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EXECUTIVE SUMMARY

Recommendations

U.S. regulatory oversight of synthetic

biology across the board needs to be
modernized to reflect and address the
promising technologies routinely entering

the market. From a statutory perspective,

the pertinent laws appear sufficiently broad

to empower federal agencies to address
potential risks and promote the potential
benefits of synthetic biology. The regulatory
infrastructure, however, is ill-suited to address
all the regulatory implications of new products
derived from synthetic biology.

Improvements that are urgently needed
include:

e Increased funding to federal agencies,
including “embedded” new technology
stewards in each office of all relevant
federal agencies to monitor and
coordinate topics of emerging
technologies and share information with
other agency offices

e Dedicated centers of technological
excellence in pertinent federal offices to
stay abreast of new developments

e Regular routine intervention by industry
and academic innovators to brief
government agencies on trends,
developments, and challenges

e |mplementation of an ongoing process
to demystify synthetic biology and its
products so that they are more clearly
and accurately understood by federal
decision-makers and the public

e Developing a long-range, government-
wide strategy to assure that, going
forward, the regulation of synthetic biology
encourages innovation while timely
identifying and addressing risks through a
science-based, transparent process that
encourages public confidence

Some of these recommendations are
reflected in a July 2, 2015, memorandum
issued by the White House Office of Science
and Technology Policy that directs the
Environmental Protection Agency (EPA),
Food and Drug Administration (FDA), and
the Department of Agriculture (USDA) to
update the 1986 Coordinated Framework
for Regulation of Biotechnology, under which
these agencies have proceeded for nearly
three decades. The directive to revise the
Coordinated Framework is long overdue.
Developments in synthetic biology will not
halt during the overhaul of the Coordinated
Framework. Improvements in regulatory
oversight can and should be put into place,
even while the updating of the Coordinated
Framework is in progress.

Report Summary

As highlighted in this report, especially in
the illustrative case studies, competing and
sometimes conflicting jurisdictional issues
confound, if not frustrate, prompt and
effective government oversight of synthetic
biology. The novelty of some technologies
challenges even government staff in sorting
out which agency has primary jurisdiction
over a particular product or new technology
or which office within an agency should be
exercising regulatory oversight.




The Oxitec case study highlights the threshold
regulatory issues that can arise within a
single agency — in this case, the FDA -- in

the synthetic biology context. Oxitec has
developed a genetically engineered mosquito
that is highly effective in decreasing the
population of disease-carrying A. aegypti
mosquitos through breeding after the
engineered mosquito is released into the wild.
But the Oxitec mosquito does not fit cleanly
into any FDA regulatory category; eventually
it was determined to assess it as an animal
drug by one office of the FDA rather than by
another FDA office as a human drug though
its ultimate goal is to reduce yellow fever

and allied diseases in human beings -- and
hence to act as a human drug. Uncertainty

is expensive. Without a reliably defined
regulatory assessment pathway, innovation

is discouraged. For Oxitec, a threshold
question even had arisen whether the USDA,
rather than FDA, should be in charge if the
engineered mosquito could be described as a
pest control technology.

Where the synthetic biology product is

a cosmetic ingredient, uncertainties are
magnified because cosmetics, in most cases,
are not subject to pre-market review by

FDA, which typically relies on enforcement
authorities it can deploy against improperly
labeled cosmetics already on the market.
Accuracy in labeling is a slippery slope when
it comes to synthetic biology, as described in
the case study on squalene, an emollient in
lotions. The best source of natural squalene
is shark oil, but with some shark species
deemed endangered and plant sources often
uneconomical, the biotechnology firm Amyris
has developed and is marketing synthetic
squalene, apparently through the engineering
of proprietary yeast strains, for cosmetic use.
This poses the question whether synthetically

derived squalene is the same for regulatory/
labeling purposes as squalene from fish oil or
plant oil sources. Consumers are entitled to
accuracy in labeling, but neither consumers
nor product developers are well served if

the regulatory agency in charge has not
addressed and clarified the issue ahead of
the launch of the cosmetic product in the
commercial market.

The fundamental issue of which regulatory
statute applies to a synthetic biology product
can be unexpectedly complex, as depicted
by the PBAN case study. PBAN is a naturally
occurring substance that encourages female
insects to produce pheromones to attract
males for mating; researchers have developed
a genetically modified strain of E. coli that
yields a synthetic PBAN used in an innovative
process for moth control. Mixed with a sugar
solution, the synthetic PBAN is placed in

a trap as food for female moths, inducing
them to produce pheromones, which in turn
attracts male moths into the trap. The use

of a biopesticide in a trap for purposes of
mitigating a pest typically requires registration
under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA), despite a FIFRA
exemption for pheromones; synthetic PBAN,
while inducing pheromone production, is not
itself a pheromone. Thus PBAN is subject to
FIFRA although it is a more benign approach
to pest control than is a conventional
pesticide. As the case study notes, if synthetic
PBAN had obtained the benefit of the FIFRA
exemption, it still might be subject to the
Toxic Substances Control Act (TSCA) or other
authorities. Depending on its use, and on
whether other substances would be placed
in the trap along with it, other regulatory
scenarios could be triggered. The process

of deciding whether and how to regulate a
synthetic biology product may well require as
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much effort as the regulatory process itself.

In some instances, synthetic biology products
go without regulatory oversight because the
relevant statute, as read by the implementing
agency, does not cover them. The Plant
Protection Act (PPA) extends only to “plant
pests,” a defined term that USDA's Animal and
Plant Health Inspection Service (APHIS), in a
reading affirmed by a federal appeals court,
construes the term to exclude genetically
engineered plants from regulation unless

the plants themselves, the genetic material,
or the engineering method involve plant
pests. For this reason, APHIS declined to
take jurisdiction over either “BioGlow” or the
“Glowing Plant” as the case study illustrates.
The former now commercialized and the latter,
an open-source technology funded through a
Kickstarter campaign. Seeds of the glowing
plant were made available to consumers

as supporter bonuses and in Do-It-Yourself
(DIY) kits where individuals can make the
genetic transformation themselves. Synthetic
biology was far in the future when the original
legislation that became the PPA was enacted
—and it shows.

Not only is the underlying legislation often
ill~equipped to address the challenge of
commercialized synthetic biology, the
problem is exacerbated at the implementing
agency level. Given the extreme and growing
shortages in government staff and funding
throughout the federal agencies, including
those whose regulatory reach extends to
synthetic biology, technological literacy
remains a critical problem. Government
personnel with institutional know-how and
expertise are retiring from the workforce
and not always being replaced, and those
who are added are not being provided

with opportunities to understand fully new
synthetic biology technologies entering the
commercial space. In addition to the recom-
mendations outlined above, better, more
systematic, and routine communication and
coordination between and among federal
agencies is also urgently needed. The
deeply-embedded stove piping confounds
communication and coordination within

and among government offices and blunts
opportunities for more efficient, informed
reviews of new products moving to market.




INTRODUCTION

Biology focuses on cells as basic life units,
and genes as basic units of code that define
heredity. Scientists long ago mastered
engineering genes to functionalize desirable
traits and removing genes from one organism
and inserting them into another organism

to achieve a specific intended scientific or
commercial purpose. While there are many
definitions of synthetic biology, key to each
are the notions of scope and speed. While
the underlying principles of synthetic biology
are the same as those from traditional
recombinant DNA (rDNA) techniques, what
is different about synthetic biology, and
important from a governance perspective,

is the scope and speed of genetic change
that synthetic biology can achieve. The
application of standardized engineering
techniques to biology can kick-start quickly
and relatively inexpensively the creation of
organisms and entire biological systems
with novel or specialized functionalities,

and these techniques are widely accessible
to both institutional and non-institutional
stakeholders, including the citizen science
community.

This report discusses synthetic biology,
reviews the U.S. regulatory system that
governs products of synthetic biology and
assesses whether this system is effective
in managing potential risks of synthetic
biology and maximizing its benefits. We
first provide an overview of what synthetic
bioclogy is, provide some historical context,
and summarize current applications of this

technology in various commercial sectors.
Next we provide a detailed summary of the
domestic government oversight of synthetic
biology. The regulation of products of
synthetic bioclogy is juggled, and not always
clearly so, among three federal agencies,
various federal laws, and the Coordinated
Framework, which the federal government
recently announced it will modernize. The
regulatory framework that has evolved is
complicated, increasingly circuitous, and
not for the faint of heart. First-time and
experienced innovators alike are increasingly
vexed by the daunting jurisdictional divides
crafted years ago based on fundamentally
different kinds of products and technologies.
We illustrate these anomalies through case
studies under each of the key federal statutes
-- TSCA, FIFRA, Federal Food, Drug, and
Cosmetic Act (FFDCA), and PPA -- and the
application of the regulatory system under
each to new products of synthetic biology.
These case studies crystalize the challenges
regulators and innovators face in bringing
new products of synthetic biology to market
and the anomalous and often counterintui-
tive if not bewildering governance results that
arise under current regulatory frameworks.

Our hope in writing this report is to support
the development of synthetic biology, identify
lapses in the current domestic governance
of synthetic biology, and suggest solutions
to ensure responsible stewardship of this
technology.
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COMMERCIAL APPLICATIONS OF
SYNTHETIC BIOLOGY

As with many emerging technologies,
applications of synthetic biology are diverse.
It is clear synthetic biology is capable of
delivering on its promise of clean energy,
personalized medicine, pollution remediation,
and other benefits. What is less clear is
how the potential for harm through the
inadvertent release of organisms or other
bioactive materials into the environment will
be prevented. To appreciate the breadth

of synthetic biology’s utility and better
understand the reasons for both cautious
enthusiasm and guarded concern, we
describe below a few of this technology’s
diverse applications.

Agricultural and Environmental

The utility of rDNA technology is not new

to the agricultural community, and plant
engineering and animal breeding have

been part of the agricultural landscape for
years. Synthetic biology builds upon these
techniques and takes them to a whole new
level. Synthetic biology offers the promise of
diminished reliance on chemicals that may
leave damaging environmental footprints,
greener grass that requires infrequent
mowing, and the development of a broad
array of products that enhance the efficiency
of conversion, ultimately from sunlight into
proteins and carbohydrates, and agricultural
waste material into useful substances.

A few examples of commercial applications
illustrate the diversity of synthetic bioclogy in
the agricultural sector. Monsanto Company’s
(Monsanto) acquisition of Agradis, Inc. in
2013, a privately-held company focusing on
agricultural biologicals, reflects Monsanto’s
enduring interest in synthetic genomics

and the utility of plant microbes to make
crops more drought and disease resistant.

AgraCast, another privately-held company
harnessing the potential of synthetic biology,
focuses on plant breeding techniques to
improve the “harvestability” of castor oil and
sweet sorghum crops. The Company has

a business unit that is developing natural,
anti-fungal products that can be used to
treat fruit and vegetables post-harvest to
make them mold resistant. Many of these
new technologies build upon traditional rDNA
technology, cloning, and related genetic
engineering techniques.

Synthetic biology has many applications

in the environmental arena. Engineered
organisms are being developed to consume
toxic chemicals in water and soil that would
not otherwise decompose. Biosurfactants,
naturally produced by bacteria or fungi and
generally environmentally friendly to aquatic
organisms, can be used to maximize the
efficiency of bioremediation efforts.” Synthetic
biofilms are being developed for use as
environmental biosensors to monitor soil from
environmental degradation or nutrient levels
in the sail.

Healthcare

As in agribusiness, genetic engineering is
no stranger to healthcare and has been
used for decades in the medical community
to engineer bacteria to produce insulin

and accelerate the development of other
vaccines. Synthetic biology is expected to
enhance greatly these practices and speed
and streamline new product development.
With industrial fermentation processes,
synthetic biology could use engineered/
created microorganisms as factories to
produce high qualities of medical chemicals
at low cost, such as artemisinin, a malaria
medication. In this case, a cluster of modified



genes taken from the mevalonate pathway
of plant Artemisia annua are implanted
into yeast that produces a precursor to
artemisinin, artemisinic acid.?

Synthetic biology is expected to take
“concierge medicine” to a whole new level.
Personalized medicine seeks to harvest the
potential of genomics to engineer highly
specific, patient-tailored approaches to
medical care. Synthetic biology will greatly
enhance these efforts and promises one day
to offer patient-specific solutions to medical
challenges. Custom proteins “may eventually
enable the delivery of ‘smart proteins’ or
programmed cells that self-assemble at
disease sites.”® While these solutions are at
the early stages of development, their utility
in solving some of the many challenges
healthcare poses is exciting.

Industrial Chemicals

Research using synthetic bioclogy in the
manufacture of petroleum-based plastics

is underway. Polylactic acid, acrylic, and
isoprene using metabolically engineered
microorganisms with synthetic gene clusters
are in production now. Other promising
applications include the chemical Salmonella
spp., which can be engineered with synthetic
genes encoding silk monomers to produce
spider silk.* Saccharomyces cerevisiae yeasts
are engineered by using synthetic biology
methods to produce fragrances such as
synthetic vanilla, biobased succinic acid, and
renewable adipic acid.

Renewable Energy

The production of biofuels and other
renewable energy sources offer especially
high profile opportunities to diminish reliance
on petroleum-based feedstocks and

reduce global warming emissions. Various
alternatives to more conventional production
techniques using synthetic biology include
the production of cellulosic ethanol from cell

walls (not corn) to produce bioalcohols using
synthetically manipulated biomass.® Biofuels
can also be produced from modified algae
that rely upon photosynthesis to produce
bio-oils, including biodiesel, more easily than
more conventional chemical processes.
Synthetic biology can improve the speed
and efficiency of converting biomass into
advanced biofuels using less energy and
yielding more by using so-called “super-fer-
menting” yeast and bacteria.

Biosecurity

Biosecurity generally refers to measures
needed to prevent the misuse of biological
agents and organisms with the intent to

do harm.® The National Science Advisory
Board of Biosecurity, an independent federal
advisory committee that advises the federal
government on biosecurity issues, noted
that “[b]iosecurity refers to the protection,
control of, and accountability for high-
consequence biological agents and toxins,
and critical relevant biological materials

and information, to prevent unauthorized
possession, loss, theft, misuse, diversion,
or international release.”” Synthetic biology
enables the precise identification of
biological agents of concern that could be
developed synthetically or semi-synthetically.
Researchers may tag or “brand” the genetic
code of new organisms with the hope that
this tagging process may dissuade malicious
uses of the material. Other methods, which
include embedding “suicide” genes into

the genome of a new organism to inhibit
survival outside of a contained environment,
offer a potentially more reliable means to
counter biosecurity threats. Similar tools can
be developed to ensure planned organism
death in targeted circumstances. As with any
emerging technology, uncertainties remain
regarding the efficacy of such strategies as
research in these applications is at an early
stage of development.
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CURRENT U.S. OVERSIGHT OF
SYNTHETIC BIOLOGY

Coordinated Framework for Regulation of

Biotechnology

There has been no new legislation enacted to
address synthetic biology or related emerging
technologies. Instead, the U.S. regulatory
authorities have relied upon existing statutory
authorizations to address new products. An
overview of the pertinent federal authorities

is presented below. The adequacy of these
existing authorities is explored in the case
studies in the next section of this report.

The federal oversight of products of
biotechnology is directed through the
Coordinated Framework issued in 1986 by
the Reagan Administration’s White House
Office of Science and Technology Policy
(OSTP).2 Concern with oversight began much
earlier. In 1975, growing unease with the
potential for release of genetically modified
organisms into the environment inspired the
gathering of some 140 scientists, lawyers,
ethicists, and others in Monterey, California,
for the Congress at Asilomar. The Congress
led to the issuance in 1976 of the National
Institutes of Health (NIH) Recombinant DNA
Guidelines (NIH Guidelines),® which offer
recommendations for best practices for
producers and users of genetically modified
organisms. Adherence to the NIH Guidelines
is mandatory for investigations at institutions
that receive NIH funds doing research
involving rDNA. 1

Recognizing that many federal agencies have
jurisdiction over products of biotechnology,
the Coordinated Framework sets forth

an organizational blueprint for federal
agencies and establishes lead responsibili-
ties for the federal oversight of products of
biotechnology. The core premise of the
Coordinated Framework is that the legal
authorities that existed in 1986, authorities
that remain largely unchanged today, provide
federal regulators sufficient authority to
manage any health or environmental risk the
products of biotechnology may pose.

The Coordinated Framework was intended to
be a flexible governance construct capable
of nimbly adjusting to new science and not
shackle legal authorities rigidly to specific
biotechnology products. Risks are assessed
on a case-by-case, product-by-product basis
and focus on a product’s application and its
intended use, not on the technology itself.
This risk-based approach is quite different
from the European Union’s (EU) approach,
which is based on the Precautionary Principle
and is likely more restrictive when applied

to emerging technologies, as risks tend to

be inherently more uncertain, ill-defined,

and incomplete than those of more mature
technologies.™



Under the Coordinated Framework, three
federal agencies are principally responsible
for regulating products of biotechnology:
USDA (and, in particular, APHIS), EPA, and
FDA. APHIS is responsible for regulating

field trials of genetically modified crops

and plants under the PPA. EPA regulates
genetically engineered microbes under TSCA
and genetically engineered pesticides and
pesticides incorporated into plants under
FIFRA. FDA regulates a broad spectrum

of products, including human and animal
drugs, cosmetics, dietary supplements, food,
food additives, and medical devices, among
others. Exactly how each agency regulates
products of biotechnology, pursuant to what
legal authority, and when in the commercial-
ization process regulatory oversight attaches
varies considerably. These regulatory
programs are discussed briefly below.

The White House OSTP, Office of
Management and Budget (OMB), U.S. Trade
Representative (USTR), and the Council

on Environmental Quality (CEQ) issued a
memorandum on July 2, 2015, directing EPA,
FDA, and USDA to update the Coordinated
Framework. A July 2, 2015, OSTP blog

item entitled “Improving Transparency and
Ensuring Continued Safety in Biotechnology”
notes that the complexity of the array

of regulations and guidance documents
developed by EPA, FDA, and USDA “can
make it difficult for the public to understand
how the safety of biotechnology products

is evaluated, and navigating the regulatory
process for these products can be unduly
challenging, especially for small companies.”
The memorandum states that the

objectives “are to ensure public confidence

in the regulatory system and to prevent
unnecessary barriers to future innovation

and competitiveness by improving the
transparency, coordination, predictability, and
efficiency of the regulation of biotechnology
products while continuing to protect health
and the environment.”

The memorandum states that federal
agencies regulating biotechnology products
“should continually strive to improve
predictability, increase efficiency, and reduce
uncertainty in their regulatory processes and
requirements.” Improvements must:

e Maintain high standards that are based
on the best available science and
that deliver appropriate health and
environmental protection;

e Establish transparent, coordinated,
predictable, and efficient regulatory
practices across agencies with
overlapping jurisdiction; and

e Promote public confidence in
the oversight of the products of
biotechnology through clear and
transparent public engagement.

The memorandum initiates a process

to help advance these aims, beginning
with the following one-year objectives: (1)
development of an updated Coordinated
Framework to clarify the roles and respon-
sibilities of the agencies that regulate the
products of biotechnology; (2) formulation
of a long-term strategy to ensure that the
federal regulatory system is equipped to
assess efficiently the risks, if any, associated
with future products of biotechnology while
supporting innovation, protecting health
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and the environment, promoting public
confidence in the regulatory process,
increasing transparency and predictability,
and reducing unnecessary costs and
burdens; and (3) commissioning an external,
independent analysis of the future landscape
of biotechnology products. According to

the memorandum, the following elements
will support the process to achieve these
objectives:

e Biotechnology Working Group
Under the Emerging Technologies
Interagency Policy Coordination
Commiittee: The Biotechnology
Working Group will include representa-
tives from the Executive Office of the
President, EPA, FDA, and USDA.

e Mission and Function of the
Biotechnology Working Group:
Within one year of the date of the
memorandum, the Biotechnology
Working Group shall take steps detailed
below and others, as appropriate, to
increase the transparency, coordination,
predictability, and efficiency of the
regulatory system for the products of
biotechnology. The Working Group will:

(1) Update the Coordinated Framework
to clarify the current roles and respon-
sibilities of the agencies that regulate
the products of biotechnology, after
input from the public; and

(2) Develop a long-term strategy
to ensure that the federal
regulatory system is equipped to
assess efficiently the risks, if any,
associated with future products

of biotechnology while supporting
innovation, protecting health and
the environment, maintaining
public confidence in the regulatory
process, increasing transparency
and predictability, and reducing
unnecessary costs and burdens.

Independent Assessment: EPA,
FDA, and USDA shall commission an
external, independent analysis of the
future landscape of biotechnology
products that will identify (1) potential
new risks and frameworks for risk
assessment, and (2) areas in which
the risks or lack of risks relating to the
products of biotechnology are well
understood. The review will help inform
future policymaking. Due to the rapid
pace of change in this arena, an external
analysis should be completed at least
every five years.

Budgeting for Efficiency: EPA, FDA,
and USDA shall work with OSTP and
OMB, within the annual President’s
budget formulation process, to
develop a plan for supporting the
implementation of this memo in agency
fiscal year (FY) 2017 budget requests
and, as appropriate, in future budget
submissions.

Annual Reporting: For at least five
years, starting one year after the release
of the strategy described above, the
Biotechnology Working Group will
produce an annual report on specific
steps that agencies are taking to
implement that strategy and any other



steps that the agencies are taking to
improve the transparency, coordination,
predictability, and efficiency of the
regulation of biotechnology products.
This report will be made available to the
public by the Executive Office of the
President.

The OSTP blog item states that the
administration recognizes the importance of
public engagement throughout this process.
As part of this process, the administration
will hold three public engagement sessions
over the year in different regions of the
country. The first listening session will occur
in Washington, D.C. in fall 2015. According
to the blog, the update to the Coordinated
Framework will undergo public notice and
comment before it is issued in final. The blog
item includes a link to sign up to be kept up
to date on these activities.
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Federal Food, Drug, and Cosmetic Act

The Food and Drug Administration’s (FDA)
oversight under the Federal Food, Drug, and
Cosmetic Act (FFDCA) is vast. According to
FDA, 20 cents of every dollar spent in the
U.S. relates to products FDA oversees.'?

The legal and regulatory framework pertinent
to any specific commercial product varies
considerably and, as such, complicates an
effort to draw useful general rules that will
apply to the products of new technologies.'®
As discussed in depth in an insightful
scholarly analysis, a consistent theme running
throughout the regulatory construct is that
governance under the FFDCA largely turns on
the concept of a statutorily defined “product”
rather than a defined manufacturing process
of which the product of concern is an
endpoint.

As the Paradise and Fitzpatrick article
discusses, the rigidity of an approach driven
by statutorily defined “products” makes it
less than nimble in the context of synthetic
biology. Both the inflexibly defined products
and the separate FDA “Centers” that regulate
them contribute to a balkanization of the
review process. The inevitable, compart-
mentalizing “silo” effect that results from
this approach poses recurring challenges to
FDA's ability effectively to oversee products
that straddle the definitional bright lines that
were drawn by Congress decades ago, well
before synthetic biology and other emerging
technologies became real-world regulatory
puzzles.

FDA oversight of a “product” is premised
on the concept of intended uses. How a
material is used dictates the process to

be followed for the material’s regulatory
approval, if any. The approval process for

a cosmetic ingredient use, for example, is
considerably different from the approval
process for the same substance’s use as a
food additive. As science and biotechnology
evolve, new approaches to producing
drugs, food additives, and cosmetics are
rapidly emerging. Regulatory initiatives and
new laws, including the Food and Drug
Administration Modernization Act of 1997
(FDAMA) and the Food Safety Modernization
Act of 2011 (FSMA), expand upon the ways
FDA can improve its governance to address
scientific advances. The core regulatory
construct under the FFDCA, however,

and the enormous regulatory bureaucracy
built around it challenge the efficient and
comprehensive review of products of all new
technologies, including synthetic biology.

A detailed overview of FDA's authority to
evaluate products of biotechnology is beyond
this report’s scope. An excellent summary
of FDA's regulation authority is found in the
Venter Report.'® As noted in that report,
FDA's authority is limited to assessing
human and animal health as FDA has no
authority to assess the impact of products
of biotechnology on broader ecosystems.
FDA regulatory decisions may trigger
environmental impacts addressed under the
National Environmental Policy Act (NEPA),
but NEPA bestows no new authority to FDA
or other federal agencies to address any
potential risks that may be identified.®

Products of synthetic biology are subject to
FDA regulation in several contexts. Biotech-



nology-derived drugs and medical devices
have been routinely renewed by FDA going
back to the early 1980s,"” and they will be of
increasing interest now and in the foreseeable
future due to the ever-growing research
activities in these areas and initiatives

to commercialize them. FDA makes no
distinction between traditional recombinant
techniques and synthetic ones. “Drug” is the
fundamental, statutorily-defined term that
underpins FDA's regulatory activities in this
area. For purposes of the FFDCA, it means,
in relevant part:

(A) articles recognized in the official
United States Pharmacopoeia, official
Homeopathic Pharmacopoeia of
the United States, or official National
Formulary, or any supplement to any of
them; and

(B) articles intended for use in the
diagnosis, cure, mitigation, treatment,
or prevention of disease in man or
other animals; and

(C) articles (other than food) intended to
affect the structure or any function of
the body of man or other animals; and

(D) articles intended for use as a
component of any article specified in
clause (A), (B), or (C). .. .'®

FDA has long recognized and regulated
biologics, a sub-set of drugs derived

from living materials -- human, animal, or
microorganisms. Chemically synthesized
small molecular weight drugs generally have a
well-defined structure and can be thoroughly
characterized. In contrast, biological products
are complex in structure, and thus are usually
not fully characterized.' FDA generally

regulates most familiar biological products
-- such as insulin, glucagon, and growth
hormone -- under the same regulations and
rubrics as traditional small molecule drugs.

The regulatory pathway then splits, based on
whether the article involved is a “new drug”
or a “new animal drug,” although both are
subject to pre-market testing requirements
to demonstrate safety and efficacy before
they can be commercialized, and previously-
approved applications may be withdrawn

for a variety of reasons after notice and an
opportunity for comment. Post-approval
oversight of manufacturers’ obligations in the
case of human drugs has been a matter of
increasing focus.°

An application for a new human drug (NDA)
will be subject to FDA's most thorough and
rigorous pre-approval testing, which requires
a commitment of time and substantial
expense for the developer. A new animal
drug application (NADA) will follow a pathway
that is similar in many, but not all, respects,
including a less extensive post-market
oversight regime. To the extent that animals
-- and animal “drugs” -- come to reflect the
products of genetic engineering, it is highly
likely FDA will pay more attention to activities
in this realm. The Paradise and Fitzpatrick
article cites FDA'’s articulated position that
once an NDA or an NADA for an rDNA

drug obtains approval, a food that bears or
contains that rDNA drug “is not considered
adulterated if used in accordance with

the conditions and indications approved

by the FDA.”?" This includes “an rDNA
construct” in a genetically engineered animal,
including animals used for food, for which
FDA approval has been granted. “Thus,”
according to Paradise and Fitzpatrick, “the
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FDA will approve two articles when the
product is a food that humans will consume:
(1) the construct as an animal drug and

(2) the food containing that construct as a
food safe for human consumption.”?? FDA
then, as required, will amend its animal
drug regulations accordingly. Paradise and
Fitzpatrick point to regulations adopted for
rDNA products in goat’s milk as an example
of what must occur from a regulatory
standpoint and observes that, to date, the
rDNA goat’s milk regulation is the only entry
in FDA's regulations on new animal drugs in
genetically engineered animals.?®

Where FDA is asked to oversee a different
category, or categories, of products in a
regulatory framework that pre-dates them,
the role of agency guidance can be vital to
developers seeking to devote resources
appropriately and also to ensuring that
safety concerns throughout the lifespan of
the product are explored and addressed.

In a series of guidance documents issued

in June 2014, FDA has taken initial steps

to address new and/or novel technologies
and existing substances in its oversight
role.2* While these FDA guidance documents
focus specifically on nanotechnology, the
message is equally applicable to other
emerging fields, including synthetic biology.
A specific Guidance document alerts
manufacturers to the potential impact of any
significant manufacturing process change
on the safety and regulatory status of food
substances. FFDCA requires industry to
consider the basic fundamentals under
Sections 402 and 301 (adulteration and
misbranding, respectively) and this Guidance
reminds the regulated community that “it is
the responsibility of both the manufacturer

and the end user of a food substance to
ensure that the use of the food substance is
safe and lawful.”?® |dentity, technical effect,
self-limiting levels of use, dietary exposure,
and manufacturing processes are a few of
the considerations explored by FDA in this
Guidance, which should be required reading
for developers of new technologies subject to
the FFDCA.

Applications of synthetic biology used

to produce food additives or cosmetic
ingredients?® invite many questions about
these factors in the evaluation process much
like the inclusion of nanomaterials on a
manufacturing process. Cosmetics in most
instances are not heavily regulated by FDA,
but the presence of “something new” may
bring an otherwise ordinary cosmetic into
FDA's regulatory ambit. Whether producing
a flavor additive or a cosmetic ingredient,
for example, using synthetic biology results
in something new that requires pre-market
approval by FDA is unclear in the abstract,
but it poses an issue of which to be

aware. An additive that is intended to alter
certain food properties is considered to
have a “technical effect” and thus requires
pre-market review prior to use. Changes

in a food additive could result in alterations
to the food that could materially impact
assumptions made during the pre-market
review process and upon which the approval,
in part or whole, was based. It is not always
clear, however, who exactly decides, and
what changes trigger a technical effect that
would occasion FDA's regulatory oversight.
It is precisely for this reason FDA issued the
Guidance, which is just that, guidance and
not binding on the agency.



Oxitec Case Study

Context

The yellow fever mosquito, known as Aedes
aegypti (A. aegypti), has been known to
carry and transmit viruses, including yellow
fever, dengue fever, and chikungunya,
according to the Centers for Disease Control
and Prevention (CDC).2” A. aegypti is native
to Africa, but has spread to other tropical
and subtropical regions, where it prefers

to occupy and produce offspring in open
waters with organic matter near populated
residential areas. Only the female mosquitos
bite and must feed on blood, preferably (but
not limited to) human blood, to lay eggs. This
feeding behavior of the female mosquito is

a key element in the transmission of disease
to humans. The lifespan of the A. aegypti is
around three weeks. Its eggs, however, can
survive in favorable climates for six months or
longer.

Current methods for controlling populations
of these mosquitos include eliminating their
preferred habitats (standing water in and
around homes); wearing protective clothing
to prevent bites (i.e., long sleeve shirts,
pants, socks); applying insect repellents;
and spraying pesticides. Spray application
of pesticides is documented as achieving
approximately 50 percent reduction in
mosquito populations.?® This low reduction
rate is attributed to their preferred habitat
being in close proximity to residential homes
and the difficulty in eradicating them using
spray methods.

Description of the new technology

Oxitec, Ltd. (Oxitec), a privately-held
company organized under English law,?® has
developed a genetically engineered mosquito
strain by micro-injection of rDNA into A.
aegypti eggs designed to kill the subsequent
offspring.*°
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The Oxitec rDNA construct contains a
dominant lethal gene that is repressed in

the presence of adequate concentrations of
tetracycline. Mosquitos expressing the rDNA
transgene are dependent upon the presence
of tetracycline for their survival. Viable adults
resulting from the micro-injected eggs

were mated in the laboratory to wild-type
mosquitos, and the resulting hatched

larvae were screened for expression of the
fluorescent marker that was also coded in
the rDNA plasmid vector. The heterozygous
transgenic strain is described as having a
single copy of the rDNA construct at a single
site in the mosquito genome. Transgenic
heterozygotes are sorted by sex at the pupal
stage and, for purposes of implementing the
insect control approach dubbed Release of
Insects carrying a Dominant Lethal (RIDL),*!
males would be released from the controlled
environment of the insectary (lab) into the
wild to mate with wild A. aegypti females
before dying due to the de-repression of
their dominant lethal gene in the absence

of sufficient dietary tetracycline that is
available in their supplemented feed within
the insectary, but not in the wild. Half of the
progeny of these RIDL/wild type crosses

are expected to be RIDL heterozygotes,

and half are expected to be wild type. In the
absence of dietary tetracycline supplementa-
tion, however, the RIDL larval offspring will
die before reaching the pupal stage, whereas
the wild type offspring will be unaffected
genetically, but may suffer adverse effects
due to competition for nutrients with the
doomed RIDL larvae. According to Oxitec,
releasing the appropriate number of RIDL
males into the wild could achieve an overall
90 percent reduction in the treated A. aegypti
population.

Sterilization for population reduction has
had favorable results in controlling insect
populations in other species, but has

not been possible for mosquitos due to
technical and regulatory issues. The genetic
modification of these RIDL mosquitos
includes a fluorescent marker for tracking
them once they are released into the wild,
as well as the tetracycline controlled kill
mechanism used to limit the lifespan of

the modified transgenic mosquitos and,

in the absence of genetic recombination
events, preventing the transmission of the
rDNA construct to future generations of A.
aegypti in the wild. The low transformation
efficiency described for this rDNA construct
in Phuc’s 2007 publication suggests that
spontaneous genetic recombination between
the rDNA construct and wild type DNA is
unlikely, but this is one of the points that
must be addressed with actual data during
the regulatory approval process. Phuc’s
2007 publication’s description of the strain
from which the current Oxitec transgenic
mosquitos are derived also notes that

3-4 percent of the progeny resulting from
breeding transgenic males with wild type
females resulted in transgenic adults that
survived in the absence of tetracycline. The
precise genetic status and reproductive
capabilities of transgenic mosquitos that do
not express the dominant lethal trait in the
absence of tetracycline is also important in
the assessment of this novel technology.

Discussion of the legal and
procedural issues

FDA defines “drug” to mean an article
“intended for use in the diagnosis, cure,
mitigation, treatment, or prevention of
disease in man or other animals” and/or



an article “intended to affect the structure

or any function of the body of man or

other animals.”® The introduction of a new
modification to the structure or function of the
body of man or animal is, by FDA definitions,
creation of a new drug. The management

of drugs within FDA is divided between new
human drugs, as administered by the Center
for Drug Evaluation and Research (CDER)

or the Center for Biologics Evaluation and
Research (CBER), and new animal drugs,

as administered by the Center for Veterinary
Medicine (CVM). New animal drugs are drugs
intended for use in animals other than man;
animals are further divided into minor and
major species. FDA includes cattle, horses,
swine, chickens, turkeys, dogs, and cats
among major species and designates all
other animals as minor species. FDA defines
genetically engineered animals as “those
animals modified by rDNA techniques,
including the entire lineage of animals that
contain the modification.”* The Oxitec
genetically engineered A. aegypti strain could
be regulated by FDA as both a minor species
new animal drug that is subject to pre-market
notification processes through CVM and as
an article for the mitigation of disease in man
that is subject to the requirements for new
human drugs.

CVM guidance for genetically engineered
animals (GFI 187) indicates that all genetically
engineered animals are subject to pre-market
approval requirements. FDA has indicated
that, in certain cases, it may not enforce

the requirements for an investigational

new animal drug (INAD) or a NADA and
intends, in such cases, to post this on its
website. FDA is always authorized to initiate

enforcement action if the agency becomes
aware of a safety concern. In 2003, FDA
posted a statement for aquarium fish that
were modified to contain genes that were
fluorescent and not for food use. FDA
concluded that this use of a genetically
engineered animal posed no more of a threat
than their “unmodified counterparts.”* FDA
conducts a review to comply with NEPA
when it reviews and approves an INAD or
NADA. NEPA requires federal agencies to
describe in detail and assess the anticipated
impacts of all “major Federal actions
significantly affecting the quality of the human
environment.”*® No NEPA review would
occur, however, when FDA exercises its
enforcement discretion.

The Oxitec example in this case study

is unigue in many ways. The field trials
Oxitec proposed include the release of a
genetically engineered minor species into

the environment for population control of
insects carrying human diseases. Release

of genetically modified insects to mitigate
human disease is relatively uncharted territory
for FDA. The release into the wild means
FDA's enforcement discretion will not be
exercised, and that CVM will enforce full
pre-market approval as a new animal drug.
The decision regarding CVM jurisdiction with
this case study has been, and continues to
be, debated. Genetically engineered insects
being developed for plant pest control are
considered under the oversight of USDA's
APHIS. Previously approved FDA anti-malaria
drugs manufactured using synthetic biology
techniques were managed by CDER/CBER,
not CVM. The reason for this decision is that
the drug for mitigation of human disease was
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produced by a modified organism, rather
than the modified organism mitigating the
species responsible for causing the disease.
The Oxitec mosquito could be considered an
article for mitigating disease. Environmental
group Friends of the Earth (FOE) opines in an
Issue Brief on this matter that this intended
use of genetically engineered mosquitos
“should be considered a medical trial and
must follow the strict laws and guidelines in
place to protect human subjects in medical
trials.”®® FOE believes that this includes free
and informed consent by all humans in the
release area.®

GFI 187 indicates a new animal drug is
deemed unsafe unless FDA has approved it
through a NADA for that particular use. There
are exemption processes for conditional
approval and indexing unapproved inves-
tigational animal drugs for the purpose

of pursuing safety and effectiveness
investigations by trained scientific experts.
The Minor Use and Minor Species Animal
Health Act of 2004 also provides additional
options for streamlined pre-market
approval for minor species and treatment
of uncommon diseases in major animals.
None of these exemptions or streamlined
approaches applies to genetically modified
animals.®® The NADA process involves a
detailed demonstration that the drug in its
intended use is safe and effective, not only
to the animal itself, but also to any food
products derived from the treated animal.
The process also includes consideration of
potential environmental impacts and safety
assessments for those responsible for
administration of the drug.

Developing a NADA requires extensive
technical data supporting the proposed

dosage, intended use, and potential
environmental impact information. The
process is typically done in cooperation with
CVM’s Office of New Animal Drug Evaluation
through the opening of an INAD file. There is
a fee structure associated with these activities
as required through the Animal Drug User Fee
Act of 2003 (ADUFA).*° This fee structure also
includes detailed timelines for responses the
agency must provide for the various aspects
and steps of the NADA process.

The NADA general application provisions
are detailed in 21 C.ER. Part 514. The
requirements generally include the following:

Basic identification details on the nature of the
application, and the trade name and location
of the applicant. For genetically engineered
animals, the details on the rDNA construct,
including the number and characterization of
the insertion sites is also necessary.

A summary of the chemistry, clinical
purposes, and laboratory and clinical studies
is included.

Proposed labeling for adequate instructions
for use must accompany the application. The
labeling for genetically engineered animals
should include a description of the common
name, genus, and species with instructions
for handling throughout the animal’s lifecycle.

Details on the composition and components
utilized in the production of the drug. The GFI
187 recommends providing the molecular
characterization of the article in sufficient
detalil to facilitate evaluation of potential risks
due to genetically engineered animal rDNA
that might encode pathogens, toxicants,
allergens, mobile DNA sequences, or
sequences that deregulate growth control.



Extensive details on the manufacturing
methods, production facilities, and controls
to allow for sufficient evaluation that the
methods described will “preserve the identity,
strength, quality and purity of the new animal
drug” are to be provided.*® Evaluation of

any “interruption of a coding or regulatory
region (insertional mutagenesis)” is also
recommended in the GFI 187.4

CVM could, upon request, also require four
identical sets of representative samples

for each strength of the finished dosage
with all the articles used as components
along with reference standards and detailed
analytical assaying procedures used to
determine quality specifications. This can
include detailed experimental protocols

for establishing dosage, and when used

in animals that are also a food source,
substantial information on tissue residuals
and elimination rates. Samples of the
genetically engineered animal could also be
required, upon request. CVM encourages
specific dialogue as part of the INAD file,

as to how to address this aspect of the
application process.

The application is to include evidence of the
establishment of safety and effectiveness,
including proposed labeling. This evidence
must include reports of all the tests, scientific
literature, and clinical investigations utilized to
support the claims, including favorable and
unfavorable results.

Commitments to manufacture in accordance
with current Good Manufacturing Practices
(cGMP) and conform to advertising
requirements are included in the application.
FDA has indicated it will provide guidance for

how genetically engineered animals are to
“commit to cGMP” aspects of this process at
a later date. Non-clinical studies are expected
to be conducted in compliance with the
Good Laboratory Practice regulations in

21 C.E.R. Part 58, and the reason for any
non-compliance must be provided.

Each application is to include a claim for
categorical exclusion or an environmental
assessment that demonstrates that the new
animal drug or the genetically engineered
animal will not significantly impact the quality
of the human environment.

These details are assembled in accordance
with 21 C.ER. § 514.1(b)(15), and submitted
to CVM for review.

Conferences with CVM prior to submission
of a NADA are described in 21 C.ER. §
514.5 and include conducting field studies,

if necessary. Oxitec is currently seeking
approval to conduct field studies within the
United States. Oxitec reports field trials have
been and are ongoing in other locations, and
discussions are currently ongoing with FDA
as part of their INAD. The NADA approvals
in general are carried out in stages, and

the reviews involve experts in many areas

of science, including veterinarians, animal
scientists, biostatisticians, chemists, microbi-
ologists, pharmacologists, and toxicologists#?
All aspects are reviewed, including the
product’s final labeling, packaging, and
possible directions for use, prior to CVM
approval. Review of genetically engineered
animals may involve inclusion of addition
technical experts and possible interaction
with other agencies (i.e., EPA, CDC, and
USDA). Interactions with EPA and CDC have
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been part of the ongoing Oxitec field trial
discussions within CVM. After the NADA

is complete, the approval process requires
notification through the Federal Register.
Once approved and listed in the Federal
Register, any significant changes as detailed
in 21 C.FR. § 514.8 must be re-substantiat-
ed through a supplemental approval process.

All approved animal drugs are expected

to maintain all aspects of the processes
detailed in their application in accordance
with FDA regulations at all times, and are
subject to inspection. All adverse events are
to be investigated and reported. Drug listing,
recordkeeping, and periodic reporting are

all required post-approval. Any significant
deviation in quality controls, equipment,
facilities, labeling, etc., must be reviewed and
approved prior to sale or distribution.

The legal and regulatory takeaway

The intricate details and ongoing jurisdictional
debate are interesting parts of this complex
case study. An argument could be made

that a technology designed to control a pest
should be regulated by FIFRA. As discussed,
past genetically engineered pes