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Shire bites deeper into rare 
disease space
Dublin-based Shire has agreed to buy Dyax, 
a company with a rare disease treatment that 
bolsters its current portfolio in hereditary 
angioedema (HAE). With the proposed 
$5.9-billion acquisition of the Burlington, 
Massachusetts, company, Shire gets its hands 
on a drug to prevent attacks of HAE, adding to 
its existing franchise, which includes approved 
drugs Firazyr (icatibant), used to treat acute 
attacks of HAE, and Cinryze (C1 esterase 
inhibitor) for preventing such attacks. HAE is a 
rare genetic disease of the immune system that 
can cause spontaneous swelling anywhere in the 
body. It results from a deficiency of C1 esterase 
inhibitor activity, which in turn inhibits the 
activity of plasma kallikrein (pKal), a mediator 
of inflammation and other serine proteases in 
the blood. 
  Dyax’s antibody DX-2930, a long-acting 
injectable pKal inhibitor in phase 3 testing, 
would compete with and presumably supplant 
Cinryze, Shire’s second-biggest drug, based 
on DX-2930’s more convenient dosing and a 
more favorable cost of goods. Sales of Cinryze, 
priced upwards of $400,000 per year per 
patient, totaled $187.5 million for Shire in 
the third quarter of 2015, or 11.8% of total 
product sales. With Firazyr, the HAE franchise 
comprised 19.7% of product sales for the 
company. Dyax also brings to the table its 
approved pKal inhibitor Kalbitor (ecallantide) 
for treating acute attacks of HAE, but sales of 
that drug, which was first approved in 2009, are 
modest, ringing in at just under $18 million for 
the third quarter of 2015. Dyax is the latest in a 
string of multibillion-dollar acquisitions helping 
Shire maintain its position as the leading 
pharma firm squarely focused on rare diseases. 
Shire acquired Cinryze in a $4.2-billion buyout 
of Exton, Pennsylvania–based ViroPharma in 
November 2013. In January 2015, it paid 
more than $5 billion in cash for NPS Pharma 
(Nat. Biotechnol. 33, 226, 2015). Shire is also 
currently stalking Baxter International spinout 
Baxalta, in Deerfield, Illinois. In August 2015, 
it made a hostile offer of roughly $30 billion for 
the biologics-oriented maker of orphan drugs in 
hematology, oncology and immunology.

Genetically modified (GM) salmon was finally 
approved in November for commercial sale in 
the US—the first GM animal to be approved 
for human consumption. The fate of the 
fish, developed by Maynard, Massachusetts–
based AquaBounty Technologies, had been 
in regulatory limbo at the US Food and Drug 
Administration (FDA) since 1995. Animal 
geneticists say the long-awaited green light may 
open the door for the rest of the field. “It’s a 
great moment,” says Bruce Whitelaw, professor 
of animal biotech at the Roslin Institute at the 
University of Edinburgh in the UK. “The whole 
world has waited and watched to see what would 
happen.” 

Meanwhile, opponents of the fish have vowed 
to sue the FDA in an attempt to block its deci-
sion. And Congress in December passed legisla-
tion that would forbid sale of the salmon in the 
US until the FDA finalizes labeling guidelines 
and a program for informing the public.

AquaBounty’s product, dubbed 
AquAdvantage salmon, is engineered to pro-
duce sustained low levels of growth hormone, 
enabling it to reach market size about twice as 
fast as conventionally farmed Atlantic salmon, 
according to the company. The fish was trans-
formed with a growth hormone gene from 
Chinook salmon controlled by an antifreeze 
protein promoter and a terminator from ocean 
pout. The construct was first demonstrated in 
salmon in 1989.

Few companies have the ability to survive 20 
years in regulatory limbo. Indeed, AquaBounty 
nearly folded on several occasions. “For about 
three years in a row we came within a few 
weeks of being insolvent,” says Ron Stotish, 
CEO at AquaBounty. “Each time we managed 
to pull a rabbit out of the hat.” It helps to have 
a billionaire-owned company as a majority 

shareholder—Randal J. Kirk’s Germantown, 
Maryland–based Intrexon—that tends to take 
the long view (Nat. Biotechnol. 33, 1017–1018, 
2015). Intrexon first stepped in in 2012 after one 
of AquaBounty’s important shareholders bailed.

AquaBounty wasn’t alone in its hardships. 
The regulatory standstill has made animal 
biotechnologists question the commercial fea-
sibility of GM animals. “There’s been a sup-
pression of the whole field because of this,” says 
Whitelaw, who is developing virus-resistant 
pigs. “It has been difficult to get commercial 
backing and government funding because you 
come up against the argument that the product 
will never come to market,” he says. The delay 
also greatly depressed the ability to innovate or 
recruit young researchers to the field, says James 
Murray, an animal geneticist at the University of 
California, Davis, who is developing transgenic 
goats that produce in their milk an antibacterial 
protein that can prevent diarrhea. “We thought 
we’d be on version 2.0 or 3.0 of animals in agri-
culture. We’re still on version 1.0. They are the 
genetically engineered equivalent of your old 
flip phones,” Murray says.

The regulatory obstacles for salmon started 
before the process officially began. AquaBounty, 
originally known as A/F Protein, began discus-
sions with regulators in 1993, but at the time, no 
defined regulatory pathway existed for GM ani-
mals (Nat. Biotechnol. 29, 706–710, 2011). The 
company in 1995 opened an investigational new 
animal drug file with the FDA for the salmon, 
but the agency still wasn’t close to knowing what 
kind of data it would want to request from appli-
cants. It wasn’t until 2009 that the agency was 
able to finalize guidelines indicating what would 
be required in a GM animal application process.

AquaBounty’s application wasn’t being 
ignored during that time, say some researchers 

GM salmon declared fit for dinner plates

“Just focusing on cost scares me. It will 
undoubtedly disincentivize innovation.” 

Hans Bishop, CEO of Juno Therapeutics in 
Seattle, which is developing cancer treatments 
based on engineering immune-system cells. 
(Forbes, 3 December 2015)

“Common sense and scientific logic says 
that it is impossible to have two identical 
plants where growth of one is, in reality, 
forbidden while the other can be grown with 
no restrictions.” Stefan Jansson, professor 
at Umeå Plant Science Centre, speaking of 
plants modified with gene editing tools. In 
December, the Swedish Board of Agriculture 
declared that some plants edited by CRISPR/
cas9 are not GMO by definition. (Umeå Plant 
Science Center News, 7 December 
2015)

Fish hatchery tanks in AquaBounty’s hatchery facility, PEI, Canada.
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potential effects of elevated levels of insulin-like 
growth factor 1 found in the transgenic fish. 
Others contended that the rigor of the regula-
tory process was unnecessary, and still others 
called for the fish to be reviewed under a differ-
ent regulatory route altogether.

FDA was “operating under the presumption 
that if you have an open dialog, you can get a 
consensus,” says Stotish. “And there may be areas 
where that’s possible. But when it comes to the 
review of scientific applications...it can’t be by 
referendum. It can’t be by consensus.” Stotish 
notes that although the period without a clear 
regulatory pathway went on “far too long” the 
actions of individuals at the FDA were well-
intentioned. “This was not a failure of the 
reviewers,” he says. “And we’re not bitter.”

In the middle of the drama, the FDA in 2009 
approved, to far less opposition, the first trans-
genic animal drug: ATryn—a recombinant 

familiar with the history. “It’s not like the FDA 
had been sitting on its hands,” says Alison Van 
Eenennaam, an animal genomics extension 
specialist at the University of California, Davis, 
who served on a veterinary medicine advisory 
committee that reviewed the salmon. “The FDA 
did all sorts of consultations with industry and 
nongovernmental organizations for about ten 
years” in an attempt to figure out how to pro-
ceed in a way that satisfied stakeholders, she 
says. The FDA also during that time consulted 
with risk assessment experts and other regula-
tory authorities.

The chasm between the demands of the inter-
ested parties was expansive, and some contend 
that the FDA spent too much time trying to 
satisfy everyone. Among the litany of griev-
ances, interested parties raised questions about 
the allergenicity of the salmon and the lack of 
long-term human feeding safety studies and the 

Box 1  AquaBounty’s safety nets

Much of the fear surrounding engineered salmon is predicated on the idea that the fish 
could escape confinement and wreak havoc on wild populations. Those concerns have been 
raised by Congress members, activists and consumer groups.

After visiting AquaBounty’s facilities and reviewing data submitted by the company, the 
FDA concluded that the likelihood of AquAdvantage salmon escaping confinement at any 
life stage is “extremely low” due to the “multiple, redundant” and physical and biological 
containment measures. The agency also concluded in its nearly 200-page environmental 
assessment that the chances of escaped fish surviving, reproducing and altering the 
environment are almost zero.

AquaBounty produces its salmon in two facilities: an egg production site on Prince 
Edward Island, Canada, and a grow-out facility in Panama. Both are land-based facilities 
with water flow systems that discharge into local rivers. At both facilities there are at least 
four barrier points in every possible water route that are inspected daily. The company’s 
security measures against malicious mischief and natural disaster were “acceptable” at both 
sites, the agency said in the report.

Should fish escape the facility, the chances of them surviving are very low. The 
conditions of the local rivers adjacent to the production sites offer suboptimal habitats, the 
environmental report stated. At the Panama facility, downstream hydroelectric energy plants 
create lethally high water temperatures that would prevent migration past that point. Atlantic 
salmon do not inhabit the waters in the vicinity of the facility, which is perched at 5,000 
feet above sea level. At the Canadian site, high salinity and, at certain times of the year, 
low water temperatures would not likely support early life stages of AquaBounty’s fish. The 
waters may be suitable for some life stages during part of the year, although Atlantic salmon 
are not known to inhabit the waters near the site. In general, the chances of an escaped 
farmed fish being able to adapt to a wild prey diet is low, the report said. 

If escaped fish manage somehow to survive, AquaBounty has incorporated another safety 
layer. The company produces all-female eggs using the reproductive methods gynogenesis 
and sex reversal, and renders them sterile with a pressure shock treatment common in 
aquaculture known as triploidy. This induces fish to have three sets of chromosomes, rather 
than two, and interferes with the formation of gametes—cells that become eggs or sperm. A 
triploid female should be effectively sterile, the FDA says, although there have been isolated 
reports of potential reproductive capabilities in such fish. AquaBounty must maintain a 95% 
triploidization success rate, and rates so far have been 99.8% on average. 

The Canadian facility separately houses diploid salmon used for the production of 
AquAdvantage salmon. These fish are reproductively competent and contain the engineered 
growth hormone gene construct. It is these fish, the FDA reported, that would pose the 
“greatest potential risk to the environment” should an escape occur, although large numbers 
of escaped fish would be required for reproduction and establishment, the FDA said. EW

“Geneticists are concerned 
transhumanists will use CRISPR 
on themselves.” Headline on Alex 

Perlman’s story in Motherboard, reporting 
on the meeting convened in Washington, 
DC, on editing the human germline. 
(Motherboard, 3 December 2015)

In response to the above: “As someone 
who uses CRISPR every day, I can 
only say: good luck, dudes.” (Deoxy 
Ribonucleic@c0nc0rdance 3h,  
7 December 2015)

Gates champions CureVac
German biotech CureVac racked up  
$100 million in new funding to advance 
vaccines based on its mRNA platform. In 
November, Bill & Melinda Gates Foundation 
joined German billionaire Dietmar Hopp to 
back the University of Tubingen spin-off, 
which has now accrued $330 million. The 
venture syndicate included management 
firm Baillie Gifford, Chartwave Limited, 
Coppel Family, Elma Investments and Sigma 
Group. Tubingen-based CureVac uses natural, 
chemically unmodified mRNAs to develop a 
range of therapeutic and prophylactic vaccines 
against cancer and infectious diseases. Its most 
advanced candidate is in a phase 2b study in 
prostate cancer. The company is also exploring 
the platform to formulate molecular therapies 
that coax cells to produce their own protein 
therapeutics, an approach that has garnered 
close to a billion dollars for preclinical player 
Moderna Therapeutics. Earlier, in September, 
the German biotech opened operations in 
Cambridge, Massachusetts. In March, the Bill & 
Melinda Gates Foundation invested $52 million 
in CureVac, one of the foundation’s largest 
investments.

Mexico dengue vaccine first
The first vaccine to prevent dengue, DengVaxia, 
now has the go-ahead to market in Mexico. 
On December 9 the Federal Commission for 
Protection against Sanitary Risks, approved the 
tetravalent dengue vaccine to prevent disease 
in all four dengue virus serotypes for individuals 
living in endemic areas. Lyon, France–based 
Sanofi Pasteur completed phase 3 clinical 
efficacy trials in Latin America in late summer 
2014 (Nat. Biotechnol. 32, 605–606, 2014). 
Dengue is caused by one of four related but 
distinct flavivirus serotypes spread by infected 
Aedes aegypti mosquitoes. No other approved 
vaccines or antivirals exist for dengue, the 
world’s fastest-growing tropical disease. The 
World Health Organization estimates the virus 
causes 400 million infections each year. 
Observers raised doubts over the vaccine’s 
prospects after a 20,000-patient trial in Central 
and South America resulted in 50%, 74% and 
77% protection against serotypes 1, 3 and 4, 
respectively, but only 35% against serotype 
2. The Mexican authorities’ decision to grant 
marketing authorization is a historic milestone 
for Sanofi, that has been developing the vaccine 
for 20 years, CEO Olivier Brandicourt said. 
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build new ones or make any substantive manu-
facturing change, it must get permission from 
the FDA, says Stotish. The company has not yet 
asked Panamanian officials if its salmon can be 
exported, he says. That’s part of the company’s 
next steps, along with finalizing a business plan, 
he says.

Since the FDA’s approval, another potential 
hiccup for GM salmon emerged. In a tiny sec-
tion buried in the $1.1 trillion spending bill 
passed in December, US lawmakers instructed 
the FDA to forbid the sale of food that contains 
genetically engineered salmon “until the FDA 
publishes final labeling guidelines for inform-
ing consumers of such content.” The paragraph 
also instructed FDA to “implement a program to 
disclose to consumers whether salmon offered 
for sale to consumers is a genetically engineered 
variety,” and told FDA to spend no less than 
$150,000 on the two efforts.

What the decree means for AquAdvantage 
salmon, which won’t be ready for market for at 
least two years, is unclear. Policy experts con-
tacted by Nature Biotechnology say the law leaves 
the labeling issue at the discretion of the FDA. 
The language of the bill is flexible enough that 
the agency could satisfy the provisions without 
mandatory labeling, these attorneys say.

The FDA has already published a draft of such 
labeling guidelines. The document provides 
wording suggestions for companies that want to 
voluntarily label food to indicate that it does or 
does not contain genetically engineered salmon. 
But such labels are not required. The guidelines 
await finalization following a 60-day public 
comment period that began November 24.

For the rest of the field, there are signs that 
the salmon’s approval may kick-start invest-
ment. One company, AgGenetics, a spin-out of 
Vanderbilt University in Nashville, Tennessee, 
was contacted by an investor the day after FDA’s 
approval, says James West, a co-founder of the 
company and a geneticist at the university. 
“We’ve been contacted by multiple groups that 
had kind of ignored us before the approval, 

human antithrombin alpha produced in milk 
from transgenic goats. The protein, an anti-
coagulant produced to treat hereditary anti-
thrombin deficiency, was developed by GTC 
Biotherapeutics, now known as rEVO Biologics 
in Framingham, Massachusetts. The company 
did not seek approval for consumption of the 
milk or meat from the goat, as the company felt 
that would be unnecessary, says Yann Echelard, 
CEO of rEVO. “That would be a tortuous, con-
troversial project with really no value added for 
us, as we are focused on the development of 
therapeutic proteins,” he says.

By 2010, AquaBounty had submitted nearly 
all its data on the salmon, and the FDA released 
a preliminary analysis finding that the fish was 
safe. Later that year, the agency convened a pub-
lic meeting of the veterinary medicine advisory 
committee that affirmed the FDA’s conclu-
sions. A draft environmental assessment was 
expected next, which was eventually published 
in December 2012.

Finally, in November 2015, the FDA issued an 
approval of AquAdvantage salmon and released 
a final environmental assessment finding no 
major impact. All told, the FDA documented 
more than 360,000 public comments on the 
draft environmental assessment and the vet-
erinary medicine advisory committee meeting. 
AquaBounty, for its part, spent over $85 million 
bringing the fish to market. “That’s a sunk cost 
and we don’t worry about that,” says Stotish. 
“We are confident we will be able to grow our 
business and provide an excellent return to our 
investors,” he says.

As a condition of the approval (Box 1), FDA 
says AquaBounty must limit manufactur-
ing to two contained, land-based sites: an egg 
 production facility on Prince Edward Island, 
Canada, and a grow-out facility in the high-
lands of Panama, where the eggs will be hatched, 
grown and harvested. That facility has a capacity 
of about 100 tons—a tiny fraction of the esti-
mated $2-billion market for Atlantic salmon. 
If AquaBounty wants to expand its facilities or 

and are now interested in the potential of gene-
edited livestock,” he says. AgGenetics is engi-
neering Angus cattle to have black skin and 
short white hair—a phenotype that enables 
them to tolerate warmer climates. 

Outside the US, researchers tell tales of 
regulatory nightmares similar to that at the 
FDA. They now hope the salmon approval 
will open doors in their own countries, too. A 
fast-growing transgenic tilapia was developed 
in Cuba and presented to authorities there in 
the early 1990s, when no approval path existed. 
After wrangling with regulators for 15 years, the 
developers of the tilapia tired of the struggle and 
moved to nontransgenic methods to manipu-
late growth, says Fidel Ovidio Castro, an animal 
geneticist at the Universidad de Concepción in 
Chile, who worked on transgenic fish in Cuba 
in the early 1990s. In China, researchers are 
pursuing a fast-growing transgenic carp that 
was first developed in the 1980s. But no clear 
regulatory pathway to commercialization exists 
there either, says Ran Zhang, an associate profes-
sor at China Agricultural University in Beijing. 
“The FDA’s decision on salmon increases sci-
entists’ confidence and surely will [encourage]
the Chinese government to speed up the pace of 
commercialization,” she says.

Despite the FDA’s landmark decision, many 
animal scientists are still concerned about the 
high regulatory bar. “Even if the process goes 
twice as fast for the next product, I’m still out 
of business,” says Scott Fahrenkrug, founder 
of Recombinetics, a company using gene edit-
ing techniques to develop hornless cattle and 
other traits for animal productivity and health. 
Indeed, the salmon’s regulatory saga may not be 
over. The Center for Food Safety in Washington, 
DC, and other groups vowed to sue the FDA to 
block the decision. Courts have found federal 
agencies’ assessments of engineered organ-
isms deficient on more than one occasion in 
the past. In one lawsuit, planting and sales of 
GM alfalfa were halted after a court ordered 
the US Department of Agriculture (USDA), 
which oversees most GM plants, to conduct a 
more thorough environmental analysis than the 
one used for the approval (Nat. Biotechnol. 29, 
179–180, 2011).

The regulatory landscape may shift yet 
again in the coming year, adding to the uncer-
tainty. The White House Office of Science 
and Technology Policy in July ordered the 
FDA, the USDA and the Environmental 
Protection Agency to update the Coordinated 
Framework—a document that guides all US 
regulation of biotech products (Nat. Biotechnol. 
33, 1221–1222, 2015). Indeed, for those in the 
plant and animal biotech fields, 2016 may prove 
to be an intense and uncertain year.

Emily Waltz Nashville, Tennessee

AquAdvantage Salmon (background) vs. non-transgenic Atlantic salmon sibling of the same age. Both 
will reach the same size at maturity.
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