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The use of animals for scientific purposes is both a longstanding practice in biological
research and medicine, and a frequent matter of debate in our societies. The remarkable
anatomical and physiological similarities between humans and animals, particularly mammals, have
prompted researchers to investigate a large range of mechanisms and assess novel therapies in
animal models before applying their discoveries to humans. However, not all results obtained on
animals can be directly translated to humans, and this observation is emphasized by those who
refute any value to animal research. At the same time, the place of the animals in our modern
societies is often debated, particularly the right to use animals to benefit human purposes, with the
possibility that animals are harmed. These two aspects are often mixed in confusing arguments,
which does not help citizens and politicians to get a clear picture of the issues. This has been the
case in particular during the evaluation of the European Citizen Initiative (ECI) "Stop Vivisection"

recently presented to the European Commission !.

Humans and other mammals are very complex organisms in which organs achieve distinct
physiological functions in a highly integrated and regulated fashion. Relationships involve a
complex network of hormones, circulating factors and cells, and cross-talk between cells in all the

compartments. . Biologists interrogate organisms at multiple levels : molecules, cells, organs and



physiological functions, in healthy or diseased conditions. All levels of investigations are required to
get a full description and understanding of the mechanisms. The first two, and in some instances
three, levels of organization can be studied using in vitro approaches (for example cell culture).
These techniques have become very sophisticated to mimic the three-dimensional and complex
structures of tissues. They represent major scientific advances and they have replaced the use of
animals. On the other hand, the exploration of physiological functions and systemic interactions
between organs requires a whole organism. It is, for example, the case for most hormonal
regulations; for the dissemination of microorganisms during infectious diseases; or for the
influence of the intestinal microorganisms on immune defense or on the development of brain
functions. In these many cases, no in vitro model is currently available to fully recapitulate these
interactions, and investigations on humans and animals are still necessary. Hypotheses and models
can emerge from in vitro studies but they must be tested and validated in a whole organism,
otherwise they remain speculative. Scientists are very far from being able to predict the functioning
of a complex organism from the study of separate cells, tissues and organs. Therefore, despite
arguments put forward by the promotors of the ICE, studies on animals cannot be fully replaced by

in vitro methods, and it is still a long way before they can.

Animal models have been used to address a variety of scientific questions, from basic science
to the development and assessment of novel vaccines, or therapies. The use of animals is not only
based on the vast commonalities in the biology of most mammals, but also on the fact that human
diseases often affect other animal species. It is particularly the case for most infectious diseases
but also for very common conditions such as type I diabetes, hypertension, allergies, cancer,
epilepsy, myopathies, and so on. Not only are these diseases shared but the mechanisms are often
also so similar that 90% of the veterinary drugs used to treat animals are identical or very similar
to those used to treat humans. A number of major breakthroughs in basic science and medical
research have been possible because of observations and testing on animal models. Most vaccines,
which save millions of human and animal lives every year, have been successfully developed using
animal models. The treatment of type I diabetes by insulin was first established in the dog by
Banting and McLeod who received the Nobel Prize in 1921 2. Cellular therapies for tissue
regeneration using stem cells have been engineered and tested in animals 3. Many surgical
techniques have been designed and improved in various animal species before being applied to
humans. The discoveries in which animal models played a critical role are indeed numerous and led

to many Nobel Prizes.



It is, however, noticeable that the results obtained on animals are not necessarily confirmed
in further human studies. Various reasons can be evoked. First, despite large similarities, there are
differences between a given animal species and humans. For example, over 95% of the genes are
homologous between mice and humans but there are also differences for example in the members
of genes families, in gene redundancies and in the fine regulation of gene expression level. These
genetic differences translate into physiological differences which are increasingly better described
and understood. While some people like the ICE promotors use these differences to refute the
value of animal models, many including ourselves strongly advocate for further improving our
knowledge and understanding of these differences, and for taking them into account in
experimental designs and interpretation of observations 4. Moreover, these differences may provide

opportunities to unravel novel mechanisms and imagine innovative therapies.

The second reason is due to genetic and physiological variations within each species or
between closely related species. Laboratory mice have been developed as inbred strains which
have highly homogeneous genetic composition to increase the reproducibility of results and the
statistical power of experiments. Reports on animal models of human conditions often speak of
"the mouse model of...", referring in fact to observations made in a given genetic background.
However, the clinical presentation often varies if another mouse strain is considered. A striking
example is provided by a study published in November 2014 in Science by a team who reported
that some mouse strains are fully resistant to Ebola virus, others die without specific symptoms
and others develop fatal hemorrhagic fever . Another example is the difference of responses to
SIV, the monkey homolog to human HIV, between Rhesus macaques which develop simian AIDS
and sooty mangabeys which do not develop symptoms despite high levels of circulating virus °.
This range of responses reflects in fact the variety of clinical observations among human patients.
These examples illustrate how animal models must be considered: no single animal model is able
to mimic a given human disease which is itself polymorphic between patients, but the differences
between strains or species provide unmatched opportunity to understand disease development and

differential host response, and to eventually find new cures.

The second issue regarding the use of animals for scientific purposes is animal protection and
welfare. This is the scope of the European Directive 2010/63/EU, which has set the regulatory
framework for all animal research. Scientists have recognized for decades the importance of giving

full consideration to three fundamental principles 7, which have become the backbone of the



European Directive. First, animals must not be used whenever other, non-animal based,
experimental approaches are available, with similar relevance and reliability. Second, the number
of animals used must be adjusted to the minimum needed to reach a conclusion. Third, all
provisions must be taken throughout the procedures to minimize any harm inflicted to the animals.
These principles, known as "the 3 Rs rules", for Replacement, Reduction and Refinement, have

become the standard to which every project involving the use of animals is evaluated.

Animal research is conducted in compliance with regulatory provisions which cover the
inspection and licensing of animal premises, the training and competence of all personal designing
projects, performing animal procedures and taking care of animals, and the mandatory
authorization of every project by a competent authority upon ethical evaluation by an Animal Ethics
Committee. The criteria for evaluation are based on the 3Rs rules and a cost-benefit analysis to
evaluate if the potential harm to the animals, which must be reduced to the lowest possible level,
is outweighed by significant progress in terms of knowledge on human or animal health. Regulation
imposes that ethics committees include members concerned by animal protection and not involved
in animal research. In response to the ECI, the European Commission has underlined, in a
statement issued on June 3, 2015 8, that animal experimentation remains important for improving
human and animal health. At the same time, it is committed to promoting the development and
validation of non-animal based approaches, and to enforcing the application of the 3Rs rules by all
players, including the research community. Europe has therefore implemented one of the strictest

regulatory frameworks for the protection of animals used in research.

The greatest challenges faced by modern biomedical research concern complex,
multifactorial, diseases such as cancer, cardiovascular diseases, infectious diseases,
neurodegenerative disorders, pathological consequences of aging among others, for which all
experimental approaches are indispensable because of their complementarity : biochemistry,
genomics, cell culture, computer modelling, animal model and clinical studies. Research on
relevant, carefully designed, well characterized and controlled animal models will remain for a long
time an essential step for fundamental discoveries, for testing hypotheses at the organism level,
and for the validation of human data. Animal models must be constantly improved to be more
reliable and informative. Likewise, animal protection requires permanent consideration. These two

objectives, far from being antagonistic, must be anchored in high-quality science.



References

1 - http://ec.europa.eu/citizens-initiative/public/initiatives/finalised/details/2012/000007?lg=en

2 - http://www.nobelprize.org/educational/medicine/insulin/discovery-insulin.html

3 - Klug MG, Soonpaa MH, Koh GY, Field L]. Genetically selected cardiomyocytes from
differentiating embronic stem cells form stable intracardiac grafts. J Clin Invest 98(1), 216-
224 (1996).

4 — An example on glaucoma research : Ergorul C, Levin LA. Solving the lost in translation
problem: Improving the effectiveness of translational research. Curr Opin Pharmacol 13(1),
108-114 (2013).

5 -Rasmussen AL, Okumura A, Ferris MT et al. Host genetic diversity enables ebola hemorrhagic
fever pathogenesis and resistance. Science 346(6212), 987-991 (2014).

6 -Liovat AS, Jacquelin B, Ploquin MJ, Barre-Sinoussi F, Muller-Trutwin MC. African non human
primates infected by siv - why don't they get sick? Lessons from studies on the early phase
of non-pathogenic siv infection. Curr HIV Res 7(1), 39-50 (2009).

7 -Russell WMS, Burch RL. The principles of humane experimental technique. Methuen, London.
(1959).

8 - http://ec.europa.eu/transparency/regdoc/rep/3/2015/EN/3-2015-3773-EN-F1-1.PDF



