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Serum-free defined media, a largely unsolved problem in cell culture
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Cell culture methods often
lead to the reduction of animals
used for biological research and
industrial applications. Most of
these cell culture systems rely on the
use of fetal bovine serum (FBS), a
supplement of undefined and variable
composition. ™ Prof. Paul Honegger
and his group at the University of
Lausanne investigated the utility
of blood serum or plasma proteins
for FBS replacement. Serum-free
aggregating brain cell cultures served
as a reference (Project No 109-08).
The results indicate, unexpectedly,
that the beneficial effects of serum
do not reside in any of the examined
serum lipoprotein fractions (VLDL/
IDL, LDL, HDL), but remain in the
lipoprotein-deficient macromolecular
FBS fraction.

How to find reproducible cul-
ture conditions?

To avoid the use of serum in
culture media, two approaches
are currently being employed (1).
One is to replace serum by other
biological but as yet inadequately
defined mixtures such as extracts
from plants, animal tissues or cells.
Another is to adapt useful cell
lines individually for survival and
growth in serum-free culture media.
The latter limits the choice of cell
culture models, possibly excluding
cultures of normal, untransformed
cells, which are the most interesting
and versatile for basic research. The
further identification of serum com-
ponents that are obviously required
by cultured cells is of less high
priority. It appears reasonable to
assume that these particular serum
components would be required by
all cell types. The ultimate goal
remains to find a chemically defined

culture medium appropriate for a
broad range of cell culture systems.
Such a medium should be free of
undefined chemicals and mixtures
from animal-derived components,
and its exact composition should be
published in papers and recorded in
databases.

Are lipids essential for cell
culture?

Of all the components taken
into account for cultured cells, the
lipids are the most neglected ones.
Both linoleic and linolenic acid are
essential fatty acids but are often
absent from culture media. Mo-
reover, many cell lines would need
additional fatty acid derivatives,
since they often do not express a
normal cells entire set of metabolic
enzymes (e.g., lack of elongases)
for the biosynthesis of essential
metabolites.

Cholesterol is another com-
ponent under discussion. It is an
important building block of all
cell membranes, and an important
metabolite in many biosynthetic
pathways. Since cholesterol is
practically insoluble in aqueous
solutions, it is generally absent from
culture media. Although most of the
cells can theoretically synthesize
cholesterol, the biosynthesis is slow
and energy-consuming. Therefore,
the amount of cholesterol available
in vitro may be insufficient, particu-
larly during cell proliferation, repair
and maintenance of organ-specific
functions (e.g. in cells of the nervous
system during neurite extension,
synaptogenesis, and myelination).

Role of lipoproteins

In the organism, liposoluble
nutrients such as cholesterol, fat-
ty acids and lipophilic vitamins
reach the cells by means of spe-
cific apolipoproteins which form

complexes with the lipids, the
so-called lipoproteins (LPs), and
which recognize specific membrane
receptors expressed by the cells.
The LPs in blood serum or plasma
can be isolated by sodium-bromide
(NaBr)-density centrifugation. The
conventional 3 fractions contain
very low density/intermediate den-
sity, low density, and high density
lipoproteins (VLDL/IDL, LDL,
HDL), respectively. Knowing that
lipids, and particularly cholesterol,
are absent from most conventional
culture media, the working hypo-
thesis of the present investigation
was that the LPs represented the
still undefined serum component(s)
required for cell culture.

Reference cell culture

Aggregating brain cell cultures
were used as a model for LP te-
sting. This 3D primary cell culture
system prepared from embryonic
rat brain cells (2-5) contains all
types of brain cells (i.e., neurons,
astrocytes, oligodendrocytes, and
microglia) that are enabled to grow
and mature in serum-free medium,
and to form highly differentiated
structures such as myelinated axons,
synapses, and functional neuronal
networks. Previous work showed
that this culture system was ideal
for the study of hormones, growth
factors and other signaling molecu-
les on cellular growth, maturation
and homeostasis.

Effect of fractions compared

Lipoprotein (LP) fractions
(VLDL/IDL, LDL, HDL) were
isolated by NaBr-density centrifu-
gation from (i) fetal bovine serum,
(ii) newborn bovine serum, and
(iii) human plasma. Each fraction
was dialyzed before use to remove
NaBr, and different serum controls,
i.e., FBS, dialyzed FBS, and LP-



free FBS, were heat-inactivated (30
min, 56°C), a standard procedure
used for complement inactivation.
The 3 LP fractions together with the
LP-free serum and the whole sera as
controls were tested in aggregating
brain cell cultures. The matura-
tion was monitored using 4 cell

Characteristics of LP-deficient
factor(s)

The finding that it is the LP-free
fraction that displays beneficial
serum “activity” despite dialysis
and heating to 56° C indicates that
the component(s) of interest are

AGENTS added Total Protein and Total Enzymatic Activities per Sample
Total Protein | CNP [U] GS [mU] GAD [mU]
[mg]
NONE 226+0.39 |3.39+0.54 78 + 16 1.87 £0.27
FBS 5% 251+0.14 |6.60+0.65 174 + 18 2.78+0.28
FBS dialyzed 5% 1.67 £ 0.51 5.67 +0.27 150 £ 2 3.11+0.17
VLDL/IDL 1.26+0.10 [3.15+0.35 717 1.74 £0.23
LDL 1.19+0.10 |3.59+0.16 82+5 213+0.13
HDL 215+0.13 |3.21+0.26 69+4 1.94 £0.12
FBS-LP 5% 1.21+0.07 |6.65+0.68 128 + 10 2.88+0.34

Table 1: Effect of bovine lipoprotein fractions prepared from FBS, and of
lipid-deficient FBS, in comparison to FBS, on neuronal and glial maturation

in aggregating brain cell cultures.

The data are mean values + SD of 3 - 4 replicate cultures.

Detailed results and conditions used for dialysis, lipid fractionation, heat inactiva-
tion, amount of lipoprotein added and additional enzymatic activities are given at
http://www.forschung3r.ch/de/projects/pr_109_08.html.

type-specific enzymatic biomarkers
(2,3), i.e., 2°,3-cyclic nucleotide
3¢-phosphohydrolase (CNPase, oli-
godendrocyte-specific); glutamine
synthetase (GS, astrocyte-specific)
as well as choline acetyltransferase
(ChAT) and glutamate decarboxyla-
se (GAD), both neuron-specific.

LPs were not critical for cell
culture

Table 1 shows a representative
sample of the data obtained. Com-
bined results from all experiments
lead to the conclusion that none
of the three isolated LP fractions
(VLDL/IDL, LDL, HDL) display
FBS maturation-enhancing activity.
Instead, this activity appears in the
last LP-deficient fraction, indicating
that the isolated LP fractions are
unable to replace FBS in cell cul-
ture. Similar negative results were
obtained with the LP fraction of
newborn bovine serum (NBS) and
of human plasma, from which it was
possible to isolate higher amounts of
LP. Negative results were also ob-
tained using several purified blood
proteins, including fibronectin,
alphal-antitrypsin, fibrinogen, and
tissue-type plasminogen activator.
In terms of the 3R philosophy, it is
noteworthy that NBS was almost
as stimulatory as FBS. NBS may
therefore come to replace FBS.

macromolecules or macromolecular
complexes; small molecules such
as hormones or cytokines can be
excluded. In principle, it should be
possible to isolate, separate, and
individually test these macromol-
ecules for their bioactivity using a
reference culture. Once identified,
the macromolecules or their active
parts might be obtained syntheti-
cally, which would open the way to
cell culture work with higher repro-
ducibility, and to reduced suffering
of unborn calves.
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* Fetal bovine serum and the 3Rs

In the past, great efforts have been made to
identify the chemical conditions necessary for the
in-vitro survival, growth and maintenance of cells
(1,2). The identification of essential components,
including nutrients, vitamins, trace elements,
hormones, protease inhibitors, cytokines and
attachment factors provided the groundwork
for the preparation and use of chemically
defined culture media. Nevertheless, serum-free/
chemically defined cell culture media are still
rarely used for mammalian cells. Most standard
cell culture protocols require supplementation
with fetal animal serum, typically 10% v/v FBS.
This causes several serious problems, two of
which conflict with the 3R rules, insofar as FBS
collection inflicts suffering on unborn calves, and
complex, variable, incompletely defined FBS
composition leads to irreproducible cell culture
work. Seasonal and regional variations in serum
composition, resulting in batch-to-batch variations,
further aggravate the situation. Moreover, there is
a likelihood of contamination with BSE or viruses,
contraindicating the use of FBS for the preparation
of biological and pharmacological products.
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