
drugs. Sangamo tells Nature that it has now 
treated more than 70 people with the therapy.

For some diseases, however, it makes more 
sense to edit the genome in vivo — for example, 
if the target cells are in an organ or tissue type 
that is harder to remove than blood. 

In a study presented in October at a meet-
ing of the US National Academies of Sciences, 
Engineering and Medicine in Washington DC, 
Sangamo senior scientist Fyodor Urnov 
reported that his group had injected 15 mon-
keys with viruses that carried genes encoding 
a ZFN and normal versions of factor IX — a 
blood-clotting protein produced in the liver 
that is mutated in people with haemophilia B.

The ZFN cut the genome at a section that 
encodes a protein called albumin, which 
is made in large quantities in the liver, and 
inserted a healthy version of the factor-IX 
gene. The monkeys began producing much 
more factor IX: levels in the blood increased by 
10%. Urnov says that the albumin site could be 
a good place to insert other genes, likening it to 
“a USB port in the human genome” (R. Sharma 
et al. Blood 126, 1777–1784; 2015).

A committee at the US National Institutes 
of Health, which approves all clinical trials 
involving modified DNA, gave the green light 
to human trials of the factor-IX therapy in 
September, according to Urnov, but Sangamo 
must still get permission from the US Food 

and Drug Administration (FDA). Urnov says 
that the company will apply by the end of the 
year, and that trials could begin in early 2016. 
Sangamo plans to apply for permission to do 
several other trials of gene-editing in vivo, 
including of therapies for the blood diseases 
haemoglobinopathy and β-thalassaemia.

Others also plan to start testing the approach 
in people. On 3 November, biotechnology start-

up Editas Medicine in 
Cambridge, Massa-
chusetts, announced 
that, by 2017, it hopes 
to start trials of in vivo 
gene-editing. The 
researchers would 
inject DNA encod-
ing the CRISPR/Cas9 

enzyme system into the eyes of people with a 
rare retinal disorder called Leber congenital 
amaurosis to correct a mutated gene.

Therapies both ex vivo and in vivo risk 
causing cuts and mutations elsewhere in the 
genome, but the in vivo scenario introduces 
another concern because the DNA-delivering 
vector can remain active in the body for years 
after injection. This could have unforeseen 
effects, such as inducing an immune reaction 
to the DNA-cutting enzyme, worries biologist 
Valder Arruda of the University of Pennsylva-
nia in Philadelphia, who is exploring treatments 

for haemophilia that involve conventional gene 
therapy. Sangamo, however, says that it has not 
seen evidence of such effects in its animal stud-
ies. Other challenges of editing in vivo, says 
Qasim, include ensuring that enough of the 
target cells actually get edited and that the vector 
delivers its payload to the right part of the body.

The list of disorders that editing in vivo 
might help to treat is growing. At a synthetic-
biology meeting in April, biomedical engineer 
Charles Gersbach at Duke University in Dur-
ham, North Carolina, reported a study done in 
mice with the mutation responsible for mus-
cular dystrophy, a muscle-wasting disease. 
When the team injected a viral vector encoding 
a DNA-cutting enzyme into the mice’s muscles, 
the injections corrected the gene in about 20% 
of muscle cells — enough to improve tone and 
strength substantially. “I think [in vivo] is the 
next wave of gene editing,” says Gersbach. ■

CLARIFICATION
In the World View ‘Forensic DNA evidence 
is not infallible’ (Nature 526, 611; 2015), 
it may not have been clear that the current 
investigation in Texas is reportedly focusing 
on statistics and not the specific problem 
of secondary contamination in touch-DNA 
samples.

The treatment 
is a ‘bridge’ to 
keep someone 
alive until a 
matched T-cell 
donor can be 
found.
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