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The EURL ECVAM Recommendation on Non-animal Derived Antibodies

The production of monoclonal and polyclonal antibodies (mAb and pAb, respectively), by using animals
has recently been part of a broad scientifically and politically driven debate. The debate was triggered
by the Recommendation on Non-Animal Derived Antibodies’ of the European Commission’s Joint
Research Centre (EC-JRC) released in 2020, based on the work performed by the Scientific Advisory
Committee (ESAC) of the European Union Reference Laboratory for alternatives to animal testing
(EURL ECVAM).

The EURL ECVAM recommendation urged government authorities, ethical committees, funding
agencies and publishers that animals should no longer be used for the development and production of
antibodies for research, regulatory, diagnostic, and therapeutic applications. This recommendation
was followed by papers from ESAC board members®? claiming that non-animal derived antibodies
were ready to replace animal derived ones for all known applications.

Several scientific societies and researchers claimed in response to this that both, the EURL ECVAM
recommendation and the published correspondence, contained distorted perceptions of the current
possibilities for non-animal-derived antibodies.**®“Insufficient technological development,
inconsistent efficiency depending on the application, and difficulty in implementation at a global scale”
are named as major concerns barring the substitution of hybridoma technology with animal-free
methods®. It was also highlighted that some involved ESAC members were having a conflict of interest
when advising the EURL ECVAM for the use of non-animal derived antibodies. Moreover, the same
Ad-hoc Members of ESAC also carried out the 'independent scientific peer review' as part of the ESAC
Working Group, questioning their own scientific standards.

It is undisputable that animal testing should be replaced by alternative methods wherever possible.
This is not only a legal requirement in Europe’ but also in the sense of good scientific practice®. This of
course also applies to produce mAb and pAb.
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European National Committees for the protection of animals used for scientific purposes.

In Europe, National Committees® for the protection of animals used for scientific purposes have been
implemented by each Member State according to Art. 49 of the Directive 2010/63/EU. These National
Committees advise competent authorities and animal-welfare bodies, e.g. on the care and use of
laboratory animals, and exchange information on project evaluation and best practise in the light of
the Directive’s objective of harmonization of legislation. In this sense, the European National
Committees meet on a regular basis to exchange information on best practices. At the 3" informal
European NC Network meeting, which took place online in 2021, the EURL ECVAM Recommendation
on Non-Animal Derived Antibodies was the focus of an intensive discussion.

It was discussed that a more differentiated picture needs to be presented on the use of non-animal
derived antibodies as it was stated in the EURL ECVAM recommendation. Thus, it was decided to form
a subgroup of National Committees to follow up on this discussion and to formulate a common opinion
on how to deal with the EURL ECVAM Recommendation on Non-Animal-Derived Antibodies. This
subgroup was supported by several experts on the field of the production and use of mAb, pAb but
also of recombinant Ab (recAb).

The subgroup discussed that guidance is needed on the one hand for researchers to evaluate if the
purpose of the research question can be answered by using non-animal derived antibodies or which
other method is the most successful one. Competent authorities are also in the need of guidance to
evaluate and verify if the use of animals is justified for a specific project purpose. Moreover, it is
necessary to identify the scientific and structural issues that are hindering the broad application of
non-animal derived antibodies.

The use and production of antibodies

In research, antibodies are important tools for many routine techniques (e.g. flow cytometry, western
blots, immunohistochemistry, enzyme-linked immunosorbant assay, immunoprecipitation-mass
spectrometry, chromatin immunoprecipitation sequencing)®, and are thus, an indispensable utensil
to answer basic research questions.

Antibodies are also a critical part of medical diagnostics to detect infections, allergies, tumours,
hormones, or many other biological markers. Moreover, with their ability to bind on almost every
target antigen, antibodies are utilised as pharmaceuticals to treat several diseases, e.g. cancer,
respiratory diseases, infections, autoimmune diseases, macular degeneration, etc. They can also be
used to activate the immune system, are revolutionary in the therapeutic field for different type of
tumours (e.g. to target the checkpoint inhibitors), or for passive immunisation (e.g. COVID infection,
prevention of tetanus with anti-tetanus immunoglobulins, or preventive/therapeutic antibodies for
substitution in immunodeficient patients)*®.
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Many different commercial and in-house developed antibodies are being used for different purposes,
mostly research, diagnosis, purification of compounds and therapy. As recently shown by the COVID-
19 crisis, the medical benefit of diagnostic and therapeutic antibodies for patients has reached such a
level in recent years that modern medicine can no longer be imagined without them. Antibodies can
be received in different ways and each of the techniques have their advantages and limitations.

Polyclonal antibodies (pAB).

The production of pAb involves the use of different species (e.g. rabbits, goats, horses, chickens,
camelids etc.) that have been exposed to an antigen evoking the respective immune response. pAb
can also be derived by volunteering humans, which were either immunized by vaccination or were
recovering from infections. The blood sera containing the pAb have multiepitope binding properties
and can be used either directly or further be purified by affinity techniques. In the case of chickens,
polyclonal immunoglobulin Y (IgY) can be purified from the egg even without invasive blood sampling*?.
pAb are marketed for all kinds of diagnostics from autoimmune to infectious diseases or from point of
care to clinical testing. In addition, they are indispensable for the treatment of certain clinical
conditions like tetanus or snakebites. In the therapeutic field, they can also be used for several
purposes including prevention of infections for those patients with humoral immunodeficiencies,
treatment for Ebola® or COVID-19 infections, autoimmune disorders, and Kawasaki syndrome in
children™. pAb can be produced within a short period of time and allow for antigen recognition even
if some of the epitopes are not accessible. Disadvantages of pAb are the high batch-to-batch variability
and the increased likelihood to cross-react with other proteins'. Thus, they are of election as
secondary reagents on immunological techniques.

Monoclonal antibodies (mAb).

mADb are directed to a specific antigenic determinant and can be obtained by means of the hybridoma
technology®®. This technique usually involves the merging of mortal, antibody-producing B-cells from
the spleen (or from other sources such as lymph nodes) from immunised animals with immortal
myeloma cells. To produce mAb using the hybridoma technique, a limited number of animals is
needed. If the immunization and fusion is successful, only one animal is required. In general, from
three to five animals are immunized and sacrificed to generate a hybridoma specific for a single
antigen. The hybridomas secreting antigen-specific antibodies are then selected by screening against
the antigen of interest, which is relevant for the desired application. Even human mAb can be gained
by using hybridomas from transgenic humanized mice or other types of humanized animals (e.g.,
immunodeficient mice carrying human bone marrow cells). This can be particularly useful, if B-cells
from immunized human donors are not available for cell fusion. Selected and stable hybridomas can
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be maintained on culture or frozen for long periods of time. These hybridomas form a long-term source
of antibody producing cells without the need of further animals.

General advantages of mAb over pAb are, e.g. the high homogeneity, the possibility to produce a large
amount of identical antibodies, the high affinity to a single epitope with a low cross-reactivity.'”*® In
addition, mAb have a lower batch-to-batch variation than pAb*® and, thus, are more likely to entail a
better reproducibility of research performed with the respective antibody. Moreover, they are opted

to humanization, which allows for better therapeutic applications.

Recombinant antibodies (recAb).

Nowadays, antibodies can also be produced in different ways by means of genetic engineering. One
major advantage of recAb is that they can be modified with various methods. For example, antibodies
derived from animals can be humanized, individual antibody fragments (like Fab/Fc, single chain Fv,
etc.) can be generated, or the formation of antibodies with a different isotype or glycosylation pattern
as well as the addition of drugs is possible®.

e recAb by re-cloning from hybridoma. The sequences of the heavy and light antibody chains
expressed by the hybridoma lines can be determined. This information can be used for the
recombinant production of mAb in well-established mammalian expression systems?*. Under
the aspect of quality assurance, this approach has technical advantages over the use of
hybridoma-produced mAb. In a certain percentage of cases, additional light and/or heavy
chains might be present in the hybridoma cell lines, which might give rise to additional
antibodies produced by a hybridoma line, resulting in oligoclonal mixtures of antibodies
instead of single-specific mAbs.*

e recAb by display techniques (e.g., phage display)®>. A prerequisite for this technique is to
generate or buy libraries consisting of a large variety of antibody fragments. Phage antibody
libraries can be classified as naive, i.e. produced from natural antibody donors (humans or non-
immunized animals), immune, i.e. cloning antibodies from immunised (transgenic) animals or
diseased or vaccinated humans, or as semi-synthetic or synthetic (animal-free) libraries. For
the cloning of the antibody fragments, mRNA must be isolated from hybridoma, spleen or
lymphatic cells, which is then converted to cDNA. These antibody fragments are combined
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with bacteriophage coat proteins, so the bacteriophages will display the antibody fragments
on their surface. Subsequently, the phages are panned on a solid phase to identify those
phages with the highest affinity for the antigen. The antibody genes from the selected
bacteriophage are cloned into appropriate vectors to generate a full antibody or other types
of antibody fragments. Human mAb can also be obtained using the phage display techniques
combined with genetic engineering.?* It is also possible to produce multiclonal antibodies
binding to different epitopes, which might be useful for certain applications.

e recAb by single cell sequencing.” B-cell screening techniques, allow for the isolation of blood
antigen-specific antibodies from blood B-cells obtained from immunised humans (either
infected or vaccinated). However, this methodology is not always applicable due to self-
tolerance to human components or ethical concerns.

Despite the different techniques, it is important that the resulting antibody must be of the highest
quality and needs to be thoroughly validated for the targeted application. Failure to validate the
antibody for the intended application leads to a lack of reproducibility of experimental results and
suboptimal data quality, undermining the original research goal.

Opinion of the National Committee subgroup

The signing National Committees and authors of this document concluded that the EURL ECVAM
recommendation does not provide a balanced information on the limitations of non-animal derived
antibodies. So far, scientific evidence is missing that non-animal derived antibodies can fully replace
the hybridoma technology and polyclonal animal sera. There are theoretical and practical limitations
to all current techniques for the development of mAb and pAb. Thus, an uncritical and full application
of the recommendation during the approval process of animal experiments in Europe could create a
serious hindrance to the future development of antibodies as diagnostics, in research, for purification
of compounds and as therapeutics.

Members of the ESAC board also recently acknowledged that “a restriction on the use of immunization
today, without substantial efforts to improve general access to non-animal-derived antibodies, would
indeed significantly hamper research”. In addition, they proposed that, especially for drug
development, the best and most successful approach would be the simultaneous use of different
methods (including immunisation) to be most successful. At the same time, the authors promote to
improve the access to non-animal derived antibodies. The European Commission also stressed that the
EURL ECVAM Recommendation on Non-Animal-Derived Antibodies does not propose a ban on the use
of animals for the development and production of antibodies per se. The Directive 2010/63/EU
requires a case-by-case scrutiny of project proposals to ensure that only when there is robust and
legitimate justification for the use of animals a project should be authorised.*®
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However, it remains unclear, how this justification should be provided by researchers in their specific
field in cases in which information on the direct comparison of efforts and results using the different
approaches — recombinant versus classical hybridoma strategies — is missing. Therefore, care should
be taken not to generalize statements obtained on individual antigens or antibody types to the diverse
range of potential antigens and applications.

Within the subgroup there was a common understanding that, at the moment, all technologies are
complementary?”’, and researchers and companies should choose the most appropriate method
depending on their purposes, analysing their advantages and disadvantages.?® The authors and signing
National Committees of this document strongly believe that all current technologies of antibody
discovery platforms including existing hybridoma cell lines, phage display and single B cell
technologies®® have their merits and should be used depending on the research question, target of
interest, and research experience.

However, the authors and signing National Committees of this document also speak out in favour that
non-animal derived antibodies should be considered and be used if they are suitable and where they
are demonstrated to be at least equivalent or better to address the specific research question.

A commitment exclusively to the use of non-animal derived antibodies is premature. Within the EU
this could mean competitive disadvantages in basic research, diagnostics and therapeutics considering
the continuation of traditional hybridoma-based mAb production outside the legislation sphere of the
EU, and already drives researchers to countries with less stringent standards on animal protection.

Measures to increase the uptake of non-animal derived antibodies

The authors and signing National Committees agree with the EURL ECVAM recommendation that
several measures should be established to increase the uptake of non-animal derived antibodies. As a
first step, the infrastructure should be changed to support a broader implementation of non-animal
antibody generation techniques. The access to training courses for researchers at different levels of
their career should be alleviated so researchers become aware about the possibilities of non-animal
derived antibodies and can learn about the genetic engineering techniques at a low cost. In addition,
better and affordable access to non-animal derived antibodies and phage display libraries could pave
the way to a broader implementation of recAb.

Measures should also include the installation of dedicated national and EU-wide research programmes
and/or implementing academic core facilities to compare the different approaches on a broad range
of different antigens and applications. A dedicated funding instrument on European level would be
most helpful to bring together the experts on classical mAb/pAb technologies and recAb approaches
and to accumulate the best knowledge represented in both worlds. Research directly comparingmAb

27Rossant CJ. et al. Phage display and hybridoma generation of antibodies to human CXCR2 yields antibodies with distinct
mechanisms and epitopes. MAbs 6(6), 1425-1438 (2014), DOI: 10.4161/mabs.34376
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technology with phage display libraries against the same antigen should be encouraged and the results
of such investigations should be publicly available.

Following points should be considered by policy makers, academia, non-academic institutions, funders,
and companies:

1.

In vivo and in vitro techniques to produce Ab are complementary approaches, each with pros
and cons and should be used depending on the research question, target of interest, and
research experience. For specific purposes of interest, institutions and funders could support
the use of in vivo and in vitro techniques in parallel. Thereby, knowledge on advantages and
limitations of each technique will be increased and fields could be identified where the non-
animal methods are leading to better results.

The broad uptake of non-animal derived Ab is partially hindered by a low availability of phage
display libraries and practical scientific knowledge on how to select optimal recombinant mAbs
for a dedicated research goal. Ways should be found to make high quality phage display
libraries freely accessible, especially for small research groups, and to introduce training
curricula on a non-profit basis. Joint core facilities could be established providing researchers
from different institutions with the desired non-animal derived antibody.

Researchers should be supported in using in vitro approaches. Thus, the technology developing
Ab via phage display should be part of the curriculum or implemented in other teaching
programs. This should include the use of both non-immune and immune libraries to obtain
scientifically sound and high-quality results. The time and resources (personnel, consumables)
necessary to bring this forward need to be allocated by the institutions and funding agencies
to support these comprehensive efforts.
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Further Information:

Positionspapier der europaischen Nationalen Ausschiisse zum Schutz von Versuchstieren zum Einsatz
von nicht-tierbasierten Antikérpern

https://www.bfr.bund.de/cm/343/positionspapier-der-europaeischen-nationalen-ausschuesse-zum-
schutz-von-versuchstieren-zum-einsatz-von-nicht-tierbasierten-antikoerpern.pdf
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