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•  Presentation of CRISPR bioethics debate in UK and 
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•  Regulation of Embryo Research in the UK 
•  Ethical and political significance of somatic-germ line 

distinction in UK/US and challenges thereof 
•  Way forward in ethics and policy making? 



CRISPR	  mediated	  genome	  editing	  
•  Very efficient, highly versatile, 

cheap and ubiquitously used in 
labs worldwide 

•  RNA-guided genome editing tool 
consisting of naturally occurring 
clustered regularly interspaced 
short palindromic repeats 
(CRISPR) and CRISPR-
associated (Cas) nucleases  

•  The nucleases (i.e. molecular 
scissors) can target to a specific 
locus in genome and generate 
DNA double-strand breaks at 
high efficiency in numerous sites 
in all eukaryotic genomes  



CRISPR	  Applica7ons:	  
	  
a.  Red	  Biotechnology:	  Gene	  Therapy	  

(Soma9c/Germ-‐Line)	  to	  cure	  gene9c	  
disorderers,	  combined	  with	  Induced	  
Pluripotent	  Stem	  cells	  (iPSc)	  ;	  humanised	  
animal	  models	  for	  organ	  transplant	  

b.  Green	  Biotechnology:	  Engineered	  crops	  
for	  food	  consump9on;	  engineered	  
mosquitos	  to	  eradicate	  diseases	  



Somatic	  vs	  	  germline	  genome	  editing	  

In	  somatic	  editing,	  
altered	  DNA	  sequence	  
would	  only	  affect	  the	  
treated	  individual.	  	  
	  
In	  germ-‐line	  editing,	  the	  
individual’s	  gametes	  
(reproductive	  cells,	  sperm	  
cells	  and	  oocytes)	  would	  
carry	  the	  modiEied	  
sequence	  as	  well,	  which	  
would	  therefore	  be	  
transmitted	  to	  offspring/
future	  generations	  	  



In	  the	  US:	  The	  actors	  involved	  (1)	  

November 2014: Jennifer Doudna and Emmanuelle Charpentier  
receive $3 million Breakthrough Prize for developing CRISPR technology 



In	  the	  US:	  The	  actors	  involved	  (2)	  

http://linkis.com/motherboard.vice.co 
m/xfyO1 



1st publication of CRISPR/Cas9 application in (non-viable) human embryos 
in China, April 2015 

Where	  and	  when	  the	  debate	  started:	  



http://www.nature.com/news/don-t-edit-the-human-germ-line-1.17111  

The	  US	  reaction	  to	  Chinese	  experiment	  



Recommendations: 
 
1.  Strongly discourage clinical application of this technology 
2.  Create forums for education and discussion 
3.  Encourage open research to evaluate the utility of CRISPR-

Cas9 technology for both human and nonhuman model 
systems. 

4.  Hold an international meeting to consider these issues and 
possibly make policy recommendations. 

A	  self-‐imposed	  moratorium?	  



In	  the	  US:	  federal	  ban	  on	  CRISPR	  research	  on	  
human	  embryos	  	  

http://www.nih.gov/about/director/
04292015_statement_gene_editing_techno
logies.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 from 
many different perspectives, and has been viewed 
almost universally as a line that should not be 
crossed.  



Dissenting	  voices:	  UK	  (1)	  

“I disagree with such a moratorium, 
which is in any case unlikely to be 
effective. I am fully supportive of 
research being carried out on 
early human embryos in vitro, 
especially on embryos that are not 
required for reproduction and would 
otherwise be discarded. If the 
techniques work, there are many 
interesting questions that could be 
asked about the role of specific 
genes in early human embryo 
development” 
http://www.bionews.org.uk/page_519962.asp 
 

https://www.crick.ac.uk/
research/a-z-researchers/
researchers-k-o/r obin-
lovell-badge/ 



Dissenting	  voices:	  UK	  (2)	  

Director of the Oxford Uehiro 
Centre for Practical Ethics 
Professor Julian Savulescu 

http://blog.practicalethics.ox.ac.uk/2015/04/press-release-the-moral-imperative-
to-research-editing-embryos-the-need-to-modify-nature-and-science/  

“Far from being wrong, the research 
by Huang and colleagues is ethically 
imperative. [It] has the potential to 
provide permanent cures for genetic 
diseases, it also holds the potential 
to correct the genetic contribution to 
common diseases like diabetes”. 



“Round	  2”	  CRISPR	  in	  Human	  Embryos	  

April	  2016	  



“Round	  2”	  CRISPR	  in	  Human	  Embryos:	  
Sweden?	  

•  In a Cell paper published in April 
2016, Lanner’s team (Karolinska 
Institute) analysed gene 
expression in 88 early human 
embryos and is using those data 
to identify genes to disrupt in 
embryos using CRISPR–Cas9.  

•  Lanner will discuss the work at a 
meeting on human gene editing 
organized by the US National 
Academy of Sciences and 
National Academy of Medicine in 
Paris (April 28th).  

http://www.nature.com/news/gene-
editing-research-in-human-embryos-
gains-momentum-1.19767# b3 

Fredrick	  Lanner,	  
Karolinska	  Insittute,	  

interviewed	  in	  April	  2016	  



CRISPR	  Regulation	  in	  Europe	  



Who	  is	  this	  woman?	  



Who	  is	  this	  woman?	  

http://time.com/4301356/kathy-niakan-2016-time-100/  

“	  Niakan’s	  work	  will	  answer	  
previously	  unanswerable	  
questions	  about	  the	  earliest	  
stages	  of	  human	  reproduction
—what	  makes	  a	  healthy	  
embryo,	  what	  factors	  contribute	  
to	  infertility.	  Her	  experiments	  
are	  settin	  the	  stage	  for	  a	  future	  
in	  which	  our	  DNA	  represents	  
not	  just	  our	  destiny	  but	  
opportunity	  as	  well,	  a	  chance	  to	  
better	  the	  human	  condition—as	  
long	  as	  we	  tread	  carefully. 



Designer	  babies?	  



1.  CRISPR research on human embryos falls within existing UK 
regulatory framework  

2.  In the UK research on human germ-line is allowed in vitro 
within the remit of the law (Human Embryology Act 1990) up to 
14 days.  

3.  Embryo transfer to uterus NOT permitted. 
4.  Each research group working on human embryos needs to 

apply to the Human Embryology and Fertilisation Authority 
(HFEA) to be granted a specific license  

5.  Kathy Niakan’s application was granted (conditional) approval 
by the HFEA in February 2016, now awaiting research ethics 
approval 

 

Regulation	  of	  embryo	  research	  in	  the	  UK	  



In	  the	  UK:	  a	  conditional	  approval	  for	  
CRISPR	  research	  on	  human	  embryos	  



http://guide.hfea.gov.uk/guide/ShowPDF.aspx?ID=5966  



Brief	  history	  on	  regulation	  of	  embryo	  
research	  in	  the	  UK	  

1.  The birth of the first test tube baby 
Louise Brown in the UK in 1978 
was the premise for the creation 
of the Committee for Human 
Fertilisation and Embryology (also 
called “IVF Inquiry”) Philosopher 
Mary Warnock was nominated 
Chair of IVF Inquiry Committee 
(1982-1984)  

2.  The committee responsible for 
the creation of the 14-days limit 
cut off for research on human 
embryos which is still valid day 
and that led to the establishment 
of the HFEA 

 



Mary	  Warnock	  and	  emergence	  of	  
Bioethics	  in	  the	  UK	  

1.  Warnock’s motivation to engage with IVF Inquiry 
Committee was the belief that refusal to discuss 
practical issues in philosophy had rendered the 
discipline trivial: necessary to engage in applied 
ethics 

2.  Premise of the work of the IVF Inquiry committee: in 
a pluralist society there are incompatible moral 
premises. The goal was to reach an acceptable 
compromise on the basis of a shared decision 
making process: 

1.  No “moral experts”  
2.  Bioethicist as “midwife” able to reach a middle way between 

competing interests: the essence is the process	  



How	  the	  14-‐days	  limit	  came	  about	  (1)	  
Developmental biologist Anne 
McLaren was called in and advised 
on 14-days limit for embryo 
research: 
1.  The primitive streak marks the 

beginning of gastrulation: this 
can be seen as the beginning of 
individual development, since it 
marks the last point in 
embryonic development in which 
the embryo can cleave to form 
twins 

2.  there is no possibility for the 
embryo of experiencing pain 
before the emergence of the 
nervous system 

Gastrulation is the process 
when the embryonic inner cell 
mass divides into three layers 
one of which  (endoderm) 
differentiates into spinal cord 
antecedent nervous system 



Anne McLaren coined 
the term “pre-embryo” 
should be used 
before the primitive 
streak form: ethical 
and political 
significance 

“ We can for the first time recognise and delineate the boundaries 
of a discrete human entity, an individual, that can become 
transformed through growth and differentiation into an adult 
human being. If I had to point to a stage and say “This is when I 
began being me”, I would think it would have to be here”. 
 

How	  the	  14-‐days	  limit	  came	  about	  (2)	  



The	  	  Human	  Fertilisation	  &	  Embryology	  Act	  
•  Warnock’s 14 days 

recommendation was 
passed into law in 1990 
with the Human 
Fertilisation and 
Embryology Act 

•  The HFEA was created 
to regulate research on 
human embryos/human 
embryonic stem cells 
and assisted 
reproduction in the UK 

•  In 2008 the Act was 
amended to include 
provisions for human 
admixed embryos (after 
the cybrids case) 

http://www.legislation.gov.uk/ukpga/
1990/37/pdfs/ukpga_19900037_en.pdf  



http://guide.hfea.gov.uk/guide/ShowPDF.aspx?ID=5966  



http://guide.hfea.gov.uk/guide/ShowPDF.aspx?ID=5966  

Aim	  1:	  Determine	  the	  relationship	  between	  the	  cellular	  and	  molecular	  
properties	  of	  preimplantation	  human	  embryos	  and	  hESC	  lines	  and	  seek	  to	  
functionally	  test	  the	  requirement	  of	  human-‐speci:ic	  genes	  during	  embryonic	  
development,	  using	  CRISPR/Cas9	  gene-‐editing	  techniques	  CRISPR-‐Cas9	  
[…]which	  means	  that	  ultimately,	  we	  need	  to	  test	  the	  function	  of	  genes	  directly	  
in	  the	  human	  embryo	  to	  determine	  if	  they	  are	  necessary	  for	  development.	  	  
Aim	  2:	  Develop	  an	  efEicient	  method	  to	  derive	  and	  maintain	  hESCs	  under	  
deEined	  and	  animal	  product-‐free	  culture	  conditions	  	  
Aim	  3:	  Develop	  an	  efEicient	  method	  to	  derive	  human	  extraembryonic	  cell	  
lines	  as	  a	  resource	  for	  modelling	  early	  development	  and	  therapeutic	  
applications	  (collaboration	  with	  University	  of	  Cambridge	  Stem	  Cell	  Institute)	  



http://guide.hfea.gov.uk/guide/ShowPDF.aspx?ID=5966  



http://guide.hfea.gov.uk/guide/ShowPDF.aspx?ID=5966  



Somatic/germline	  distinction	  	  

In	  somatic	  editing,	  altered	  
DNA	  sequence	  would	  only	  
affect	  the	  treated	  individual.	  	  
	  
In	  germ-‐line	  editing,	  the	  
individual’s	  gametes	  
(reproductive	  cells,	  sperm	  
cells	  and	  oocytes)	  would	  
carry	  the	  modiEied	  
sequence	  as	  well,	  which	  
would	  therefore	  be	  
transmitted	  to	  offspring/
future	  generations	  	  



SigniEicance	  of	  somatic/germline	  distinction	  	  	  

1.  The distinction has played a very important ethical and political 
role from 1982 up to now in US and UK to demarcate 
permissible from impermissible applications of gene therapy  

2.  Went hand in hand with therapy/enhancement distinction  

https://bioethics.georgetown.edu/documents/pcemr/splicinglife.pdf  



In February 2015 the UK is the first country to approve a type of germ-
line intervention i.e. mitochondrial DNA transfer technologies to be used 
with IVF to avoid the transmission of mitochondrial related disorders 

mtDNA	  transfer	  technologies:	  boundary	  shift?	  



Somatic/germline	  distinction	  in	  the	  US	  

Reiterated in recent report (February 
2016) published by National Academies of 
Sciences, Engineering and Medicine 
advising FDA to approve mtDNA transfer 
technologies only for male embryos. 
Why? 
1.  To observe the effects of the procedure 

without risks of being passed to future 
generations (since mitochondrial are 
only inherited maternally)  

2.  To avoid germline modifications which 
can be seen as a slippery slope to 
eugenics.  

http://www.nap.edu/catalog/21871/mitochondrial-replacement-
techniques-ethical-social-and-policy-considerations   



1)  This distinction is inscribed also in UK regulatory documents 
(British Medical Association; Committee Ethics Gene Therapy; UK 
Medicines and Healthcare products Regulatory Agency) and in other 
regulations worldwide 

2)  The approval of mitochondrial DNA transfer technologies  
challenges the continued policy significance of the distinction: 
Addison (2016) talks about a ‘boundary shift’ in regulation of gene 
therapy: from somatic/germline distinction to mitochondrial/nuclear 
distinction 

3)   Experiments are challenging the significance of the distinction: 
information does not only flow from germ-line to soma but also from 
soma to germ-line! 

Somatic/germline	  distinction:	  still	  relevant?	  



Isasi, R., E. Kleiderman, and B. M. Knoppers. "Editing policy to fit 
the genome?." Science 351, no. 6271 (2016): 337-339. 

1.  Vagueness in 
basic definitions 
of embryo and 
germ-line create 
ambiguities and 
loopholes that  
allow for different 
interpretations 

2.  Vagueness in 
distinctions 
between clinical 
and research 
applications 

Why	  this	  is	  important	  	  



ScientiEic	  challenges	  to	  the	  distinction	  

Experiments are challenging the 
significance of the distinction: it is no longer 
universally true that information can only 
flow from germ-line to soma:  
 
1.  In mice somatic cells can be used for the 

derivation of iPS cells, which, in turn can 
be differentiated into germ cells and 
contribute to development of embryos 
(this cannot be done in humans) 

2.  While still under debate there is an 
increasing body of evidence suggesting 
the inheritance of epigenetic information 
thus defying the dogma of classic 
inheritance 



1)	  Derivation	  of	  gametes	  from	  somatic	  cells	  

https://hinxtongroup2015.wordpress.com/briefing-materials/
pluripotent-stem-cell-derived-gametes/  



2)	  Inheritance	  of	  epigenetic	  information	  

Scientists	  have	  amassing	  an	  increasing	  
body	  of	  evidence	  that	  demonstrate	  
transgenerational	  epigenetic	  
inheritance	  in	  humans,	  i.e.	  offspring	  
may	  inherit	  altered	  traits	  due	  to	  their	  
parents’	  past	  experiences	  (e.g.,	  
historical	  incidences	  of	  famine)	  

http://www.cam.ac.uk/research/news/
scientists-discover-how-epigenetic-
information-could-be-inherited  



1.  Necessary to re-discuss the regulatory significance of the 
somatic/germ line distinction in light of the above 

2.  Affecting future generations through the germ-line should not be 
an argument to prohibit research on human embryos: this 
should be assessed on a case by case analysis (as it was for 
mtDNA transfer technologies) 

3.  The rethinking of the somatic/germline distinction should prompt 
a discussion of other ways we are impacting possibly 
irreversibly on future generations and on our planet 

4.  The current focus of the CRISPR debate on human embryos 
risks crowding out other areas of ethical concerns e.g. 
applications of CRISPR to non-human animals and environment 

        

The	  way	  forward	  in	  ethics	  and	  policy	  making	  

http://www.publicpolicy.cam.ac.uk/research-impact/stem-cells-report  



Which	  possible	  CRISPR	  futures	  	  
(beyond	  human	  embryo	  applications?	  



The Brazilian city of Piracicaba 
announced on January 18th 
2016 would expand the use of 
genetically modified mosquitoes 
to fight Aedes aegypti, the 
species that spreads dengue 
fever as well as the Zika virus. 
The genetically engineered 
mosquitoes were created by 
Oxitec, a British company 
recently purchased by Intrexon, a 
synthetic-biology company based 
in Maryland.  
The company has already  
released the engineered 
mosquitos  in parts of Brazil and 
the Cayman Islands to battle 
dengue fever/ 
 

http://www.technologyreview.com/
news/545596/zika-virus-could-stir-
demand-for-gm-mosquitoes/  

1)	  CRISPR	  applied	  to	  eradicate	  disease	  vectors	  	  



2)	  CRISPR	  applied	  to	  animals:	  Humanised	  
animal	  models	  for	  organ	  donation	  

Safety and 
ethical issues 
remain in 
respect to 
developing 
human/pig 
chimeras. 
Human iPSC-
derived 
chimeras 
would 
possibly carry 
human neural 
and germ 
cells 



3)	  CRISPR	  applications	  to	  agriculture:	  does	  it	  
count	  as	  GMO?	  

CRISPR differs from previous 
methods of agricultural 
genetic engineering: it no 
longer requires the insertion of 
foreign DNA using a virus, 
bacterial plasmid, or other 
vector system i.e. does not 
longer as transgenic 
organisms in sensu strictu. 
The US Department of 
Agriculture said that it does 
not consider the CRISPR corn 
as regulated by USDA 
Biotechnology Regulatory 
Services  (April 2016) 

In Sweden, authorities recently said that 
CRISPR-edited plants (as long as they 
don't contain foreign DNA) shouldn't 
be defined as GMOs under EU 
legislation  

http://linkis.com/businessinsider.com/vUd2s  



http://www.publicpolicy.cam.ac.uk/research-impact/stem-cells-report  

The	  way	  forward	  in	  ethics	  and	  policy	  making	  



 
Thank you! 

silvia.1.camporesi@kcl.ac.uk 
@silviacamporesi 

 
 


