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Gene Therapy - replacing a broken gene

● Currently gene therapy is focussed on 
delivering extra copies of healthy genes 
to patients with mutations

● Mutation in a gene encoding one of the 
proteins that make up haemoglobin

Sickle cell 
anaemia
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Could repairing the actual diseased genes be a better strategy?

● So we need some molecular scissors
● This was, until recently, science fiction!



Target DNA

The Present – CRISPR/Cas9
(Clustered Regularly Interspaced Short Palindromic Repeats)
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● Cas9 is the nuclease which cleaves its double stranded target site
● A guide-RNA (crRNA:tracrRNA) defines where the nuclease cleaves
● The target site can be any 20 nt sequence followed by -NGG

----XXXXXXXXXXXXXXXXXXXXNGG----
----XXXXXXXXXXXXXXXXXXXXNCC----

----XXXXXXXXXXXXXXXXX      XXXNGG----
----XXXXXXXXXXXXXXXXX      XXXNCC----
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How cutting DNA can be used therapeutically



● A key muscle protein – Dystrophin 
● Patients with a damaged Dystrophin gene have a 

severe muscle wasting disease known as Muscular 
Dystrophy

● Gene editing techniques using CRISPR-Cas9 have 
recently been used to correct this mutation in a mouse 
model

CRISPR-Cas9 to treat Muscular Dystrophy

Normal 
mouse

Diseased 
mouse

Treated 
mouse

Repaired Dystrophin gene

Diseased Dystrophin gene



● A frequent problem with gene therapy is that the therapeutic gene delivery has to 
keep being applied to the diseased organ

● If, however, we target stem cells which can repopulate a particular tissue or organ, 
this could be a permanent fix.

Which cells to treat?



Can we / should we fix genes in the embryo?
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CRISPR/Cas9 Mutagenesis within the zygote
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Alternative methods for delivery to the zygote
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Efficiencies – electroporation looks better in our hands
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What works in mouse, works in human

Cas9

● Disease correction in human embryos



Problems – off-target mutation

● The specificity of CRISPR is defined by only 20 nt
● (near) identical sequences may be present elsewhere
● …..and Cas9 nuclease tolerates certain mismatches
● How real is this problem when applying CRISPR/Cas9 

nucleases in the single cell embryo



Off-targets – solutions?

● Better algorithms predicting accuracy
● Engineered Cas9s with high accuracy
● Other CRISPR/Cas family members 

show higher levels of accuracy

SpCas9-HF
eSpCas9

● Accuracy is also vital for discriminating a mutant copy of a gene from a healthy copy
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Problems – mosaicism

● Founder mice generated with CRISPR 
are almost invariably mosaic

● Not all cells are mutated/corrected!

Yen et al., 2014
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Mosaicism - solutions



Problems – large deletions and rearrangements



Meet Dr. He Jiankui

HIV carrier HIV negative

ICSI + CRISPR

guide RNACas9

Lulu Nana



Dangerous and nonsensical use of the technology

● No clinical need for CCR5 gene editing
● The consequences of CCR5 knock-out throughout life in 

humans is unclear.
● CCR5 loss in mouse leads to increased susceptibility to 

other viral infections, such as influenza and West Nile 
virus.

● CCR5 loss has been associated altered response to 
neuronal injury 

● Heterozygous embryo knowingly implanted – one normal copy of CCR5 remains.



Statement of Principles on Genome 
Editing – August 27, 2019 

“We assert that germline gene editing is 
currently inappropriate in human clinical 
settings”

A call for heightened regulation and a moratorium



But, is there a need for germline editing?

● Preimplantation Genetic Diagnosis (PGD) can 
be used to determine which embryos are 
healthy

– But PGD reduces the chances of success of ART
– The number of embryos obtained may be too low to allow the effective use of PGD
– Certain genetic situations aren’t appropriate for PGD

● Intentionally refraining from engaging in life-
saving research is not morally defensible.

● Research is needed to ascertain and address 
any risks

● PGD must also be used to work out which embryos 
to edit and whether the editing has worked!



What should we use genome editing for?

Genetic disease – which ones? Reducing risk of heart / vascular disease

Perfect eyesight Improved intelligence Fitness and strength Longevity



Summary

● Current status
– CRISPR/Cas site-specific nuclease can be easily programmed to address virtually any 

genomic sequence, enabling gene editing
– Their introduction to fertilized zygotes leads to efficient mutagenesis
– Lack of precision and associated non-specific DNA damage is a concern
– Next generation tools being rapidly developed to counter these concerns

● Potential for therapeutic use
– New technologies – base editing and prime editing may help address some of the 

problems associated with cutting the genome
– Preliminary results from clinical trials where CRISPR is being used for somatic gene 

therapy reveal a good level of efficacy and minimal adverse effects.
– A number of ethical reviews have concluded that germline editing would, in certain 

circumstances and with improved safety, be ethically acceptable
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