  

Somatic = 
•  All other tissue/blood 

cell types 
Gene modification is 

not inherited by 
off-spring 

Germ-line = 
•  Egg 

•  Sperm 
•  Zygote 

•  Embryo 
Gene modification is 

inherited by off-spring 
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[h3p://en.wikipedia.org/wiki/Blastocyst]	  

Embryonic Blastocysts 

What	  are	  
sources?	  



Embryonic Stem Cell Sources 
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Off-Target Effects 

http://www.genoway.com/technologies/crispr-cas9-
technology.htm!

•  Issue of vigorous research, in 
quantitative analysis and in 
enhancement of selectivity 

•  Currently, significant 
probability of off-target gene 
mutations in cells for which 
the desired gene is affected 





[Piel, Nature Comm (2014)]!

Gene Co-Variation 
– Sickle Cell Anemia and Malaria 

Sickle Cell 
hemoglobin gene 
mutation is found 
more frequently in 

areas where 
malaria is 
prevalent 

-- it has favorable 
selection 

advantage due to 
protection against 
malaria parasite 

survival within red 
blood cells    



General Lack 
of 

Predictability 
-- dynamic gene 

network 
complexity 

-- environmental 
context dependent 

Estimated #Protein-Protein Interactions!
Fly       ! !~70,000!
Worm ! !~200,000!
Plants ! !~300,000!
Human! !~700,000!

[Max Planck Inst Molec Genetics,!
Munich] !
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Medical Benefit Beyond 
Current Capabilities? 

[h3p://www.californiaivf.com/geneHc-‐diagnosis-‐PGD-‐CGH.htm]	  

While not whole 
genome sequencing, 

can examine for 
particular 

mutations of 
concern from 

parental genetics  



[http://www.medicalnewstoday.com/articles/289279.php]!

² Can do parental genome sequencing in order to ascertain 
potential risks for which to examine particular embryo genes 

² Potential for embryo genome sequencing when parental is not 
available, or for de novo mutations 

Medical Benefit Beyond 
Current Capabilities? 
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Ø Value 
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“Non-Therapeutic” 
Applications 

Imaginable 
examples? 



Scientific Community “Pro-Active” Reaction 



[h3p://www.ipscell.com/tag/jennifer-‐doudna/]	  

Jennifer Doudna interview 



Jennifer Doudna interview 

[h3p://www.ipscell.com/tag/jennifer-‐doudna/]	  



Jennifer Doudna interview 

[h3p://www.ipscell.com/tag/jennifer-‐doudna/]	  



[Araki, Reprod Biol Endocrinol (2014)]!

International Status of Human Germ-line Editing 



Status of Human Germ-line Editing in USA 

[http://www.nih.gov/about/director/04292015_statement_gene_editing_technologies.htm]!

§  “NIH will not fund any use of gene-editing technologies in human embryos.” 
§  “The concept of altering the human germ-line in embryos for clinical purposes 

has been debated over many years… and has been viewed almost universally as 
a line that should not be crossed.” 

§  “…strong arguments against engaging in this activity remain.  These include 
²  Unquantifiable safety issues 

²  Ethical issues presented by altering germ-line in a way that affects the next generation 
without their consent 

²  A current lack of medical applications justifying the use… in embryos.” 



Status of Human Germ-line Editing in USA 

[http://www.nih.gov/about/director/04292015_statement_gene_editing_technologies.htm]!

§  “Practically, there are multiple existing legislative and regulatory prohibitions 
against this kind of work.” 

²  “Dickey-Wicker amendment prohibits use of appropriate funds for creation of human 
embryos for research purposes or for research in which human embryos are destroyed.” 
²  “NIH guidelines state that the Recombinant DNA Advisory Committee will not at 

present entertain proposals for germ-line alteration.” 
²  FDA has authority to regulate cell and gene therapy products… which would include 

human germ-line modification.”  


