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Inventive steps: the CRISPR patent dispute
and scientific progress
The recent patent decisions about CRISPR tell us a lot about how advances in biology are actually made—
and how they are not

Jacob S Sherkow

R ecent decisions by patent offices in

the USA and Europe concerning the

revolutionary gene-editing technol-

ogy, CRISPR/Cas9, have shed light on the

importance—and puzzles—of one particular

area of patent law: “nonobviousness”, as it

known in the USA, or, in Europe, the

“inventive step”. In February 2017, the US

Patent Trial and Appeal Board (PTAB) found

that the work of Feng Zhang, a researcher at

the Broad Institute in Cambridge, MA, USA,

constituted a “nonobvious” advance over

the celebrated work of Jennifer Doudna of

the University of California, Berkeley (USA)

and Emmanuelle Charpentier, then at Umeå

University, Sweden [1]. As a consequence,

the Broad Institute will be able to keep its

US patents covering the technology irrespec-

tive of how Doudna and Charpentier’s

patent application proceeds. By contrast, the

European Patent Office (EPO) announced

that it had granted Doudna and Charpen-

tier’s European patent application covering

broad uses of CRISPR/Cas9 in essentially

any cell type, despite the US Patent Office’s

decision to the contrary [2]. Other parties—

including the Broad Institute—will be able

to challenge Doudna and Charpentier’s

European patent. But for now, the EPO’s

decision is an implicit recognition that

Doudna and Charpentier’s work was, itself,

a major “inventive step” over the work that

came before it.

Patent law does not always neatly align

itself with the realities of biological research.

But these competing decisions have put

those differences on parade. The US decision

in particular—and even the nature of the

controversy between the two US research

institutions—has been widely criticized by

scientists. One prominent researcher,

Michael Eisen from the University of Califor-

nia, Berkeley, has taken particular issue

with the PTAB’s articulation of the typical

manner in which molecular biologists adapt

discoveries to different cell systems. “[O]ne

can believe that it was obvious that CRISPR

would work in eukaryotic cells, and still not

expect that it would work the first time

someone tried it or that the process would

be free of frustration”, he wrote on his blog

several days after the US decision. “Because

that’s how science works!”

......................................................

“. . . both patent offices’
decisions are almost certainly
correct as a matter of law if not
the realities of scientific
progress”
......................................................

But both patent offices’ decisions are

almost certainly correct as a matter of law if

not the realities of scientific progress. The

US opinion concerning nonobviousness—

the sine qua non of patentability—is fairly

accurate: Whether prior research “would

have suggested to one of ordinary skill in

the art that [the new] process should be

carried out and would have a reasonable

likelihood of success” [1]. In Europe, one is

entitled to a broad patent on a new tech-

nique, if it demonstrates an “inventive step”

over prior methods—even if there no guar-

antee that it will work for all of its claimed

applications. As noted by a number of intel-

lectual property scholars, this standard

highlights a long-standing division between

science and patent law concerning how

biological research is actually conducted—a

division that is likely to widen as research in

molecular biology advances. This article

briefly explains these differences in patent

law, especially with respect to the law’s crit-

ical “nonobviousness” or “inventive step”

requirements, and explains their importance

to CRISPR researchers and molecular biolo-

gists of all sorts.

The importance and history
of obviousness

Since modern patents were first granted in

the 17th century, governments were faced

with the conundrum of “drawing a line

between the things which are worth to the

public the embarrassment of an exclusive

patent, and those which are not” [3].

Patents were established as incentives for

inventors to spend time and money devel-

oping new inventions. Without some rights

to prevent others from copying their inven-

tions once they were first sold—so the

economic theory goes—developers would

not undertake the ardor of research in the

first instance. But this right to exclude

others from practicing new and useful tech-

nologies was considered to be a powerful

one, and determining which inventions

merited the law’s security poised no short-

age of administrative, legal, and philosophi-

cal problems.

In the USA, the courts took up the

mantle of assessing the worth of new

technology under the patent laws. Like

the technologies they were charged with
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investigating, their opinions consisted of

various attempts—trials and errors—to

make workable what was otherwise an

imperfect machine. In the early part of the

19th century, courts required patented

inventions to be “of more ingenuity and

skill than that possessed by an ordinary

mechanic” [4]. Litigating genius, suffice it

to say, proved less than fruitful, so courts

adopted a variety of standards, none of

which proved any easier. By the mid-20th

century, things had deteriorated to the point

that US Supreme Court Justice Robert H.

Jackson remarked that “the only patent that

is valid is one which this Court has not been

able to get its hands on” [5].

......................................................

“In an age when good
government was widely
perceived as being one that
ushered scientific research into
the fore, Federico and Rich’s
invention of “nonobviousness”
was a both a political and
legal triumph.”
......................................................

In 1952, as part of a major overhaul of

the patent laws, Congress tasked two

prominent patent attorneys, Pasquale

Joseph Federico and Giles Sutherland Rich,

with giving form to this elusive “inventive-

ness” requirement. Their invention: what

we call “nonobviousness” today, the prohi-

bition on patents covering inventions for

which the “differences between the

claimed invention and the prior art are

such that the claimed invention as a whole

would have been obvious . . . to a person

having ordinary skill in the art to which

the claimed invention pertains” [6]. This

description of the question prior govern-

ments had failed to answer had numerous

advantages: It focused its inquiry on docu-

ments—the prior art in the field; it fixed

itself to a point in time—the time of the

invention; and it had an object—this hypo-

thetical person having ordinary skill in the

patent’s art. It gave form to what before

was a formless idea. In short order, the

standard was adopted in similar form in

Europe as requiring patents to demonstrate

an “inventive step” over prior references

[7].

These standards also seemed tethered to

the way scientific research is actually

conducted. They aspired to critically exam-

ine prior papers to assess whether the

patented invention was truly a significant

advance, much in the same spirit as Isaac

Newton’s reference to standing on the shoul-

ders of giants. It required a concrete compar-

ison between the elements of prior studies

and the current one—the patent on examina-

tion. And it posed these questions to a hypo-

thetical scientist—an ordinary one in the

same field—to assess what he or she

thought. In an age when good government

was widely perceived as being one that

ushered scientific research into the fore,

Federico and Rich’s invention of “nonobvi-

ousness” was a both a political and legal

triumph.

Today, obviousness is by far the most

crucial doctrine of the patenting process. It

is the primary source of patent offices’

rejection of patent applications. And it

arises as a defense in virtually every

patent case litigated in court. In addition,

many other procedures at patent offices in

the USA and throughout the world

consider the potential obviousness of a

patent even after it may have already been

issued. For this reason, nonobviousness or

an inventive step has become “the heart of

the patent law” [7].

The obviousness inquiry in
molecular biology

Despite the improvements of the obvious-

ness doctrine in aligning patent law with

scientific research, it has presented unique

problems for molecular biology. Unlike

other fields, such as mechanical engineer-

ing, molecular biology is considered

substantially more “unpredictable”. Given

biology’s complexity, the outcome of any

given experiment is increasingly uncertain.

Experimental trial and error—more than

design in the “dry” engineering fields—is

critical to research in biology. This compli-

cates courts’ and patent offices’ obviousness

analyses, because even standard combina-

tions of elements in the field routinely yield

unpredictable results. The discovery of

nonsequence-specific siRNA silencing in

gene regulation in the early 2000s serves as

but one example [8].

In other cases, standard combinations of

molecular cloning techniques may produce

synergies not expected by their researchers,

as with the production of monoclonal anti-

bodies. The half-life of several antibodies,

for example, can surprisingly be regulated by

developing otherwise similar constructs for

controlling fucosylation pathways. Further-

more, biology—unlike, say, physics—is not

practiced in a sterile environment. Work

conducted in molecular biology often takes

place within the medium of living cells or

complex genetic environments. As a result,

translating a technique from one system to

another frequently proves difficult. And even

where researchers seem capable of attaining

promising results, issues over experiments’

reproducibility abound. This has compli-

cated the task of asking whether an average

molecular biologist—a “person of ordinary

skill in the art” in patent law’s parlance—

would think the invention to be “obvious” or

lack an “inventive step” over what came

before it.

......................................................

“Unlike other fields, such as
mechanical engineering,
molecular biology is considered
substantially more
“unpredictable”. . .”
......................................................

This complication has only worsened

recently. Prior to 2007, obviousness analy-

ses almost exclusively used documentary

evidence, such as patents and articles in

scientific journals. In 2007, however, the

US Supreme Court took up the case of KSR

International Co. v. Teleflex Inc., and deter-

mined whether such a narrow focus on

patents and papers was appropriate. The

Court concluded that, in addition to the

documents traditionally considered by the

Patent Office in determining obviousness,

it should now also look to factors such as

common sense, market pressures, and the

number of possible permutations of indi-

vidual elements of a given invention. In

addition, the Court rejected patent law’s

long-held axiom that obviousness could

not turn on whether an invention was

simply “obvious to try”.

Adopting these standards for laboratory

molecular biology has proven enigmatic.

Few advances in molecular biology are the

result of simple “common sense”, however

defined. And while it is, in some sense, obvi-

ous to try different laboratory techniques

across different systems, successfully getting

such techniques to work under different

conditions—even different laboratories—is

rarely easy.
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......................................................

“Few advances in molecular
biology are the result of simple
“common sense”, however
defined.”
......................................................

As a consequence, legal scholars have

long complained of obviousness’s mismatch

with biology [9]. Following the final comple-

tion of the Human Genome Project in 2003,

Dan L. Burk and Mark A. Lemley wrote

about “an increasing divergence between

the [patent] rules actually applied to dif-

ferent industries”, including courts having

“repeatedly held that uncertainty in predict-

ing the structural features of biotechnologi-

cal inventions renders them nonobvious,

even if the prior art demonstrates a clear

plan for producing the invention” [9].

Today, scholars have expressed concern that

recent groundbreaking advances in cloning,

sequencing, and high-throughput screening

may render even significant advances in

synthetic biology obvious under the patent

laws. The truth, of course, is that for many

biotechnologies reasonable minds could—

and often do—easily differ on whether a

new technique contains a truly “inventive

step”. Trivial improvements to some are

colossal advances to others.

The CRISPR patents

Despite these puzzles, obviousness and the

inventive step requirement are at the heart

of the CRISPR patent inquiries in both

Europe and the USA. To start with, the

patent dispute in the USA was structured as

an “interference proceeding”, a legal proce-

dure unique to US patent law. Interferences

attempt to ascertain whether two related

patents “claim patentably indistinct subject

matter”, that is, whether they claim the

same invention and, if so, which party was

the first to invent. But if the inventions

appear to be different—if, for example, the

later invention was a nonobviousness

improvement—there is no true interference,

in fact, between the dueling inventions. In

the CRISPR interference, the US Patent Trial

and Appeal Board (PTAB) defined the inven-

tion in dispute between the University of

California and the Broad Institute as a

single-guide RNA (sgRNA) CRISPR/Cas9

editing system in a eukaryotic cell. To deter-

mine whether Zhang’s eukaryotic-specific

invention was a nonobviousness advance

over Doudna and Charpentier’s, the PTAB

homed in on one “consistent criterion” in its

jurisprudence: Whether the invention, as

described by Doudna, “would have had a

reasonable likelihood of success”.

In practical terms, this meant that the

PTAB’s obviousness decision centered on

whether Doudna and Charpentier’s applica-

tion of CRISPR/Cas9 in vitro and in bacterial

systems would have had a “reasonable like-

lihood of success” in eukaryotic cells. And

in doing so, they focused on testimony from

a variety of experts on a laundry list of dif-

ferences among cell systems that could have

affected Cas9’s binding and nuclease activ-

ity: “gene expression, protein folding, cellu-

lar compartmentalization, chromatin

structure, cellular nucleases, intracellular

temperature, intracellular ion concentra-

tions, intracellular pH, and the types of

molecules in prokaryotic versus eukaryotic

cells”. Each of these, ventured the PTAB,

“would contribute to unpredictability” in

getting Doudna and Charpentier’s invention

to work in eukaryotes. The PTAB also—and

perhaps unfairly—relied on statements made

by Doudna and her research team that

getting CRISPR to work in eukaryotic cells

was an “exciting possibility”, although no

sure thing, and that Doudna herself experi-

enced “frustrations” in getting the system to

work in other cell types. These differences

among cell systems, combined with state-

ments Doudna made to the media in describ-

ing the development of her invention,

convinced the PTAB that Zhang’s invention

was a nonobvious improvement over

Doudna and Charpentier. An ordinary

molecular biologist could not have a

“reasonable expectation” that CRISPR-Cas9

would work in eukaryotic cells. And as a

consequence, Zhang’s patents did not inter-

fere with Doudna and Charpentier’s patent

application.

This decision illuminates the disjointed-

ness between nonobviousness and how

biological research is, in fact, practiced. As a

matter of legal interpretation, the PTAB’s

description of nonobviousness is almost

certainly correct. Inventions that raise, but

do not resolve, questions about how far the

new technology can be applied do not neces-

sarily give others a “reasonable expectation”

that the invention will work well, if at all, in

foreign systems, under different experimen-

tal conditions, or using different parameters.

The development of a biologic compound in

one cell system using a particular construct

is famously not a guarantee that it will work

in a different cell system or using a different

construct. Indeed, the failure to move the

manufacture of biologics from one system to

another is so frequent, that there is surely

no “reasonable expectation of success” in

merely transposing a biologic construct to a

different cell system. Consequently, actual

descriptions of such efforts are, in a real

sense, nonobvious: They could not have

been predicted, without experimentation, by

an average researcher.

......................................................

“The development of a biologic
compound in one cell system
using a particular construct is
famously not a guarantee that
it will work in a different cell
system or using a different
construct.”
......................................................

And yet, this does not mean researchers

are completely at sea; biological research,

while finicky and error-prone, is not

random. Researchers are armed with a

broad arsenal of tools to combat numerous

technical problems that arise in translating

developments from one cell system to

another. Even using the PTAB’s own list of

differences between pro- and eukaryota,

common molecular biological practices exist

to mitigate each of these difficulties. For

example, differential gene expression can be

controlled by selecting appropriate promot-

ers; protein folding can, in some instances,

be made uniform by certain optimization

techniques; chromatin structure can be

altered by histone modification; nucleases

can be blocked; temperature can be regu-

lated; pH can be buffered; and so on. This is

not to say that researchers could have

expected that any of these techniques would

have worked in moving CRISPR-Cas9 from

bacteria to eukaryotes, or to predict which

of these techniques, in combination, would

have been successful. But Doudna and Char-

pentier’s work, at a minimum, provided a

clear set of paths forward to do so. To that

end, Doudna’s statements of “frustration”

concerning translating her system to eukaryo-

tes can be read—should be read—as being

simply reflective of the uncertainties of

moving between cell systems, not doubts

that her process would have failed entirely.
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By contrast, the EPO has given great

accord to how molecular biologists actually

view uncertainty in their own field. Doudna

and Charpentier formally applied for their

European patent in August 2014. And

shortly after their application, received eight

separate challenges to their application in

the form of “Observations by Third

Parties”—scientific references and legal

argument from members of the public on

why the patent at issue should not be

granted (there is no precisely analogous

procedure in the USA). These observations,

like the PTAB’s decision, tended to focus on

the differences between what Doudna and

Charpentier disclosed in their application

and the potential difficulties in moving their

same system to living, eukaryotic cells. One

such observation—notably, from the Broad

Institute—highlighted that its own work

demonstrated that simply moving Doudna

and Charpentier’s system, as described, into

eukaryotic cells was “inoperable”. Doudna

and Charpentier’s attorneys’ responded to

such criticisms by noting that the average

level of skill in the molecular biology field

was “high” and that strategies to solve the

problems raised by the Broad Institute were

part of the “mental furniture” of any labora-

tory biologist [10].

In March 2017, the European Patent

Office discounted the full set of Observations

as “not relevant” to its inquiry of whether

Doudna and Charpentier were entitled to a

patent. Rather, the EPO communicated its

intent to grant Doudna and Charpentier’s

patent—even with their originally broad

claims. While the EPO did not discuss in

detail why it came to different conclusions

from its US counterpart, it did note that it

was ultimately persuaded by Doudna and

Charpentier’s attorneys’ response to such

criticisms—tethering its decision of

patentability to scientific claims of disclosure

perhaps more than legal ones.

The future of obviousness in CRISPR

Conflicting decisions or otherwise, the

CRISPR patent disputes complicates how

obviousness will be assessed for CRISPR

technologies in the future. Perhaps the most

salient example concerns the discovery of

new nucleases that work with CRISPR Type

II systems. At the time of Doudna and Char-

pentier’s original publication in Science, only

a single nuclease—Cas9 derived from Strepto-

coccus pyogenes—was known. Since then,

a host of orthologs and entirely new

enzymes have been discovered, including

Zhang’s discovery of Cpf1; Doudna’s discov-

ery, along with her University of California

colleague, Jillian F. Banfield, of CasX and

CasY, derived from uncultivated bacteria

obtained from an abandoned mine, and the

recent announcement from Korea of CjCas9

from Campylobacter jejuni. Now that such

orthologs are known—and especially

because they appear to work in currently

deployed CRISPR Type II systems as

predicted—this raises the question of

whether the application of CRISPR using

new nucleases is, in some senses, “obvi-

ous”. The answer is far from clear.

More broadly, CRISPR truly challenges

what constitutes an “inventive step” because

the ambit of the technology seems to be

limited almost only by human imagination.

Since Doudna and Charpentier’s canonical

description of CRISPR as a precise tool for

double-stranded DNA cleavage, researchers

have modified the system to induce single-

stranded DNA breaks; to purposefully intro-

duce levels of imprecision to DNA cleavage;

to merely block DNA sequences through

competitive binding; and to use the system

as a single nucleotide editing tool. Indeed,

the value of CRISPR is not merely that it can

precisely edit DNA, but that its specificity to

DNA sequence can be used to create, report,

and analyze the genome. As a result, some

applications of CRISPR are surely major

intuitive leaps—inventive steps by any other

name—such as the recent development of

“gene drives”: CRISPR mediated extinguish-

ing of heterozygosity such that a single allele

is “driven” through the population. And yet,

these advances are, by and large, combina-

tions of known tools in the CRISPR-space

that have predictable outcomes when

deployed. Obviousness’s insistence that we

would treat such advances under patent law

differently from how they are perceived in

the field is puzzling.

By the same token, the yet-to-be-demon-

strated clinical success of CRISPR therapies

in humans is incredibly uncertain. Taking

the PTAB’s metric for assessing Doudna and

Charpentier’s US patent application, no clini-

cian has a “reasonable expectation of

success” that any given therapy will work.

Most clinical trials, in fact, fail. This strongly

suggests that the developments of human

CRISPR therapies, writ large, will have to

overcome obviousness hurdles. And yet,

their success will likely turn on predictable

applications of known CRISPR techniques to

human patients. Here, too, CRISPR chal-

lenges our notions of both obviousness and

expectations of success.

As is true with any groundbreaking tech-

nology, it is impossible to predict how

CRISPR will develop in the future. But as it

develops, molecular biologists’ techniques

to work with the system—and their under-

standing of what is likely to be successful

and what is not—will undoubtedly mature.

Dynamically aligning these future advances

with patent law’s obviousness requirement

will remain an incredible challenge.

Lessons about science and society

This story about research and the obvious-

ness requirement demonstrates a broader

disconnect between science and the law—

even law concerned with assessing science.

And there are broader lessons about what

the CRISPR dispute can—and cannot—tell

us about science in general. Doudna and

Charpentier clearly invented something.

Zhang did too. Nonetheless, the patent

system struggles to give appropriate credit

to researchers depending on their relative

contribution to the field. To use an analogy

from physics, scientific advance is chro-

matic—but it is not quantized. Small scien-

tific contributions are still, of course,

contributions. Patent doctrines, on the other

hand, are like elections for parliamentary

ridings: Prizes are awarded only to the first

past the posts the law erects, whether they

are grounded in contemporary science or

otherwise.

We should not let the outcomes of patent

disputes teach us lessons about whether, or

to what degree, scientific contributions are

significant to their respective fields. We all

stand on the shoulders of giants. And while

in the course of research, some will

undoubtedly stand taller, the goal is to

always see farther than our horizons, even if

only by inches.
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Law, history and lessons in the CRISPR patent conflict
Jacob S Sherkow

Predicting the outcome of the ongoing patent disputes surrounding genome-editing technology is equal parts  
patent analysis and history.

Genome-editing technology based on 
clustered, regularly interspaced, short 

palindromic repeats (CRISPR) and CRISPR-
associated protein 9 (Cas9) has generated great 
excitement in both academia and industry. But 
a potential patent dispute between two sets of 
inventors has left the biotech community pon-
dering its fate. Understanding several facets of 
patent law and history may provide some les-
sons about the probable—and best—outcome 
for the dispute.

CRISPR and the patent landscape
The CRISPR-Cas9 genome-editing system is 
based on an endogenous, prokaryotic immune 
response to foreign nucleic acids, such as viral 
genomes or plasmids. When presented with 
viruses or plasmids, some prokaryotes inte-
grate short fragments of the foreign sequence 
into one or more CRISPR loci, and then tran-
scribe the loci and process the output to form 
short CRISPR RNAs (crRNAs). The newly cre-
ated crRNAs then direct Cas9, a DNA nucle-
ase, to cleave future foreign nucleic acids on the 
basis of sequence complementarity. The sys-
tem’s ability to precisely introduce foreign DNA 
sequences makes CRISPR-Cas9 an incredibly 
versatile, effective system for genomic editing.

That versatility, and the potential to use 
CRISPR-Cas9 for practical (and profitable) 
in vivo applications, has led to two competing 
patent claims on the CRISPR-Cas9 system. The 
first stems from work led by Jennifer Doudna, 
at the University of California, Berkeley (UC 
Berkeley), and Emmanuelle Charpentier, at 
the Helmholtz Centre for Infection Research 
in Germany, for a method of exploiting the 
system for genome editing in vitro1. Their  

patent application, which claims a priority date 
of May 25, 2012, includes 155 claims, encom-
passing numerous applications of the system 
for a variety of cell types2. The second comes 
from Feng Zhang of MIT on a method for using 
CRISPR-Cas9 for genome editing in eukaryotic 
cells3. Zhang’s patent, which claims a priority 
date of December 12, 2012, has already been 
issued4.

Since these filings, there has been a flurry 
of patent applications related to CRISPR-Cas9. 
More than a dozen new patents and 100 patent 
applications have claimed or described appli-
cations for the CRISPR-Cas9 system. Zhang 
alone has received eight CRISPR-Cas9 patents, 
all from ‘fast-tracked’ applications and drafted 
to very broad applications of the technology. 
Some of these patents are directed to more spe-
cific applications, such as the patent claiming 
the use of the technology to treat Huntington’s 
disease5.

Challenges to the patents
The breadth and competing claims of these 
patents and patent applications pose several 
challenges to their inventors—and to the 
biotech community at large. The first con-
cerns the priority of the fomenting patent 
dispute between Doudna and Charpentier, on 
one side, and Zhang on the other. Currently, 
the patent application from Doudna and 
Charpentier appears to have priority over 
Zhang’s earliest issued patent—theirs claims a 
priority date of May 25, 2012, whereas Zhang’s 
claims a priority date of December 12, 2012. 
Assuming Zhang’s claims overlap with those 
of Doudna and Charpentier, this may allow 
the Doudna-Charpentier team to petition the 
US Patent and Trademark Office (USPTO) to 
challenge Zhang’s initial patent through an 
“interference proceeding” if their application 
is ultimately rejected6. The stakes for an inter-
ference proceeding would be high: if Doudna 
and Charpentier were to win, Zhang’s earliest   

patent would be invalidated, although there 
would be no guarantee that the Doudna-
Charpentier patent application would be 
granted. If Zhang were to win, he would keep 
his initial patent, and Doudna and Charpentier 
would likely walk away empty handed.

The second challenge concerns the patents’ 
scope. All of the CRISPR patent applications 
filed thus far are drafted quite broadly. As a 
consequence, if the USPTO allows these pat-
ent applications to move forward—and if the 
patents are ultimately enforced—the patents 
are likely to prevent even the most basic use 
of the CRISPR-Cas9 system without a license. 
General academic research would almost cer-
tainly be liable for patent infringement7. At 
the same time, the patent statute immunizes 
research performed in connection with sub-
mitting new drug or biologic information to 
the US Food and Drug Administration8. Thus, 
depending on the enforcement scheme and the 
technology’s development, academic research 
may be subject to claims of patent infringement 
while some commercial development may pro-
ceed unchecked.

Last, the patents themselves pose sev-
eral questions concerning their validity. 
Specifically, patent claims that are “obvious” 
may be declared “invalid” and may be freely 
used by others9. In the biotechnology context, 
there has been a long-running and unresolved 
issue about whether certain applications of a 
technology are obvious once the fundamentals 
of a technology (such as PCR) are known. Now 
that the mechanics of CRISPR-Cas9 are known, 
have genome-editing applications become 
obvious? Answering that question in legal 
terms is immensely difficult, but the answer is 
likely to control the future of all CRISPR-Cas9 
patent disputes.

Historical precedents
Whether and how these difficulties are 
resolved will be largely up to the assignees of 
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Conclusion
CRISPR-Cas9 is a very promising tool in the 
quest for genome editing. Whether the tech-
nology is allowed to develop with patent pro-
tection will be up to law and history, rather 
than science.
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versity currently allows academic scientists 
with laboratory-made versions of the molecu-
lar components to use the technology for free 
and grants companies selling these molecu-
lar components nonexclusive licenses11. The 
startup Alnylam, however, has received an 
exclusive license to the technology for thera-
peutic applications.

The PCR patents provide another option 
for licensing and deployment. Because the 
technology was discovered in the context of 
industry, strong enforcement of PCR patents 
could have significantly hindered scientific 
progress. This problem was largely miti-
gated, however, through the twin policies of 
‘rational forbearance’ from suing research-
ers for patent infringement and the adoption 
of widespread corporate licensing, business 
partnerships and adaptive licensing strate-
gies12. In this way, PCR was widely—and 
quickly—disseminated.

Although these examples are quite different 
from one another, in all cases, the assignees 
chose an appropriate and user-specific combi-
nation of enforcement and licensing. Choosing 
the right strategy or strategies may help the 
CRISPR-Cas9 patent assignees to avert legal 
challenges, realize significant revenue streams 
and promote scientific progress simultaneously.

the dueling patent applications: UC Berkeley, 
the University of Vienna, the Massachusetts 
Institute of Technology (MIT) and the Broad 
Institute. The history of licensing patents 
on earlier foundational technologies— 
recombinant DNA, small interfering RNA 
(siRNA) and PCR—provide several avenues 
for deploying CRISPR-Cas9 without lengthy 
patent fights. Stanford University’s manage-
ment of the Cohen-Boyer patents on recombi-
nant DNA, for example, has become the gold 
standard for university technology licens-
ing10. First, the patents’ assignee, Stanford, 
licensed the technology nonexclusively and 
allowed nonprofit research institutions to 
use the technology without a license. Second, 
the university developed a graduated royalty 
system to ensure that smaller companies were 
not disadvantaged. And finally, Stanford pre-
emptively consulted a wide variety of stake-
holders and experimented with different 
licensing agreements, to much community 
fanfare.

Another helpful example to consider is 
MIT’s ‘Tuschl patents’ on siRNA technol-
ogy. As with CRISPR-Cas9, overly restric-
tive licensing could have significantly slowed 
scientific progress. MIT, however, was able to 
avert this problem through licensing. The uni-
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Last month, in an extraordinary dispute 
before the US Patent and Trademark 
Office (USPTO), university lawyers 

laid out their clients’ legal strategies for 
claiming patents that cover the celebrated 
gene-editing technology CRISPR–Cas9. 
Over the next year, the USPTO will receive 
volumes of evidence centred on who first 
invented the technology.

Battles over scientific priority are as old as 
science itself. But the CRISPR–Cas9 patent 
dispute is unusual because it pits two lead-
ing research institutions against one another 
for the control and industrial development 
of a foundational technology: the University 
of California, Berkeley (UC Berkeley), and 
the Broad Institute of MIT and Harvard in 
Cambridge, Massachusetts.

As scientific institutions increase their 

involvement in the commercialization 
of research1, it is worth considering the 
potential consequences for science if more 
institutions follow the path of UC Berkeley 
and the Broad Institute.

HIGH STAKES
In May 2012, researchers at UC Berkeley, 
led by Jennifer Doudna and her collabora-
tor, Emmanuelle Charpentier (then located 
at the University of Vienna in Austria) filed 
a patent application in the United States for 
CRISPR–Cas9. Seven months later, Feng 
Zhang, a researcher at the Broad Institute, 
filed a competing application that covered 
similar uses of the technology. After Zhang’s 
lawyers requested that his application be 
fast-tracked, the USPTO awarded one pat-
ent to Zhang in April 2014, followed by a 

dozen more in the subsequent 12 months. 
Meanwhile, the application made by Doudna 
and her colleagues languished.

Last April, Doudna’s lawyers requested that 
the USPTO conduct a specialized legal trial, 
known as a patent interference, to determine 
the ownership of the US patents that cover 
the CRISPR–Cas9 system. This January, the 
USPTO formally agreed to carry out the pro-
ceeding.

One conspicuous aspect of this case, in my 
opinion, is the degree to which UC Berkeley 
and the Broad Institute have weighed in on 
what is essentially a dispute over scientific 
priority.

The Broad Institute has produced press 
releases, videos and a slick feature on its 
website that stress the importance of Zhang’s 
contributions to the development of the 
CRISPR–Cas9 technology. And earlier this 
year, the central positioning of Zhang’s work 
in a historical perspective of CRISPR pub-
lished in Cell2 by the president and director 
of the Broad Institute, Eric Lander, prompted 
a storm of angry responses from scientists, 
including Doudna and Charpentier. Mean-
while, at UC Berkeley, a press release that 
discussed the potential of CRISPR described 
Doudna as “the inventor of the CRISPR–Cas9 
technology” (see go.nature.com/cm2gvx).

The financial stakes are high. The 
CRISPR–Cas9 patents are widely viewed to 
be worth hundreds of millions, if not billions, 
of dollars. Both organizations have invested 
directly in spin-off companies that were co-
founded by their researchers — the Broad 
Institute in Editas Medicine, co-founded by 
Zhang, and UC Berkeley in Caribou Bio-
sciences, co-founded by Doudna. A report 
submitted by Editas in January to the US 
Securities and Exchange Commission lists 
the Broad Institute and other Harvard-affil-
iated institutions as owning a major equity 
stake in the company: about 4.2% of its com-
mon shares (see go.nature.com/45c1ey).

DIFFERENT TIMES
Efforts to commercialize the research output 
from universities played out differently in 
the past. Since 1980, US universities have 
been able to patent the inventions of their 
researchers, thanks to the Bayh–Dole Act — 
legislation that determines the ownership of 
intellectual property arising from federally 
funded research. But for the most part, insti-

tutions have kept their 
distance from disputes 
over scientific priority. 
In fact, after factoring 
in the costs of filing 
patents and staffing, 
university technology-
transfer offices have 
generally been money 
losers for their institu-
tions3.

Pursuit of profit 
poisons collaboration

The CRISPR–Cas9 patent battle demonstrates how 
overzealous efforts to commercialize technology can 

damage science, writes Jacob S. Sherkow.
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Even in the case of lucrative patents,  
commercial development has frequently been 
left to venture capitalists and the researchers 
themselves. Take the Cohen–Boyer patents, 
which covered early gene-splicing technology 
and netted Stanford University and the Uni-
versity of California, San Francisco (UCSF), 
both in California, hundreds of millions of 
dollars in licensing fees during the 1980s 
and 1990s. In this instance, Genentech, the 
company in South San Francisco, California, 
that was formed to commercialize the under-
lying technology, sprung from the efforts of  
Herbert Boyer, one of the founding research-
ers, and the financier Robert Swanson. The 
company was neither owned by, nor an exclu-
sive licensee of, Stanford or UCSF.

Research institutions in general are start-
ing to play a bigger part in shepherding their 
researchers’ projects through the commer-
cialization process. A 2014 report from the 
Association of University Technology Manag-
ers in Oakbrook Terrace, Illinois — an organi-
zation that supports managers of intellectual 
property at academic research institutions, 
non-profit organizations and government 
agencies worldwide — documented that 
universities are increasing equity investments 
in their researchers’ start-up companies. Of 
the patent licences granted by universities 
in 2014, 10% were tied to such investments1, 
compared with 6.7% in 1999 (ref. 4).

I am concerned that such involvement in 
commercialization has the potential to clash 
with the broader, educational mission of 
research institutions.

Universities worldwide have long strived 
to foster a culture of scientific collaboration. 
Even when universities have obtained broad 
patents, as the Carnegie Institute of Wash-
ington in Washington DC did in the early 
2000s for a gene-expression control technol-
ogy known as RNA interference, licences 
have been cheap and easy for researchers to 
obtain5. In other cases, scientists have sim-
ply ignored patents that cover fundamental 
technologies6.

Academic research institutions now seem 
less shy about taking each other to court for 
patent infringement. In 2011, the Univer-
sity of Utah in Salt Lake City sued the Max 
Planck Society for the Advancement of Sci-
ence in Germany over claims to a patent that 
covered a technology called short interfering 
RNA, which inhibits gene expression (see 
go.nature.com/vyujnp). And over the past 
four years, Stanford University and the Chi-
nese University of Hong Kong in Sha Tin have 
engaged in a heated patent litigation over pre-
natal genetic diagnostic blood tests, a market 
that was worth US$530 million in 2013.

In the current era of budget tightening, uni-
versities of all stripes might be tempted to use 
licensing fees as another funding mechanism. 
The University of South Florida in Tampa, 
for example — a public institution that had 

its state funding cut by $48 million in 2012 
— holds a substantial number of patents that 
have not yet been licensed and has a famously 
low ratio of patent-licence revenue to research 
expenditure7. If its financial situation were to 
deteriorate further, the university might be 
compelled to extract licence fees from other 
research institutions for those patents.

PATH TO PROFIT
It would be wrong to suggest that patents, writ 
large, are failing educational research institu-
tions. In the cases of gene splicing, RNA inter-
ference and human embryonic stem cells, 
patents have been major earners for institu-
tions and researchers 
without damaging the 
scientific enterprise5.

But an obvious 
danger of increasing 
the focus on commer-
cialization is that edu-
cational institutions 
will view scientific 
research as a path to 
profit, above all else. It is not hard to imagine 
that patent disputes might lead to university 
administrators pushing certain views on their 
scientists, denigrating collaboration with 
researchers from competing institutions and 
tasking tenure committees with valuing pat-
ents over publications.

Where scientific advances have the poten-
tial to be profitable, universities should 
support researchers to bring that work to 
fruition. This might include helping them to 
secure patents. But it is my view that serious 
commercialization efforts — such as granting 
exclusive licences or receiving equity owner-
ship in researchers’ start-ups — should be left 
to industry.

The CRISPR–Cas9 dispute could have 
played out very differently. Zhang and 

Doudna were both co-founders of Editas. 
And UC Berkeley and the Broad Institute 
could have filed patent applications that listed 
the research teams from both institutions as 
co-inventors. Any resulting patents could 
then have been freely or cheaply licensed to 
other research institutions, or used to fund 
a joint academic organization dedicated to 
studying the technology. The patents could 
also have been widely, but not exclusively, 
licensed to a variety of industry competitors 
— promoting a robust, competitive market 
for commercial CRISPR–Cas9 applications 
and creating a funding stream for further 
academic research.

Biomedical research in educational insti-
tutions has long prided itself on a culture of 
openness and sharing — one that both Zhang 
and Doudna have exercised by donating vari-
ous components of the CRISPR–Cas9 system 
to the open-science consortium Addgene in 
Cambridge, Massachusetts. The incentives 
that patents create for educational institu-
tions should not be allowed to erode scientific 
collaboration. ■
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“Efforts to 
commercialize 
the research 
output from 
universities 
played out 
differently in 
the past.”
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Who owns gene editing?

Patents in the time of CRISPR
New gene-editing technologies, like CRISPR, promise revolutionary advances in biology and medicine. 
However, several patent disputes in the USA and UK may have complicated who can use CRISPR. What 
does this mean for the future of gene editing?

Patents

Broadly speaking, inventions present an informational 
paradox: often, costly and burdensome research is 
required to bring them to fruition, but once developed 
the invention becomes known to the public. Without 
some law restricting the copying of these inventions, 
many researchers may not have the incentive to engage 
in foundational research in the first instance.

Since at least the fifteenth century, the solution 
to this problem has been some form of patents: 
government issued rights to inventors—rights that 
allow inventors, for a limited period of time, to prevent 
others from copying their inventions. To be clear, 
patents are not inventors’ rights to use and develop 
their own inventions; they are rights only to exclude 
others from copying them. Patents, consequently, 
are viewed as “limited rights, for a limited time”. 
Nonetheless, this limited right can be tremendously 
valuable. Many pharmaceutical patents, for example, 
are worth billions of dollars.

Not all inventions deserve patent protection. 
Precisely because patents can be so valuable—and 
because patentees can essentially exclude others from 
developing certain areas of technology—patent laws 
throughout the world have established certain standards 
in an effort to ensure that only significant advances in 
science and technology receive patent protection. Today, 

Precisely editing the genetic code of living organisms 
has long been a supreme ambition of biologists. 
Editing the genome has the potential to cure genetic 
diseases, revive extinct species and combat public 
health crises, among other advances. The potential 
for the technology seems limited only by the human 
imagination. Previous efforts in the area, however, 
have proven less than satisfactory .

A recent advance in one gene-editing technology, 
Clustered Regularly Interspaced Short Palindromic 
Repeats—better known as CRISPR—may bring 
biologists’ ambitions to fruition. This precision-
editing system has so far lived up to its hype: CRISPR 
has been demonstrated to work in virtually every cell 
type attempted and appears almost infinitely flexible 
in modification .

But the promise of the technology has generated 
a patent dispute among the technologies’ creators: 
Jennifer Doudna of the University of California, 
Berkeley, and Emmanuelle Charpentier, now at the 
Max Planck Institute for Infection Biology in Berlin, 
on one side, and Feng Zhang of the Broad Institute, 
on the other. Resolving the patent dispute may 
ultimately decide who owns the rights to this crucial 
piece of biotechnology. This article outlines the law 
surrounding patents on biotechnology and explains 
the contours and effects of the current CRISPR 
patent disputes.

Jacob S. Sherkow 

(Innovation Center for Law 

and Technology and New 

York Law School, USA)
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in the USA and UK, patents may be granted only for 
inventions that are new, useful and “inventive” or “non 
obvious.” In addition, patentees must sufficiently disclose 
their inventions to the public—enough to enable others 
to make and use the invention. To meet these twin aims, 
patents, as documents, contain two parts: a written 
description of the invention, known as the specification, 
and the claims, short statements identifying the “metes 
and bounds” of the invention. The claims, in essence, 
define the patented invention.

In this way, the current system of patents ideally 
does double-duty in breaking the informational 
paradox of inventions. It encourages researchers to 
invest in expensive research by holding up the reward 
of a patent if they are successful. And it also requires 
inventors to disclose the fruits of that research to the 
public. Today, for better or worse, patents form an 
integral part of the research and development lifecycle 
for a host of industries.

The CRISPR patent dispute

Patent law has long faced the problem of 
contemporaneous invention: what to do when two 
inventors contemporaneously invent the same or 
a similar invention and each file competing patent 
applications? In much of the world, administrative 
efficiency dictates that the patent should be awarded to 
the first person to file. But, up until 2013 in the USA, 
the USA Patent and Trademark Office (PTO) awarded 
the patent to the first inventor . This presented several 
problems for the PTO—especially where, because of 
quirks of timing at the Patent Office, a later inventor 
but earlier filer was awarded the first patent. Through a 
restrictive reading of the patent statute, this circumstance 
potentially blocked the first inventor’s patent application 
from being awarded.

The current CRISPR dispute involves similar 
difficulties. Doudna and Charpentier filed an early 

patent application covering a limited form of the 
CRISPR technology in May 2012.  Zhang filed a similar 
application seven months later, in December 2012. But 
Zhang’s attorneys requested that the PTO “fast-track” 
his application: a procedure allowed—for a fee—on 
shorter, less contentious applications. Zhang’s attorneys’ 
strategy worked and, as a result, Zhang was awarded his 
first patent in April 2014 and over a dozen more by the 
following year. During this time, however, Doudna and 
Charpentier’s application suffered numerous technical 
difficulties at the PTO. And through much of 2014, it 
appeared that Zhang’s issued patents would block their 
applications, even though the duo had good claims as 
both the first inventors and first filers.

In April 2015, with the CRISPR patent race slipping 
away from them, Doudna’s attorneys requested that the 
PTO declare an interference proceeding: a trial, within 
the PTO, to determine the first inventor of a disputed 
technology. After receiving a recommendation from the 
patent examiner responsible for Doudna and Charpentier’s 
application, the PTO formally instituted an interference 
proceeding in January 2016 .

At its core, the interference proceeding is designed 
to answer who invented what, first. To do that, a three-
judge panel at the PTO will receive evidence concerning 
what Doudna, Charpentier and Zhang did in their 
laboratories, what they disclosed in their original patent 
applications and how an average molecular biologist 
would have viewed this information as the technology 
progressed through 2012. In addition, the panel 
must determine exactly which parts of Doudna and 
Charpentier’s application overlap with Zhang’s patents. 
To aid them in that determination, the panel drafts a 
“count,” a hypothetical patent claim that covers both 
sets of technologies. Moving forward, the scientists’ 
attorneys will file several sets of motions arguing that the 
count does or does not cover the technology in dispute, 
or that the count needs to be rewritten or broken up 
into several pieces to cover the contested inventions. In 
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addition, the attorneys will also file motions arguing that 
their respective clients were, in fact, the first to invent the 
CRISPR technology. The panel’s ruling on these motions 
should come in January 2017 if not earlier.

Outside of the USA, however, no analogue to 
interference proceedings exists. European patent offices 
faced with the contemporaneous invention problem 
simply award the patent to the first filer. But there are 
other procedures to contest already issued patents at 
their respective patent offices. At the European Patent 
Office, for example, anyone may file an opposition 
to a patent issued within nine months, arguing that 
the granted patent fails the novelty, inventive step or 
disclosure requirements. This has, in fact, happened 
with the CRISPR technology, where, to date, nine 
entities—including one company, CRISPR Therapeutics, 
founded by Charpentier—have filed oppositions to one 
of Zhang’s European patents. Decisions in those cases 
are not expected until the end of 2017, at the earliest. 
These disputes—both in the USA and elsewhere—
concerning control of the CRISPR technology suggest 
that ownership over the CRISPR patents will take years 

to unravel, and will result in a complicated system of 
patent rights throughout the world.

The future of CRISPR research

The patent disputes over CRISPR will likely have significant 
impact over the future of research in the area. First and 
foremost, the disputes may very well affect the funding 
of companies currently engaged in CRISPR research. A 
recent Bloomberg report by Caroline Chen and Doni 
Bloomfield noted that several drug manufacturers have 
entered into funding arrangements with various CRISPR 
start-ups, some worth hundreds of millions of dollars. The 
companies currently developing CRISPR either have a 
direct stake in the outcome of the current patent dispute or 
could be affected if the ultimate victor decides to enforce its 
patents against them. As a consequence, the patent dispute 
may shape which companies are allowed to commercially 
develop the CRISPR technology.

Second, the patent dispute may also alter which 
research institutions continue to study CRISPR as 
a gene-editing technology. Well-heeled research 
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institutions that cannot come to a license agreement 
with the eventual owner of the CRISPR patents may find 
themselves on the outside, looking in. This is important 
to mention—especially in the USA—because, contrary 
to popular belief, there is no “research exemption” for 
patent infringement. In Europe, however, such research 
exemptions do exist under the national laws of each 
country, but may be limited where academic institutions 
partner with commercial developers.

Third, the CRISPR patent dispute, no matter 
which way it turns, may signal a fundamental shift 
in the litigation and enforcement of foundational 
biotechnology. Most revolutions in molecular biology—
like recombinant DNA, PCR and RNAi—have been 
patented. And almost without exception, those 
technologies have been subject to free and easy licenses. 
But the CRISPR patent dispute appears to be shaping 
up to something different. It may very well signal a 
culture shift in academic research institutions from 
pure and translational research into profit-maximizing 
commercialization. While this is not altogether bad, it’s 
likely to conflict with universities’ broader educational 
missions to the public. As a result, which aspects of 
CRISPR will become subject to research, and by whom, 
may turn on those universities’ financial interests in 
developing certain CRISPR technologies rather than 
their scientific or therapeutic importance.

Taken together, these shifts may complicate the 
future of gene editing. It may be difficult, for example, 
simply to determine whether one is infringing one of 
the variety of patents covering gene-editing technology. 
And even if the CRISPR patent disputes produce a clear 
winner, it is unclear how the victor will deploy licenses, 
to whom and at what price. Furthermore, gene editing, 
and CRISPR in particular, is progressing so rapidly that 
is unclear whether new developments will be covered 
by the current landscape. As one example, the count at 
issue in the USA interference proceeding requires the 
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“hybridization” of a guide RNA and a tracrRNA . But 
it’s unclear whether this allows the RNAs to exist in two 
separate pieces or if they need to be linked, covalently or 
by sequence, somehow.

To both of their credits, Doudna and Zhang have 
supported some “open science” protocols by making 
CRISPR constructs available through an online 
repository called AddGene. In that way, the scientists 
are engaging in that most noble of scientific practices: 
the sharing of results. But it remains unclear how their 
benevolence jibes with their patents and the current 
patent dispute. It is likely that the litigation will need to 
be resolved first.

Gene editing, and CRISPR in particular, heralds 
a foundational advance in molecular biology. Like 
previous advances in biotechnology, CRISPR is subject 
to several patents and is at the centre of a current wide-
ranging patent dispute. But the current patent dispute 
surrounding CRISPR seems quite different from past 
cases. Even with a clear winner, the CRISPR patent 
dispute may ultimately complicate who can practise 
the technology going forward. It seems, then, that the 
development of CRISPR as a technology is a study as 
much of law as science.  ■
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rity is compromised in government. They 

can fiercely protect university indepen-

dence. And they can defend peers who be-

come political targets for speaking up (17).

We maintain hope that these concerns 

will not be realized. But the scientific com-

munity is well positioned for what may lie 

ahead. Already, scientific societies have 

asked the Trump Administration to appoint 

a science adviser and more than 5500 sci-

entists have signed a letter asking the Ad-

ministration to uphold scientific integrity 

(18). Alarms must sound when science is 

silenced, manipulated, or otherwise com-

promised. When science is sidelined from 

policy decisions, we all lose.        j
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BIOTECHNOLOGY AND LAW

CRISPR, surrogate licensing, 
and scientific discovery
Have research universities abandoned their public focus?

By Jorge L. Contreras1 and 

Jacob S. Sherkow2

S
everal institutions are embroiled in 

a legal dispute over the foundational 

patent rights to CRISPR-Cas9 gene-

editing technology, and it may take 

years for their competing claims to 

be resolved (1–4). But even before 

ownership of the patents 

is finalized, the institu-

tions behind CRISPR have 

wasted no time capitaliz-

ing on the huge market for 

this groundbreaking tech-

nology by entering into 

a series of license agree-

ments with commercial 

enterprises (see the fig-

ure). With respect to the 

potentially lucrative mar-

ket for human therapeu-

tics and treatments, each 

of the key CRISPR patent 

holders has granted exclu-

sive rights to a spinoff or 

“surrogate” company formed by the insti-

tution and one of its principal researchers 

(5, 6). Although this model, in which a uni-

versity effectively outsources the licensing 

and commercialization of a valuable pat-

ent portfolio to a private company, is not 

uncommon in the world of university tech-

nology transfer, we suggest it could rapidly 

bottleneck the use of CRISPR technology 

to discover and develop useful human 

therapeutics.

Several patterns emerge from the web 

of transactions shown in the figure (we 

make the documents used in our analysis 

available at https://dataverse.harvard.edu/ 

dataverse/crisprlicenses). The right to use 

CRISPR techniques has been divided into 

three broad “fields of use”: (i) basic, non-

commercial research; (ii) development 

and sale of tools (kits, reagents, and equip-

ment) that aid CRISPR-based gene edit-

ing; and (iii) development, sale, and use of 

therapeutics and treatments using CRISPR 

techniques. This last field broadly covers 

the most commercially significant applica-

tions and includes gene editing to develop 

agricultural products, veterinary medicine, 

and human diagnostics and therapeutics.

Precisely demarcating these fields of 

use—especially for a flexible, broadly ap-

plicable technology like 

CRISPR—and awarding 

appropriate license grants 

can be challenging. None-

theless, the institutions 

have largely granted non-

exclusive licenses with 

respect to noncommer-

cial research and tools 

development. This means 

that licensees, including 

academic researchers, are 

permitted to engage in 

these activities, but do not 

have the right to market 

and sell products derived 

from their research. It also 

means that the CRISPR patent holders are 

free to grant licenses for their respective 

technologies to other research institutions. 

However, in the case of therapeutics and 

treatments, with few exceptions, exclusive 

licenses to surrogate companies (Editas, 

Caribou, or CRISPR Therapeutics) pre-

vent the institution from granting similar 

licenses to other companies without the 

surrogate’s permission. Caribou’s exclu-

sive license covers all fields of use, and it 

has in turn granted an exclusive license in 

the field of human therapeutics to Intellia 

Therapeutics.

SURROGATE LICENSING AND CRISPR

The companies to which the patent-hold-

ing institutions grant exclusive licenses 

effectively stand in as surrogates for the 

institutions themselves. These surrogates 

control a large and lucrative field for the 

exploitation of the licensed technology, 

and have significant freedom both to ex-

ploit it themselves and to seek partners 

and sublicensees. The surrogates take on 

the role of the patent owner and retain a 

lion’s share of the resulting profits. Many 

1S. J. Quinney College of Law and Department of 
Human Genetics, University of Utah, Salt Lake City, UT 
84112, USA. 2Innovation Center for Law and Technology,
New York Law School, New York, NY 10013, USA. 
Email: jorge.contreras@law.utah.edu (J.L.C.);
 jacob.sherkow@nyls.edu (J.S.S.)

“The institutions 
controlling CRISPR 
patent rights have 
delegated [them]…
to surrogate 
companies, which 
determine…[who] 
will be able to 
exploit [them].”
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universities prefer this model because it 

gives them a substantial share of profits 

with minimal risk through, for example, 

equity stakes in their researchers’ surro-

gate companies (7, 8).

The surrogate licensing model, in the-

ory, permits the university to focus on a 

broader range of commercialization proj-

ects with a limited staff, and delegates the 

job of licensing to experts focused on the 

relevant technology. Although a university 

could license its rights individually to the 

range of commercial enterprises illustrated 

in the figure, it is often more efficient to 

grant rights in bulk to a single company 

and let that company scour the market for 

viable licensing candidates. The university 

profits from its equity interest in the sur-

rogate and from any royalties that are gen-

erated by the technology.

In addition, the individual investiga-

tors, who often have a substantial equity 

interest in the surrogate company, stand to 

profit far more than they otherwise would. 

For all of these reasons, the surrogate li-

censing model has become popular with 

universities, investigators, and companies 

across a wide range of technologies (7, 8).

We reviewed all of the CRISPR surrogate 

license agreements made publicly avail-

able through filings with the U.S. Securi-

ties and Exchange Commission, requests 

under state and federal “freedom-of-infor-

mation” acts, and through press releases 

and public announcements. In each of the 

principal surrogate licenses that we re-

viewed, the patent-holding institution has 

granted its surrogate the exclusive right to 

use CRISPR to develop human therapeu-

tics targeting any of the 20,000+ genes 

that comprise the human genome. Because 

no single company could develop, test, and 

market therapeutics on the basis of even a 

fraction of the entire human genome, the 

surrogates are authorized and expected to 

sublicense their rights to others.

Despite this, it is still unlikely that any 

of the surrogate companies could explore a 

significant fraction of the potential human 

health applications that CRISPR could 

enable, even with a range of experienced 

commercial partners and collaborators. If 

an unlicensed company has the expertise 

and wherewithal to develop a novel hu-

man therapy using CRISPR—even if that 

therapy concerns a previously unexplored 

gene—that company might not be able to 

obtain the sublicense necessary to under-

take this work. In some instances, such as 

the license to Editas from the Broad Insti-

tute of MIT and Harvard, the institution 

retains some right to entertain proposals 

from other companies if the surrogate is 

not pursuing work on a specific gene and 

does not plan to do so in the future. The 

scope of this limitation, however, is narrow 

and still leaves all “unclaimed” portions of 

the genome in the surrogate’s hands.

Further, traditional contractual safe-

guards against overbroad exclusive li-

censes will likely work poorly under this 

model. Diligence milestones, for example, 

require an exclusive licensee to demon-

strate progress toward commercialization 

of a licensed technology (often through the 

achievement of various regulatory hurdles, 

testing, and trials). But a surrogate can 

easily show some progress in some subset 

of a broader field to meet this require-

ment, even if it does not intend to, or can-

not, pursue all aspects of the licensed field. 

Giving one company an exclusive right to 

use CRISPR to develop human therapies 

targeting every segment of the human ge-

nome could thus limit the creation of po-

tentially beneficial therapies.

NONEXCLUSIVITY AND RESEARCH TOOLS 

CRISPR is a broadly applicable, enabling 

technology platform, similar in many re-

spects to “research tools”: equipment, re-

agents, and methods that enable a broad 

range of downstream research (9). Exclu-

sive rights in research tools are gener-

ally unnecessary for commercialization 

of downstream products developed using 

them. Rather, exclusive licenses are only 

needed with respect to specific therapeu-

tic uses discovered using those tools. For 

example, a molecular drug target may be 

discovered using research tools like the 

polymerase chain reaction (PCR) but then 

require considerable and costly product 

development, clinical trials, and regulatory 
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CRISPR-CAS9 licensing agreements
Exclusive licenses to surrogates for human therapeutics limit access to CRISPR as a platform technology.
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approval before it can be marketed (9).

For this reason, in 1999 the U.S. National 

Institutes of Health (NIH) recommended 

that patents on research tools devel-

oped using federal funding be licensed 

nonexclusively to promote their greatest 

utilization, commercialization, and pub-

lic availability (9). In 2007, eleven major 

U.S. research universities—including the 

University of California, Berkeley (UCB), 

Harvard, and Massachusetts Institute of 

Technology (MIT), all of which have made 

CRISPR patent claims—committed to a 

set of core licensing values, known as the 

“Nine Points,” one of which states that uni-

versities should make patented research 

tools as broadly available as possible (10).

Although CRISPR is not necessarily a 

“research tool” in that its function is gener-

ally not to enable downstream research, it 

is a broadly applicable “platform” technol-

ogy—like stem cells or the Internet—that 

could enable innumerable specific applica-

tions. To that end, foundational CRISPR 

patents, like patents covering research 

tools, should be licensed and disseminated 

as widely as possible especially when de-

veloped with public funding by universi-

ties operating in the public interest (11–14).

To their credit, the UCB and the Broad 

Institute have not sought to limit academic 

research through their exclusive CRISPR 

licenses (1). Both have made many of their 

CRISPR research tools available freely or 

cheaply through AddGene, a nonprofit 

organization in service of academic and 

nonprofit institutions (1, 14). Likewise, as 

noted above, the institutions have granted 

nonexclusive licenses in the area of tool 

development.

But the exclusive licenses granted to 

the institutions’ surrogates for human 

therapeutics limit access to CRISPR as a 

platform technology, potentially hinder-

ing competition and creating innovation 

bottlenecks. For example, the Broad’s sur-

rogate, Editas, has granted Juno Thera-

peutics an exclusive license to develop a 

host of CRISPR therapies—across multiple 

genes—using chimeric antigen receptor T 

cell (CAR-T) technology (15). This broad 

license threatens to complicate both re-

search and development for CRISPR-based 

CAR-T technologies for gene targets cho-

sen by Juno, but that neither Editas nor 

Juno have the bandwidth to pursue. In 

other instances, overly broad exclusive li-

censes may hinder research into socially 

valuable—but unprofitable—therapeutics, 

such as those indicated for rare diseases 

or treating illnesses prevalent in disadvan-

taged populations or regions, a separate 

yet equally important principle advanced 

in the Nine Points document.

Situations like these—in which exclu-

sive licenses have the potential to extend 

beyond that which can be developed—are 

precisely what the NIH guidelines and the 

Nine Points sought to avoid. Yet the sur-

rogate licensing model adopted by the 

CRISPR patent-holding institutions seem-

ingly allows them to circumvent this pro-

scription by ceding licensing authority to 

private companies not bound by the guide-

lines and Nine Points.

RECONCEPTUALIZING CRISPR LICENSING

Given the potential bottlenecks created 

by the current surrogate licensing model, 

UCB, Harvard, and MIT should broaden 

access to CRISPR technology for human 

therapeutics. Given that the technology 

is developing rapidly and, 

in some instances, now be-

ing disputed among the 

parties, there is still time 

to do so. This dynamism in 

CRISPR’s patent landscape 

should provide the impetus 

for these institutions—and 

their surrogate companies—

both to amend their existing 

agreements and to cross-

license their respective patent rights to one 

another. And these cross-licenses need not 

be exclusive.

As an example, Broad and UCB could 

reserve their rights to license CRISPR to 

other commercial firms engaged in thera-

peutic research on areas of the genome 

that their surrogates do not have a reason-

able plan to develop. The institutions could 

thus open up larger swaths of the genome 

to beneficial commercial research. Both 

UCB and Broad have recently shown some 

attraction to this approach by announcing 

limited cross-licensing agreements with 

other institutions, albeit not with one an-

other (16, 17). A more flexible licensing ap-

proach would result in greater competition 

and innovation in the marketplace—in the 

spirit of the Nine Points agreement.

The emergence of CRISPR as an impor-

tant new platform technology should also 

prompt NIH to update its guidelines re-

garding the licensing of federally funded 

inventions. Platform technologies such 

as CRISPR should be recognized as offer-

ing the same potential for industry-wide 

innovation and discovery as traditional 

research tools. A similar updating of, and 

recommitment to, the Nine Points may 

also be in order.

As the National Academies of Science 

have noted, “the first goal of university 

technology transfer involving (intellec-

tual property) is the expeditious and wide 

dissemination of university-generated 

technology for the public good” (12). The 

institutions controlling patent rights in 

CRISPR have delegated that responsibility 

to surrogate companies, which determine 

how many or few commercial firms will 

be able to exploit it. We urge these institu-

tions to rethink their use of exclusive, sur-

rogate licenses across the entire genome. 

Those institutions should ensure that any 

exclusive licenses are narrowly drawn to 

specific genes, to maximize competition in 

the development of the revolutionary tech-

nology they have created.        j
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“Platform technologies such as CRISPR 
should be recognized as offering the 
same potential for industry-wide 
innovation and discovery as traditional 
research tools.”
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The potential applications of CRISPR to 
alter future generations in unpredictable and 
unacceptable ways led a group of scientists 
and ethicists—including some inventors of 
the technology—to strongly discourage clinical 
applications of human germline editing until 
the risks and benefits have been thoroughly 
examined7,8. Nonetheless, Chinese research-
ers have moved ahead with experiments hav-
ing clear therapeutic goals. Using CRISPR in 
nonviable human embryos, one research team 
knocked out the human gene HBB, while 
another introduced CCR5, an HIV-resistance 
allele9,10.

As the United States, China, and the United 
Kingdom coordinate policy responses to these 
issues11, an international consensus on the 
use of CRISPR technologies is slowly emerg-
ing: controlled and transparent basic research 
should continue, but clinical applications 

The rise of the ethical license
Christi J Guerrini, Margaret A Curnutte, Jacob S Sherkow & Christopher T Scott

The Broad Institute’s recent licensing of its gene editing patent portfolio demonstrates how licenses can be used to 
restrict controversial applications of emerging technologies while society deliberates their implications.

In September 2016, the Broad Institute 
announced that it had licensed its patents 

for the groundbreaking CRISPR technology 
on terms intended to benefit a party not at the 
negotiating table: the public. As broader policy 
positions on gene editing technologies emerge, 
this agreement illustrates how licensing can 
serve as a tool to limit potentially controver-
sial uses of patented technologies as they enter 
the marketplace. Here, we discuss some of the 
advantages and barriers to using this approach.

CRISPR (bacterial clustered, regularly inter-
spaced, short palindromic repeats) is a gene 
editing tool that can disable, replace, or insert 
specific nucleotides in a genome, and the Broad 
owns what are considered to be the founda-
tional patents on this technology1. Although 
the University of California has launched 
a vigorous challenge to the Broad’s patent 
rights2, since 2014 the Broad has been offer-
ing licenses to its CRISPR patent portfolio for 
research and commercial purposes. A number 
of licensees are moving forward with applica-
tions of the technology while other researchers 
are developing their own intellectual property 
in unclaimed uses of CRISPR1. In 2015, over 
100 patent applications on CRISPR technology 
were pending3. Meanwhile, companies using 
first-generation gene editing technologies like 
zinc finger nucleases and TALENs (transcrip-
tion activator–like effector nucleases) are on 
the verge of bringing new products to market4.

As intellectual property rights in this tech-
nological space have multiplied, so, too, have 
ethical and social concerns about CRISPR’s 

potential applications. Those applications 
include altering human somatic cells, which 
make up organs, blood, and skin, and human 
germ cells, which include sperm and egg cells. 
While few would object to editing genes to cure 
devastating diseases, CRISPR technology has 
the potential to alter the health, behavior, and 
appearance of every life form. Some fear that in 
unscrupulous hands, CRISPR might one day be 
used to create humans genetically enhanced for 
intelligence, beauty, and strength. These fears 
are multiplied in cases of germline editing, 
where changes are passed on to future genera-
tions5. Worries about germline applications are 
heightened by CRISPR’s ability to power so-
called ‘gene drives’ that alter normal patterns 
of inheritance such that engineered genes are 
always passed on to future generations6. This 
technology can be used, for example, to engi-
neer the extinction of an organism.
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with such licenses. These spillover effects 
may include, for example, increased faith in 
scientific self-regulation and participation 
in research. Voluntarily restricting applica-
tions can also generate goodwill among the 
licensing parties and promote institutional 
leadership that might translate to new, col-
laborative partnerships. Presumably, at least 
some of these public and private benefits have 
prompted others to place patent-facilitated 
limits on controversial innovations. These 
include Massachusetts Institute of Technology 
scientist Kevin Esvelt’s plan to enforce gene 
drive patents against academics who use the 
technology but do not disclose their research 
plans and attendant safety and ethical issues14. 
Similarly, these benefits likely dovetail with 
humanitarian instincts to license technologies 
in less-than-profit-maximizing ways, such as 
requiring the development and distribution 
of technologies to underserved populations15.

For other technologies, however, there may 
be substantial uncertainty regarding which 
patent licensing restrictions will maximize 
social welfare—or at least prevent social 
harm. Technologies like CRISPR that impli-
cate large numbers of disparate social inter-
ests may sound an alarm that drowns clear 
calls to action. As a result, some licensors may 
forego pursuing socially beneficial licensing. 
Alternatively, they may adopt license terms 
that are inconsistent or even mutually defeat-
ing. Taking the concern to its extreme, patent 
owners may even reject coordination and elect 
instead to separately pursue lucrative applica-
tions that are widely opposed as unethical, such 
as licensing CRISPR technologies for germline 
engineering.

These problems are not intractable, however. 
CRISPR stakeholders agree on the need for a 
coordinated response to the scientific, ethical, 
legal, social, and governance issues associated 
with human gene editing, and several major 
efforts are underway to develop relevant prac-
tices and policies. We believe that these efforts 
should include explicit consideration of patent 
licensing as a tool of privately driven gover-
nance, which thus far has been absent from the 
conversation. Further, as to any restrictions on 
CRISPR specifically, we urge the consideration 
of whether such restrictions should be incor-
porated in patent licenses.

In the meantime, and looking beyond 
CRISPR to other controversial biotechnolo-
gies such as non-invasive prenatal testing, we 
urge innovators to follow the Broad’s lead and 
adopt the practice of using patent licenses to 
restrict socially harmful applications of their 
technologies. Innovators should be encouraged 
to identify and address such instances in their 
patent licenses.

should be banned until relevant safety, effi-
cacy, and ethical issues have been resolved. 
Meanwhile, a National Academy of Sciences 
committee is gathering information for the 
purpose of guiding US policy (http://nation-
alacademies.org/gene-editing/index.htm).

Given the enormous challenges of develop-
ing practice and legal standards that appro-
priately balance the interests of individuals, 
society, and future generations, it is no sur-
prise that researchers and policy makers are 
approaching these issues cautiously and with 
great care. The slow pace of social and ethical 
reckoning, however, means that until stake-
holders fully process CRISPR’s potential, it is 
free to be used—and abused—with few legal 
constraints.

Notably, the use of patent licensing to limit 
applications has not yet entered the national 
or international policy conversation. Yet, the 
Broad’s recent license of its CRISPR patent 
portfolio to Monsanto exemplifies a potentially 
powerful new solution to this temporal prob-
lem: using patent licenses to restrict socially 
controversial applications of a technology. 
During a patent’s term, one may not practice 
an invention claimed in the patent without a 
license from the patent holder. By prohibit-
ing uses the patent holder deems unethical, a 
patent license can function as a tool of private 
governance. And because the patent right is 
limited in duration, this approach has a built-
in expiration date far enough in the future to 
provide policy makers and broader society 
more time to move deliberatively toward policy 
solutions.

According to the license agreed upon by the 
Broad and Monsanto, Monsanto may use the 
Broad’s CRISPR patents for agricultural pur-
poses, such as the production of seeds that 
resist drought or present improved nutritional 
profiles. In conducting this research, however, 
Monsanto may not engage in three activities 
that the Broad identified as raising ethical and 
safety concerns.

The prohibited activities are: (i) performing 
gene drives that spread altered genes quickly 
through populations, which can alter ecosys-
tems; (ii) creating sterile ‘terminator’ seeds, 
which would impose a serious financial bur-
den on farmers who would be forced to buy 
them each year; and (iii) conducting research 
directed to the commercialization of tobacco 
products, which might increase the public 
health burden of smoking12.

Two years earlier, and with much less fan-
fare, the Broad exclusively licensed its CRISPR 
patents to Editas Medicine for human disease 
prevention and therapeutic purposes, and 
that license also includes socially beneficial 
restrictions. Specifically, Editas agreed not to 

use the technology to modify human germ 
cells or embryos for any purpose or to modify 
animal cells for the creation or commercializa-
tion of organs suitable for transplantation into 
humans13.

Using patent licenses to pause worrisome 
applications of emerging biotechnologies has 
several advantages over formal policy mak-
ing and standard setting. First, this private 
solution is more efficient than formal policy 
making because it does not require consensus 
among many stakeholders but only the com-
mitment of a single entity: the patent owner. 
And because the patent owner is frequently 
the original developer of the technology, it 
can be in the best position to anticipate con-
troversial applications. Second, unlike most 
professional guidelines, licensing restrictions 
are enforceable in court, and a licensor may 
include penalties in the license for violating 
those restrictions. Third, unlike laws and gov-
ernment regulations, which are typically blunt 
policy instruments, patent licenses can be tai-
lored to the specific circumstances of their par-
ties, who are motivated to ensure that any use 
restrictions are appropriately narrow. Fourth, 
licensing restrictions are the products of nego-
tiation among affected parties and therefore 
should be associated with greater buy-in than 
federal statutes and institutional standards dic-
tated, sometimes, by lay politics.

Despite these advantages, we recognize that 
there are substantial barriers to using patent 
licensing as a mechanism for curbing contro-
versial technological applications. For one, 
adding ethically motivated use restrictions to 
licenses decreases the value of those licenses, 
since those who agree to such restrictions 
generally receive a discount to bear the addi-
tional burden. An institution with significant 
financial interests at stake in its patents may 
be unwilling to weaken the market for those 
patents by playing ethicist.

More broadly, however, patent owners may 
be torn about policing socially beneficial limits 
on their technologies since doing so requires 
making—and assuming responsibility for—
difficult assessments of the implications for 
local, national, and global communities. For 
example, how should a licensor consider 
the ethics of technologies likely to affect the 
sequencing of native peoples who might 
oppose such research?

Although evaluations like these are impre-
cise, with respect to applications like germline 
editing, it is easier to conclude that concerns 
associated with those applications cur-
rently trump their potential benefits. In such 
instances, the social benefits associated with 
voluntarily engaging in ethical licensing will 
spill over beyond those who merely comply 
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For the sake of transparency and to facilitate 
further socially beneficial licensing, innovators 
should also be encouraged to follow the Broad’s 
example of publicly disclosing the terms of 
and reasoning behind any license restriction 
policies they have adopted16. Where licensing 
includes confidential business information, 
the public does not need to know the financial 
details of a licensing deal. But if socially benefi-
cial licensing is truly for the public, the patent 
holder should inform the public of any terms 
of use that are adopted on its behalf.

As a mechanism for addressing controversial 
applications of biotechnologies like CRISPR, we 
do not suggest that private agreements are pref-
erable to, or should be used to the exclusion of, 
policy making or professional standards setting. 
We view these two systems—public regulation 
and private governance—as complements to 

each other. We hope simply to highlight the 
advantages of private agreements that have 
not yet been fully exploited. Most likely, some 
combination of public and private efforts will 
be necessary to ensure that CRISPR’s promise 
of public welfare is fully realized.
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