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Pioneering Better Science through the 3Rs: An
Introduction to the National Centre for the

Replacement, Refinement, and Reduction of
Animals in Research (NC3Rs)

Natalie Burden,” Kathryn Chapman, Fiona Sewell, and Vicky Robinson

The National Centre for the Replacement, Refinement, and Reduction of Animals in Research (NC3Rs) is an independent
scientific organization that is based in the United Kingdom, which was set up by the government to lead the discovery and
application of new technologies and approaches that minimize the use of animals in research and improve animal welfare.
The NC3Rs uses a range of strategies to improve and advance science through application of the 3Rs. These include funding
basic research, open innovation (CRACK IT), and programs run by inhouse scientists. We present several case studies from
the NC3Rs portfolio, featuring asthma research, the use of nonhuman primates in monoclonal antibody development, and
CRACK IT. Finally, we anticipate the future, as we use our experience to move into new research fields and expand toward
international collaboration. Here we highlight how equipping scientists with relevant and emerging 3Rs tools can help
overcome the challenges and limitations of the use of animals in research to the benefit of the whole bioscience community.

Abbreviations: BBSRC, Biotechnology and Biological Sciences Research Council; mAb, monoclonal antibody; MRC, Medical
Research Council; NC3Rs, National Centre for the Replacement, Refinement, and Reduction of Animals in Research; SME, small

and medium-sized companies; UK, United Kingdom.

The National Centre for the Replacement, Refinement, and
Reduction of Animals in Research (NC3Rs) is an independ-
ent scientific organization in the United Kingdom (UK) that
was set up by the government to lead the discovery and ap-
plication of new technologies and approaches that minimize
the use of animals in research and improve animal welfare.
The 3Rs provide a legal and ethical framework for in vivo
research. The Centre aims to use the 3Rs as a catalyst to ac-
celerate significant and innovative advances in science and
business practice.

Historically, the 3Rs principles have been advocated for social
and ethical reasons, with less focus on how they could be used
to improve the quality of science. In 2001 the Medical Research
Council (MRC), a UK-based publicly financed research-funding
body, founded the Centre for Best Practice for Animals in Re-
search, which aimed to improve the quality of animal work
being undertaken in their own research units. This move was
a significant step forward in recognizing the need to balance
high animal welfare standards with world-leading scientific
advances. In 2002, after a review into the use of animals in sci-
entific procedures, a report was published by a House of Lords
Select Committee (British parliamentary committees that inves-
tigate public policy, proposed laws, and government activity)
recommending the establishment of a national center to focus
on the 3Rs. Consequently, in September 2004, the NC3Rs was
established, replacing and broadening the work of the Centre
for Best Practice for Animals in Research.
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Over the past 10 y, the Centre has expanded from a team
of 2 to 25 staff, including 12 postdoctoral scientists. Funding
is provided primarily by the UK government, but financial
support is also received for specific programs and posts from
the charitable and commercial sectors. Today, with an annual
budget of around £7 million (approximately USD$11 million),
the NC3Rs is the largest funder of 3Rs research in the United
Kingdom. The Centre provides support and advice to scientists,
regulators, and government bodies at both national and inter-
national levels on how to replace, reduce, and refine the use of
animals in research and testing.

The NC3Rs” work over the last 10 y has contributed to the
current environment of increased openness among scientists
to discuss and adapt their use of animals in research. Accom-
panying this openness is increasing scientific evidence that
animal models may not always provide the most appropriate
data to model human disease. Some animal models are poor
predictors of human safety and disease, which may contribute
to high levels of drug attrition, that is, the failure of candidate
compounds to complete the pharmaceutical development
process.!72326 Many pharmaceutical, chemical companies, and
contract research organizations are pursuing ways to decrease
their animal use. This shift in the environment supports the
NC3Rs’ approach of actively encouraging collaboration across
sectors, facilitating data sharing between companies through
our role as an honest and unbiased broker, and bringing sci-
entists together en masse to unite with a common voice and
to stimulate change. Ensuring that the 3Rs remain topical and
relevant by responding to and shaping the research landscape
in turn helps to maintain a raised 3Rs profile. In this overview,
we describe how the NC3Rs supports the science base, in the
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United Kingdom and beyond, through work that enables the
successful application of the 3Rs.

The NC3Rs’ Tools and Strategies

The NC3Rs operates a multifaceted approach, using different
mechanisms to engage a diverse group of stakeholders (Figure 1).
In addition to funding 3Rs-inspired basic research, the Centre em-
ploys a team of inhouse scientists who manage center-led research
programs as well as the open-innovation platform CRACK IT.

Funding research, training, and early career development. The
NC3Rs grant-funding strategy focuses on hypothesis-driven
research to generate a pipeline of 3Rs ideas, approaches and
technologies across the biosciences. Funding includes provision
for 1) training and development, through PhD studentships and
early career fellowships; 2) pilot studies; 3) projects grants; 4)
investment into specific strategic areas; and 5) changes to infra-
structure at an organizational level. The broad range of research
schemes aims to ensure that the 3Rs are established in the minds
and practices of the next generation of research leaders; to sup-
port research in areas where there are specific knowledge gaps;
and to improve the infrastructure and resources that underpin
UK research.

The research portfolio encompasses a wide range of technolo-
gies and approaches, across pharmaceuticals and chemicals,
neuroscience and behavior, cells and systems, and infection,
immunity and inflammation. Since 2004, more than £35 million
(approximately USD$54 million) has been awarded across a total
of 200 grants. Information about all of the projects funded to date
can be found on the the NC3Rs website (www.nc3rs.org.uk).

Supporting open innovation. One of the NC3Rs’ major goals
is to ensure that technologies emerging from the basic science
base are incorporated into practice. In 2011 the Centre launched
the first open-innovation platform in the 3Rs, CRACK IT. This
program supports research and development to replace, reduce,
and refine the use of animals by delivering advanced tools and
technologies that will provide commercial as well as scientific
benefit.

CRACKIIT is designed to spark collaborations between the
pharmaceutical, chemical, and academic sectors, bringing to-
gether expertise in the bioscience, chemistry, mathematics, and
engineering fields. This approach capitalizes on the shift within
the pharmaceutical and chemical industries toward increased
outsourcing and external collaboration. The platform has a
particular focus on commercialization of products developed
by small and medium-sized companies (SMEs) and academic
spin-offs to create financial benefit at a national level. The
scheme is split into 2 distinct parts: Challenges and Solutions.

Challenges. CRACKIT Challenges is run in partnership with
Innovate UK (formerly the Technology Strategy Board), as part
of the Small Business Research Initiative. It is an annual com-
petition in which the market-driven business needs related to
animals in research are defined by Sponsors from the scientific
community (the ‘end-users’). Sponsors provide ‘in-kind” con-
tributions (data, compounds, and equipment), expertise and
advice, while the NC3Rs provides funding. The Sponsors define
the exact problem and contribute extensively throughout the
project to the design of the end-product. In this way, the 3Rs
technique or technology has a ready-made market in which to
pull from basic research toward successful commercialization
and uptake. The NC3Rs brings together the relevant scientific
communities and helps build teams or consortia to ‘solve” the
Challenge. Two distinct features of CRACK IT Challenges are
that it is 1) separated into 2 phases to enable investment into
multiple ideas before a ‘Dragon’s Den-Shark’s Tank’-style
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Figure 1. Schematic demonstrating the tools and overall strategy of
the NC3Rs.

interview to select the final contractor and 2) contract-based
milestone-driven research, where payment is linked to the
delivery of key objectives.

To date, 19 Challenges have been launched between 17 spon-
soring organizations, with high levels of SMEs involvement.
In 2013 alone, £7 million (approximately USD$11 million) was
committed for 5 Challenges. The scheme now attracts funding
from external sources, including Alzheimer’s Research UK and
the Department for Environment Food and Rural Affairs (Defra).
An overview of the ongoing Challenges can be seen in Figure 2,
and a case study of a completed Challenge is presented in the
following section.

Solutions. CRACK IT Solutions is a technology-partnering
hub, designed for academics or SMEs who are developing a
novel technology to advance the 3Rs (a ‘Solution”) and who need
new research partners or collaborators to support progress of
the project. This forum can help developers to gain backing to
validate the technology or to promote it to a wider audience.
Research and development opportunities aligned to industry
priorities are identified by the NC3Rs by working alongside
university technology-transfer offices and life-science networks
and with SMEs. Once Solutions have been identified, they are
showcased on the dedicated CRACK IT website (www.crackit.
org.uk) and distributed through partner networks such as One
Nucleus and PraxisUnico or partnered directly with industry
via the Centre’s extensive contact network. The NC3Rs provides
seed funding for a maximum of 1 y to help catalyze these new
partnerships.

Influencing policy, practice, and regulatory change. The
NCB3Rs inhouse programs of work are identified through ho-
rizon scanning and evaluation of emerging opportunities, for
example, where there are planned regulatory guideline revisions
or emergence of novel technologies (for example, ‘organ on a
chip’). Programs are selected with input from expert scientists
from industry and academia and prioritized on criteria such as
short- and long-term impacts on the 3Rs, extent of innovation,
benefit to UK business, cost and resources required, and align-
ment with global scientific advances.

There is a strong collaborative foundation to all projects, which
are often based around data collection and analysis. Through
expert working groups, data sharing is managed and facilitated
across companies and sectors, as the NC3Rs provides a ‘safe
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Approach Challenge Sponsor Phase 2 Project Leader
Product Wireless recording of the electrophysiology of cognition in Eli Lilly Dr Esther Rodriguez-Villegas
development  psychiatric disease models (2011) (Imperial College)
Rodent Big Brother: Automated recording of rodent activity ~ AstraZeneca Professor Douglas Armstrong
and temperature in the home cage (2011) (Actual Analytics)
Rodent Little Brother: Measurement of mouse activity, MRC Harwell Professor Douglas Armstrong
behavior and interaction in the home cage (2012) (Actual Analytics)
RETINAS: Refinement of techniques for intravitreal GlaxoSmithKline Allen Pearson Origin Product
injection to avoid side effects in rabbits (mini Challenge, Design
2012)
Disease or BADIPS: Generating human induced pluripotent stem cells Janssen and Eli Lilly =~ Professor Andrew McIntosh
efficacy (iPS cells) to study bipolar affective disorder (2011) (University of Edinburgh)
modelling
DRGNET: Enabling access to primary human dorsal root Pfizer, Neusentis, Professor Andrew Hart (NHS
ganglion neurons for drug target identification and and Griinenthal Greater Glasgow and Clyde)
pharmacological testing (2012)
Virtual Infectious Disease Research: The use of virtual NC3Rs Professor Paul Kaye
information and tools to enhance disease modelling and (University of York)
new target development (2013)
Inhalation Translation: longitudinal and non-invasive Huntingdon Life Dr Ben Forbes
assessment of inflammation and foamy macrophage toxicity ~ Sciences, Pfizer, and (King's College London)
in the same animal through a series of dose-escalation GlaxoSmithKline
stages (2013)
UnTangle: Prediction of the efficacy and unexpected Alzheimer's
pharmacological effects of new chemical entities and Research UK, Eli Dr Selina Wray
biologics targeting T in Alzheimer disease using a Lilly, and Janssen (University College London)
physiologically relevant human stem cell-derived neuronal
assay (2013)
ProBE IT: Determining the in vivo biodistribution GlaxoSmithKline Not funded into Phase 2
properties of biological entities through the use of advanced
imaging techniques (2012)
Toxicity Improving the predictive capacity of in vitro cytokine Huntingdon Life Professor Martin Glennie
platforms release assays to reduce animal use and drug attrition Sciences (University of Southampton)
(2011)
PREDART: Prediction of human developmental and Syngenta and Shell Professor Raymond Pieters and
reproductive toxicity through nonmammalian assays (2012) Marjolein Wildwater
(Institute for Risk Assessment
Sciences, Utrecht Netherlands)
Improved in vitro to in vivo extrapolation in chemical AstraZeneca, Dr Dominic Williams
safety risk assessment of human systemic toxicity (2011) Syngenta, and (University of Liverpool)
Unilever
InPulse: an iPS cell cardiomyocyte platform to assess drug- ~ GlaxoSmithKline Professor Chris Denning
induced contractility liabilities (2013) (University of Nottingham)
NephroTube: multicompartmental, microfluidic tissue GlaxoSmithKline, Dr Martijn Wilmer

assay that models the renal tubular injury observed in
nephrotoxicity (2013)

Neuratect: generation of physiologically relevant human
stem cell-based model(s) to identify neurotoxicity (neuronal
viability or functional impairment) (2014)

Targeting off-targets: development of novel approaches to
address the potential human safety issues arising from
chemicals interacting with ‘off-target’ receptors (2014)

QSARs Mix: use of existing toxicological data repositories to
develop in silico tools to predict toxicology endpoints (mini
Challenge, 2014)

Pfizer, and Roche

AbbVie, BASF,
GlaxoSmithKline,
and Sanofi

Dow AgroSciences
and Unilever

Shell

(Radboud University Medical
Center)

In Phase 1

In Phase 1

To be announced

Figure 2. Summary of CRACK IT Challenges to date.

harbor.” Working groups also help to identify areas where aware-
ness should be raised within the scientific community or where
additional expertise is required to evaluate new strategic areas.

Figure 3 provides specific examples of selected The NC3Rs
activities within each program area, with references to corre-
sponding peer-reviewed publications.

Shaping the academic research landscape. To help stimulate
a culture shift within academia, the NC3Rs works closely with
UK research councils and charitable bodies that fund bioscience
research. These collaborations have funded basic research and
have contributed to educational and peer-review activities.
NC3Rs scientists sit on a wide range of expert review panels
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Focus area

NC3Rs activities

Shaping the academic
research landscape

Influencing practices
within the
pharmaceutical industry

Influencing practices
within the
chemicals industry

Improving the science of
animal experiments

Improving animal welfare

Providing information
resources

Supporting open
innovation

Funding of academic 3Rs research, often as joint funding calls in collaboration with UK Research Councils
Peer review of all research proposals submitted to BBSRC, MRC, Wellcome Trust, and member charities of the
AMRC which involve the use of nonhuman primates, cats, dogs, or horses

Publication of guidance on “Responsibility in the use of animals in bioscience research” in partnership with
BBSRC, Defra, MRC, NERC, and the Wellcome Trust

Holding of workshops across a variety of subject areas, jointly with learned societies to disseminate advances
in the 3Rs

Extensive program of work in asthma field** — see case studies

Review of the use of animals in nausea and emesis research and identification of opportunities for
replacement (replacement of animals in a multisystem reflex, previously considered intractable to
replacement)"****

Work in conjunction with BBSRC to highlight the role tissue engineering can play in replacing animals and to
bring together various research communities to identify opportunities for application of the technology'**

Provision of evidence base and communication strategy which has directly led to regulatory change in acute
toxicity studies®

Publication of recommendations to refine maximum tolerated dose studies via an expert working group
consisting of global pharmaceutical companies and contract research organizations®

Collation and analysis of data from pharmaceutical, biotechnology, and contract research organizations and
regulatory sectors on monoclonal antibody development to identify opportunities and produce guidance
relating to minimizing the use of primates, use of fewer dose groups and recovery animals, and combining
studies***”* The evidence has fed into regulatory guidance —see case studies

Identification of opportunities to use in vitro methods to predict human pharmacokinetics with experts from
the pharmaceutical industry and academia'*

In partnership with Pfizer, reviewed the influence of species on predicting human abuse potential for 71
drugs, where it was shown that the rodent is as predictive as the primate for these studies The evidence has
fed into regulatory guidance”

Working with NC3Rs, 27 organizations have shared data and experience on the barriers to uptake of
microsampling techniques to reduce and refine rodent use in toxicology studies This has been discussed with
the regulators and will continue to feed into ICH guidance on toxicokinetics®

In collaboration with Charles River Laboratories, a workshop was held in Virginia to discuss “Pharmaceutical
toxicology: designing studies to reduce animal use, while maximizing human translation” in the context of the
global environment®

Working in collaboration with the Medicines and Healthcare Products Regulatory Agency to generate an
evidence base to review the use of recovery animals in the assessment of human safety data analyzed from 22
companies (259 studies, 137 compounds) shows that recovery animals can be reduced in regulatory toxicology
studies to support first in human clinical trials”

Identification of redundancy in acute toxicity testing"

Working across sectors towards regulatory acceptance of the Fixed Concentration Procedure for acute
inhalation toxicity®*

Consideration of toxicokinetics as an integral part of the safety assessment process via an expert working
group, workshop, and review paper™**

With expert working group influenced regulatory changes to reduce the number of fish used in the testing of
plant protection products™"*'®

Assessment of in vitro carcinogenicity testing via workshop and funding of research into development of cell
transformation assays'

Development of Experimental Design Assistant software to guide researchers through design of experiments
ensuring that they use the minimum number of animals consistent with their scientific objectives, and
appropriate statistical analysis; launching in 2014

Development and implementation of the ARRIVE guidelines, to improve standards of reporting and ensure
that the data from animal experiments can be fully evaluated and utilized””*

Systematic reviews and meta-analysis of published data to evaluate utility and predictability of animal
models™

Convention of an annual primate welfare meeting and resultant recommendations for refinement**"***
Expert input into the primate-related activities of other organizations, for example, via learned societies
Funding of research into neuroscience refinement techniques (for example, for head restraint and training for
behavioral tasks)

Production of training materials for staff involved in primate use in the form of DVDs, websites, journal
articles and other publications, for example, Marmoset Care website

Recommendation of the adoption of a scheme for the systematic monitoring and recording of the welfare of
genetically altered mice as the result of an NC3Rs working group

Discussion around and provision of funding to investigate the use of CO. euthanasia in rodents
Identification of opportunities for refinement and reduction in mammalian models of epilepsy via an expert
working group

Support of animal technicians by providing a regular free symposium where high-profile researchers and
animal care staff from a range of disciplines are invited to present, helping to disseminate information on best
practice and facilitate information sharing

NC3Rs website (www.nc3rs.org.uk), which was relaunched in 2014

Presentations to the general public, parliamentary, and scientific communities

Publication of educational literature, for example, factsheet around the use of genetically modified mice
Distribution of monthly email newsletter

Press releases, briefings, and responses to media enquiries

Use of social media platforms, for example, Facebook, Twitter, YouTube, blogs

Funding and overseeing of CRACK IT competitions: Challenges and Solutions

Further funding collaborations with the Technology Strategy Board, for example, feasibility studies in
nonanimal technologies (in partnership with BBSRC, EPSRC, and DSTL), and holding consortia building
workshops

Figure 3. Examples of NC3Rs activities across different focus areas. *, Also applies to the category Influencing practices in the pharmaceutical

industry.
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and have reviewed more than 400 research proposals involv-
ing nonhuman primates, cats, dogs, and horses that have been
submitted to UK research funders such as the Biotechnology
and Biological Sciences Research Council (BBSRC), MRC, and
the Wellcome Trust.

Influencing practices within the pharmaceutical and chemicals
industries. The NC3Rs has a varied program of work to identify
opportunities where the use of animals can be reduced in the
pharmaceutical, chemicals, pesticides, consumer products, and
cosmetic sectors. These projects rely on cross-company and
cross-sector collaboration, in association with relevant regula-
tory bodies. Some of the evidence-bases collected during these
projects have influenced regulatory changes (for example, in the
use of nonhuman primates in monoclonal antibody develop-
ment; see Case Studies).

The Centre’s current work with the pharmaceutical in-
dustry spans 10 working groups involving 60 companies, in
areas including microsampling, biosimilars, the use of recovery
animals in toxicology, and human tissue for safety assessment.
Ten years of collaboration with the pharmaceutical industry
was showcased at an event at the UK Parliament in 2014 and
in an accompanying publication (www.nc3rs.org.uk/news/
ten-years-partnering-pharmaceutical-industry). Some of these
projects have led to copublication with representatives from the
major pharmaceutical companies and regulatory bodies, such
as the Medicines and Healthcare Products Regulatory Agency,
European Medicines Agency, and the US Food and Drug Ad-
ministration (Figure 3).

The program of work with the chemicals industry is ex-
panding, and there are now working groups in the areas of
ecotoxicology, adverse outcome pathways, and the use of the
Fixed Concentration Procedure for inhalation toxicology stud-
ies. Collaborators include scientists from companies such as
Unilever, Syngenta, and Dow AgroSciences, as well as regula-
tory and government bodies (for example, the Organization
for Economic Cooperation and Development, Public Health
England, and the UK Environment Agency) and academia.

Improving the science of animal experiments. Reduction of
animal use can be achieved by improving the design of experi-
ments and statistical analysis. To help equip scientists with the
tools to best plan their experiments and analyze data to achieve
maximal 3Rs benefit, the NC3Rs provide education and training,
as well as web-based systems (for example, an Experimental
Design Assistant which will be launched in 2015). In addi-
tion, the ARRIVE guidelines?? (Animal Research: Reporting In
Vivo Experiments; www.nc3rs.org.uk/arrive)—a 20-point The
NC3Rs-developed checklist of the essential information that
should be included in publications reporting animal research—
have now been endorsed by more than 400 journals including
the Nature group, PLoS, and Cell, as well as funders, universities,
and learned societies. In addition, these guidelines have been
translated into Chinese, Italian, and Portuguese.

Improving animal welfare. The Centre undertakes an extensive
program of work to improve the welfare of laboratory animals.
Activities focus on both long-standing issues (for example, the re-
finement of scientific procedures and the transport and husbandry
of nonhuman primates) as well as emerging concerns (for exam-
ple, as the use of genetically modified mice became increasingly
widespread). Particular attention and funding (approximately £1.4
million [USD$2million]) has been provided to address welfare is-
sues around the use of animals in neuroscience research. In 2011,
the NC3Rs also participated in expert independent review panels
assessing the quality, output, and effects of the nonhuman primate
research funded by the United Kingdom’s major funding bodies.

Providing information resources. Many of the center-led ac-
tivities around animal welfare have resulted in the publication
of training materials to aid scientists and animal technicians in
best practice techniques. These materials are routinely accessed
via the NC3Rs website, which in 2014 received visitors from 196
different countries.

The NC3Rs undertakes a variety of engagement activities
with the general public, politicians, and the media through a
dedicated communications team. These activities are comple-
mented with social media platforms, including the NC3Rs blog
and dedicated YouTube channel (youtube.com/user/NC3Rs1),
as well as Facebook (facebook.com /NC3Rs) and Twitter (twitter.
com/NC3Rs) sites.

The Centre also promotes and recognizes scientific excel-
lence in the 3Rs. One key example is the annual award of an
international 3Rs Prize in collaboration with GlaxoSmithKline,
through which outstanding original contributions to scientific
and technologic advances are recognized.

Case Studies

Here we present some detailed examples of how some of
the NC3Rs-led programs have been carried out and how they
have supported the scientific community. The accompanying
timelines in Figure 4 demonstrate how different approaches
were applied across each of the examples.

Applying the 3Rs in asthma research. Why invest in asthma
research? Asthma is a complex disorder of considerable unmet
medical need. It is considered to be one of the most common
respiratory diseases, with 300 million people currently under-
going treatment globally, representing a significant economic
burden.?’ Despite its high prevalence and the considerable
effort and investment in trying to understand the underly-
ing pathologies of the various asthma phenotypes, very few
novel drug treatments have been successfully launched in the
past 50 y. However, many new drug classes have been tested
and proved efficacious in a range of preclinical animal models
displaying ‘asthma-like” phenotypes, from mice to nonhuman
primates. The fact that asthma is a uniquely human disease
has underpinned the failure in translation of promising drug
candidates into the clinic, raising many questions about the
utility of in vivo studies in this disease area. This failure has
led to demands for more predictive models and tools based on
the latest technologies, many of which are likely to come from
more sophisticated human tissue-based models (for example,
‘organs on chips’).

The challenge in this area is 2-fold: 1) to deliver new research
models that will combine all aspects of the disease (for example,
environmental exposure, immune system components, me-
chanical stimulation of breathing, and microfluidics to mimic
the circulatory system) and 2) to develop, in collaboration with
the asthma research community, the best way forward to inte-
grate these in the quest to develop effective new treatments and
reduce animal use.

Initiation of the NC3Rs program in asthma. In 2009, working
with the MRC, the NC3Rs brought together research leaders
from academia and industry to identify opportunities for accel-
erating the development of new model systems and to overcome
the scientific and technical hurdles necessary to establish models
that better mimic asthma. During the workshop, a number of
priority areas were identified. These included increased focus
on the human disease and subphenotyping (through the use
of biobanks, experimental medicine, and biomarkers), and the
need for the development of disease-related in vitro human
models to test novel mechanisms and targets of disease and
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A Asthma program

Current Activities:

Strategic awards Award of David
Funding: to develop Sainsbury =
novel models of Fellowship to Dr Continuation of
human asthma Amanda Tattler asthma advisory
group
Report from - . .
icati i i ici reparation o
Publications: Drug Discovery Maths in Medicine
Study Group papers

from scientist-

Workshops: Co-sponsor of Maths in mathematician
Medicine Study Group: collaborations
Mathematical modelling of

Animal models of asthma: airway smooth muscle

value, limitations and opportunities; cell proliferation and
for alternative approaches apoptosis in asthma

London, UK Reading, UK

2009 |

B Rodent Big Brother Challenge

Full installation
of racks
into AZ for
validation

Prototype installed
Challenge] Behavioural at Strathclyde
awarded video data for validation —

Dec 2011 set obtained novel behaviours
identified
First baseplate Extend July
prototype Video annotation behaviour 2014: Sept
installed at AA, | started by scientists | capabilities First 2014:
necessary at AZ — novel to detect modular Final
Project ELTE alterations behaviours other rodent W product | Product

started agreed identified identified activities Jaunch release

C mAb program

Current Activities:

Regulations: ICH S6 revision
Biosimilars working
group
Microsampling for mAb

A vision for the future:
where does in vitro fit in?

Publications: .
mAb journal Drug Discovery

Drug Discovery . s
Pharmacology

Data-sharing:

Stud

Workshops:

Pharmaceutical toxicology:
reducing animal use and biotech. programmes
maximizing human debunking urban myths

translation Charles River, San Diego
Virginia, US

Rodents support
How would mAbs VLo rap it Can we reduce pPp

be developed NHP use through
: FDA/EMA
without NHPs? better study design?

London, UK London UK ACT, Baltimore

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014

G5OS| Cytokine release

Funding:
g Challenge [EIg[E]

Figure 4. Timelines demonstrating the progress of 3 NC3Rs programs. (A) Applying the 3Rs in asthma research. (B) Rodent Big Brother CRACK
IT Challenge. (C) Minimizing the use of nonhuman primates (NHP) in the development of monoclonal antibodies (mAb). AA, Actual Analytics;
AZ, Astra Zeneca; HLS, Huntingdon Life Sciences.

therapeutics. The findings of the workshop directed future in-  (see following section). The consensus and expert view on the
vestment and, with support from the charity Asthma UK, a £1  future direction of the field was published as a Keynote Review
million (approximately USD$1.5 million) strategic research call  article in Drug Discovery Today.?

subsequently was launched by the NC3Rs to support some of The NC3Rs funding for novel research in asthma. The NC3Rs’
the research and development ideas coming from the workshop  total investment in asthma research now stands at £1.5 million
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(approximately USD$2.3 million) and has resulted in several
peer-reviewed publications (for example, reference 39); for more
detailed information, see www.nc3rs.org.uk/asthma-models.
The funded work includes 2 strategic awards and a project
grant for research into modeling the human asthmatic airway
through 3D tissue engineering techniques. Cultures of cells
taken directly from asthmatic patients and healthy volunteers
are used in these models, providing potentially greater relevance
to the human disease. In addition, one of the inaugural NC3Rs
David Sainsbury fellowships, aimed at outstanding early-career
researchers, was awarded for research in this area. The Centre
recently announced a new strategic funding call to support
the development of nonmammalian models (such as C. elegars,
Dictyostelium, and zebrafish) for asthma research. It is anticipat-
ed that these, and subsequent, models will provide the asthma
research community with additional tools to better understand
the human disease and for the development of more efficacious
therapies with reduced reliance on mammalian animals.
Continuing the NC3Rs activities in the asthma field. Beyond
funding of basic research, the NC3Rs has brought together
a strong 3Rs asthma research community to work together
on expanding the toolkit of approaches available to asthma
researchers, including human tissue, nonmammalian models,
and mathematical modeling. In collaboration with the Maths
in Medicine Study Group (funded by the Engineering and
Physical Sciences Research Council), asthma researchers from
the University of Nottingham and Imperial College London
now have access to expert mathematicians. These collabora-
tions are helping to transform the science and reduce reliance
on animals to study airway smooth muscle turnover in asthma
(www.maths-in-medicine.org/uk /2011 /asthma/report.pdf)
and steroid responsiveness in severe asthma and chronic ob-
structive pulmonary disease (www.maths-in-medicine.org/
uk/2013-nc3rs/steroids/). In addition, the NC3Rs has been
working with the UK Human Tissue Authority to better un-
derstand the real and perceived barriers to wider adoption of
human tissue for asthma research. In 2012 an expert group of
asthma researchers was convened by the NC3Rs from across
industry and academia to explore ongoing opportunities for
the 3Rs. This group continues to identify and influence asthma
research priorities, stimulate greater cross-sector collaborations,
and raise the profile of 3Rs activities. Furthermore, this work
has extended beyond the asthma field to other respiratory
diseases—for example, the NC3Rs has now funded 2 project
grants applying the 3Rs to research in fibrotic lung disease
and influenza.
A timeline demonstrating the progress and various strategies
associated with the asthma project can be seen in Figure 4A.
CRACK IT Challenge: Rodent Big Brother What is the Rodent
Big Brother Challenge? One of the first CRACK IT Challenges
to be launched was Rodent Big Brother. This Challenge origi-
nated from an initial idea by AstraZeneca scientists working
in safety assessment who wished to obtain more information
from animals that were already being used in drug develop-
ment. The Challenge is that currently much data from rodent
studies is lost because it is not recorded or observed. To capture
this information, rodents have to be removed from their home
cage and singly housed, which has animal welfare implications.
Improving the scientific quality of the data by providing the
most stress-free environment could lead to better prediction of
clinical outcomes, the reduction and refinement of animal use,
and potentially reduce drug attrition. Therefore the Challenge
was set for the research community to develop an integrated
system for the nonsurgical, automated recording of rat activity

and temperature in the home cage of freely moving animals for
at least a 24-h period. Such activity measurements will provide
valuable information in studies for both basic research and drug
discovery and development. The use of the home cage would
avoid the need for single housing (a requirement of previous
videotracking systems) and would enable the incorporation of
these measurements into existing studies, reducing the number
of separate experiments needed.

Challenge requirements. For Rodent Big Brother, the unique
performance requirements of the technology defined by Astra-
Zeneca included: no complex wiring to or from cages; wireless
transmission to a receiver that collates the data; mechanisms in
place to automatically log the precise timing of the light-dark
cycle and when technicians are in the room; and the capacity
to measure the time spent at each end of the cage, as well as
rearing behavior. In addition, the system has to be able to dis-
tinguish between different types of motor activity and specific
movements such as eating, drinking, tremor, and convulsion;
quick and simple to set up and start recording; Good Laboratory
Practice-compliant; and capable of recognizing erroneous data.
The successful development of such a system will represent a
significant technologic advance in the activity monitoring field.
AstraZeneca provided evaluation, optimization, and validation
of the equipment in their laboratories, using their expertise in
the running and handling of data from safety and toxicology
studies.

Cracking the Challenge. Professor Douglas Armstrong from
Actual Analytics led the contract research team responsible
for delivery of the end-product. The system, which consists of
videorecording combined with state-of-the-art base plates and
radiofrequency identification chips, has been fully developed
and has undergone final technical validation at AstraZeneca
and the University of Strathclyde (Figure 4 B). One essential
part of solving this Challenge was training the software to au-
tomatically recognize and distinguish the location and behavior
of individual animals from a combination of video footage
and base-plate data when animals are housed together. The
new technology has engaged researchers at both validation
centers, because new behaviors in rats were observed during
product testing. The final product was showcased at Eurotox
in September 2014% and is now available to companies and
researchers who are interested in translating the technology
into their own laboratory.

Consolidating and maximizing CRACK IT investment. Recog-
nizing the potential for the technology developed for Rodent
Big Brother to be applied to other species and research areas,
the NC3Rs worked with another Sponsor, MRC Harwell, on a
follow-up CRACKIT Challenge known as Rodent Little Brother.
In the face of strong competition, Actual Analytics, in collabora-
tion with Wideblue and the University of Strathclyde, secured
the contract for this Challenge.

MRC Harwell is a world-leading center in mouse genetics,
carrying out an extensive portfolio of research in the discovery
and characterization of mouse models of neurologic, behavio-
ral, and sensory disorders (see www.har.mrc.ac.uk/services/
phenotyping). The Challenge is to develop a monitoring system
specifically for use in the mouse to identify behavioral, loco-
motor, and social deficits that may be associated with mouse
models of nervous system disorders to better translate these
findings to human disease. The complexity of behaviors that
will need to be monitored combined with the small size of the
mouse make this challenge particularly ambitious.

The current systems used to phenotype locomotor and learn-
ing behaviors involve moving individual animals to different
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environments where they are singly housed. Typical mouse
behaviors such as socialization and nesting are highly sensi-
tive to variations in the environment; social interactions such
as grooming, play, and nest building can be affected by placing
the animals in unfamiliar cages in different rooms, with different
enrichment regimes and handlers, particularly if the mice are
singly housed. Home-cage phenotyping will have a number of
scientific and welfare benefits such as the ability to detect more
subtle phenotypes relevant to human disease earlier and to
avoid singly housing animals. In addition, the expected reduc-
tion in data variability will lead to an overall reduction in the
numbers of animals used to obtain high-quality data. As with
Rodent Big Brother, a key component of solving the Rodent Lit-
tle Brother Challenge is the development of advanced software
systems and algorithms for data interpretation. Once the system
islaunched and validated by MRC Harwell, the ultimate aim is
to introduce operant tasks in the home-cage set-up; Harwell will
also take the lead in scaling up the solution and disseminating
it to other users who would benefit from the technology.

CRACK IT Solution: an early screen for emetic liability of novel
chemical entities by using the amoeba Dictyostelium In 2012,
Professor Robin Williams from Royal Holloway, University
of London, submitted his new model for detecting the emetic
liability of novel chemical entities to the CRACK IT Solutions
technology-partnering scheme. The scheme provided him with
amechanism to identify partners that could provide advice and
expertise on the application of the assay in a pharmaceutical set-
ting and to supply compounds for which preclinical and clinical
data on nausea and vomiting are already available.

Why invest in an alternative screen for emetic liability? Emetic
side effects of drugs are extremely common, often negatively
affecting their efficacy and patient compliance. The liability of a
new chemical entity to cause nausea and vomiting often is not
realized until the late stages of preclinical development, such
as during toxicologic analysis (where there can be significant
suffering and distress as a result of emetic effects), and by which
point many animals may have been used for proof-of-concept
studies. Because rodents are unable to vomit, surrogate end-
points (such as measurements of food intake) are often used,
or tests have to be conducted in other species, such as ferrets,
dogs, and occasionally nonhuman primates, if the drug target is
considered to have a high emetic risk. Compound development
often is halted when there are unacceptable levels of nausea and
vomiting during costly first-in-human studies, and therefore the
use of nonanimal methodologies to predict potentially emetic
compound classes could be invaluable for future compound
development and optimization. Such an approach could save
companies time, money, and animals early on, as well as reduce
the levels of attrition in later stages of development.t

Dictyostelium as a model organism. Professor Williams has
demonstrated that the nonsentient amoeba Dictyostelium could
be a useful tool for the early identification of possible emetic or
aversive compounds. The ‘emetic’ endpoint for this assay is the
blockade of Dictyostelium cell movement, which so far has been
predictive with known emetic compounds, such as curcumin
analogs. Dictyostelium is already used widely across a range of
biomedical research areas, such as in the study of WBC move-
ment and neuronal pharmacology. Although this model will
not necessarily reveal the mechanisms underlying the emetic
effects of compounds, it has the potential to identify charac-
teristics related to their emetic potential. In addition, the assay
had garnered interest from chemical companies with a different
application—the development of chemicals that are aversive, so
that animals or humans do not attempt to ingest them.

Pioneering better science through the 3Rs: an introduction to the NC3Rs

Technology partnering works for CRACK IT Solutions. Within 1
mo of the Solution being showcased on the CRACKIT website,
discussions began between Professor Williams and GlaxoS-
mithKline on a potential collaboration to assess the utility of
the Dictyostelium model for emetic liability and drug palatabil-
ity studies. GlaxoSmithKline provided bitter compounds for
screening with Dictyostelium and historical data for comparison,
and the NC3Rs provided an initial 6 mo of funding through the
CRACKIT Solutions funding scheme for proof-of-concept stud-
ies. This proof-of-concept study has provided GlaxoSmithKline
with sufficient confidence in the potential utility of this model
for assessing palatability issues that they are now supporting the
further development of the model through a GlaxoSmithKline-
funded doctoral fellowship.

Developing practical guidance to minimize the use of nonhu-
man primates in the development of monoclonal antibodies.
Why invest in monoclonal antibody testing alternatives? There
is increasing interest in using monoclonal antibodies (mAbs) as
therapeutics, particularly for the treatment of cancer and auto-
immune diseases. mAbs tend to have high target and species
specificity, and often a nonhuman primate is the only relevant
species for preclinical studies. The large number of mAbs re-
search and development programs thus is driving an increase
in the use of nonhuman primates. Close consultation with the
pharmaceutical and biotechnology industry identified this area
as a priority for the 3Rs and therefore the NC3Rs. As a result,
during the last 8 y, the Centre has worked with pharmaceuti-
cal and biotechnology companies, as well as contract research
organizations and regulators, to assess the use of nonhuman
primates in mAbs development.

Initiation of the NC3Rs mAbs project. The project was initiated
in 2006 with an international workshop hosted by the NC3Rs in
collaboration with the Association of the British Pharmaceuti-
cal Industry. Delegates were set an intellectual challenge that
nonhuman primate use was not an option in drug development,
either due to a disease outbreak, legislative changes, or supply
problems. It is noteworthy that this scenario was not entirely
hypothetical, given that many mAbs at the time did not have
any relevant preclinical species and only showed potency in hu-
mans. The objective of the workshop was to explore alternative
approaches, such as the use of in vitro methodologies, surrogate
antibodies, and transgenic mice as well as the initiation of clini-
cal trials in the absence of any preclinical toxicology data, and
to assess the benefits and limitations of each approach. The
output of this workshop was published in a perspectives article
in Nature Reviews Drug Discovery,’ which described a future
vision and strategy of how these issues could be addressed.

The NC3Rs approach to tackling the 3Rs challenges in mAbs
development. After the workshop, an expert working group
was established to determine the best strategy to implement
and integrate potential alternatives into current practice and
study design. This working group consists of 23 companies and
regulatory bodies, with half of members based in the United
States and the others representing organizations based through-
out Europe. Through a large data-sharing exercise, the working
group used data from preclinical safety studies for more than 54
mAbs as an evidence base to design scientifically robust alter-
native preclinical development pathways that could replace or
reduce the use of nonhuman primates. This analysis revealed
that the use of rodents may be possible in some cases, as well
as the use of fewer dose or recovery groups, the combining of
studies, or the reuse of nonhuman primates. The knowledge
was developed into practical guidelines on how to minimize
primate use in monoclonal antibody development by assessing
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relevance over other species and applying good study design.* If
the recommendations are put into practice, there is the potential
to reduce the number of nonhuman primates used from 144 to
52 per mAbs in some cases. In addition, there are opportuni-
ties to reduce the number of reproductive toxicology studies
that are completed in nonhuman primates, for example, if the
mAbs is not intended for use in women of child-bearing age or
is designed for the treatment of a life-threatening disease. Data
have subsequently been analyzed from an additional 86 mAbs
in development, and this additional information used to further
improve the practical guidance and provide the evidence base
for implementation.” This guidance is now applied internally
by many of the international companies who were involved in
this initiative.

This program of work has helped to influence regulatory
change at a global level. For example, in 2011 an addendum
to the ICH S6 guideline (Preclinical Safety Evaluation of
Biotechnology-Derived Pharmaceuticals) was published and
has enabled the NC3Rs working group recommendations to
be put into practice. A timeline demonstrating the progress of
the mAbs project can be seen in Figure 4 C.

Current and future NC3Rs activities in mAbs development.
The NC3Rs has held 5 international workshops in the United
Kingdom and United States and published 5 papers on this
work (Figure 3). A workshop in 2013, in collaboration with
Charles River Laboratories, titled “Debunking the Urban Myth:
Rodents Don’t Support Biotech Programs,” demonstrated the
opportunities for the added value of the rodent in mAbs de-
velopment programs. The output from this workshop will be
used to support companies in putting the ICH S6 addendum
into practice. For example, the use of a single species (which
could be a rodent) for chronic toxicology studies might be
adequate if the toxicology profiles in 2 species are the same in
the short-term studies.

The NC3Rs continues to work closely with international
pharmaceutical, biotechnology, and contract research organi-
zations as well as regulators in this field, and the mAbs expert
working group convenes regularly to identify additional 3Rs
opportunities. Most recently, in June 2014, a workshop was held
in Washington, DC, to identify opportunities for greater use of
emerging in vitro and systems biology approaches. Workshop
participants explored how these approaches could be used to
optimize prediction of human safety by better understanding
of target pharmacology and to gain more value from fewer in
vivo studies.

The Centre is currently exploring 3 main areas of interest:
the reduction of nonhuman primates in the testing of biosimi-
lars, microsampling for mAbs, and a vision for protein-based
biopharmaceuticals in the future, with a focus on in vitro
technologies.

Strategic CRACK IT Challenge: improving the predictive capac-
ity of in vitro cytokine release assays to reduce animal use and
drug attrition. In 2011 a CRACK IT Challenge was launched
to develop in vitro human cell-based models for the testing of
protein-based biopharmaceuticals (which include mAbs) that
will allow the prediction of human cytokine release and to
develop a parallel assay that uses nonhuman primate cells for
prediction of cytokine release in preclinical safety assessment.

The use of such assays to accurately predict immune re-
sponses, including the likelihood of a cytokine storm, could
reduce the number of nonhuman primates used in current
assessments, by halting the progression of potentially unsafe
and inefficacious compounds into preclinical studies at early
stages. In addition, these screens may provide information on

the mechanism of action or potency of candidates, thus inform-
ing the design of subsequent studies and possibly helping to
avoid the administration of later doses that result in signifi-
cant adverse events or mortality. Sponsored by Huntingdon
Life Sciences, who is providing clinical antibodies, multiplex
analysis platforms, automation, and tissue-banking facilities,
the contract was awarded to Professor Martin Glennie from
the University of Southampton, along with collaborators from
the University of York. The team currently is developing a
multitier assay system that uses peripheral blood mononuclear
cells from healthy volunteers to look at the mAbs-stimulated
cytokine release in soluble, cellular, and tissue-based assays.
The team has presented its work at the ILSI Health and Envi-
ronmental Sciences Institute Workshop on Cytokine Release,
in Washington in October 2013, to leading scientists within
the industry.

Looking to the Future

Perception of the 3Rs has changed significantly over the last
10 y. Scientists at all levels across the biosciences are becoming
involved in 3Rs activities, and we see engagement from many
key organizations in the public and private sectors in the United
Kingdom, increased investment in the 3Rs, and many more
cross-sector and cross-discipline collaborations. In addition,
the NC3Rs has shown that delivering measureable 3Rs effects
can support new scientific discoveries, technologic advances,
and commercial opportunities.

The NC3Rs recently published its vision for the next 10
y (www.nc3rs.org.uk/news/minimizing-and-improving-
animal-use-next-decade). In this timeframe, it will be critically
important to anticipate and respond to any shifts in future
research investment that may affect the use of animals and to
address the challenges that remain in the current environment.
We view these challenges within 5 interrelated areas: practice,
procedures, people, places, and policy. The NC3Rs’ future strat-
egy will build on the previous 10 y of experience and is based
on collaboration, international outreach, and a back-to-basics
approach. Areas that the NC3Rs has already identified for pro-
gram development in the short-term include the use of adverse
outcome pathways as a predictive tool in safety assessment
and disease modeling, and the evaluation of animal models of
efficacy for therapeutic areas such as oncology.

The NC3Rs will also continue to provide new resources
to scientists and institutions and relevant training on how
to use them. The evidence showing that publicly funded in
vivo research is poorly reported, which triggered the develop-
ment of the ARRIVE guidelines, also suggested that in vivo
experiments were suboptimally designed. Our Experimental
Design Assistant, to be launched in 2015, will guide research-
ers through the design of their experiments, helping to ensure
that they use the fewest animals consistent with their scientific
objectives, methods to reduce subjective bias, and appropri-
ate statistical analysis. The NC3Rs will focus on supporting
scientists who use the Experimental Design Assistant to plan
their experiments and on facilitating its dissemination inter-
nationally, given that this resource will be globally applicable.
From a regulatory perspective, the requirement to collaborate
ata global level has arguably never been greater. Our plan is to
maintain and increase international outreach through project
areas such as the use of the Fixed Concentration Procedure for
acute inhalation toxicology, microsampling, and the develop-
ment of biosimilar products.

Innovate UK, in collaboration with the NC3Rs and with the
support of the Engineering and Physical Sciences Research
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Council, BBSRC, and MRC, will publish a UK Roadmap for
Nonanimal Technologies in 2015. This effort accompanies in-
creased investment from the NC3Rs, Innovate UK, and other
research councils into this area (£4 million [approximately
USD$6million). This roadmap will describe a strategy for
fast-tracking the commercialization of technologies and that
is focused on human relevance for efficacy, safety, and toxicity
to ensure that validation and uptake is achieved as quickly as
possible.

We hope that the next generation of researchers will be better
equipped to advance the 3Rs. If progress continues at a similar
rate, the scientific landscape could be transformed in the next
10 y. However, as more scientists seek to address the 3Rs, more
resources will be required to support them. Continuing to equip
scientists with the right tools will help to overcome challenges
and limitations of emerging 3Rs innovations and benefit the
whole bioscience community.
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