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Recent monumental advances in gene-editing technology are rapidly turning 
what was once science fiction into science fact. In March 2017, the first report of 
gene-edited viable human embryos was published1, and genome-edited human 
babies could soon be a realistic possibility. While this brings obvious benefits, such 
as the elimination of inherited genetic diseases and significant advances in gene 
therapies, there are also important ethical issues that need to be considered.

CRISPR – the IP battle 

The gene-editing technique causing 
all the excitement is called CRISPR, 
which is short for “Clustered Regularly 
Interspaced Short Palindromic 
Repeats”. As recently as 2013, 
CRISPR technology was named as 
one of Science magazine’s “Top 10 
Breakthroughs” of the year and the 
amazing simplicity and efficiency 
of the technology has triggered an 
explosion of research.

The CRISPR system is derived 
from a simple immune/defence 
mechanism first discovered in 
prokaryotes. The system comprises 
an enzyme which can cut DNA at a 
specific predetermined location in 
the genome, together with an RNA 
molecule, which precisely guides 
the enzyme to the exact target DNA 
sequence. Different enzymes have 
been described for use in the system, 
including Cas9 and Cpf1, the latter 
being a more recent discovery that 
has the potential for even simpler 
and more precise gene editing than 
the former. Once the genome has 
been cut or “digested” at the target 
sequence, scientists can manipulate 
the cell’s DNA repair machinery to 
alter the genetic sequence at the 
cleavage site, resulting in a gene-
edited cell. 

Since the first publication of CRISPR 
in 2012, it is estimated that a billion 
dollars has been invested in the 
technology by venture capitalists, 
pharmaceutical companies, and 
public stock offerings. Numerous 
patent applications have been filed by 
various different academic institutions 
and corporations all trying to protect 
their innovations. Unsurprisingly, 
because of the obvious potential 
value of the technology, the first (of 
probably many) legal proceedings has 
recently been conducted at the U.S. 
Patent and Trademark Office (USPTO). 
The case was brought to determine 

demonstrating the use of CRISPR in a 
cell-free system. 

The Broad subsequently filed a 
patent application, in December 
2012, relating to the use of CRISPR 
in eukaryotic cells, and shortly 
afterwards, in February 20133, 
published experimental results 
demonstrating this. UC, and 
separately, several other research 
groups, subsequently also published 
evidence that CRISPR could be used 
in eukaryotic cells, and has significant 
advantages over other techniques 
for eukaryotic gene editing. Clearly, 
it is this application of the CRISPR 
technology, providing the ability to 
manipulate the genomes of higher 
organisms and especially plants and 
animals (including humans), which 
is potentially of the most significant 
value.

The first U.S. patent granted for 
CRISPR gene editing was awarded to 
the Broad in April 20144, because they 
accelerated prosecution of their U.S. 
patent applications, and they have 
since had another dozen U.S. patents 
granted relating to the CRISPR system. 

Significantly, the UC patent 
application claims an earlier priority 
date than the Broad's patents, and 
the details of the CRISPR system were 
also published in a scientific journal 
by UC before the priority date of 
the Broad’s patents. For the Broad’s 
granted patents to be valid, they must 
define subject matter that is new and 
inventive over that UC publication, 
and in particular, it must not have 
been obvious in light of the UC journal 
article that the CRISPR system would 
work in eukaryotic cells, as claimed in 
the Broad’s patent. 

The recent USPTO proceedings were 
brought by UC to determine whether 
the Broad were entitled to patent 

the entitlement to patent, in the U.S., 
of the use of CRISPR in eukaryotic 
cells, including humans.

CRISPR was separately and 
concurrently developed by 
independent research groups based 
in the U.S. The first group led by 
Jennifer Doudna, of the University 
of California-Berkeley (UC), and 
Emmanuelle Charpentier, now at 
the Helmholtz Center for Infection 
Research in Germany, were the first 
to demonstrate the use of the CRISPR 
system to edit targeted DNA, in a 
cell-free system. However, the other 
participant in the race, Feng Zhang 
of the Broad Institute of MIT and 
Harvard, was the first to demonstrate 
that the CRISPR technology can be 
used to edit DNA in human cells. 

Researchers from both groups have 
since set up various competing 
companies, and licensed their patent 
rights to numerous other companies, 
thereby creating a complex IP 
battleground. The fight over exactly 
who is entitled to the extremely 
valuable patent rights relating to 
CRISPR is intense and is likely to 
continue in various forms in the courts 
in different territories for many years. 
The situation is complicated because 
both groups sought patent protection 
and subsequently published data 
from their work, and the various 
patent filing and article publication 
dates are very closely interspersed, 
raising questions of exactly who 
invented what, and when. In addition, 
it is unclear whether all of the claimed 
advances are inventive and sufficiently 
supported in the patent filings by the 
experimental data.

The first patent application for 
targeted DNA modification using 
CRISPR was filed in May 2012, by UC, 
who were also the first to publish 
experimental results, in June 20122, 
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“unintentional misuse” and it is the 
technical simplicity that makes CRISPR 
so exciting that is behind these 
concerns. 

The patent system will inevitably 
continue to find itself at the interface 
between new technologies and ethical 
concerns about their ownership and 
use. However, it is generally accepted 
that it is not for patent examiners 
to determine which inventions 
are ethically acceptable and which 
are not. It is true that patent law 
excludes certain subject matter from 
patentability, and the patenting of 
human beings would be contrary to 
most people’s views on fundamental 
human rights, but arguments persist 
and evolve on where to draw the 
line: organs, embryos, cells, genes, 
smaller DNA fragments? Different 
courts, even within the same country, 
have ruled very differently on 
the patentability of isolated DNA, 
highlighting the fact that technology 
relating to human genetic information 
is a highly ethically sensitive issue. 
Society at large must form a view on 
the use of these new technologies 
and legislate accordingly. 
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the use of the CRISPR system in 
eukaryotic cells. An important point 
in this so-called “interference action”, 
however, is that, at the priority date 
of the Broad’s patent application, 
UC had not published any data on 
the use of CRISPR in eukaryotes, 
and UC argued that merely applying 
the CRISPR system that they had 
previously shown works in a cell-free 
system, to eukaryotic cells, would 
have been obvious to a person skilled 
in the art. The Broad, on the other 
hand, argued that extending the use 
of CRISPR to eukaryotic cells was a 
major feat. The USPTO ruled that 
there was no interference, meaning 
that the Broad’s patents will stand. UC 
have now filed an appeal, meaning 
that the heated battle will continue. 
Meanwhile, the UC patent application, 
which is still pending, will be referred 
back to an examiner. 

Editas Medicine, one of the Broad’s 
affiliated biotech partners, has seen 
a share price increase of nearly 30% 
since the USPTO decision. However, 
the decision has generally created 
uncertainty for third parties and the 
cost of commercializing CRISPR is 
likely to increase as a result. Because 
UC would nevertheless appear to be 
entitled to seek patent protection 
for the broader concept of the use 
of CRISPR in general, complicated 
licensing issues are likely to arise. 
The Broad has generously indicated, 
however, that they are prepared to 
make CRISPR tools and techniques 
freely available to the academic and 
non-profit communities.

In Europe the situation is 
unfortunately no clearer. There 
are at least 25 different applicants 
having European patents or patent 
applications relating to CRISPR gene 
editing and at least ten opposition 
proceedings are currently pending in 
relation to CRISPR patents granted by 
the EPO. In four of these oppositions, 
there are at least seven different 
opponents, clearly indicating the 
significant value and contentious 
nature of the inventions protected in 
these granted European patents. 

In Europe, the relevant issues are 
different to those in the U.S. For 
example, due to a nuance in European 
patent law, the disclosure of the earlier 
UC patent application is relevant only 
to the assessment of the novelty, 
and not inventive step (or non-
obviousness), of the Broad’s patents.

UC scored a major success on 23 
March 2017 when the European 
Patent Office announced its intention 
to allow UC’s patent application5 
with a very broad claim scope 
encompassing the use of CRISPR in 
all prokaryotic and eukaryotic cells, 
and organisms. The news prompted 
a 12% jump in the share price of 
the affiliated company CRISPR 
Therapeutics. Oppositions to the 
grant of UC’s European patent are, 
however, expected to be filed by 
multiple parties, and the focus of 
these oppositions is likely to be UC’s 
entitlement to their earliest priority 
date in relation to the use of CRISPR 
in eukaryotes. It is likely to be several 
years before the matter is finally 
resolved. Meanwhile, also in March 
2017, the Broad were granted the first 
European patent covering the use 
of the newer, more precise, CRISPR 
enzyme Cpf16.

The uncertainty surrounding the 
CRISPR IP landscape may be bad for 
patentees and investors in CRISPR 
technology, but it does not appear 
to be slowing the rate at which the 
technology is advancing, or the 
number of patent filings in this area. 
Experiments using CRISPR to edit the 
genome of viable human embryos 
have found that the technique works 
better than expected. Safety concerns 
about the possibility of CRISPR 
making unwanted changes elsewhere 
in the genome have also diminished 
because “off-target” changes have 
been found to be extremely rare and 
relatively straightforward to screen 
for and to avoid, particularly using 
new enzymes in the system such as 
Cpf1. Some have argued, however, 
that just because the genomes of 
future human beings can be safely 
edited, it doesn’t necessarily mean 
that they should be.

To quote Spiderman, a famously 
genome-edited fictional human 
being, “With great power comes great 
responsibility”. While the argument in 
relation to inherited genetic diseases 
is valid, opponents of human gene 
editing point out that such disorders 
can potentially already be avoided 
by conventional embryo screening 
methods. Meanwhile, an industry of 
genome-edited animals appears to 
be on the horizon and dog breeders 
in the U.S. have already approached 
the U.S. FDA about using CRISPR to 
improve breeding. U.S. intelligence 
has warned of the possibility of 
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