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injection, the group injected into each one-
cell embryo a solution containing Cas9 pro-
tein, a single-guide RNA and a single-strand 
donor oligonucleotide, to act as a template 
for homology-directed repair (HDR) of the 
DNA double-strand break created by the Cas9 
nuclease activity. In the case of the HBB muta-
tion, just one of the four heterozygous zygotes 
underwent HDR and correct editing. In the 
case of the G6PD mutation, the two heterozy-
gous zygotes both underwent HDR—which is 
more precise and less error-prone than non-
homologous end joining, an alternative mech-
anism for repairing double-stranded DNA 
breaks, which can also occur during the gene 
editing process. (Determining which DNA 
repair pathway has been employed during the 
editing process can only be established after the 
event, using a pair of diagnostic assays.) One 
embryo was fully corrected, whereas the sec-
ond was only partially so, resulting in a mosaic 
embryo containing both cells with corrected 
and cells with uncorrected mutations. Whole-
genome sequencing of the correctly edited 
zygote indicated that no off-target events had 
occurred. “Although we believe that in our 
hands the homologous repair efficiency is close 
to 70%, mosaicism is still a major problem,” 
says Tang.  The absence of off-target effects 
was most likely due to the limited number of 
samples. “We do think off-target [effects are] a 
major issue,” he says. 

“One of the two embryos edited was mosaic. 
This fraction will get better with newer tech-
nologies, but important alternatives already 
exist—editing pluripotent or spermatogonial 
stem cells,” says George Church, professor of 
genetics at Harvard University and a key figure 
in the development of CRISPR–Cas9 genome 
editing (Nat. Biotechnol. 32, 309–312, 2014). 
Genome sequencing of the modified cells, 
be they pluripotent or spermatogonial stem 
cells, performed after the genome editing step, 
would allow scientists to ensure the cells had 
been correctly edited before undertaking any 
further maturation and fertilization steps. “I 
think that the roadmap to clinical use of germ-
line editing will favor non-mosaic gamete edit-
ing rather than the embryo route,” Church says. 

The field is, however, still some way off from 
being able to do this at present. Although gen-
erating functional male gametes from their 
precursors is possible in a number of mam-
malian species, including mice and rats, it has 
yet to be achieved in humans. “So far, growing 
human spermatogonial stem cells turns out to 
be a bit of a challenge—it still needs more work 
done on it,” says Robin Lovell-Badge, head of 

stem cell biology and developmental genetics 
at The Francis Crick Institute, and one of the 
co-authors of the National Academies report. 
“I suspect it’s a protocol that needs tweaking. 
The biology, as far as we know, is pretty simi-
lar. There’s no reason to think it should be dif-
ferent.” Developing in-vitro-derived gametes 
from induced pluripotent stem cells (iPSCs) 
is even further off, he adds. “It is working in 
mice,” he notes. Church’s laboratory is engaged 
in an ongoing project to generate systematically 
every human cell type from iPSCs. “We’re not 
specifically targeting germline cells as a project, 
but they’re among the cell types on our list,” 
Church says. 

If a scientific path for human germline edit-
ing is beginning to emerge, its ethical, regula-
tory and even commercial prospects are still 
hazy. Biotech firms have generally steered 
clear of reproductive medicine, an area domi-
nated by physician-led clinics. “I think the 
cell and gene therapy companies will largely 
stay the hell away from this,” says Urnov. 
Nessan Bermingham, CEO and co-founder 
of CRISPR–Cas9 genome editing firm Intellia 
Therapeutics, of Cambridge, Massachusetts, 
concurs. “It’s a conversation really for another 
day—it’s business as usual for us,” he says. 
Genome editing of somatic cells remains the 
company’s sole focus. He notes that the tech-
nology has not even reached the clinic in that 
setting, so any consideration of its use in germ-
line applications is premature. 

It is conceivable that some patients with 
genetic disease who benefit from the current 
wave of gene therapy and genome editing tech-
nologies may in the future also seek to avail 
themselves of germline editing, in order to have 
children who are free of the risk of genetic dis-
ease. Although pre-implantation and prenatal 
genetic diagnoses are widely used procedures 
at present, some people regard the discard-
ing of unused embryos or selective abortion 
during pregnancy as unacceptable, the report 
notes. It is also quite conceivable that some 
will resort to medical tourism to obtain inter-
ventions that are either unproven, unsafe or 
simply bogus. “That was my greatest concern 
actually,” Lovell-Badge says. “I could set up a 
company and guarantee your children won’t get 
Alzheimer’s. By the time you learn I didn’t do 
anything, I’m long gone.” As responsible sci-
entists continue their research and their delib-
erations, others, no doubt, are already gearing 
up to capitalize on a revolutionary technology 
that remains at a very early stage of clinical 
development. 

Cormac Sheridan Dublin 

Allergan dives into 
CRISPR–Cas9
Allergan ramped up its plastic surgery 
business with a deal to acquire Acelity’s 
regenerative medicine and reconstructive 
surgery unit LifeCell. In March, Allergan 
also entered a pact with Editas Medicine 
of Cambridge, Massachusetts, to 
tackle genetic eye diseases. Editas, the 
Cambridge, Massachusetts–based biotech 
expects to get $90 million in cash from 
Allergan in exchange for licensing five 
experimental eye disease treatments 
based on CRISPR–Cas gene editing. 
These include LCA10, a drug for Leber 
congenital amaurosis type 10, the Editas’ 
lead program. The company expects to file 
papers to start the first human trials for 
this rare form of genetic blindness by the 
end of the year. Other treatments that form 
part of the deal are for a form of retinitis 
pigmentosa called Usher syndrome and 
for herpes simplex virus type 1 in the eye. 
The partnership with Editas adds more 
investigational drugs to Allergan’s already 
extensive eye therapy franchise, made up 
mainly of treatments for glaucoma and dry 
eye disease.

In February, Allergan, best known as 
the manufacturer of Botox (Botulinum 
toxin), completed a $2.9-billion cash 
deal to acquire Branchburg, New Jersey–
based LifeCell. The sale gives Allergan 
access to LifeCell’s wound care portfolio 
and dermal matrices pipeline, including 
Alloderm human allograft tissue matrix, and 
Strattice, an acellular, matrix from porcine 
dermis. These deals add to the string of 
transactions forged in recent months by 
Dublin-based Allergan (Nat. Biotechnol. 
34, 1005, 2016), some focused on 
strengthening its skin portfolio, others 
venturing into new areas. An agreement 
with Assembly Biosciences of Carmel, 
Indiana, for example, gave Allergan rights to 
microbiome-based gastrointestinal disease 
candidates, and with the acquisition of 
Lysosomal Therapeutics of Cambridge, 
Massachusetts, Allergan gained candidate 
drugs for neurological disorders. Last 
November, Allergan also added products 
for treating neurodegenerative disorders 
to its pipeline with the purchase of Chase 
Pharmaceuticals, of Irvine, California. 

“Proove is acting within the confines of 
the law … [and intends] to follow both 
the letter and spirit of the law.” Brian 

Meshkin, Proove Biosciences CEO, responds 
to allegations that his genetic testing company 
paid kickbacks to doctors and coerced patient 
participation to encourage uptake of the 
company’s 12-gene test profile, which it claims 
achieves 93% accuracy in identifying patients 
“at risk for abusing opioids.” (STAT, 28 
February 2017)
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