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Discussions on the quality of
antibodies are no reason to ban
animal immunization
René Custers1,* & Jan Steyaert2,3

T here is an ongoing debate on how

antibodies are being generated, produced

and used (Gray, 2020; Marx, 2020).

Or rather, there are two debates, which are

not necessarily related to each other. The

first one concerns the quality of antibodies

used in scientific research and the repercus-

sions for the validity of results (Bradbury &

Pluckthun, 2015). The second debate is

about the use of animals to generate and

produce antibodies. Although these are two

different issues, we observe that the debates

have become entangled with arguments for

one topic incorrectly being used to motivate

the other and vice versa. This is not helpful,

and we should disentangle the knot.

Polyclonal antibodies are being criticized

because they suffer from cross-reactivity,

high background and batch-to-batch varia-

tion (Bradbury & Pluckthun, 2015). Mono-

clonal antibodies produced from hybridomas

are criticized because they often lack speci-

ficity owing to genetic heterogeneity intro-

duced during hybridoma generation that

impairs the quality of the monoclonals (Brad-

bury et al, 2018). These are valid criticisms

and producing antibodies in a recombinant

manner will, indeed, help to improve quality

and specificity. But a mediocre antibody

will remain a mediocre antibody, no matter

how it is produced. Recombinant methods

will just produce a mediocre antibody

more consistently.

Getting a good antibody is not easy and

much depends on the nature and complexity

of the antigen. And low-quality antibodies

are often the result of poor screening, poor

quality control, incomplete characterization

and the lack of international standards.

Nevertheless, the technologies to ensure

good selection and to guarantee consistent

quality are much more advanced than a

decade ago, and scientists and antibody

producers should implement these to deliver

high-quality antibodies. Whether antibodies

are generated by animal immunization or

from naı̈ve or synthetic antibody libraries is

less relevant; they can all be produced

recombinantly, and screening and characteri-

zation are needed in all cases to determine

quality, and if the antibody is fit for purpose.

But criticisms on the quality of many

antibodies and pleas for switching to recom-

binant production of antibodies cannot be

mixed up with a call to ban animal immu-

nization. The EU Reference Laboratory for

Alternatives to Animal Testing (EURL ECVAM)

recently published a recommendation to stop

using animals for generating and producing

antibodies for scientific, diagnostic and

even therapeutic applications (EURL ECVAM,

2020). This recommendation is mainly

supported by scientists who seem to be

biased towards synthetic antibody technol-

ogy for various reasons. Their main argu-

ment is that antibodies derived from naı̈ve

or synthetic libraries are a valid (and exclu-

sive) alternative. But are they?

One can certainly select antibodies from

non-immune libraries, and, depending on

the antigen and the type of application, these

antibodies can be fit for purpose. In fact,

a few of such antibodies have made it to

the market as therapeutics, Adalimumab

(Humira�) being a well-known example.

But up to now, the vast majority of

antibodies continues to come from animal

immunization (Lu et al, 2020). And there is

a good reason for that. It is generally possible

to generate a few positive hits in a naı̈ve/syn-

thetic library; and the more diverse the

library, the more hits one is likely to get. But

many decades of experience with immuniza-

tion of animals—especially when they are

outbred—shows that they generate larger

amounts of antibodies with superior proper-

ties. And the more complex your antigen is,

the more the balance swings towards animal

immunization if you want to have a guaran-

tee for success.

There are different factors at work here.

First, the immune system of mammals has

evolved over millions of years to efficiently

produce excellent antibodies against a very

diverse range of antigens. Second, present-

ing the antigen multiple times in its desired

(native) conformation to the animal immune

system exploits the natural maturation

process to fine-tune the immune response

against particular qualities. Another factor

is that in vivo maturation seems to select

against negative properties such as self-

recognition and aggregation. It also helps

to select for important properties that go

beyond mere molecular recognition (Jain

et al, 2017). In industrial parlance, antibodies

from animal immunization are more “devel-

opable” and have favourable biophysical

properties (Lomberg, 2005). Indeed, the fail-

ure rate for antibodies selected from naı̈ve

or synthetic libraries is significantly higher.

Of course, the properties of synthetic anti-

bodies selected from non-immune libraries

can be further matured in vitro, for example
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by light chain shuffling or targeted mutagene-

sis of the complementarity determining region

(CDR). While this method has become more

sophisticated over the years, it remains a very

complex and iterative process without guaran-

tee that it produces a high-quality antibody.

Antibodies are an ever more important

tool in scientific research and a growing area

in human and veterinary therapeutics. Major

therapeutic breakthroughs in immunology

and oncology in the past decades are based

on antibodies (Lu et al, 2020). The vast

majority of these therapeutic antibodies

were derived from animals. An identical

picture appears when you look at the anti-

bodies in fast-track development to combat

the current COVID-19 crisis: again, the vast

majority are either derived from patients or

from animal immunizations. The same holds

true for antibodies that are used in diagnos-

tics and epidemiologic studies for COVID-19.

It is for that reason that we need the tools

and methods that guarantee antibodies of the

highest quality and provide the best chance

for success. The COVID-19 pandemic is only

one illustration of this need. If we block

access to these tools, both scientific research

and society at large will be negatively impacted.

We therefore should not limit ourselves to

naı̈ve and synthetic libraries. Animal immu-

nization remains an inevitable method that

needs to stay. But we all agree that these

immunizations must be performed under best

practice to further reduce the harm to animals.
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