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Meeting Increased Demands on
Cell-Based Processes By Using
Defined Media Supplements

Luke Dimasi

apidly increasing demand for

cell-derived products has

placed huge pressures on the

biomanufacturing industry’s
production capacity requirements.
Media development strategies
continue to be a primary focus for
optimizing output from cell culture
systems. Animal cells used in
manufacturing protein products have
complex nutrient requirements specific
for each cell type, clone, and product.
Individual nutrient requirements were
once addressed by using serum-based
media rich in growth factors and
supplements, which provided an
optimal culture environment for cell
growth and productivity (1). However,
the use of serum is gradually being
phased out in biopharmaceutical
manufacture. Seasonal and continental
differences in serum composition and
batch-to-batch variations lead to
inconsistent cell culture performance
and product quality. Moreover,
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because of contamination risk from
blood-borne adventitious agents
(mycoplasma, viruses, and prions),
regulatory agencies strongly
discourage the use of animal-derived
products in biologics manufacturing.
Those factors have created a
demand for development of serum-
free (and more recently chemically
defined, protein-free) media that
deliver optimal cell growth and
productivity (2). Because of specific
nutrient requirements for different
production cell lines, a media
formulation must be tailored to help
each process achieve optimal growth.
To date, it has not been possible to
design a single serum-free or
chemically defined media formulation
that can act as a serum substitute
suitable for growing all cell lines. In
fact, different clones of the same cell
type even require different
formulations for optimal growth, and
media optimization for each can be
extremely time consuming and costly.
Biomanufacturers are demanding

Figure 1: Recovery of CHO cells in a CD-SFM
following cryopreservation in various freezing
media
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robust media platform technologies
that can be applied across their
production portfolios to deliver the
required upstream process and
productivity output while maintaining
product quality.

Here I discuss current media
development strategies designed to
optimize output from cell culture
systems, industry requirements for
robust media platforms, and the role of
defined media supplements in
addressing those. Using experimental
examples, I examine the benefits of
supplementing commercially available,
chemically defined media with our
company’s LONG R3 IGF-],
rIransferrin, and rAlbumin ASP-G
defined recombinant supplements. I
show how they may be applied across
the upstream production process, from
cryopreservation of mammalian cells to



large-scale manufacture of recombinant
proteins and monoclonal antibodies
(MAbs). In addition, I explore the
benefits of defined media supplements
for the manufacture of cell-derived
vaccines and emerging technologies.

ANIMAL-FREE CRYOPRESERVATION
Stable storage of production cell lines
in master and working cell banks is a
fundamental requirement for all
biomedical manufacturers.
Cryopreservation is widely accepted as
the method for long-term storage. To
ensure optimal cell recovery, this
technique has historically required
incorporation of fetal bovine serum
(FBS) in cryopreservation media.
However, animal-free alternatives
must be investigated in response to
increasing pressure from regulatory
agencies, especially when cryostorage
precedes an animal-free
biomanufacturing process.

Our group examined an animal-
component—free (ACF) human
recombinant albumin (rAlbumin) for
its ability to replace serum in
cryopreservation of Chinese hamster
ovary (CHO) cells expressing anti-
1L-8 M Abs. Cells were maintained in
commercially available, chemically
defined, serum-free media (CD-SFM)
with GlutaMAX supplement from
Invitrogen and Methotrexate (MTX)
antimetabolite. Cells were frozen at a
density 1 x 107 in FBS with dimethyl
sulfoxide (DMSO) polar solvent
(medium 1), rAlbumin with DMSO
and CD-SFM (medium 2), or a
commercial cryoprotection media
(medium 3). After thawing, cells were
recovered in CD-SFM and analyzed
for viable-cell density (VCD), percent
cell viability, and percent midapoptosis
using Millipore’s Guava ViaCount
assay over three days.

Our results demonstrated that all
three media were effective for
cryopreservation. Growth of CHO
cells was comparable over three days of
recovery in CD-SFM, but cells
cryopreserved in rAlbumin medium
demonstrated enhanced growth
compared with the FBS or commercial
cryoprotection medium (Figure 1).
After three days of growth, although
the percentage of viable CHO cells
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Figure 2: Percent of viable CHO cells on day three of recovery in CD-SFM following
cryopreservation in various freezing media
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Figure 3: CHO cells cultured in 50-mL TTP tubes containing CD-SFM with either insulin or LONG
R® IGF-I supplements; during the culture period, cells were analyzed for percent viability (Top),
percent midapoptisis (CENTER), and productivity (BOTTOM).
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frozen in media containing rAlbumin was comparable to
that of cells frozen in FBS or the commercial cryoprotection
medium, the number of cells in midapoptosis was reduced
for those frozen with rAlbumin (Figure 2).

Figure 4: CHO cells cultured in 50-mL TTP tubes containing CD-SFM
with either insulin or LONG R? IGF-I supplements; during the culture
peiord, cells were analyzed for percent midapopitisis (Top), viability
(MipDLE), and productivity (BoTTOM).
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RoBuUsT MEDIA PLATFORMS WITH DEFINED SUPPLEMENTS
A CD-SFM strategy delivers many benefits for the
manufacture of biotherapeutics, not the least of which are
regulatory compliance, simplified downstream processing,
and consistency of both processes and products (3). All are
important drivers in reducing drug development costs for
biomanufacturers, which should translate to affordable
treatments for patients. Because of the different nutrient
requirements for various production cell lines, however,
each line requires its own specific media formulation to
achieve optimal performance. Optimization can be time
consuming, and maintaining culture viability while
improving product titers can be challenging. Chemically
defined, serum-free conditions often need to be
supplemented with a growth factor or bioactive supplement
for robustness (4). In addition, protein-free environments
can promote nonspecific adsorption of cell-derived
products to material surfaces, increased sensitivity of cells
to bioreactor shear forces, biophysical stresses such as
oxidation, and proteolytic degradation (2, 4).

We compared two commercially available, animal-free
recombinant growth factors — insulin and our company’s
LONG R3IGF-I supplement — for their ability to
stimulate cell growth and productivity in commercially
available CD-SFM. Both factors are used in the serum-free
manufacture of many biologics across a range of cell lines.
Their mitogenic function is often essential for achieving
and maintaining the viable cell densities needed for optimal
performance under production conditions.

To study the benefit of supplementing CD SFM with a
growth factor, we seeded cells at 1 x 10° cells/mL culture
media containing either growth factor in 50-mL TTP
tubes and incubated them for 11 days. Cultures were grown
in duplicate and then sampled in duplicate for each time
point (n = 4). After harvest, we analyzed samples for cell
viability and apoptosis with the ViaCount assay, and for
productivity determined by affinity HPLC (with a protein
A HPLC column) to measure IgG levels.

CHO cell viability was similar in all cultures at day 6;
however, toward the end of the culture period, the LONG
R3 IGF-I supplement supported higher cell viability
(Figure 3, Top). The number of cells in midapoptosis was
also reduced in its presence (compared with both CD-SFM
alone and with insulin) in the later stages of the batch
culture (Figure 3, cENTER). The observed maintenance of
cell viability in cultures treated with LONG R3 IGF-I
growth factor also translated to a significant increase in
product titer (Figure 3, BoTTOM).

We also examined the rAlbumin ASP-G (rAlbumin)
animal-free recombinant albumin in a separate study for its
ability to protect CHO cells against oxidative stress. Using
hydrogen peroxide (H,O,) treatment as a model for induced
apoptosis through oxidative stress, we tested rAlbumin for
its potential antioxidant properties. We seeded CHO cells
at 1 x 10° cells/mL in 50-mL TTP tubes and added H,O,
to a final concentration of 0.08 mM * rAlbumin
(1 mg/mL). After harvest, we analyzed our samples for
midapoptosis and growth with the ViaCount assay and for



productivity using affinity HPLC
(with a protein A HPLC column)
measurement of IgG levels.

Our results demonstrate that CHO
cells treated with H,O, plus rAlbumin
displayed reduced midstage apoptosis
compared with cells stressed by
peroxide treatment alone (Figure 4,
ToP). Moreover, we observed growth
and productivity equivalent to controls
(SFM and rAlbumin) in CHO cells
treated with H,O, plus rAlbumin
compared with those treated with
H,0O, alone, which displayed reduced
cell growth and productivity (Figure
4, CENTER and BOTTOM).

CeLL-BASED THERAPIES IN AN
ANIMAL-FREE ENVIRONMENT
Mammalian cell culture is increasingly
the system of choice for production not
only of biological pharmaceutical
proteins, but also of emerging therapies
such as viral vaccines, stem cells, and
tissue therapies. Similar to the
production of biological proteins, these
product classes have seen a necessary
shift away from use of serum-containing
media or any animal-derived products in
upstream manufacture because of
regulatory concerns over media safety
risks, variability, and cost (5). Whereas
the movement to a serum-free media
environment for manufacturing
recombinant proteins and antibodies has
been relatively rapid for suspension
cultures (e.g., CHO cells), it has been a
more difficult task for vaccine cell lines
and cell-derived therapies.

Traditionally, adherent vaccine cell
types such as Vero and MDCK require
additional molecules to promote their
attachment, growth, or virus
production in culture (6). Generating
suspension cell lines for manufacturing
vaccines for influenza and other
applications is a current area of focus.
Suspension cells simplify production
scale-up by eliminating the need for
attachment surfaces as well as
detachment and reattachment steps
between cultivation (7).

Use of defined protein media
supplements in development of ACF
media for improved growth and
productivity of vaccine-related cell lines
has been investigated for both adherent
and suspension cell types (8). Our
preliminary study tested growth
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Figure 5: Growth of Vero cells following direct transfer from a serum-containing culture
environment to CD-SFM with defined supplements, either alone or in combination
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Figure 6: Growth of MDCK cells following direct transfer from a serum-containing culture
environment to CD-SFM with defined supplements, either alone or in combination
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responses to a selection of bioactive
proteins in two cell lines (Vero and
MDCK) under investigation for
commercial production of viral vaccines:
insulin-like growth factor (LR3),
epidermal growth factor (LEGF),
transferrin (fI'F), and albumin (rAlb).
To demonstrate how defined
supplements allow rapid transition
from a serum-containing culture
environment to serum free, we
maintained Vero and MDCK cells
separately in a basal medium of
Dulbecco's modified Eagle's medium
with Ham's nutrient mixture F12
(DMEM/F12) supplemented with
10% (v/v) FBS and 2 mM GlutaMAX
supplement. Cells were harvested,
washed with DMEM/F12 basal
medium, counted, and then diluted in
basal medium with 2 mM GlutaMAX
media. A cell suspension containing
4,000 cells was seeded into a 96-well
culture plate, to which the
supplements to be tested were added
either alone or in combination. Cell
growth was assessed using Invitrogen’s
CyQUANT NF cell proliferation
assay kit, with results expressed as
relative fluorescence units (RFU).

"LEGF  rAb  FTF LR3+ LEGF fTF+ LR3+ LEGF+ 10%

fTF +rTF  rAlb  (TF+ (TF+LR3 FBS

rAlb 4+ rAlb

Our results show that Vero (Figure
5) and MDCK (Figure 6) cells
showed increased growth responses
over the serum-free control when
recombinant supplements were used in
combination. When all four
supplements were used together, the
growth response approached that
achieved using 10% FBS. The cell
lines we tested had not been previously
adapted to these supplements, which
demonstrates the possibility for direct
substitution from serum-containing
media to SFM for vaccine cell culture.

THE IMPORTANCE OF

HiGH-QUALITY COMPONENTS
Animal-free media supplements for
large-scale manufacturing are becoming
increasingly available to upstream media
development scientists. A primary reason
for shifting away from the use of serum
is its complex and ill-defined nature.
Variations among batches of serum can
cause phenotypic variations in cell
cultures, which in turn affect product
quality (2). With implementation of
quality by design (QbD) concepts in the
biopharmaceutical industry, quality has
increasingly become intrinsic at all stages



Figure 7: SE-HPLC analysis of rAlbumin ASP-G (LerT) and rTransferrin (RIGHT)
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of biomanufacturing (9). Defined as “a
systematic approach to development that
begins with predefined objectives and
emphasizes product and process
understanding and process control,
based on sound science and quality risk
management,” QbD is often applied at
the product/process development stage
(10). If it is to be applied to complete
biomanufacturing processes, then it
must also involve raw materials such as
media components, which are often
prone to variability and not in direct
control of process development
scientists. Defined media supplements
designed and manufactured exclusively
for cell culture are providing proven
growth benefits as well as process and
performance consistency (11).
Availability of detailed information
about raw-material quality specifications
can vary among suppliers and depends
on their customer relationships. Lack of
product knowledge or protection of
product formulation information can
make it difficult to call some
supplements truly defined. Some
suppliers work closely with their
customers to ensure that all aspects of
product quality meet each
biomanufacturer’s process requirements.
Specific raw material analysis —
including HPLC fingerprinting, nuclear
magnetic resonance (NMR) analysis,
inductively coupled plasma mass
spectrometry (ICP-MS), and liquid
chromatography with mass spectrometry
(LC-MS) — can be provided to give
customers a good understanding of the
relationship of raw material variations to
manufacturing consistency (12). Size-
exclusion HPLC (SE-HPLC) profiles
of two recombinant supplements in
Figure 7, LEFT (rAlbumin) and Figure 7,
RIGHT (fIransferrin) show the purity of
those supplements as part of routine
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product specification testing that makes
up the product quality package.

Discussion

Increased cell-derived product
requirements historically have been
addressed through construction of
manufacturing facilities containing large
bioreactors dedicated to manufacturing
single products. But because of rising
operational costs, spiraling cost of
goods, excess capacity, and the global
financial crisis, such facilities may no
longer remain economical. New
technologies for large-scale production
are being rapidly introduced: e.g., single-
use systems and multiproduct facilities.
Optimization of output from the
upstream cell culture system has also
received attention for its potential to
increase productivity.

Media development is being
investigated in efforts to enhance
cellular properties such as growth,
viability, and productivity. Regulatory
constraints coupled with an increased
knowledge of cellular nutrient
requirements have encouraged media
formulations to evolve from serum-
containing to chemically defined,
serum-free, and (most recently) protein-
free media. Because a protein-free
environment is often found to be
disadvantageous to cell growth, it
requires supplementing with
components such as growth factors,
amino acids, and albumin.

Our experimental examples show
some of the potential benefits that can
be gained in designing a media
development strategy that involves
defined media supplements. Applicable
at various stages in biomanufacturing
process development, such products can
directly replace serum in applications
such as cryopreservation, where we
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found recombinant albumin to provide
an animal-free alternative with
equivalent or even superior performance.

During production, a chemically
defined media environment often
requires supplementation to create a
robust media platform that can provide
unique cell lines with their specific
nutrient requirements. Our results
indicate that supplementing CD-SFM
with a growth factor provided an
environment that can sustain higher cell
viabilities and reduce apoptotic cell
levels, which translated to a significant
increase in product titer. Protein-
deficient media need help protecting
cells in the bioreactor environment, and
addition of an animal-free albumin
demonstrated potential antioxidant
properties.

Mammalian cell-culture is
developing as the expression system of
choice for other cell-derived products.
Our initial studies indicate that a
bioactive protein supplement combining
growth factors, transferrin, and albumin
could provide an animal-free culture
environment for sustaining strong
growth of commercially relevant vaccine
cell lines.

Although product titer is often the
primary driver in production of protein
therapeutics and emerging cell-based
technologies, quality is becoming
increasingly important at all stages of
manufacturing. QbD concepts are no
longer applied purely to manufacturing
process parameters for delivering
products with consistent quality
attributes. Raw material quality is now
becoming part of its scope, requiring
analytical techniques for testing product
consistency and purity.
Biomanufacturers should choose raw-
material suppliers that can work closely
with them during product development,



supplying the highest quality materials to suit their needs.
That in turn will deliver potential process and performance
consistency for patients.

Safe and defined quality media supplements gives process
engineers an opportunity to develop chemically defined
serum-free media strategies that provide some of the cellular
benefits of serum while allowing for robust and reliable media
formulations. Use of bioactive proteins is contributing to
greater consistency in process performance and providing the
scope to elevate process yields.
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