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Fetal Bovine Serum (FBS) — A Pain in the Dish?

Jan van der Valk and Gerhard Gstraunthaler

The use of Fetal Bovine Serum in replacement alternative

Fetal Bovine Serum (FBS) is still the most
commonly used cell and tissue culture media
supplement. Since it contains essential compo-
nents for the proliferation and maintenance of
most cell types, FBS can be regarded as the
universal growth supplement to basal culture
media. Many scientists who are involved in in vitro
research, supplement their media with FBS,
without realising that FBS is actually serum
obtained from a living unborn calf. Even fewer
know that the collection of blood from the unborn
calf can involve suffering.l-2 Drawing blood from a
living fetus, mostly through a heart puncture, can
cause suffering, in particular when it takes place
in the last third of its fetal development and
without any precautions taken to minimise
suffering.2 Examples of such precautions include:
a) ensuring that fetal blood collection starts at
least five minutes after a complete neck incision in
the dam has been completed, and the electroen-
cephalographic or electrocorticographic (EEG/
ECoG) patterns are flat and remain flat; and b) not
allowing the fetus to breathe after removal from
the dam; or c¢) stunning the fetus with a captive
bolt firearm or a blow to the head with a suitable
blunt object.2 Although these measures can in
theory be taken to minimise suffering, there is no
indication that they are actually applied, let alone
subject to inspection by the authorities. So, it can
be assumed that FBS production involves animal
suffering. Therefore, since a wide range of in vitro
models have been (and are currently being) devel-
oped to replace or reduce animal experiments and
animal suffering, the use of FBS in these methods
seems at odds with the Three Rs principles.3

In addition, particularly when blood collection
takes place on EU territory, the question is
whether it ought to be subject to a formal project
review: i.e. the calves are killed for scientific
purposes in their last third of embryonic develop-
ment, so should the procedure, which involves
equal or more suffering than the injection of a

methods is associated with serious animal welfare
concerns, as well as worrying reproducibility issues

needle, not be regarded as an animal experi-
ment?45

A way to get around this ethical problem is to
supplement media with serum-like compounds that
do not involve animal suffering. One of these is
human platelet lysate (hPL). Although the use of
hPL is becoming increasingly popular as a universal
supplement, it unfortunately does not fully address
the scientific issues related to the use of FBS.5

Reproducibility issues

Although serum from a fetal calf seems to contain
all the necessary components to suit most cells
maintained outside a body in artificial surround-
ings, it contains several factors that might detri-
mentally influence the outcome of experiments.
FBS is a complex biological product of unknown
composition, with seasonal and geographical fluc-
tuations, and it therefore differs between different
lots, even from the same manufacturer. This is
supported by the observation that cells grown and
maintained in different batches of serum, thus
with different compositions, give different results
under the same culture conditions. The search for
a new batch of FBS, in which cell growth,
behaviour and other properties are similar as
compared to the old batch, is costly and time-
consuming. So, reproducibility is at stake, both
within a given laboratory, and certainly between
laboratories. Not only is this scientifically ques-
tionable, but when a method involving FBS as a
medium supplement is expected to be applied in a
regulatory context, it is actually almost useless. It
would be nearly impossible for all testing laborato-
ries to use the same batch of FBS for their experi-
ments, as each batch of FBS is limited by its finite
volume. Furthermore, it would be almost impos-
sible to find a batch that gives similar results to
the reference medium, since many different
batches of serum would have to be painstakingly
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tested in order to potentially achieve this. Thus,
the use of FBS implicitly introduces issues of repro-
ducibility, both within one laboratory over time, and
also between laboratories at all times.6:7

Other issues associated with the use of FBS

In addition to its use as a supplement in cell and
tissue culture media for research, FBS is also
commonly used in applications such as processed
meat production, in vitro fertilisation, cell therapy,
cell banking, and for the production of recombinant
products and therapeutics (especially vaccines).
The resulting year-on-year increase in the use of
FBS has already led to a situation in which the
demand exceeds the supply.8:9 This is further illus-
trated by a 300% increase in the price of FBS.9 The
shortage in FBS supply is a serious concern for its
future use.

Another worrying issue, besides variability in its
composition and supply issues, is the possible
contamination with viruses, bacteria, mycoplasma
and other adventitious factors. A recent study that
tested 20 commercial FBS batches from 12
suppliers found that only one batch was virus-free
and others were contaminated with between one
and 11 viruses.10 The BSE outbreak, which started
in 1985 and mostly affected the UK and France,
significantly contributed to the experimental
reproducibility crisis, due to its effect on the supply
and possible contamination of FBS. The outbreak
also increased human health risks, as a result of
the use of FBS in the production of, for instance,
vaccines.ll Furthermore, since FBS might induce
subtle and unexpected modifications of stem cells,
it should be used with caution in cell therapeutic
use.b

Solutions

The preferred medium for use in cell culture proce-
dures is animal component-free and chemically-
defined. Although chemically-defined media are
available for several cell types, these are selective
and generally only appropriate for use with one
specific cell type. The development of media for
other cell types is possible, but can prove to be time
consuming.12

In the meantime, to overcome ethical, legal and
supply issues, sera substitutes should be consid-
ered. hPL is becoming popular and has been used
in several situations.l2:13 hPLs are obtained from
donated human thrombocyte units that are past
their expiry date. Therefore, hPL is clinically
tested, xeno-free and it contains those growth
factors essential for cell growth and proliferation
in vitro. So far, hPL has been shown to support the
growth and proliferation of all of the animal and

human cell lines tested, with both anchorage-
dependent and suspension growth characteristics.
Furthermore, in terms of rates of proliferation,
hPL was superior to FBS, which currently is the
only benchmark available. Thus, hPL can be seen
as a good universal alternative for dealing with the
welfare aspects of FCS use. It could also be an
alternative in large scale production facilities,
when no other alternatives exist.

The use of chemically-defined media has been
proposed as the ultimate solution to the problems
described above.l415 Such media have several
advantages: their composition is defined and con-
trolled, leading to low qualitative and quantitative
variability, and they contain no adverse factors (e.g.
bacteria and viruses). As yet, no universal chemi-
cally-defined medium has been developed —
instead, the medium is developed for a specific cell
type. This specificity could be a major advantage,
particularly for primary cell cultures, where there is
a risk that unwanted cells (mostly fibroblasts) can
outcompete and overgrow the required cells.
Tailored chemically-defined media also offer the
possibility of selecting for specific cell types. The
development of such media and possible adaptation
strategies for particular cell types have been
described in a workshop report, published in 2010.12

Serum-free media have been developed for
several cell types and cell lines. Several of these
are described in the literature, and others are
commercially available. Although they are often
indicated as chemically-defined, the formulations
of commercially-available media are, unfortu-
nately, not always released. To facilitate the iden-
tification of serum-free media for specific cell
types, an FCS-free database (https:/fcs-free.org/)
has been launched. This database recently became
available online, and includes interesting features,
such as a ‘Comment’ function for each record in the
database, through which improvements to existing
media can be discussed. Together, we should be
able to eradicate the use of FBS in cell and tissue
cultures, thereby contributing not only to animal
welfare, but also to better scientific methods and
more-reproducible in viiro results.”

Recommendations

Many new methods involving a range of cell and
tissue culture techniques are currently in develop-
ment, or will be developed in the near future.
When these new methods are being developed, or
existing methods are being validated, the use of
serum-free media should be considered at all
times. In 2008, EURL ECVAM released a state-
ment urging that, whenever possible, non-animal
substitutes for FBS should be used, especially
when new in vitro culture test methods are being
developed.1® In addition, funding bodies should
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apply the FBS-free principle as a funding require-
ment, and they might also consider the inclusion of
extra funding for the development of a serum-free
medium when one does not already exist for the
cell type proposed for use in the in vitro method.
Regulatory bodies should require that the media
used in new methods are, at the very least, FBS-
free, but preferably that they are chemically-
defined and animal component-free. Existing
methods based on the use of FBS supplements
should be adapted to work under serum-free condi-
tions.

The use of FBS is not the only worrying factor
affecting the validity of scientific results obtained
from in vitro cell and tissue cultures. The misiden-
tification of cell lines is also a serious concern.16,17
In his ‘Food for thought...’ series in ALTEX,
Thomas Hartung discussed many other issues
related to in vitro research that should be consid-
ered and could be improved upon.19

A comprehensive guide to good in vitro method
practices (GIVIMP) will shortly be published by
the Organisation for Economic Co-operation and
Development (OECD).20 The aim of this guidance
document will be to improve “the reliability and
robustness of in vitro methods, reducing the uncer-
tainties of in vitro-based predictions and therefore
increasing the acceptance of the in vitro estimated
safety measures by regulatory agencies”.2! The
guide will provide a comprehensive overview of
most issues related to in vitro research.

Currently, we are seeing a continuous increase in
the application of in vitro methods, and a consequent
rise in the use of, and demand for, FBS. Therefore,
the ethical, scientific (i.e. reproducibility and safety)
and availability issues related to FBS use should be
taken seriously, and the development and use of
serum-free (preferably chemically-defined) media
should be considered at all times. This important
issue is further extensively discussed in a compre-
hensive consensus report.5
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