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The UK bioprocessing sector

Tony Bradshaw'
! Affiliation Director, bioProcessUK, Biolndustry Association, 14/15 Belgrave Square,
London SWI1X 8PS

Abstract: Biopharmaceuticals are the fastest growing sector of the pharmaceutical
industry, currently accounting for ten per cent of total pharmaceutical sales,
and over one third of drugs in development. They are frequently breakthrough
products, where no effective treatment was available before. Biologic
medicines are significantly more complex than chemical drugs, costing more
to develop and manufacture Thus bioprocessing (devising the process and
manufacturing the goods) is important both in its own right, as a high value
manufacturing sector, and as a component of the overall biosciences sector.

Key words: biopharmaceuticals, bioprocessing, manufacture, process development

1. INTRODUCTION

According to the most recent UK government figures the UK bioscience
sector currently comprises of over 480 companies, employing 26,000 people,
and generating annual revenues of GBP 4 billion. The bioprocessing sub
sector is a significant part of the overall bioscience and healthcare sector,
consisting of 1,100 companies employing 100,000 staff, with annual
revenues of £11 billion.

The range of goods produced in the UK ranges from blood products to
recombinant proteins (from mammalian and microbial production systems),
cell therapies, tissue replacements, antibodies, fusion proteins, conjugates
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(for example, antibody-targeted radiotherapy and chemotherapy) and
enzymes.

The UK is also at the forefront of upcoming developments in
manufacturing gene therapy products, DNA vaccines, transgenic animal
production platforms, biogenerics, bionanotechnology, tissue engineering
and stem cell research.

Two significant infrastructure projects, each five years in gestation, are
due to come on stream within the next year. Once they are both up and
running, the resources provided by the National Biomanufacturing Centre in
Liverpool and Biocampus in Edinburgh will strengthen the UK’s bioprocess
development and manufacturing capabilities.

All this activity is underpinned by a world class academic base, which is
not only generating products and technology platforms, but also developing
new bioprocesses and providing ways to improve existing manufacturing
techniques. The multidisciplinary expertise on offer covers all aspects of
bioprocessing from lab-scale development through to large-scale
manufacturing.

2. CREATING A NATIONAL BIOPROCESSING
COMMUNITY

Despite this strength and depth, the UK is not generally viewed as a
leader in bioprocessing. There are several reasons for this misperception, but
I believe the key factor is that the component parts of the sector are
geographically dispersed. There are pockets of strength throughout the
regions in the UK but a single voice is needed.

In the past couple of years the trade body, the Biolndustry Association
(BIA), with backing from the Government, has been working to build a
national bioprocessing community.

The move to unify the UK bioprocessing sector gathered pace following
the investigation into the overall bioscience sector carried out by the
Bioscience Innovation and Growth Team (BIGT), led by the BIA, the
Department of Trade and Industry and the Department of Health. The
BIGT’s report, Bioscience 2015, reflected the views of more than 70
individuals working in biosciences and the government has since provided
funding for several of the initiatives it proposed.

One such initiative was my appointment as Bioprocessing Industry
Development Director under the auspices of the BIA, with a brief to
coordinate strategic initiatives, build links within the sector and shape the
knowledge infrastructure.

In January 2005 the BIA was awarded further government funding of
GBP three million to establish a National Bioprocessing Knowledge
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Transfer Network called bioProcessUK. Its key objective is to develop a
robust and productive national network that underpins partnerships between
academia and industry. I lead that initiative.

3. CREATING A POWERHOUSE IN BIOPROCESSING

In the past few years multinational companies including Eli Lilly,
MedIlmmune and Avecia have made significant investments in their UK
bioprocessing plants. To ensure that this trend continues, the UK strategy is
to become the number one player in the skills, expertise and intellectual
property needed to move compounds from research, into manufacturing and
the marketplace.

4. SPURRING INNOVATION IN BIOPROCESSING

While few may care to admit it, bioprocessing is technically immature
and there is potential for huge improvements in existing processes to drive
down costs and improve productivity.

Brendan Fish, who is responsible for process development at Cambridge
Antibody Technology Group, provides a specific example — that of adopting
disposable containers. “We conduct regular reviews to see if there is a
business case for setting up our own antibody production plant. At the last
review three years ago, the answer was no. Now we are doing the review
again and one of the key considerations is the development of disposable
technology that enables you to swop stainless steel tanks for single-use
plastic bags. This promises to cut the capital cost of setting up a plant and
the cost of running it, while increasing the number of products that can be
manufactured.”

5. FUTURE THERAPIES IMPLY EVER MORE
COMPLEX BIOPROCESSES

While there is obvious room for improvements in current processes,
establishing robust and safe manufacturing processes for novel treatments
such as gene and cell therapies will require an even higher level of
innovation in bioprocessing techniques.

The UK is recognised for its proactive stance on stem cells, and apart
from creating a supportive legislative environment and funding academic
research, the Government has provided GBP five million for three multi-



6 T. Bradshaw

partner bioprocessing projects that aim to develop manufacturing processes
and delivery systems.

More recently, the Government announced £6 million funding for a
variety of industry/academic collaborations in tissue engineering, bio-
pharmaceutical formulation and delivery, and bioscience underpinning
bioprocessing.

6. A SKILLED LABOUR FORCE IS THE KEY FACTOR
IN BIOPROCESSING

Even the major biomanufacturers are finding it difficult to recruit
experienced staff, and one of the objectives of UK strategy is to present
bioprocessing as an attractive career and entice more people to work in this
knowledge intensive area.

Dr John Birch, CSO at Lonza Biologics has been chairing a group of
industry representatives to advise the Biotechnology and Biological Sciences
Research Council (BBSRC) on its bioprocessing research priorities. The
BBSRC has responded positively with a proposal for a bioprocessing
research club with the Engineering and Physical Sciences Research Council
(EPSRC), DTI and industry. The GBP ten million will focus on funding
research partnerships between universities, research councils and industry
with one output being high quality researchers in the bioprocessing field.

The club approach, with several universities carrying out research under
the direction of a steering committee from several companies, has been tried
successfully before in the UK. In the past though, the clubs were asked to
concentrate on a specialized topic such as animal cell culture. The new club
will have broader horizons than previous academic-industry clubs in the
1980s. The initiative from BBSRC and EPSRC will ease the current skills
shortages which are inhibiting business development. The collaborative
approach proposed by the BBSRC is vital. To train good people, you have
got to do so in the context of leading edge research.

UCL’s Centre for Biochemical Engineering is a role model for the rest of
the world. All the students get hands on experience in UCL’s bioprocessing
unit, built at a cost of more than £40 million. For example, the most recent
batch of trainees spent time earlier this year collecting missing bioprocess
data for a DNA vaccine for pandemic flu.

7. PROGRESS TO DATE

The BIGT strategy is succeeding in fostering a community and advancing
the UK’s profile in bioprocessing. The BIGT report was published in
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October 2003 and we are already seeing real results — people are doing
something, and there is a collaborative atmosphere. It is particularly helpful
in the way it has pulled in academics.

The Bioscience 2015 report has had impact in the UK with all
stakeholders showing strong commitment to implementing the bioprocessing
recommendations. With continued commitment the UK can play a
significant global role in the development of innovative medicines.
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A Novel AIR-induced Gene Expression System in
HEK.EBNA Cells and its Applications

Nicola Susann Werner', Wilfried Weber?, Martin Fusseneggerz, and Sabine
Geisse'

! Novartis Institutes for BioMedical Research, DT/BMP, CH-4002 Basel, Switzerland, email:
nicole susann.werner(@novartis.com, ’Institute for Chemical and Bio-Engineering, Swiss
Federal Institute of Technology, ETH Honggerberg, Wolfgang-Pauli Str. 10, CH-8093 Ziirich,
Switzerland

Abstract: This work describes the first application of an efficient inducible gene
expression system in HEK.EBNA cells. The transgene control system of
choice is the novel acetaldehyde-inducible regulation (AIR) technology which
has recently been shown to modulate transgene levels following exposure of
cells to gaseous acetaldehyde (Weber ef al., 2004). The AIR technology was
engineered for gas-adjustable transgene expression in HEK.EBNA cells. AlcR
transactivator and reporter plasmids containing a chimeric mammalian
promotor (Par) were constructed for acetaldehyde-inducible expression of
intracellular and secreted proteins. Several highly inducible transactivator
encoding cell lines were established. Following transient transfection with
reporter constructs and induction with acetaldehyde an up to 80-fold increase
in transgene expression was achieved whereas leakiness of the system only
accounted for 1-2% of the induction level. Thus, the AIR technology has been
successfully applied to HEK.EBNA cells with tight repression and high
induction levels. This system can be used for inducible expression of any
desired recombinant protein.

One application of the inducible gene expression system is controlled
proliferation technology. An inverse correlation between growth rate and
productivity of recombinant cell lines has been previously described
(Fussenegger et al., 1998). Directing the metabolic capacity of HEK.EBNA
cells towards production of recombinant proteins either by expression of cell
cycle regulators or anti-apoptotic genes could be advantageous. This project
comprises metabolic engineering of HEK.EBNA cells which upon expression
of conditional cell cycle regulators uncouple the cell proliferation phase from
the protein production phase. The p27%"P! protein has been selected as a

11
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powerful cell cycle regulator for induction of growth arrest in HEK.EBNA
cells.

Data on inducible expression of recombinant proteins as well as on
controlled proliferation strategies for enhancement of productivity are
presented.

Key words:  AlR-induced gene expression, HEK.EBNA cells

1. INTRODUCTION

Inducible gene expression technologies are widely used in research in
vitro and in vivo. Gene regulation systems based on steroid hormones or
antibiotics as inducing agents are commercially available and well
established in cell lines such as HeLa and CHO-K1. For the successful
HEK.EBNA protein production system based on episomal long-term
propagation of several copies of recombinant plasmids no inducible system
has been described so far. Former attempts with the commonly used Tet/ON
and Tet/OFF systems were unsuccessful for application in large-scale
transient expression processes in HEK.EBNA cells. The Tet/ON system
applied to HEK.EBNA cells resulted in high background expression levels.
In contrast, maximum expression levels were obtained with the Tet/OFF
system only after 5-10 days of cultivation following removal of doxycycline.
Moreover, the inducible phenotype was lost upon scale-up to large-scale
serum-free suspension culture (Geisse et al., unpublished). The novel AIR-
adjustable regulation technology based on the chimeric mammalian
promoter Parr, a constitutively expressed Aspergillus nidulans-derived
transactivator protein, and acetaldehyde as inducing agent has been recently
described (Felenbok et al., 1988; Flipphi ef al., 2002; Weber ef al., 2004). In
the presence of the inducer the AlcR transactivator protein binds to specific
operator modules within Pyr and induces transcription whereas in the
absence of acetaldehyde the gene expression remains silent (Figure 1). In
this study we describe the first application of this efficient inducible gene
expression system in HEK.EBNA cells by engineering of AlcR
transactivator and AIR-adjustable HEK.EBNA production cell lines.
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Figure 1. Mechanism of AIR-inducible transgene expression (ON-system). A. Absence of
inducing compound acetaldehyde (AC). B. Presence of acetaldehyde. Pucyy: human
cytomegalovirus immediate-early promoter, AlcR: fungal transactivator, Par: chimeric
mammalian promoter engineered for inducible gene expression. Rectangular boxes represent
genes, curved lines mRNA, and circles proteins. The putative conformational changes of the
AlcR protein upon AC induction are reflected by modified geometric shaping.

2. RESULTS AND DISCUSSION

2.1 AIR-inducible Transgene Expression

The AIR technology was engineered for gas-adjustable transgene
expression in HEK.EBNA cells. AlcR transactivator plasmids were
constructed with and without Hise-tag and transactivator cell lines were
engineered via stable transfections and subsequent cloning steps. 94 stable
transactivator clones as well as 80 pools were analysed for inducibility and
production rates by transient transfection of Par-SEAP. This reporter
plasmid features a chimeric mammalian promotor (Psr) for acetaldehyde-
inducible expression of the human model glycoprotein secreted alkaline
phosphatase (SEAP).

After transfection of reporter constructs, cells were incubated for 4 hours
following addition of acetaldehyde to the cells. Subsequently, cells were
cultivated in culture dishes placed in acetaldehyde-inert 2L polypropylene
boxes equilibrated in a 5% CO, containing humide atmosphere. After 72h
hours, cell supernatants were harvested for chemiluminescent analysis of
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SEAP expression. The best transactivator clones were selected on the basis
of inducibility. Figure 2 shows an example of the screening of AlcR
transactivator cell lines. Differences reflect position effects among the clonal
cell lines: 69.1% of the clones had no or low transactivator activity with 0-
20-fold induction, 18.1% showed induction levels similar to those obtained
with the polyclonal pools (20-40-fold), 12.8% of the clones displayed high
SEAP expression in the presence of acetaldehyde (40-80-fold). 4 cell lines
out of 94 screened clones (4.3%) showed very strong inductive capacity of
up to 81-fold in the screening experiments. Thus, following transient
transfection with reporter constructs and induction with acetaldehyde a
remarkable increase in transgene expression has been achieved, whereas
background expression only accounts for 1-2% of the induction level. These
extremely well performing clones were chosen for further experiments.

AlR-inducible SEAP expression
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Figure 2. Analysis of stable transactivator clones for inducibility and production rates by
transient transfection of P,r-SEAP. Transactivator cell lines were seeded at similar densities,
transiently transfected with P5r-SEAP and incubated in the absence (-AC) and presence of
acetaldehyde (+AC). After 72h supernatants were harvested and assayed for SEAP
expression. From these data the induction factor was calculated for each clone.

The inducible system was fine-tuned with regard to parameters such as
acetaldehyde concentration, cell density and incubation periods in order to
achieve high induction levels. Figure 3 shows an example of three different
acetaldehyde concentrations used to induce SEAP expression in HEK.EBNA
cells stably expressing the fungal transactivator protein AlcR. Inducible
SEAP expression is dependent on the acetaldehyde concentration, reflected
by increasing levels of secreted SEAP up to an acetaldehyde concentration
of 0.04pul/ml medium. Peak SEAP expression rates of nearly 120-fold



A Novel AIR-induced Gene Expression System 15

compared to control cells were achieved with an inoculation cell density of
5%*10°/ml while preserving high cell viability (>90%). Thus, AIR technology
has successfully been applied to HEK.EBNA cells with tight repression and
adjustable medium to high induction levels in dependence on the
acetaldehyde concentration and the transactivator cell line used.
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Figure 3. Effect of different acetaldehyde concentrations on AIR-inducible SEAP expression
(A) and inducibility (B). Two transactivator cell lines (grey and black bars) were seeded at
similar densities, transiently transfected with P5r-SEAP and incubated in the absence and
presence of acetaldehyde (AC). After 72h supernatants were harvested and assayed for SEAP
concentration. From these data the induction factor for each clone was calculated.

2.2 Controlled Proliferation Strategies

For several commonly used mammalian expression systems an inverse
correlation between growth rate of cells and specific productivity has been
demonstrated (Fussenegger et al., 1998) and attempts have been made to
uncouple the cell expansion phase from the production phase via controlled
proliferation strategies. In such a biphasic production process, cells are first
grown to a desired cell density and are then growth arrested to enable
maximum production of the protein of choice. Recently, it has been shown
that metabolic engineering of CHO and NSO cells overexpressing either
anti-apoptotic genes or cell cycle regulators in a regulated fashion results in
increased specific protein productivity although volumetric productivity of
these cell lines is insufficient without gene amplification of the target gene
(Mazur et al., 1998; Meents ef al., 2002, Watanabe ef al., 2002, Ibarra et al.,
2003, Bi et al., 2004). For the HEK.EBNA protein production system a
controlled proliferation strategy has as yet not been shown, but, if successful,
could significantly impact on protein yields.

We aim to obtain higher cellular productivity by arresting HEK.EBNA
cells at the restriction point at the G1/S border of the cell cycle. Early Gl
phase cells are characterized by an enlarged cytosol and high metabolic
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activity and are not committed to undergo DNA replication (Ho and Dowdy,
2002). The restriction point is controlled by the activity of several cyclin-
dependent kinases being responsible for Rb phosphorylation and its
inactivation in order to permit entry into S-phase (Massagué, 2004).
Therefore, candidate growth suppressing genes are members of the kinase
inhibitor protein (KIP) family. The p27°"' protein regulates the cell cycle by
inhibiting the checkpoint kinase cdk2/cyclin E and other cdk/cyclin
complexes (Sherr and Roberts, 1999). A p27*' expression plasmid for
constitutive expression serving as proof of principle for successful cell cycle
arrest as well as AlR-inducible p27°"' expression plasmids were
constructed. Constitutive expression studies revealed a clear growth
retardation of HEK.EBNA cells upon expression of p27%"'. This supported
the choice of the p27"' gene for G1 phase specific cell cycle arrest in
HEK.EBNA cell lines (Figure 4).

Controlled proliferation by transient expression of p27" "

Gell number (x10%)

Oh 24h 48h 72h

Figure 4. Controlled proliferation of HEK.EBNA cells by transient expression of p27<P'.
Two HEK.EBNA cell lines (grey and black lines) were seeded at similar densities in
triplicate, transiently transfected with Pha\,[v—p27Kipl and cultivated for further 72h. Numbers
of control cells (filled squares) and corresponding growth arrested cells (open squares) were
determined every 24h.

First results of transient productivity assays using recombinant cell pools
revealed that controlling cell proliferation via expression of p27°P' is
possible and can lead to an increase of productivity per cell of tagged
recombinant proteins (data not shown). As the results of transient expression
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studies were very promising the next step of engineering of AIR-adjustable
production cell lines was initiated. We generated engineered HEK.EBNA
cell lines, which upon expression of the conditional cell cycle regulator
p27°"" uncoupled the cell proliferation phase from the protein production
phase. Double/triple stable clonal HEK.EBNA cell lines were developed
expressing the transactivator constitutively, p27°"" inducibly and in part the
reporter gene SEAP constitutively.

Stable pools on the genetic background of two different transactivator
cell lines were screened for inducibility of p27*?' by Western Blot analysis,
specific cell cycle arrest by FACS analysis and production rates by
determination of SEAP expression (data not shown). Figure 5 shows the
application of the controlled proliferation technology via induction of p27<""
in stably engineered AIR-adjustable production cell lines.
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Figure 5. Controlled proliferation via induction of p27%"! in stably engineered AIR-
adjustable HEK.EBNA cell lines. Two transactivator cell lines were stably transfected with
PAIR-p27Kipl and Pyceyy/SEAP  plasmids for inducible and constitutive expression,
respectively. Cells were seeded at similar densities and incubated in the absence (-AC) and
presence of acetaldehyde (+AC). After 72h cell numbers were determined.

First results indicate that the controlled proliferation technology via
induction of p27*"' leads to an increase of productivity per cell in stably
engineered AlIR-adjustable SEAP production cell lines after 72h (Werner
et al., manuscript in preparation).

In summary, this work describes the first application of an efficient
inducible gene expression system in HEK.EBNA cells. The highly
innovative AIR technology has been successfully applied to HEK.EBNA
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cells with tight repression and high induction levels. This system can be used
for controlled proliferation studies or for inducible expression of a
recombinant protein of choice. p27<"' has been selected as a specific cell
cycle regulator for induction of growth arrest in HEK.EBNA cell lines. First
results indicate that controlled proliferation via expression/induction of
p27°"" leads to an increase of productivity per cell in recombinant
production pools and stable engineered AIR-adjustable production cell lines.
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The creation of highly productive cell lines is the sum of many parts including
choice of expression system, host cell line, selection strategies and media. The
expression system itself is made up of a range of components which when
assembled together must achieve gene expression in the transfected cells.
Components from promoter and enhancer element, polyadenylation signal, 5’-
and 3’- untranslated regions to mechanism of action of the selectable marker
have been shown to have a profound effect on the level of mRNA expressed
from a transfected vector.

The aim of this study was to identify and evaluate modifications to the
vectors of Lonza’s Glutamine Synthetase (GS) expression system which may
enhance expression from these vectors. A number of alterations to the current
GS-vectors were evaluated, including replacing the human cytomegalovirus
major immediate early (CMV-MIE) promoter with a mouse CMV-MIE
promoter; altering the order of the heavy chain and light chain transcript units
within the vector; introduction of a transcription blocker sequence; evaluation
of matrix-associated region elements; and coding-region optimisation. The
alternative constructs were evaluated relative to the current GS vector by
comparing the production of a model chimeric antibody in stably transfected
CHOKI1SYV cells, a suspension variant of CHO-K1 cells.

Most of the alternative configurations were of no benefit or in some cases
detrimental. However, significant improvements in product yields were
obtained following optimisation of the heavy chain and light chain coding
regions.

Glutamine synthetase, Chinese hamster ovary, expression, antibody, promoter,
matrix  associated elements, cytomegalovirus, transcription, codon
optimisation, NSO, mRNA, intron, CHO-K1, CHOK1SV
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1. INTRODUCTION

Lonza’s GS-expression vectors utilise a strong promoter, the human
CMV-MIE promoter (hCMV) to drive the gene(s) of interest, whilst
expression of the GS selectable marker is driven by a weaker promoter,
SVA40E.

Stringent selection in a glutamine-free medium with the addition of
methionine sulphoximine (MSX), an irreversible inhibitor of GS, selects for
rare integrations of the vector into transcriptionally active sites of the
genome. Since the selection marker is on the same vector as the genes of
interest, these are also likely to be expressed at high levels.

The current vector utilizes the hCMV promoter to drive expression of
both the heavy chain (HC) and the light chain (LC), with the LC placed in
front of the HC within the vector. To further improve these vectors, we
investigated a number of alternative expression configurations expressing a
model antibody, chimeric IgG, cB72.3.

2. METHODS AND MATERIALS

CHO-KI1 cells were propagated in static flasks in a DMEM-based
medium supplemented with 10% fetal calf serum, 2 mM L-glutamine. The
cells were detached and transfected by electroporation with GFP-expressing
vectors. Each transfection was plated into a number of T175 flasks and
grown for 26 days in selective medium (growth medium containing 50 uM
MSX). The pools of cells were subsequently detached and analysed for
fluorescence intensity at 510 nm (excitation 488 nm) using a Coulter Elite
flow cytometer, and recording the mean channel number values.

CHOKI1SYV cells, a variant of CHO-K1 that has been adapted to grow in
suspension and protein-free medium, were propagated in CD-CHO
(Invitrogen) medium supplemented with 6 mM L-glutamine, in shaker
flasks. These cells were transfected by electroporation with antibody-coding
vectors and plated into 96-well plates in a glutamine-free DMEM-based
medium supplemented with 10% fetal calf serum and 50 uM MSX. The cells
were grown for 3-4 weeks in selective medium until individual colonies
were evident. For each of the different vectors evaluated, approximately 100
cultures arising from single colonies were transferred to 24-well plates
containing selective medium, as above. The cultures were grown for two
weeks, after which the concentration of antibody in the medium was
determined by Protein-A HPLC.
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3. RESULTS AND DISCUSSION

3.1 Mouse CMV

The mouse CMV-MIE (mCMYV) promoter has previously been reported
to be superior to the human CMV promoter for gene expression in mouse or
hamster cells (Rotodaro et al., 1996; Addison et al., 1997). We therefore
compared the performance of the mCMV promoter relative to the hCMV
promoter within the context of Lonza’s GS-vector system. The mouse and
human CMV promoters comprise an upstream enhancer region, a minimal
promoter region, and a downstream portion that forms the 5’-untranslated
region of the transcripts. A number of vectors were generated, in which GFP
expression was driven from the mCMV promoter including either the 5°-
upstream region (mMMCV long) or without this region (mMCV short), and
both promoters were also assessed with or without the associated mCMV
intron. The control vector contained the hCMV plus the associated hCMV
intron (see Figure 1a).
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Figure 1. mCMV vs hCMV promoters driving expression of GFP.
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The preliminary investigations using pooled transfectants of CHO-K1
cells expressing GFP suggested that the highest expression was from the
short mouse promoter region; the region upstream of the short mCMV
promoter was not beneficial whereas the intron was detrimental to
expression. These results are summarised in Figure. 1b and are consistent
with previously reported studies (eg Rotodaro et al., 1996; Addison et al.,
1997).

In order to verify that the enhanced expression seen with the mCMV-
short promoter would also be applicable to expression of an antibody,
vectors were constructed in which the expression of the HC and LC genes of
the model antibody were driven by the mCMV short promoter (see
Figure 2a). In addition, since the mCMV intron region was detrimental to
transcription, the potential benefit of the hCMV intron in conjunction with
the mCMYV promoter was also evaluated. The human intron is reported to be
critical for the effective expression from the hCMV promoter (Chapman
et al., 1991) and is present as part of the current GS-vectors.
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Figure 2. mCMV vs hCMV driving expression of antibody.
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These constructs were used to generate double-gene vectors expressing
the ¢cB72.3 model antibody and used to transfect CHOKI1SV cells. The
productivity of individual cell lines was evaluated, as summarised in
Figure 2b. Surprisingly, the mean productivity levels from the resultant cell
lines containing the mCMV-short was lower than that seen with the control
vector (hCMYV plus human intron). However, the combination of the mCMV
short promoter plus the hCMV intron resulted in a mean productivity level
equivalent to that of the control vector. Thus, the mCMYV short promoter is
able to drive transcription of antibody genes in CHO cells but the human
intron region is required for effective transcription from this promoter, as it
is for the hCMV promoter. These results emphasize the importance of using
the correct reporter protein(s), whose characteristics should closely mimic
that the final desired product.

3.2 Gene position effect — gene order and transcription blocker

The current configuration of the antibody genes in the GS-vector double-
gene construct places the LC gene in front of the HC gene. Since it is
common to observe excess LC protein secreted from stable cell lines,
relative to HC protein, it has been suggested that transcriptional read-through
from the LC gene could lead to promoter occlusion of the HC gene. To
investigate this position effect, two alternative configurations were generated
(see Figure 3a): placing the HC in front of the LC, or introducing an artificial
transcription blocker sequence (Eggermont and Proudfoot, 1993) between
the LC and the HC genes. These constructs were used to transfect
CHOKISYV cells, and the concentration of secreted antibody determined, as
summarised in Figure 3b.

Reversing the order of the HC and LC genes within the vector had a
detrimental effect, resulting in a decrease in the mean product concentration
for the selected cell lines. This suggests that while the position of the genes
might influence their levels of expression, excess levels of HC protein may
be detrimental to the formation of stable cell lines.

The introduction of the transcription blocker sequence had no beneficial
effect compared to the original construct. Therefore, the hypothesized
transcriptional read-through from the LC gene into the HC gene does not
appear to be a limiting factor in the secretion of whole antibody. In
summary, the original double-gene vector configuration appears to be the
better option.
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Figure 3. Gene position — HC, LC gene order and transcription blocker.
3.3 Matrix associated region elements

Matrix associated region (MAR) elements are DNA elements that bind to
the nuclear scaffolding matrix found associated with many house-keeping
genes and are proposed to maintain the local chromatin regions in an open
state, enabling long-term transcription from the adjacent genes. When used
in the context of an expression vector, they may serve to facilitate both
higher and more persistent expression from the genes of interest (Zahn-Zabal
etal., 2001; Kim ef al., 2004).

We evaluated the effect of placing a 3 kb MAR element associated with
the chicken lysozyme gene (Phi-Van and Stritling, 1988) at one of three
different locations within the GS-vector: upstream of the LC promoter (5°),
downstream of the HC (3’), between the LC and HC (middle), and a two-
MAR construct with insertion at both the 5° and 3’ positions (see Figure 4a).
These constructs were used to generate double-gene vectors expressing the
cB72.3 model antibody and used to transfect CHOKISV cells. The
concentration of secreted antibody from cultures of individual cell lines was
determined, as summarised in Figure 4a.

The inclusion of MAR elements within the GS vectors was not beneficial
(3’ or middle positions) or in the worst case, detrimental (5 position). For
the construct with MAR elements in both the 5 plus 3’ positions, the effect
was as detrimental as that seen with the single MAR in the 5’ position.
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These findings are in contrast to previous studies, which have reported
significant improvements from the introduction of MAR elements (eg Zahn-
Zabal et al., 2001). The lack of improvement seen with MAR elements may
be due in part to the stringent selection protocol used to generate these stable
cells but this does not explain the different detrimental effects of the MARs
in each of the three different positions within the vector.
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Figure 4. MAR elements - effect of different positions within vector.
3.4 Gene coding region optimisation

Recent studies in GS-NSO cells show that the level of antibody
production in stably transfected cells does not necessarily correlate with their
levels of mRNA encoding the HC and LC proteins (Smales et al., 2004),
suggesting that there are rate-limiting events downstream of the primary
transcript processing steps. We therefore considered strategies to improve
the processing of the transcripts. The sequences encoding HC and LC genes
may contain multiple introns, depending on their source. These multiple
splicing sites may lead to erroneous splice variants, especially if the variable
regions have been altered during the course of codon optimisation,
humanisation or site-directed mutagenesis. The model antibody cB72.3 is
encoded by genomic-derived HC constant regions, and hence has internal
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introns; the chimeric LC gene does not contain internal introns. We therefore
evaluated the potential benefits of removing these additional introns from the
HC sequence. Additionally, we evaluated the potential benefit of altering the
codons of the gene-coding region to a codon usage optimised for CHO cells,
but importantly, whilst also avoiding unfavourable features such as cryptic
slice sites, high GC content regions and undesirable folding domains, using
an algorithm developed by GeneArt GmbH.

Accordingly, a non-optimised cDNA version of the HC-coding sequence
of ¢cB72.3 was generated and evaluated compared to the original intron-
containing HC version. We also generated a sequence-optimised version of
this HC and a similarly optimised LC. These HC and LC sequences were
expressed within double-gene GS-vectors and used to transfect CHOK1SV
cells. The concentration of secreted antibody from cultures of individual cell
lines was determined, as summarised in Figure 5. The results from these
studies demonstrate that the removal of the internal introns of the HC did not
affect the mean productivity or range of antibody levels seen with a range of
cell lines. This indicated that the internal introns are not essential for
effective processing of the transcripts. It should be noted that in the GS
vectors, both the HC and the LC-coding sequences do have a single intron as
part of the hCMV S5-untranslated region, and that this appears to be sufficient
for effective processing of the primary transcript.
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Figure 5. Gene optimisation - effects of different HC, LC coding sequences.
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Sequence-optimisation of the HC-coding sequence alone was not
beneficial, relative to the non-optimised control, but optimising both the HC
and the LC-coding sequences led to a statistically significant improvement in
the mean productivity of the cell lines. Since the cB72.3 antibody is already
well expressed in these cells, an even greater improvement in yields might
be expected from optimizing otherwise poorly expressed antibodies.

4. CONCLUSIONS

Of the various modifications to Lonza’s GS-expression vectors, few have
lead to a positive benefit; most have been either non-beneficial or in some
cases have lead to an overall decrease in the mean productivity of cell lines.
Only the efforts to increase efficiency of transcript processing and
translation lead to an increase in product expression.

The current vector configurations therefore appear to be approaching
optimal, in terms of maximal transcription efficiency. Further efforts to
increase transcription levels are unlikely to result in significant increases in
product secretion. Instead, it is envisaged that the next rate-limiting steps to
be tackled will lie downstream in the transcript processing, or in the protein
translation, secretion and modification pathways. Once these putative
bottlenecks have been alleviated, it may be again useful to evaluate methods
to further improve both the absolute levels of transcription as well as
generating more high-expressing cell lines.
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Abstract:

Key words:

A novel soluble receptor:Fc fusion protein was designed as a recombinant
therapeutic targeting human IL-13, a central mediator of asthma. This protein,
sIL-13R, was expressed in stable CHO cell lines for the purpose of producing
sufficient amounts of material to support early clinical trials. However,
expression levels of sIL-13R were poor, and the protein was prone to
misfolding and aggregation. Culturing the recombinant CHO cell lines at
reduced temperatures significantly enhanced expression levels and lowered the
levels of aggregated material. An even more dramatic improvement was
observed when sIL-13R was coexpressed with its natural ligand, IL-13, in
CHO cells. Protein expression was enhanced at both 37°C and 31°C, and
product aggregation was significantly reduced. The sIL-13R protein secreted
by the coexpressing cell line adopted a conformation that remained stable even
after removal of the ligand during purification. Together, these results suggest
a possible strategy for improving the expression of other difficult to express
soluble proteins.

Coexpression, expression, aggregation, soluble receptor, fusion protein
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1. INTRODUCTION

The pro-inflammatory cytokine IL-13 has been implicated as a central
mediator of allergy-induced asthma (1,2). A high affinity cell surface
receptor to human IL-13, designated as IL-13Ra2, was identified and cloned
(3). A soluble version of the receptor, designated as sIL-13R, was chosen as
a candidate for development and evaluation as a therapeutic agent. Because
the anticipated material needs to evaluate the safety and efficacy of sIL-13R
in the clinic were high, a large scale manufacturing process was developed.

The soluble receptor was expressed as a fusion protein created by
combining the extracellular domain of IL-13Ra2 with the Fc region of
human IgG,. The gene encoding sIL13R was cloned into an expression
vector containing an optimized promoter and enhancer sequences to drive
high level expression, and the dihydrofolate reductase (DHFR) selectable
marker to allow amplification of the integrated gene to increase gene copy
number. However, initial results in COS cell transient transfection assays
indicated that sIL.-13R was expressed poorly. In contrast, a soluble receptor
containing the extracellular domain of the low affinity receptor to IL-13 (IL-
13Ral) was well expressed in the same system. These results highlight the
fact that soluble receptors designed as fusion proteins are artificial constructs
that do not appear in nature, and some constructs may therefore be
susceptible to problems with folding, secretion and/or expression. Proteins
that aid in folding nascent peptides in the lumen of the endoplasmic
reticulum, such as protein disulfide isomerase (PDI) or BiP/Grp78, have had
mixed success when overexpressed in cells to assist in protein folding or
secretion (4,5). In order to ensure that a productive manufacturing process
could be developed, it was necessary to identify methods that would allow
high expression levels of sIL-13R, and that the sIL-13R produced was of
acceptable product quality.

2. RESULTS AND DISCUSSION

Expression of sILI3R in CHO cells is poor. Stable CHO cell lines were
developed for the expression of recombinant sIL-13R. When cultured at
37°C, the expression levels of sIL-13R in the conditioned medium were
found to be surprisingly low, despite the observation that these cell lines
expressed high levels of sIL-13R specific mRNA (data not shown).
Moreover, the sIL-13R expressed in the conditioned medium was extremely
prone to formation of high molecular weight aggregate species, as evident on
size exclusion chromatography of Protein A purified sIL-13R (Figure 1).
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Figure 1. SEC-HPLC chromatogram of Protein A purified sIL-13R. Conditioned medium
from CHO cells expressing sIL-13R was processed through a Protein A column, and the
purified sIL-13R protein was analyzed by SEC-HPLC.

Expression of sIL-13R is significantly improved by reducing the cell
culture temperature. A common cell culture strategy for large-scale
production of recombinant proteins in mammalian cell culture is to reduce,
or “shift” the cell culture temperature from 37°C to a lower culture
temperature. The lower temperature is thought to induce growth arrest in the
cell culture and potentially prolong the viability of cells in the production
bioreactor, and may also have a modest positive effect on recombinant
protein expression (6,7). Interestingly, when CHO cells expressing sIL-13R
were cultured at 31°C in a fed-batch production assay, a significant increase
in the cell specific productivity and titer was also observed, as compared to
cells cultured at 37°C (Figure 2). These results indicate that lowering the cell
culture temperature can increase the expression levels of sIL-13R in the
conditioned medium.

Temperature shift reduces formation of sIL-13R HMW species. To better
understand the mechanism(s) by which lowering the cell culture temperature
can improve the expression of sIL-13R, northern blot analysis was
performed to assess the steady-state levels of sIL-13R transcripts and
metabolic labeling experiments were performed to assess the intracellular
levels of sIL-13R protein. These results indicated that temperature shift did
not induce an increase in either the transcript levels of sIL-13R, nor did it
induce a significant increase in the intracellular levels of sIL-13R protein
(data not shown). However, subcellular fractionation experiments did
suggest that at reduced cell culture temperature, the sIL-13R protein moved
more readily through the secretory pathway (data not shown). Moreover,
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Figure 2. Temperature shift significantly improves sIL-13R expression. A stable CHO cell
line expressing sIL-13R (6FD3) was assessed in a 14-day fed-batch production assay, with or
without a temperature shift from 37°C to 31°C on day 3 (dashed or solid line, respectively).
Product titer was assessed by Protein A-HPLC.

differential scanning calorimetry indicated that sIL-13R undergoes its first
secondary structure transition at ~38-40°C (data not shown). Finally, SEC-
HPLC analysis indicated that there is a moderate reduction in the levels of
high molecular weight (HMW) aggregates of sIL-13R in the conditioned
medium when cells are cultured at 31°C, as compared to when cells are
cultured at 37°C (Figure 3). Together, these results suggest that sIL-13R may
adopt a more stable folding configuration at lower temperatures. Similar
observations have been made with other proteins, most notably the cystic
fibrosis mutant CFTR delta508 (8,9). However, the levels of HMW species
present even at the lower temperatures still remained above 10% in the
conditioned medium. While it was possible to achieve a further reduction in
HMW species (target: <5% HMW) through the use of large-scale size
exclusion chromatography columns during purification, this approach also
led to a substantial loss in the overall yield of sIL-13R protein. We therefore
explored alternative methods for improving the expression of sIL-13R and
reducing the levels of HMW species.
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Figure 3. Temperature shift reduces the formation of HMW aggregates of sIL-13R in the
conditioned medium. A stable CHO cell line expressing sIL-13R (6FD3) was evaluated in a
12-day fed batch production assay, with or without a temperature shift from 37°C to 31°C on
day 3 (black or hatched bars, respectively). sIL-13R was purified from day 12 conditioned
medium by Protein A chromatography, and analyzed by SEC-HPLC. The levels of high
molecular weight species (HMW) or the desired dimer species are shown.

Coexpression of IL-13 with sIL-13R significantly reduces formation of
high molecular weight aggregates. The reduction in the formation of high
molecular weight aggregates of sIL-13R in the conditioned medium when
cells are cultured at reduced temperature, together with the improved overall
expression of sIL-13R, strongly suggested that the sIL-13R protein was
prone to misfolding when cultured at the standard cell culture temperature of
37°C. Over-expression of molecular chaperones or foldases has been
described previously as one method of improving the folding of some
proteins. However, these approaches may also lead to decreased expression
of recombinant protein (5).

Earlier work indicated that the expression levels of sIL-13R in COS cell
transient transfection experiments could be significantly increased by
coexpressing human IL-13 (data not shown). This effect was not observed if
a non-specific cytokine, such as 1L-6, was coexpressed with sIL-13R. Nor
was this effect observed if recombinant human IL-13 was added to the cell
culture exogenously. These data suggest that IL-13 may serve as an
intracellular folding chaperone for sIL-13R, presumably as the proteins are
translated and translocated into the lumen of the endoplasmic reticulum.
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To test if coexpression of IL-13 with sIL-13R would also lead to a
reduction of high molecular weight aggregates of sIL-13R, stable CHO cell
lines were created. The parental sIL-13R cell line (6FD3) was re-transfected
with an expression plasmid encoding full-length, 6x-His tagged human IL-
13. Individual clones were assessed in a 12-day fed batch assay, with or
without a temperature shift from 37°C to 31°C. As shown in Table 1, the
parental sIL-13R cell line 6FD3 secretes sIL-13R with relatively high levels
of HMW at both cell culture temperatures. In contrast, the levels of HMW
species are significantly reduced in the conditioned medium of the
coexpressing (CXP) cell lines. The reduction is observed at both 31°C and
37°C, indicating that the ability of IL-13 to assist in the folding of sIL-13R is
independent of the cell culture temperature.

Table 1. Coexpression with IL-13 significantly reduces formation of HMW species of sIL-
13R. Conditioned medium from the parental sIL-13R cell line (6FD3) or four IL-13
coexpressing cell lines derived from the parental cell line (CXP) were Protein A purified and
%HMW was assessed by SEC-HPLC analysis.

Clone %HMW (31°C) %HMW (37°C)
6FD3 (parental sIL-13R clone) 16.6 354

CXP A 1.4 25

CXPB 4.1 (nd)

CXPC 2.1 1.7

CXPD 3.1 6.2

The effect of coexpression on the expression levels of sIL-13R in stable
CHO cell lines was also evaluated (Figure 4). Cultures were grown with or
without a temperature shift to 31°C (Figure 4, dashed or solid lines,
respectively). The expression levels of sIL-13R were significantly improved
in CHO cells when IL-13 is coexpressed, at both 37°C and 31°C. All stable
CHO cell lines coexpressing IL-13 and sIL-13R tested in this manner (n=4)
exhibited improved sIL-13R expression relative to the parental cell line (data
not shown). Thus, coexpression of IL-13 and sIL-13R can significantly
reduce the formation of high molecular weight aggregates of sIL-13R, and
significantly increase the expression of sIL-13R, in both COS cell transient
expression systems and in stable CHO cell lines.
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Figure 4. Coexpression with IL-13 significantly improves expression of sIL-13R. Cell lines
expressing sIL-13R alone (6FD3) or together with IL-13 (31B5) were evaluated in a 14-day
fed batch production assay with or without a temperature shift to 31°C on day 3 (dashed or
solid lines, respectively). Titers were assessed by Protein A HPLC.

Mutant variants of IL-13. Despite the apparent advantages that
coexpression of IL-13 confers on the expression of sIL-13R, an important
challenge remained. The sIL-13R fusion protein is derived from the high
affinity cell surface receptor for IL-13, or IL-13Ra2 (3). The dissociation
constant (kp) describing the interaction of IL-13 and IL-13Ra2 is ~10™" M,
roughly equivalent to the dissociation constant describing the interaction
between Protein A and IgG;. Because sIL-13R was being developed as a
potential antagonist of circulating IL-13, it was necessary to demonstrate that
IL-13 could be separated from sIL-13R and removed during purification,
without disrupting sIL-13R. However, initial attempts to separate IL-13 from
sIL-13R during purification proved to be difficult. To facilitate the
separation of IL-13 from sIL-13R, mutant variants of I1L-13 were created in
an effort to lower its interaction affinity for sIL-13R. The variant IL-13
coding sequences were introduced into the parental sIL-13R cell line, and
stable IL-13 (mutant or wild-type) coexpressing clones were assessed for
expression of sIL-13R, aggregation of sIL-13R (at both 37°C and 31°C) and
for ease of separation during purification.

As shown in Figure 5, three mutant variants of IL-13 were compared to
wild-type IL-13 for their ability to improve sIL-13R expression when
coexpressed with sIL-13R, as compared to the parental cell line. All versions
of IL-13 tested were able to increase sIL-13R expression levels in
coexpressing cell lines.
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Figure 5. Mutant variants of IL-13 can increase expression of sIL-13R in coexpressing cell
lines. The parental sIL-13R cell line 6FD3 (black bar) was compared to stable cell lines
coexpressing either the wild-type IL-13 (hatched bar) or three different mutant variants of IL-
13 (gray bars). Cells were cultured at 37°C for 7 days, and the sIL-13R titer in the conditioned
medium was assessed by Protein A HPLC.

The conditioned medium from the parental cell line or the coexpressing
cell lines were purified on a Protein A column and analyzed by size
exclusion chromatography to assess the levels of high molecular weight
(HMW) aggregates of sIL-13R present. As shown in Table 2, the levels of
HMW in the parental cell line are 16.4% and 24.8% at 31°C and 37°C,
respectively, which is consistent with previous observations. Again, as
observed previously, coexpression of wild-type IL-13 significant reduces
formation of HMW at both temperatures. Two of the mutant variants of IL-
13 tested, “a” and “b”, exhibited a HMW profile that was similar to that
observed for the wild-type IL-13. However, a third mutant variant, “c”,
behaved differently when coexpressed with sIL-13R. While the levels of
HMW were significantly reduced when cells were cultured at 31°C, the
ability to reduce levels of HMW were diminished when cells were cultured
at 37°C. This suggested that the interaction between mutant IL-13 “c” and
sIL-13R might be more labile as compared to the other versions of IL-13
tested. Indeed, surface plasmon resonance analysis indicated that the kp of
mutant IL-13 “c” and sIL-13R is ~10® M, or about a 100 fold weaker
affinity for sIL-13R than the wild-type IL-13. The mutant IL-13 version “c”
was readily separated from sIL-13R using relatively mild disruption
conditions during Protein A chromatography, and the levels of residual IL-
13 were reduced to extremely low concentrations (data not shown). The
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presence of an N-terminal 6x-His tag on IL-13 further assisted in the
removal of residual IL-13. In contrast, the other variants of mutant IL-13, as
well as the wild-type version of IL-13, could be separated from sIL-13R only
under conditions that also denatured and destabilizedsIL-13R. These results
demonstrated that a mutant variant of IL-13, exhibiting weaker interaction
with sIL-13R (particularly at 37°C), could be easily separated from sIL-13R
during purification, but can still preserve the ability to increase sIL-13R
expression and decrease HMW formation in stable CHO cell lines when
coexpressed with sIL-13R.

Table 2. Differential ability of mutant variants of IL-13 to reduce formation of sIL-13R HMW
species. Cell lines were assessed in a 12-day fed batch production assay, with or without a
temperature shift to 31°C on day 3. Conditioned medium harvested at the end of the assay
was purified by Protein A chromatography and levels of high molecular weight (HMW) were
assessed by SEC-HPLC.

Clone %HMW (31°C) %HMW (37°C)
6fd3 (parental sIL-13R clone) 16.4 24.8
Wt CXP 2.0 2.1
Mutant “a” CXP 2.8 32
Mutant “b” CXP 39 4.6
Mutant “c” CXP 4.4 16.9

3. CONCLUSION

We have developed a process for the production of a soluble receptor in
recombinant CHO cells that is sufficient to supply material to support pre-
clinical and Phase I clinical studies. The use of temperature shift during the
production phase of the cell culture process was found to have significant
impacts on improving productivity and product quality of sIL-13R. Initial
studies in transiently transfected COS cells indicated that the molecule was
poorly expressed, and poor expression was observed in stably transfected
CHO cell lines as well. The poor expression phenotype was found to be
partly a consequence of inefficient transit of sIL-13R through the secretory
pathway, and not to a defect in transcription or translation of sIL-13R. Lower
cell culture temperatures may stabilize a favorable folding conformation
and/or the thermodynamic stability of sIL-13R, which may in turn result in
more rapid transit through the secretory pathway and a lower likelihood of
adopting a folding conformation that is more susceptible to aggregation.
Indeed, protein stability has been identified as an important determinant of
the probability that a protein will be retained in the ER (10,11).
Coexpression of sIL-13R with its natural ligand, IL-13, resulted in an even
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greater improvement in expression and aggregate reduction than temperature
shift. The appearance of sIL-13R in the conditioned medium of coexpressing
cell lines with very low levels of HMW aggregates (<5%), together with the
significant increase in sIL-13R expression even at 37°C, strongly suggests
that sIL-13R has adopted a more favorable and stable folding configuration
in coexpressing cell lines. Further, this effect was not observed when IL-13
was added exogenously to the cell culture, indicating that IL-13 must be
acting intracellularly to aid in the folding of sIL-13R. Together, these
observations suggest that IL-13 may be acting as a folding or scaffolding
chaperone for sIL-13R. Mutant variants of IL-13, designed to weaken the
interaction with sIL-13R, preserved their ability to improve expression and
reduce aggregation. More importantly, these mutants allowed for ready
separation of IL-13 from sIL-13R during purification. It will be interesting to
test this approach with other poorly expressed soluble receptors.
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Abstract: The enzyme telomerase plays a crucial role in cellular proliferation. By adding
hexameric repeats to the chromosome ends, it prevents telomeric loss and, thus
entry into senescence of limited life span cells. It is unclear however, what
would be the effect of over-expressing telomerase in an immortalised cell line,
characterised by unlimited life span and high levels of apoptosis in sub-
optimal growth conditions. In order to address this question, we have
transfected the immortal cell line CHO-K1 with the human telomerase reverse
transcriptase (hTERT) catalytic sub-unit. Significant difference in the growth
profile and apoptosis levels between the cells over-expressing hTERT (Telo)
and the cells containing blank vector was found under standard growth
conditions. Similarly the Telo cells showed lower levels of apoptosis, greater
attachment tendency and higher viable cell density under serum deprived
condition compared to the blank cell line, suggesting a major role for hTERT
in stressed cultures. Using a mouse ¢cDNA microarray, the collagen type III
and V genes were shown to have at least a 10 fold higher expression in the
Telo cells than the control cells.

Key words: Telomerase, hTERT, CHO-KI1, Immortalisation, Apoptosis, Metabolic
Engineering.
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1. INTRODUCTION

Telomerase is a cellular ribonucleoprotein reverse transcriptase that adds
telomeric DNA repeats (TTAGGG) to the ends of chromosomes to
compensate for the progressive losses of telomeric sequences inherent to
DNA replication. Telomerase has two components required for core enzyme
activity: telomerase RNA (TR), which is essential for telomerase activity
(Chen et al., 2000; Prescot and Blackburn, 2000), and telomerase reverse
transcriptase protein (TERT) that has been implicated as a rate limiting step
for telomerase activity (Bodnar et al, 1998; Ouellette et al., 2000).
Telomerase activity is present in foetal tissue, germ cells and also in tumour
cells but is repressed in most somatic tissue during development (Morales
et al., 1999).

The role of telomerase in preventing apoptosis and immortalising
primary cells without inducing malignant phenotypic effect is well
documented (Ren et al., 2001; Akiyama et al., 2002). However, there is no
report thus far regarding the effect of telomerase expression in immortalised
cell line, such as CHO cells characterised by unlimited life span and high
level of apoptosis when cells are stressed in sub-optimal conditions.

CHO cells are not “genetically optimised” for production-scale
bioprocesses. However, recombinant DNA technology is allowing process
improvements by the manipulation of cellular characteristics at genetic level.
To address this point we produced stable CHO K1 cell clones expressing the
hTERT “immortalisation gene” and we measured their apoptotic and
proliferative characteristics.

We discovered that the expression of hTERT in CHO K1 markedly
increased their resistance to serum-deprivation induced-apoptosis and
allowed the serum dependent cell line to survive, attach and divide in un-
supplemented basal medium. Additionally this study provides evidence of a
new type of interrelation between telomerase and collagen genes, which
indicates that telomerase may help cell survival through a mechanism
involving the activation of the fibrous proteins that control cell shape and
differentiation.

2. MATERIALS AND METHODS

CHO-K1 cells were transfected with a pGRN145 vector containing the
hTERT gene (Telo) (Geron Corporation, Menlo Park, California, USA) and a
control empty vector (Blank) using a liposomal transfection. Cells were
grown in DMEM-Ham’s F12 Medium (1:1) supplemented with 5% FCS.
hTERT over-expression was determined using western blot analysis. All
batch cultures were done in triplicate. A fluorescence microscope was used
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for the apoptosis/necrosis count with acridine orange (AO) and propidium
iodide (PI) staining. Microarray hybridisation was performed using a two
colour competitive hybridisation protocol on glass slides as described by
Hegde and collegues (Hegde ef al., 2000).

3. RESULTS AND DISCUSSION

CHO K1 cells have unlimited cultured life span but the mechanism
responsible is different from that normally associated with malignant
transformation. These cells are dependent on solid support for growth,
however, they are, like tumour cells, do not contact-inhibited at high
confluence. The expression of telomerase increased the tumour-associated
changes by decreasing serum dependency, thereby leading to altered patterns
of growth. It has been suggested that elongation of telomeres and over-
expression of telomerase by transfected hTERT are advantageous for
stabilising damaged chromosomes and double-stranded DNA break repair
(Holt et al., 1999; Akiyama et al., 2002). The results in hTERT-transfected
CHO K1 suggest that further increase in telomerase may enhance survival
and proliferation by a concentration dependent mechanism, Table 1 provides
a summary of the results on the effects of A”TERT .

Table 1. Effects of h\TERT over-expression in CHO-K1 cells.

3.1 Characteristics Telo Blank
Surface attachment (in high high
serum)
Surface attachment (no high low
serum)
Growth rate (in serum) 0.027+0.002 hr’' 0.029+0.004 hr’'
Growth rate (no serum) + -

CCT (in serum)

794.54+27.7x10°
cell h/L

499.7+108.3x10°
cell h/L

Max viable cell number 2.07+0.1x10° 1.37+0.3
(in serum) cells/m x10°ells/ml

Max viable cell number | 3.8+0.48x10°cells/ 0.88+0.02x10°cells/
(no serum) ml ml

Apoptosis (in serum) + ++

Apoptosis (no serum) + +++
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Serum provides factors that promote cell attachment and spreading, a
process essential for the survival of anchorage-dependent cells. Detachment
of anchorage dependent cells would normally cause a cessation of growth.
Cells are blocked in the G1 phase which is caused by loss of activity of
cyclinE/cdk2 complex. The loss of attachment not only stops cell
proliferation but also activates the cell apoptotic pathway. To further
elucidate a possible link between hTERT and attachment pathways leading
to survival, the molecular fingerprints of hTERT transfected cells was
studied by microarray analysis. Table 2 summarises the transcriptomic
profile of the major genes involved in cell attachment pathway.

Table 2. Transriptomic profile of attachment and spreading genes of cells cultivated in serum
deprived conditions

Accession Name Log
Number ratio T/B
X65582 M.musculus mRNA for alpha-2 2.23
collagen VI
M18933 Mouse alpha-1 type-III collagen 26.50
mRNA, 5'
NM_ 007737 Mus musculus procollagen, type V, 3.06
alpha
NM 019759 Mus musculus early quiescence 94.52
protein-1
NM 009242 Mus musculus secreted acidic cysteine 2.43
rich glycoprotein
NM 010577 Mus musculus integrin alpha 5 2.61
NM 011058 Mus musculus platelet derived growth 2.42
factor
D10212 Mouse mRNA for hepatocyte growth 3.11
factor
NM_ 008005 Mus musculus fibroblast growth factor 3.11
18

The results strongly suggest an involvement of the telomerase gene in
controlling cell adhesion and in remodelling extra cellular matrix proteins
such as collagens. Collagen is an integral part of the framework that holds
cells and tissues together and has been recognised as a useful matrix for
improving in vitro culture where it can exert positive effects on the
adherence, morphology, growth, migration and differentiation of a variety of
cell type (Kleinman et al., 1987).
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4. CONCLUSION

The telomerase reverse transcriptase catalytic subunit provides resistance
to stress-induced cell death in CHO-K1 cells, presumably through a process
of healing of DNA breaks by telomerase. The results of this investigation
may be potentially useful for the production of recombinant proteins by
making cells more robust in large-scale cultures. The work also proved that
hTERT is able to modulate key genes involved in producing collagen fibres
and that this is sufficient to confer the ability of cells to adhere to a plastic
surface in serum un-supplemented medium.

The high cell number and increased resistance to stress-induced apoptosis
associated with hTERT expression in CHO offer significant advantages for
the in vitro production of recombinant proteins.

The present results are the first step in documenting that the expression of
hTERT in CHO cells is likely to have many applications and a significant
impact on the future of the biotechnology industry.
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Microarray Analysis of Metabolically Engineered
NSO Cell Lines Producing Chimeric Antibody

G. Khoo', F. Falciani’, M. Al-Rubeai'”

! Department of Chemical Engineering and *School of Biosciences, University of Birmingham,
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Abstract: Large scale gene expression provides a powerful approach to the
characterisation of cells transcriptional state. Thousand of genes can be
monitored in single experiments generating an unprecedented volume of data.
In animal cell technology, this information can be used to assign functions to
previously unassociated genes, identify potential process variable targets and
generate snapshots of transcriptional activity in response to any environmental
factor or cellular trigger. We have used a mouse array representing 15000
genes to assess the expression profile of mouse myeloma cell line NSO and
GS-NSO producing chimeric antibody. Comparisons of gene profiles were also
made with proliferation-controlled (over-expressing p21°"*") and apoptosis
resistant (over-expressing bcl-2) cell lines. There were 19 genes up regulated
and 32 genes down regulated in the apoptosis resistant cell line compared to
the parental producing cell line. As for the proliferation-controlled cell line, 54
and 147 genes were up and down regulated respectively. Gene ontology was
used to understand the biological relevance of differences in gene expression
data. Distinct expression signatures, indicative of observed differences in
physiology and productivity between the cell lines, were identified. Our study
highlights the potential of microarray technology for the analysis recombinant
cell lines as affected by product expression, genetic modification and
environmental conditions.

Key words: PGS- NSO, microarray, transcriptomics, metabolic engineering, proliferation
control, apoptosis, gene ontology
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1. INTRODUCTION

As cell culture process technology matures, there is an increasing use of
mammalian cells for the production of biologics. This has led to greater
interest in cell engineering where research like genetic modification of cell
lines and multi-cistronic expression are now gaining attention. In addition,
new high throughput technologies like whole genome and proteome analysis
are now being harnessed in effort to improve productivity and product
efficacy (Korke et al., 2002). These tools are complementary to cell culture
engineering as they allow the elucidation of physiological mechanisms
within cells.

The use of large scale gene expression analysis in mammalian cell
culture have been limited mainly to the study of the consequence of changes
in environmental conditions. In this study we examine the effect of over-
expression of single gene on the gene expression profile of NSO cell line. we
compare the parental wild type mouse plasmacyoma cell line NSO to NSO-
GS producing chimeric antibody, NS0-GS over-expressing p21<"" cyclin-
dependent kinase inhibitor (cdki) and NSO-GS over-expressing bcl-2 anti-
apoptotic protein. Single gene expression can alter physiological events
drastically (Mayford et al., 1995; Sapirstein and Bonventre, 2000) but such
alteration is a consequence of the manifestation of interacting gene
expression at various regulatory hierarchies. To study the transcriptional
profile of cells and subsequently use of gene ontology (Ashburner et al.,
2000; Lomax and McCray, 2004); www.geneontology.org), and to look for
gene pattern alterations we have employed a cDNA array containing 15000
mouse genes.

2. METHODOLOGY

2.1 Cell culture

Four cell lines were used for gene profiling. The wild type mouse
plasmacyoma/myeloma cell line (WT), NSO 6Al transfected with the
glutamine synthetase (GS) expression system and expressing the gene for a
human-mouse chimeric cB72.3 IgG4 antibody (Bebbington C.R. et al.,
1992) supplied by LONZA Biologics (Slough, U.K), NSO 6A1 bcl-2 (Tey
B.T et al., 2000) and NSO 6A1 p21(Watanabe S. et al., 2002). Cells were
grown in spinner flask at 37°C before being harvested for analysis.
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2.2 RNA isolation, labeling and hybridization

Cells were harvested, lysed and the total RNA extracted using 1ml of
Trizol (Invitrogen, Rockville MD, USA) before the RNA was cleaned up
using the RNeasy Midi kit (Qiagen, Santa Clara, USA). The mRNA from the
NSO cells were then separately reverse transcribed to 1st strand cDNA. The
second strand is then generated using the Klenow fragment of DNA
polymerase 1 to incorporate dCTP linked fluorescent dyes (Cy3 or Cy)).
The differently labelled cDNA were combined Cy3 labeled pellet and/or
CyS5 labeled pellet in 25 ul of hybridisation buffer. Hybridisation was done
overnight and the arrays were washed.

2.3 ¢cDNA description and image analysis

cDNA microarrays of 15247 unique oligo (dT)-primed ¢cDNA clones
(“NIA mouse 15K”), from Minoru Ko (NIH)(Tanaka T.S et al., 2000), were
generated at HGMP RC Hinxton, UK. Normalization was done using a web-
based resource called GEPAS (gepas.bioinfo.cnio.es) (Herrero J et al.,
2003), The differentially expressed gene lists were then submitted to FatiGO
(fatigo.bioinfo.cnio.es)(Al-Shahrour F et al., 2004) where significant gene
associations of Gene Ontology were found. P-values of less than 0.05 as well
as false discovery rates (independent adjusted P-value) of less than 0.2 were
used as criteria for selection of significant associations(Benjamini Y and
Hochberg Y, 1995).

3. RESULTS AND DISCUSSION

Clustering genes by their gene ontology allows us to subdivide genes
accord to 3 categories as seen in the Figure 1. A summary of the associated
is given in Table 1. It is noted that associations within the 6A1 bcl-2 cell line
point towards certain biological and metabolic functions being up regulated
in order for to maintain the cellular processed. Genes associated with the cell
cycle are down regulated as a result and this clearly explains the commonly
observed effect of cell cycle arrest in bcl-2 over expressing cell lines(Tey
B.T et al., 2000). commonly observed effect of cell cycle arrest in bcl-2 over
expressing cell lines(Tey B.T et al., 2000).
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| Gene Ontology |

Molecular Function

Biological Process

Cellular Component

Figure 1. Gene Ontology categories.

Both 6A1 p2l1 and 6A1l bcl-2 have similar associations, showing
increased gene expression for cell homeostasis, ion homeostasis and less cell
proliferation. However, as stated before, the physiological effect on specific
productivity is rather opposite. Despite having a larger number of genes
being differentially expressed, the 6A1 p2l1 cells do not show other
significant associations with the cell line. Differentially expressed gene
patterns within the WT cell line reveal a higher number of lipid metabolism
genes. There are also more genes that are localized in the cell membrane and
endoplasmic reticulum while being less associated with the nucleus and
chromosome.

Comparing gene changes between cell lines allows us to differentiate
genes associated with bcl-2 and p21 and eliminate common features
resulting arising from single gene over-expression. Upon closer inspection, it
becomes obvious that in 6A1 p21 cells, there are a significant number of
genes being down regulated compared to the WT. Most of these genes are
associated with various functions including homeostasis, biosynthesis and
enzyme activities. Similarly, compared with the 6A1 bcl-2 cells, 6A1 p21
down regulated genes are significantly different. However, 6A1 p21 up
regulated genes do not show any significant patterns, possibly due to the fact
that as the cell stop proliferating, reducing certain physiogical aspects
associated with cell division. The use of associations across cell lines thus
allows for a better understanding of the relative levels of differential gene
expression. This helps overcome the limitations of associations within cell
lines



Table 1. Summary of associations derived after statistical analysis.

Differential gene expression associations based an Gene Ontology

up regulated /i down
regulated

down regulated #f up
regulated

up regulated I/
up regulated

down regulated lidown
regulated

up regulated Jfall genes

down regulated /J all genes

bcl-2

Biological process: cell
homeostasis, cell ion
homeostasis

Cellular component: cytoplasm,

integral to membrane

biological process:
nucleoside, nucleotide
nucleobase and nucle ¢ acid
metabolism, requlations of
metabolism  Cellular
component. nucleus,
chromosorme

p21

Biological process: cell
homeostasis, cell ion

homeostasis Cellular
component membrane

Biological process:cell
proliferation

Biological process: polyol
metabolism, respiratory tube
development, lactation,
acylglycerol metabclism, neutral
lipid metabolism, glycerolipid
metabolism, epithelial cel
differentiation, alcohal
biosynthesis  Molecular
function; glycerol-3-phsophate
dehydrogenass activity

Cellular component:
chromosame, replication fork
Biological process: cell
proliferation

Biological process: steriad
metabolism, sterol metabolism,
lipid biosynthesis, Cellular
component. endoplasmic
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Optimizing Medium for Transient Transfection

Z.-H. Geng, W. Nudson, L. Davis, S. Luo, K. Etchberger,
JRH Biosciences, Inc. Lenexa, KS, USA

Abstract: During the development of a transient transfection platform, it was observed
that several commonly used components were able to support high transfection
efficiency and protein production when added at certain steps of the
transfection process. Transfection could be inhibited or completely diminished
if such critical components were present at other steps of the process. Our data
demonstrated that a transfection protocol can be as critical to efficient
polyethylenimine (PEI) mediated transient transfection of human embryonic
kidney (HEK) 293 EBNA cells as the transfection medium.

Key words: Serum-Free medium, process development, PEI, HEK.293 EBNA, transient
transfection

1. INTRODUCTION

Because components required for cell growth and protein production can
inhibit or diminish transfection efficiency when present in transfection
medium, development of one medium for the entire transient transfection
process can be extremely difficult. A protocol that utilizes different media at
different stages of the transfection process not only improves the transfection
efficiency but also the viable cell density and total protein production.

2. MATERIALS AND METHODS

EX-CELL 60864 (JRH Biosciences, Inc.) cultured HEK 293 EBNA
(CRL-10852, ATCC) cells were diluted at log phase growth with variations
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of transfection media (EX-CELL™ 293, EX-CELL 60864 and EX-CELL
65237) at a 1:4 ratio to reach a cell density of (4-6)e’/mL. Cells were seeded
at ImL/well in a 12-well non-tissue culture treated plate (Catalog No.
351143, Falcon, Bedford, MA). Two hours later DNA and PEI complex
were added to the cell culture.

To make the DNA (P040400, Gene Therapy Systems Inc) PEI (23966,
Polysciences, Inc )complex for 1mL of cell suspension, 3.6ug of PEI was
added to 200uL of transfection medium, vortex for 30 seconds, 2.4ug of
DNA was then added in the mixture. After 30 minutes, the DNA/PEI
complex was added to the cell suspensions.

The level of GFP was quantitated after 72 hours post transfection by
fluorescence microscopy using a Spectra MAX Gemini XS plate reader
(Aex=480 nm Aem=510 nm).

3. RESULTS

The data from Figure 1 showed that the formulations containing either
dextran sulfate, a high concentration of hydrolysate or a high concentration
of phosphate, yielded zero or significantly reduced transfection efficiencies.

Transfection Media With or Without
Different Criical Cnmpul

Figure 1. GFP fluorescence intensity comparison for different transfection media.

Without these components in the medium viable cell density was
decreased (Figures 2 and 3).

Cell Growth In The Medium With Critical
Components
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Figure 2. Cell growth in complete media.
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Cell Growth in the Medium without Critical
Components
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Figure 3. Cell growth in deficient medium.
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Feeding the cells with complete medium containing dextran sulfate,
hydrolysate and phosphate 16 hours after transfection improved total protein
productivity as shown in Figure 4.
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Figure 4. GFP fluorescence intensity for the transfected GFP cells with different media.

4. CONCLUSION

Dextran sulfate has the most significant negative effect on transfection
efficiency. It completely inhibited transfection. At 100% concentration
hydrolysate and phosphate also demonstrated significant negative effects on
transfection efficiency by causing 20% reduction in efficiencies. However,
by performing the transfection process in a deficient medium, followed by
feeding cells with a complete medium 16 hours after transfection, 50%
transfection efficiency were achieved in combination with good viable cell
densities, viabilities and protein production.



Establishment of Recombinant CHO Cell Lines
Under Serum-free Conditions

Maya Kuchenbecker, Bernd Rehberger, Michael Schriek, Judith Gackowski,

Ralf Fehrenbach
Rentschler Biotechnologie GmbH, Erwin-Rentschler-Strafie 21, 88471 Laupheim, Germany

Abstract:

Key words:

Due to regulatory requirements today’s state-of-the-art cell culture production
processes are performed in well defined serum- or protein-free media.
Nevertheless, development of recombinant production cell lines is often
performed under serum-containing conditions. Accordingly, after clonal
selection the cells have to be adapted to serum-free medium, which bears the
risk of losing productivity or product quality and significantly extends
development time. Through extensive medium screening and testing of
multiple transfection methods a CHO dhfr” host cell based procedure was
established, allowing the serum-free performance of all steps being essential
for the development of a recombinant cell line

recombinant; CHO dhfr-; serum-free; transfection; selection; amplification;
development time; medium screening; single cell cloning; cell-specific
productivity; medium optimization; cell line development

1. TRANSFECTION

Testing different methods, transfection under serum-free (SF) conditions
was enabled using Nucleofection™ technology.

Nucleofection™ was successfully applied to various CHO cell lines,
although transfection efficiency differed between the tested cells (Fig. 1A).
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Figure 1. Optimization of cell transfection.

CHO cells were transiently transfected with an expression vector
comprising a GFP reporter gene. Protein expression was quantified by
fluorescence measurement; RFF = relative fluorescence factor; A
Transfection efficiency for various CHO cell lines; B Optimization of the
transfection efficiency of a CHO DHFR’ cell line applying different pulse
programs and C various DNA concentrations.

By optimizing the pulse program (Fig. 1B) as well as cell number / DNA
ratio (Fig. 1C) a high efficient method for SF transfection was developed.

Figure 2. CHO DHFR’ cell line transfected under optimized conditions.

Cells transfected with an expression vector comprising a GFP reporter
gene are shown with bright field (left) and fluorescence microscopy (right).

2. SINGLE CELL CLONING

Under SF conditions the successful generation of clones derived from a
single cell strongly depends on the medium used. Substantial medium
screening and optimization yielded in a few SF formulations that are suitable
to support single-cell cloning by limiting dilution.
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To assess the suitability of different serum-free medium formulations
(F1-6) for single cell cloning, in an initial screening 5 cells per well were
seeded into 96-well plates and the number of wells showing cell growth

were evaluated.

Choosing an appropriate medium single cell cloning, seeding one cell per

well into 96-well plates, was enabled.

During the development of a growth factor producing cell line, single cell
cloning gave rise to a five-fold increase of cell-specific productivity
compared to the cell pool obtained after stable transfection of a CHO DHFR"

cell line.
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Figure 4. Productivity of single cell clones compared to the starting cell pool.
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The cell pool was obtained by transfection of a CHO DHFR’ cell line
with a growth factor encoding gene and subsequent selection by
hypoxanthine / thymidine deprivation. Several hundred clones were screened
for productivity (insert). Cell-specific productivities for selected clones are
shown in relation to the starting cell pool (set to 1).

3. MEDIUM OPTIMIZATION

Further increase of the cell-specific productivity of single cell clones was
obtained by optimizing the SF medium. Various medium modifications were
tested and an increase of cell specific productivity of up to 400% was
reached.

productivity %

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14

medium

Figure 5. Medium optimisation.

Cell-specific productivity of a growth factor producing single cell clone
grown in different medium modifications (M1-14). M 1, the medium
formulation used to generate the recombinant cell line and the single cell
clones, was set to 100%.

4. CONCLUSION

A method based on CHO dhfr host cells was established, which allows
the SF development of recombinant cell lines for the production of
biopharmaceutical proteins.

All development steps, including transfection, selection, amplification
and single cell cloning were performed under SF conditions.
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In addition to regulatory compliance the established procedure
significantly shortens the time for cell line development compared to a

serum-containing process.
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Novel Cell-based Assay for the Detection of Murine
type I IfN

Mariela Bollati-Fogolin, Werner Miiller
Department of Experimental Immunology, German Research Centre for Biotechnology
(GBF), Braunschweig, Germany.

Abstract:

Key words:

Type I Interferon (IFN) comprises IFN-alpha and IFN-beta, which are potent
biologically active proteins secreted by virus-infected cells. IFN antiviral
activity assays were the first type of bioassays developed to measure the
relative potency of IFN preparations. Here we report a new virus free, cell-
based assay to quantify murine type I IFN. It basically consists of an indicator
cell line in which the Cre-recombinase transcription is driven by the IFN-
inducible Mx1 promoter and, when expressed, deletes a stop cassette upstream
of the eGFP coding region, resulting in the expression of eGFP. The
percentage of eGFP expressing cells accurately correlates to the amount of
type I IFN added to the culture and can easily be monitored.

reporter gene assay, eGFP, murine type I IFN, Cre-recombinase

1. INTRODUCTION

Mzx is a typical type I IFN-inducible gene that has been used to generate a
mouse strain containing the Cre-recombinase under the control of the Mx1
promotor (Kithn et al., 1995). Indicator mice strain enabling the expression
of marker genes upon conditional gene inactivation have recently been
created (i.e. the RA/EG mice, see Constien ef al., 2001). On this basis, and in
order to generate a virus free, cell-based assay, we crossed MxCre mice with
RA/EG mice. The novel fibroblastic cell lines proved to be a reliable tool to
determine murine type I IFN activity and are expected to be a valuable
source to screen for compounds interfering with murine type I signalling.
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2. RESULTS

2.1 Generation of indicator cell lines: Principle of the IFN-based
bioassay

Males homozygous for the RAIEG gene were crossed with MxCre
females. Embryonic fibroblasts were isolated according to Torres and Kiihn,
1997. Two CRE-positive primary cultures (named as Mx/Rage 4 and
Mx/Rage 7) were selected and immortalized with retroviruses (Jat and
Sharp, 1989).

tk
Type [ IFN @
\ Mx 1
VIX

CRE expression

—
@ —1{ CRE CRE-mediated deletion
Olw

k,'r eGFP expression

Figure 1. Principle of the mIFN-based bioassay (black triangles indicate loxP sites).

In this novel cell line (see Fig. 1), the inducible mouse Mx1 promoter
controls the expression of CRE-recombinase gene (1) and is activated upon
murine type 1 IFN exposure (2). Consequently, Cre-mediated recombination
leads to activation of eGFP transcription by positioning the thymidine kinase
(TK) promoter in front of the start site of the promoterless eGFP ORF (3).
The percentage of eGFP-expressing cells can be determined by flow
cytometry or fluorescence microscopy.

2.2 Cell-based assay for the detection of type I IFN

The system was validated using murine type I IFN and measuring the
percentage of eGFP-expressing cells by FACS-analysis. Typical dose-
response curves were obtained with different amounts of type I mIFN either
alpha- or beta-type (Fig. 2-A). A reproducible and linear response was
obtained between 20-300 and 10-500 U/ml for mIFN alpha and beta,
respectively. Two batches of HEK-293E-derived mIFN alpha were used to
test the capacity of this system to quantify murine type I IFN preparations.
The titration of the samples displayed a wide range of linearity and
paralleled the standard’s dose-response curve (Fig. 2-B).
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Figure 2. Determination of the biological activity of type I IFN: A) Dose-response curve for
alpha and beta type IFN. B) Measurement of two HEK-293E derived mIFN alpha samples.

3. CONCLUSIONS

The system here described presents the advantage that the induction
phase is separated from the readout and, thus, appears suitable for the design
of robust high-throughput assays. In comparison with viral-based systems,
this method is a biological safe alternative to estimate murine type I IFN
activity. In addition, it can also be applied to screen substances able to
induce or inhibit murine type I IFN expression. Finally, this novel system
offers the potential to be applied for the measurement of human type I IFN
upon transfection of these cell lines with a human IFN receptor.
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Abstract: The induction of drug metabolising enzymes e.g. cytochrome P450s (CYPs),
in vivo, by drugs, can attenuate the desired clinical effect or can lead to
potential pharmacological effects and/or toxicity. The ability to screen for
these undesirable characteristics at an early stage of drug development ex vivo
is clearly an advantage economically and ethically. Validated methods for the
determination of the enzyme activities of a range of CYPs have been
established at Covance. This work aims to develop a real time quantitative
polymerase chain reaction (RT-QPCR) assay to monitor the induction of
individual CYPs in human hepatocytes samples by quantitatively measuring
mRNA compared to protein. We have designed Tagman primers and probes
for human CYP3A4, CYP2B6 and CYP1A2 and the RT-QPCR method has
been developed and validated. Using the validated methods described, the
relationship between mRNA expression and enzyme activity will be
determined in fresh human hepatocytes.

Key words: Human hepatocytes; Cytochrome P450; Induction; Quantification; Real-time
RT-PCR; TagMan

1. INTRODUCTION

Drug interactions are a major concern both for clinicians and the
pharmaceutical industry. A regulatory requirement during the
pharmaceutical development process is the ex vivo evaluation of the
potential of a substance to induce drug metabolising enzymes. In vivo
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induction of enzymes which metabolise compounds to inactive products can
attenuate the desired clinical effect, whereas increased production of active
products or intermediates can lead to potential pharmacological effects
and/or toxicity. The ability to screen for undesirable characteristics at an
early stage of drug development is clearly an advantage economically and
ethically (Bowen et al. 2000).

Cytochromes are involved metabolism of various foreign compounds
including drugs. It is important to ascertain whether these enzymes are
induced or inhibited by a new, potentially therapeutic compound. Various
methods have been used in order to measure the expression of cytochromes
in biological samples (Rodriguez-Antona ef al. 1999). However, the use of
human hepatocytes has come to be regarded as the ‘gold standard’ for the in
vitro quantification of cytochrome P450 (CYP) induction (Roymans et al.
2004). Most drugs induce CYP isoforms by upregulating gene transcription,
causing increased synthesis of mRNA and enzyme. At present, established
enzymatic assays are used at Covance to detect CYP induction. The
objective of this study was to develop a real time reverse transcriptase
quantitative polymerase chain reaction (RT-QPCR) assay to monitor the
induction of individual CYPs in human hepatocyte samples by quantitatively
measuring mRNA and comparing this to enzyme activity.

RT-QPCRs to detect the expression of CYP3A4, CYP2B6 and CYP1A2
mRNAs were chosen to be developed initially due to the significance of
these CYPs (Plant et al. 2003, Faucette et al. 2000).

2. MATERIALS AND METHOD

TagMan primers and probes for human CYP3A4, CYP2B6, CYP1A2
and GAPDH mRNA were designed using the Primer Express software
version 1.1 (Applied Biosystems). The primers and probes were designed
respectively from the NCBI database sequences NM_017460, NM_ 000767,
NM_000761 and NM_002046.

Assays were performed using the Applied Biosystems ABI Prism® 7700
sequence detection system. Using human liver Total RNA (Ambion®) to
generate a standard curve, RT-QPCRs for CYP3A4, CYP2B6 and CYP1A2
mRNA relatively efficient to the RT-QPCR for the endogenous control,
GAPDH mRNA, were developed following the principles detailed in the
ABI Prism” 7700 Sequence Detection System User Bulletin #2. Following
this, the RT-QPCR methods for GAPDH, CYP3A4, CYP2B6 and CYP1A2
were then developed and validated in the spirit of the ICH guideline on the
validation of analytical procedures, QB2.
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3. RESULTS

Table 1 summarises the results obtained from the development and
validation.

Table 1. Results Summary. The results were considered acceptable if less than 6%.

GAPDH CYP3A4 CYP2B6 CYP1A2
Relative Efficiency ~ N/A 10-1x10°pg  1-1x10°pg 10 — 1x10° pg
Specificity Human Human Human Human

Mouse Mouse
Linearity and Range 1 - 1x10* pg 1-1x10° pg 10 — 1x10° pg 100 — 1x10° pg
Accuracy N/A N/A N/A N/A
Precision <2.24% <3.44% <5.30% <2.15%
Quantification Limit  Ipg 1pg 10pg 10pg
Operator Robustness  <1.82% <3.61% <3.44% <2.28%
Reagent Robustness ~ <1.59% <3.00% <2.27% <0.88%

4. DISCUSSION

The methodology used for the amplification and detection of GAPDH,
CYP3A4, CYP2B6 and CYP1A2 mRNAs was deemed to be validated.

For measuring cytochrome P450 induction, the range of hepatocyte total
RNA to be used will be 10-1x10*, 10-1x10* and 100-1x10* pg for the
detection of CYP3A4, CYP2B6 and CYP1A2 induction respectively.

Work has begun on in vitro cytochrome P450 induction in human
hepatocytes using the inducers rifampicin (CYP3A4), omeprazole
(CYP2B6) and phenobarbital (CYP1A2) with enzyme activity quantified
using the selective substrates testosterone (CYP3A4), bupropion (CYP2B6)
and ethoxyresorufin (CYP1A2). mRNA analysis using the RT-QPCRs
described here will be carried out in parallel and the results generated
compared with the enzyme activity data.

Total RNA extraction methods have been evaluated.

Preliminary work has shown that the RT-QPCRs have been successful in
detecting the cytochrome P450 mRNA extracted from human hepatocytes
cultured in our laboratories (results not shown). In addition to detecting
mRNA, the RT-QPCRs for GAPDH and CYP2B6 also appeared to detect
DNA. This is believed to be due to inadequate DNA removal during the
RNA extraction. In these assays, detection of DNA is possible due to the
amplicon size, whereas the assays for CYP3A4 and CYP1A2 have larger
amplicons and therefore are not detected using the current thermal cycler
conditions.
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Abstract:

Key words:

CHO cells that produce human recombinant beta-interferon ($-IFN) have been
grown under several different culture conditions in an attempt to increase the
yields of the therapeutic glycoprotein whilst maintaining consistent
glycosylation and minimizing intermolecular aggregation. Supplementation of
cultures with either sodium butyrate or sodium chloride increases the
productivity of B-IFN. However, sodium butyrate alters the glycosylation
profile with an increase in the proportion of more highly branched complex N-
linked glycans. A shift in temperature during the culture period from 37°C to
30°C maintains consistent glycosylation of B-IFN for long culture periods with
increased overall productivity and reduced aggregation compared to 37°C
cultures. The use of Cytopore 1 microcarriers that entrap the cells also
increases volumetric productivity of non-aggregated B-IFN while maintaining
consistent glycosylation throughout the culture period.

beta-interferon, glycosylation, recombinant protein, temperature, osmolality,
sodium chloride, sodium butyrate, Cytopore, microcarrier, bioreactor,
aggregation, glycan, sialic acid, glycerol, CHO

1. INTRODUCTION

The production of recombinant proteins for biopharmaceuticals has
proven to be a major benefit in the treatment of many diseases. The
challenges in producing clinically reliable recombinant proteins are
maintaining consistency in production and ensuring a high yield (reviewed
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in Wurm 2004, Butler 2005). A large majority of recombinant proteins are
glycosylated, adding an extra factor in monitoring product quality.

Many culture conditions have been shown to affect the glycosylation of
recombinant proteins such as pH, osmolality, dissolved oxygen, temperature,
high shear stress, use of serum and growth on microcarriers. As well, media
additives such as sodium butyrate appear to be variable in their affect on
glycosylation depending on the cell type, recombinant protein and other
culture conditions. The viability and condition of the culture also can affect
glycosylation of the product with the accumulation of ammonia (Yang and
Butler, 2000 and 2002), nutrient limitation and feeding protocol and the
production of glycosidases in later stages of culture. Glycosylation is also
dependent on the host cell.

Consistent glycosylation of many recombinant proteins is essential for
therapeutic efficacy. Glycosylation can affect the clearance rate of a protein
from the patient’s circulatory system, immune recognition, biochemical
activity, structural stability and aggregation. These problems have been
observed for the therapeutic protein, human recombinant beta-interferon (j3-
IFN), which is used to treat Multiple Sclerosis. A non-glycosylated B-IFN
has been produced in E.coli, however, the stability, solubility and biological
activity of B-IFN is increased upon the appropriate N-glycosylation at Asn-
80 (Karpusas et al., 1998; Runkel et al., 1998). The glycosylated B-IFN
produced in mammalian cells also induced fewer neutralizing antibodies in
vivo (reviewed in Giovannoni ef al., 2002). The hydrophobic protein has a
molecular weight of 17.5 kDa which is increased to 25 kDa with the addition
of the N-linked oligosaccharide.

The hydrophobicity of B-IFN is a potential problem in production
because of its tendency to aggregate in solution. This also reduces the
detectability of the B-IFN by ELISA (Rodriguez et al., 2005). The presence
of glycan reduces aggregation possibly by shielding the hydrophobic region
of the protein (Runkel ef al., 1998). Addition of glycerol to the media
(Rodriguez et al., 2005) and growth of the B-IFN producing CHO cells on
the microcarrier Cytopore (Spearman ef al., 2005) stabilized the secreted [3-
IFN by reducing aggregation and maintaining glycosylation similar to
control cultures.

The objective of this research is to continue the study of bioprocess
conditions that minimize aggregation and provide consistent glycosylation of
B-IFN while at the same time maximizing product yield. This work
compares the production and glycosylation of B-IFN under various culture
conditions.
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2. METHODS

2.1 Cell Line and Cell Culture

A CHO cell line, transfected with the gene for human B-IFN, was
provided by Cangene Corporation (Winnipeg, Canada). Protein expression
was constitutive and did not require selective pressure during culture. CHO
clone 674 was cultured in serum-free media, CHO-SFM (Biogro
Technologies Inc., Winnipeg). Spinner flasks (100 ml) were inoculated at 1
x 10’ cells/ml, stirred at 45 rpm and maintained at 37°C in an atmosphere of
10% CO,. For the temperature shift experiments, cultures were grown for 2
days at 37°C prior to a change to 30°C.

Suspension cultures in a controlled bioreactor (3L Applikon) were
established with an inoculum of 1 x 10° cells/ml, in a working volume of 2 L
and maintained at pH 7.1, dissolved oxygen of 50%, and agitation speed of
100 rpm. Microcarrier cultures were established with Cytopore (1 mg/ml)
(Amersham Biosciences) at an initial agitation speed of 45 rpm for one day
and then increased to 110 rpm. Sodium butyrate (ImM) was added to
selected cultures at 48 hours post inoculation.

2.2 B-IFN Determination

Interferon was analyzed in media samples using a specific enzyme-linked
immunosorbent assay (ELISA), as previously described (Spearman et al.,
2005). The samples values were compared to a standard curve of B-IFN (US
Biologicals). Selected samples (100 pl) were denatured by boiling with 1 pl
of SDS (10%) and 1 pl of B-mercaptoethanol prior to the ELISA. This
treatment ensured disaggregation and denaturation of the protein to
maximize the ELISA response.

2.3 B-IFN Purification

Culture supernatants were passed through a Hi-Trap Blue column
(Amersham Pharmacia Biotech) previously equilibrated with 20 mM sodium
phosphate, 0.15M NaCl (pH 7.2) (Buffer A). The flow through was
collected, and the column was washed with 35 ml of Buffer A and then
further washed with 35 mL of 20 mM sodium phosphate buffer, 2 M NacCl,
pH 7.2. The column was eluted with 20mM sodium phosphate, 2M NaCl
buffer containing 50% ethylene glycol. The B-IFN containing fraction was
dialyzed overnight against phosphate buffer saline (PBS) (Invitrogen)
containing 2% glycerol and frozen at -20°C. This preparation was
concentrated using Ultrafree-4 Centrifuge filter unit (10K cutoff, Millipore).
The Hi-Trap column binds proteins by electrostatic and hydrophobic
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interaction, and the purification removed background proteins, as evidenced
by SDS-PAGE analysis.

2.4 Gel Electrophoresis and In-Gel Release of N-glycans

Purified B-IFN samples were run on a 12% SDS-PAGE and stained with
Coomassie blue stain. The N-linked glycans were removed from the gel with
a scalpel, washed and released from the protein bands with overnight
incubation at 37°C with PNGase F (Roche Diagnostics) (Kiister ef al., 1997).
The isolated N-linked glycans were labeled with 2-aminobenzamide (2-AB)
according to the method of Bigge et al. (1995).

2.5 Glycan analysis

2-AB-labelled glycans were separated by normal phase HPLC according
to the method of Guile et al. (1996). The HPLC instrument consisted of a
Waters system with binary pumps, autosampler, and fluorescent detector
(excitation wavelength 330 nm and an emission wavelength 420 nm. The
glycans were separated using a TSK-GEL Amide-80 column (250 mm x 4.6
mm) (Tosoh Biosep) with a gradient of 50 mM ammonium formate (Buffer
A) and acetonitrile (Buffer B) at 30°C. A linear gradient was run from 20%
to 58% Buffer A over 150 min (flow rate 0.4 mL/min), followed by another
linear gradient to 100% A over 3 min (0.4 mL/min). The elution was
calibrated using a 2-AB labeled dextran ladder (glucose homopolymer) and
several standard 2-AB labeled N-linked glycans (Prozyme).

2.6 Exoglycosidase Digestion

Aliquots of 2-AB labeled glycans were dried in 0.6 ml tubes. A digest
array buffered with 50 mM sodium acetate, pH 5.5 consisted of arrays of
exoglycosidases (at final concentrations) as follows: Clostridium perfringens
sialidase (0.4 U/ml), bovine testes -galactosidase (0.2 U/ml), Jack bean [3-
N-acetylhexosaminidase (1.0 U/ml) and bovine kidney a-fucosidase (0.1
U/ml). Digestions were incubated at 37°C for 18 hours. Enzymes were
removed by Micropure-EZ enzyme removers (Millipore). The enzymes were
from Glyko except the sialidase which was from Sigma.

3. RESULTS AND DISCUSSION
3.1 Cell Growth and B-IFN Production

Cell growth and volumetric B-IFN production were determined for
transfected CHO cells under various culture conditions (sodium butyrate,
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NaCl and with macroporous microcarriers, Cytopore 1) in a controlled 2L
Applikon bioreactor (Table 1). The extent of molecular aggregation of B-IFN
was determined from the difference in ELISA response between untreated
samples (nondenatured) and samples treated under conditions to cause
protein denaturation by boiling with SDS and mercaptoethanol prior to the
ELISA.

A control bioreactor culture with normal culture conditions and no media
additives produced 3.2 x 10° cells/ml by day 7 of batch culture. Under non-
denaturing conditions the ELISA detected only 0.4 x 10° units/ml B-IFN,
however, in the denatured sample 3.0 x 10° units/ml were detected. At day 7
this resulted in 86% of the B-IFN present in an aggregated form which was
undetectable by the ELISA. This represents a very high percentage of B-IFN
that is potentially not useful as a therapeutic agent. Therefore, various
culture conditions and media additives have been tested in an attempt to
improve the productivity of monomeric B-IFN.

To improve the yield of B-IFN, sodium butyrate (1 mM) was added to a
bioreactor culture at 48 hours post inoculation. At day 5 of culture the
volumetric productivity of B-IFN was 5 fold higher as measured under non-
denaturing conditions and approximately 2.5 fold higher as measured under
denaturing conditions compared to the control bioreactor. However, 73% of
the B-IFN was aggregated. By day 6 the extent of B-IFN aggregation in the
sodium butyrate culture was so great as to cause precipitation from solution.

The osmolality of culture media was increased by the addition of NaCl
(40 mM) prior to inoculation of the culture. This slightly reduced the cell
yield compared to the control culture, but increased the volumetric
productivity of the culture by over 5 fold under non-denaturing conditions of
the ELISA and 1.8 fold increase with denaturing of the B-IFN. This resulted
in a reduction in the % aggregation of the B-IFN compared with the control
bioreactor, from 86% to 62%.

A bioreactor culture containing the macroporous microcarrier Cytopore 1
was used to increase productivity of the culture. We previously optimized
conditions for growth of the B-IFN CHO cells with Cytopore microcarriers
(Spearman et al., 2005) and used a 1 mg/ml microcarrier concentration for
the bioreactor culture. The volumetric production of B-IFN, measured under
non-denaturing conditions, was 5 fold higher than the control culture and
30% higher as measured under denaturing conditions. This was a 48%
decrease in the aggregation of the B-IFN compared to control conditions.
This suggests that the Cytopore 1 microcarrier culture is an effective
alternative to suspension culture for the production of B-IFN in order to
reduce the aggregation of the product.
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Table 1. Effect of culture conditions on cell growth, productivity and aggregation of B-IFN.

Culture Culture Cell Yield Volumetric Volumetric %
Condition Day Cells/ml Productivity Productivity Aggregation
(nondenatured) (denatured)
Units/ml Units/ml
Control 7 3.2x10° 0.4x 10° 3.0x 10° 86
Sodium Butyrate 5 1.5x10° 2.0x10° 7.5x 10° 73
(1 mM)
Sodium Chloride 7 2.3x10° 2.1 x 10° 55x 10° 62
(40 mM)
Cytopore 1 7 2.5x%10° 22x10° 40x10° 45
(1mg/ml) *nuclei/ml

The cultures were established in 2L bioreactors. B-IFN was determined by ELISA from
samples at day 7 of culture, except for the sodium butyrate culture which was sampled at
day 5.
*Cell yield was determined by trypan blue exclusion counts except for Cytopore 1 which was
determined by crystal violet staining of nuclei.
% Aggregation = 100 - [ non-denatured 3-IFN productivity X 100
denatured B-IFN productivity)

3.2 Effect of Temperature on Growth and B-IFN Productivity

Spinner flask cultures of B-IFN producing CHO cells were grown under
various temperature conditions to determine the effect of reduced culture
temperature on cell growth, productivity and aggregation of B-IFN (Table 2).
The control culture grown at 37°C had a high cell yield at day 6 of 3.45 x 10°
cells/ml. The total volumetric productivity measured by ELISA under
denaturing conditions was 1.7 x 10° Units/ml with 44% of the B-IFN in the
aggregated form.

Decreasing the temperature to 30°C reduced the growth of the cells to
50% of the control cultures. However, the volumetric productivity of the
temperature shift culture was enhanced by 3-fold over the control culture and
was also accompanied by a 50% reduction in the aggregation of the B-IFN.
Initiating the culture at 30°C resulted in much slower growth of the cells
resulting in a yield of only 0.69 x 10° cell/ml by day 10 of culture. The
productivity of the culture was only slightly higher than the control culture at
day 6 and there was only a small reduction in the aggregation. Addition of
2% glycerol to a 37°C culture increased the productivity of the culture by 2.5
fold, however, the aggregation was increased by 50%. These results show
the effectiveness of temperature shift culture for increased productivity of -
IFN with the added benefit of a reduction in B-IFN aggregation.
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Table 2. Effect of temperature on growth and beta-interferon production in suspension
cultures in spinner flasks

Culture Cell yield Volumetric Volumetric % Aggregation
Condition Cells/ml Productivity Productivity
(non-denatured) (denatured)
Units/ml Units/ml

37°C 3.45x 10° 0.96 x 10° 1.70 x 10° 44
37°C to 30°C 1.80 x 10° 4.40 x 10° 5.60 x 10° 22

30°C 0.69 x 10° 1.50 x 10° 2.35x10° 37

37°C 2.05x 10° 1.70 x 10° 450 x 10° 62
Glycerol (2%)

The measurements were made at the point of maximum cell yield. This was at day 6 for
all cultures except the 30°C culture, which was at day 10. The cell viability was > 90% in all
samples.

3.3 NP-HPLC analysis of B-IFN glycans produced in bioreactors
under different conditions

Altering culture conditions to improve the yield of recombinant proteins
with culture additives and temperature and microcarriers has proven
effective. However, the glycosylation of B-IFN is important for its stability
and quality as a therapeutic agent. We have therefore analyzed the glycans
under these altered growth conditions to monitor their effect on the glycan
structure of the B-IFN.

The NP-HPLC profile of B-IFN glycans from a control bioreactor (day 6)
showed two predominant peaks at 7.9 and 8.2 GU (glucose unit value).
Analysis using arrays of exoglycosidase digests (Figure 1) showed these two
peaks to be fucosylated biantennary glycans with one (A2G2SF) and two
sialic (A2G2S2F) residues, respectively. Also evident on the glycosylation
profile are larger molecular weight glycans with more complex structures.
Digests indicate the peaks with GU values of 8.6 to 9.5 are triantennary
structures with varying amounts of sialic acid and possibly biantennary
structures with an extra lactosamine unit with varying sialic acid. Peaks with
values of 10 GU and greater represent tetraantennary structures or
triantennary structures with an extra lactosamine unit. Analysis of B-IFN
glycans by mass spectroscopy (data not shown) have confirmed the presence
of these structures. The NP-HPLC profiles of the glycan analysis of B-IFN
produced in bioreactor cultures is very similar to profiles of B-IFN produced
in spinner flasks (Spearman ez al., 2005).
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Figure 1. NP-HPLC analysis of exoglycosidase digests of B-IFN glycans from a control
bioreactor. Glycans were digested with arrays of exoglycosidases and structures assigned
based on GU values.

Other studies have found 95% of the human recombinant 3-IFN glycan
produced in CHO cells to be a core fucosylated biantennary structure with
two sialic acid residues with the remaining structures probably tri- or high
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antennarity (Conradt ef al., 1987). Glycosylation of B-IFN is highly cell line
dependent and CHO cells produce glycan structures most similar to the
native human glycans (Kagawa et al., 1988). They show 74% of natural
human B-IFN glycan as a biantennary structure with 1-2 sialic acid residues,
8% as sialylated biantennary structures with an extra lactosamine unit, and
the remaining structures as sialylated triantennary structures. B-IFN from
CHO cells showed a comparable profile with biantennary structures (68%)
and triantennary structures (27%). In our study B-IFN from CHO grown in a
control bioreactor had biantennary structures representing approximately
65% of the total glycan with more complex structures representing the
remaining structures.

Glycan Analysis from a Control Bioreactor Culture
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Figure 2. NP-HPLC analysis of glycans from B—IFN produced in a control bioreactor. 3-IFN
was purified from media removed at days 5, 6 and 7 and the glycans isolated and labeled with
2-AB.

Analysis of B-IFN glycans from the control bioreactor cultures showed
consistent glycosylation from day 5 to day 7 of culture with no significant
change in the glycan profile (Figure 2).

Sodium butyrate is a common media additive for amplifying culture
production of recombinant proteins and antibodies. However, sodium
butyrate has been found to alter glycosylation of recombinant proteins
(Andersen et al., 2000; Sung et al., 2004; Sung et al., 2005; Lamotte et al.,
1999). Addition of sodium butyrate (ImM) at 48 hours after inoculation,
resulted in a significant increase in B-IFN production (Figure 3). Glycans
were analyzed only at day 4 and day 5 of culture because precipitation of the
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B-IFN in the culture media at day 6 prevented purification. The proportion
of the predominant glycan (A2G2S2F) decreased by 50% compared to the
control culture. This was associated with an increase in more highly
branched glycans with GU values greater than 10. This result indicated that
the addition of sodium butyrate increased the proportion of tetraantennary
structures or triantennary structures with an extra lactosamine unit. This shift
in glycosylation further from the native human form along with the increased
aggregation of B-IFN suggested sodium butyrate is not a good media
additive in the production of 3-IFN.

NP-HPLC Analysis of B-IFN Glycans
from a Bioreactor with Na Butyrate (1 mm)
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Figure 3. NP-HPLC analysis of B-IFN glycans produced in a bioreactor with sodium butyrate
(1mM) added at 48 hrs post inoculation. B-IFN glycans were prepared from media removed
from the bioreactor on days 4, 5, and 6.

Sodium chloride (40 mM) was added to a bioreactor culture at the time of
inoculation and the culture was maintained for 7 days. However,
aggregation of the B-IFN at day 7 prevented purification for that day.
Glycan analysis of B-IFN produced in this culture at day 4 to 6 showed no
significant changes over the course of the culture and no significant
differences between the sodium chloride culture and the control culture
(Figure 4).

Hyperosomotic pressure has been used to increase antibody production
(Kim et al., 2002; Oh et al., 1993) and recombinant protein production
(Olejnik et al., 2003). However, this is often accompanied by decreased cell
growth. Our results showed that the addition of NaCl (40 mM) to a
bioreactor culture to raise the osmolality increased B-IFN production and
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reduced aggregation to 62%. The glycosylation profile also remained similar
to the control cultures. To our knowledge, this is the first report of the effect
of increased osmolality on the glycosylation of a recombinant protein. These
results suggest that the addition of NaCl for the production of B-IFN and
possibly other recombinant glycoproteins can be used to increase production
without compromising product quality.

NP-HPLC Analysis of B-IFN Glycans
from a NaCl Bioreactor
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Figure 1. NP-HPLC analysis of B-IFN glycans produced in a bioreactor with sodium chloride
(40 mM) added prior to inoculation. Media was removed from the bioreactor on days 4, 5 and
6 and glycans were prepared from the purified B-IFN, labeled with 2-AB and analyzed.

We have previously optimized conditions for the growth of B-IFN
producing CHO cells in spinner flasks with the microcarriers Cytopore 1 and
2 and analyzed glycosylation of B-IFN produced in these cultures (Spearman
et al., 2005). Here, we continue these studies with bioreactor cultures.
Glycan analysis of B-IFN produced in a bioreactor culture with Cytopore 1
showed very similar profiles to a control suspension culture and with no
significant changes in glycosylation from day 5 to day 7 of culture (Figure
5). At day 7 the A2G2S2F structure was slightly higher than in the control
culture. Therefore, the use of Cytopore 1 in bioreactor cultures does not
significantly change the glycosylation profile of B-IFN and therefore is an
effective means of increasing B-IFN production.
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Glycan Analysis from a Bioreactor Culture
Containing Cytopore 1 Microcarriers
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Figure 2. NP-HPLC analysis of B-IFN glycans produced in a bioreactor with Cytopore 1
(1mg/ml) added prior to inoculation. Media was removed from the bioreactor on days 5, 6 and
7. The glycans were prepared from the purified 3-IFN, 2-AB labeled and analyzed.

3.4 Effect of Temperature on Glycosylation of B-IFN

The temperature shift (37°C-30°C) and the low temperature culture
(30°C) had similar glycosylation profiles (Figure 6) consistent with glycan
analysis in the control bioreactor culture (Figure 2). The results indicated
that culturing cells at 30°C will maintain cell viability and the glycosylation
profile of the B-IFN for longer culture periods than equivalent cultures at
37°C. Extended spinner flask cultures (8 days) at 37°C had a significantly
lower amount of the predominant glycan species at GU 8.2 (A2G2S2F)
compared to these cultures. The addition of glycerol to a 37°C culture
increased the level of the biantennary glycan but not to the level of the low
temperature cultures. The 37°C culture also had slightly higher levels of
glycans with GU wvalues 9.1 and 9.5 which are complex glycans, either
biantennary glycans with an extra lactosamine unit or triantennary structures.
These changes in the glycan profile may be due to reduced cell viability, that
is not evident at equivalent time points in the low temperature cultures.
Initiating the culture at 37°C and shifting to 30°C did not significantly
change the glycosylation of the B-IFN suggesting temperature shift can be
used to increase productivity of recombinant protein without affecting
glycosylation.
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Glycan Analysis from Spinner Flasks
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Figure 3. NP-HPLC analysis of B-IFN glycans produced in 100 ml spinner flasks cultured at
370C (harvest day 8), 37°C shifted to 30°C after 48 hours (harvest day 12), 30°C culture
(harvest day 14) and 37°C with glycerol (2%) (harvest day 8). B-IFN was purified from
pooled media from duplicate flasks for glycan analysis.

4. SUMMARY

1. The predominant glycan structures of human recombinant [B-IFN
produced in CHO cells are fucosylated biantennary glycans with one
(A2G2S1F) or two sialic acid residues (A2G2S2F) with smaller amounts
of more highly branched glycans.

2. Addition of sodium butyrate (I mM) increased B-IFN productivity but
only slightly reduced aggregation of B-IFN. The glycan profile has
reduced A2G2S2F with an increase in more highly branched structures.

3. NaCl (40 mM) addition to a bioreactor culture increased [B-IFN
production and reduced aggregation while maintaining a glycosylation
profile similar to control cultures.

4. Growth of CHO cells on Cytopore 1 microcarriers in a bioreactor
increased productivity and decreased aggregation without significantly
changing the glycan profile of B-IFN.

5. Cultures at low temperature (30°C) or under a temperature shift regime
(37°C to 30°C) showed increased volumetric productivity with
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significantly reduced aggregation of B-IFN. These cultures maintained
cell viability and standard glycosylation profiles over extended periods.
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Abstract: Electrolyzed reduced water (ERW) supplemented with platinum nanoparticles
(Pt Nps)(ERW/Pt Nps) exhibited strong antioxidative and active hydrogen
donating activities. ERW/Pt Nps-containing medium caused lowering of cell
viability. Analysis of cell cycle and activity of caspase-3 suggested that
ERW/Pt Nps induced apoptosis in cancer cells. This apoptosis inducibility
ERW/Pt Nps was lost by using degassed ERW and recovered by bubbling of
hydrogen gas. These results suggested that active hydrogen produced from
molecular hydrogen in ERW by catalysis of Pt Nps induced apoptosis of
cancer cells.

Key words:  Antioxidant, Apoptosis, Platinum, Nanoparticles, Reactive oxygen species

1. INTRODUCTION

We previously reported electrolyzed reduced water (ERW), produced
near the cathode by electrolysis, has a reductive activity (Shirahata et al.,
1997). We also revealed that ERW contains platinum nanoparticles (Pt
Npps) derived from Pt-coated titanium electrodes in addition to high
concentration of dissolved molecular hydrogen. Pt Nps exhibited strong
reactive oxygen species (ROS) scavenger activity and catalysis activity
converting molecular hydrogen to active hydrogen. Therefoe, ERW
supplemented with Pt Nps (ERW/Pt Nps) is expected to has a strong
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antioxidative activity. A hypothesis has been proposed that high level of
intracellular ROS promotes malignant properties of cancer cells such as
activation of growth signals, apoptosis tolerance, metastasis, and
angiogenesis. Here, we investigated apoptosis inducibility of ERW/Pt Nps
on cancer cell lines.

2. EXPRIMENTAL PROCEDURE

2.1 Cell culture and measurement of cell proliferation

Normal cell lines; human diploid embryonic lung fibroblasts (TIG-1),
human diploid fibroblasts (WI-38) and human diploid embryonic lung cell
line (MRC-5), and cancer cell lines; cervical carcinoma cells (HeLa) and
human hepatocellular carcinoma cell line (HepG2) were obtained from the
Japanese Collection of Research Bioresources (JCRB, Osaka, Japan).
Adherent cell cells were cultured in Eagle’s MEM medium supplemented
with 10% fetal bovine serum (FBS) at 37°C in a 95% air/5% CO,
atmosphere. Briefly, cells (floating cells, 1.25 x 10* cells/cm® and adherent
cells, 2.5 x 10* cells/cm®) were seeded in 24-well plates. The cultures were
incubated with ERW supplemented with different concentrations of Pt Nps
for 24 hours. Cytotoxicity was determined using the 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra-zolium,monosodium salt (WST-
1) assay.

2.2 Measurement of intracellular ROS by flowcytometer

The amount of intracellular ROS, especially the intracellular H,O,, was
determined by using a fluorescent dye, 2°,7’-dichlorofluorescin-diacetate
(DCFH-DA). Cells were pre-cultured for 10 min in Ca*", Mg*'-free HBSS
buffer with ERW/Pt Nps. After the removal of the supernatant, 5 uM DCFH-
DA was added and incubated for 10 min. After resuspended in PBS,
intracellular redox state of cells was analyzed immediately using a
flowcytometer.

3. RESULT AND DISCUSSION

ERW/Pt Nps exhibited strong antioxidative and active hydrogen donating
activities. Pt Nps did not cause lowering of cell viability (Fig. 1). However,
ERW/Pt Nps exhibited strong cytotoxicity on cancer cells but not on normal
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Figure 2. Determination of activated caspase-3 in HeLa cells.

cells (data not shown). Analysis of cell cycle and caspase-3 activity
suggested that ERW/Pt Nps induced apoptosis in cancer cells. This apoptosis
inducibility of Pt Nps/ERW was lost by using degassed ERW and recovered
by bubbling of hydrogen gas (Fig. 2). The cytotoxicity of ERW/Pt Nps on
cancer cells was rapidly lost in high concentrations of Pt Nps, suggesting
that the phenomenon is due to agglutination of Pt Nps. These results
suggested that active hydrogen produced from molecular hydrogen in ERW
by catalysis of Pt Nps induced apoptosis of cancer cells. ERW/Pt Nps
scavenged intracellular ROS in cancer cells. Investigation on the relationship
between ROS-scavenging activity and apoptosis is undergoing.
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Abstract:

Key words:

Telomerase activity is tightly regulated by the expression of its catalytic
subunit, human telomerase reverse transcriptase (ATERT). In most human
tumor cells, A”TERT is expressed to gain immortality. Here we demonstrate that
transforming growth factor-B-activated kinase 1 (TAK1), originally identified
as an MAPKKK, can repress the transcription of ”TERT gene in A549 human
lung adenocarcinoma cell line through promoter fused to luciferase gene and
reverse transcriptase-polymerase chain reaction analysis. Furthermore,
Trichostatin A relieved the TAK1-induced repression of ATERT transcription.
These results suggest that histone deacetylase (HDAC) involves TAKI-
induced repression of ATERT transcription, resulting in transcriptional
silencing of the hTERT gene in human cancer cells.

TAKI1, hTERT, HDAC

1. INTRODUCTION

Telomeres are essential elements that contribute to chromosomal
stability. Telomerase is a specialized reverse transcriptase that synthesizes
telomeres. The absence of telomerase activity in most normal human cells,
but immortalized and cancer cells contain detectable telomerase activity and
consequently maintain their telomere length and proliferative potential [1].
The human telomerase reverse transcriptase (W"TERT) subunit is selectively
expressed in most immortalized and cancer cells, indicating that hTERT is
the rate-limiting component of telomerase activity. Telomerase activity is
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tightly regulated at the transcriptional level of ATERT. In normal human
cells, Spl and Sp3 are involved in the HDAC-mediated transcriptional
repression of the A”TERT [2]. TAK1 is a member of the MAPKKK family
and is activated by various cytokines [3, 4]. TAB1 functions as an activator
promoting TAKI1 autophosphorylation [5]. In the present study, we
demonstrated that TAKIl-induced repression of ATERT transcription is
caused by recruitment of HDAC on the #ATERT promoter.

2. MATERIALS AND METHODS

2.1 Cell culture and regent

A549 human lung adenocarcinoma cells were cultured in eRDF medium
supplemented with 5% fetal bovine serum (FBS). Trichostatin A (TSA) was
dissolved in CH;OH and added to the culture medium at final concentration
of 100 nM.

2.2 RT-PCR

Total RNA was prepared by using GenElute Mammalian Total RNA
Miniprep Kit (Sigma). One pg of total RNA was used as a template for the
cDNA synthesis reaction using M-MLV reverse transcriptase RNase H
(Promega). Analysis of the expression of /”TERT and TEPI was performed
by RT-PCR amplification as described previously [6].

3. RESULTS AND DISCUSSION
3.1 TAKI1 represses the transcription of A”TERT gene

Previously we reported that TGF-f is able to repress telomerase activity
and ATERT transcription in A549. Here we attempted whether TAK1 can
repress hTERT transcription. We confirmed an ability of TAKI1 to induce
transcriptional repression of #”TERT gene by using recombinant adenoviruses
expressing TAK1/TABI and LacZ as an infection control. Three days after
the transduction, we investigated the expression of ”TERT mRNA by RT-
PCR. As shown in the result, marked reduction of ATERT transcription was
observed in A549 cells transducted both with TAK1 and TAB1 (100 moi
each) (Table 1), indicating that TAK1 represses the transcription of h”TERT
gene in A549 cells.
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Table 1. Transcriptional repression of the hTERT gene by TAKI.
hTERT/TEPI Ratio
(% of control cells)

A549 100
LacZ 108.07
TAK1/TABI1 50.21

3.2 Involvement of HDAC in the TAKI1-induced repression
of hTERT gene

Several studies have shown that HDAC is involved in repression of
WTERT transcription in normal human cells. Here we examined an
involvement of HDAC in the TAKIl-induced repression of ATERT
transcription by using HDAC inhibitor, TSA. Result shows that reduced
WTERT transcription by the transduction with TAK1 and TAB1 was
recovered by the treatment with TSA (Table 2), suggesting that HDAC is
involved in the repressed transcription of ATERT gene in AS549 cells
transduced with TAK1 and TABI.

Table 2. Involvement of HDAC in the TAK1-induced repression of hTERT gene.
hTERT/TEPI Ratio
(% of control cells)

A549 100

AS549+TSA 91.72

LacZ 113.34

LacZ+TSA 100.30

TAK1/TABI1 40.26

TAKI1/TAB1+TSA 139.32
REFERENCES

Kim, N. W. et al. (1994) Science 266, 2011-2015
Won, J. et al. (2002) J. Biol. Chem. 277, 38230-38238
Yamaguchi, K. et al. (1995) Science 270, 2008-2011
Ninomiya, J. et al. (1999) Nature 398, 252-256
Shibuya, H. et al. (1996) Science 272, 1179-1182
Nakamura, T. M. et al. (1997) Science 277, 955-959

SR



Analysis of Genetic Parameters in Order to Get
More Information on High Producing Recombinant
CHO Cell Lines
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Abstract: Recombinant mammalian cells for the production of glycoproteins and
antibodies are mainly established by gene amplification techniques, using
selection and screening methods based on specific productivity and growth
rate. In the present study we will show the selection and screening process of a
recombinant CHO cell line expressing a Fc fusion protein by analysis of gene
copy numbers, mRNA-levels, specific productivity and integration locus.

Key words: CHO dhfr, Selection, Screening, gene copy number, mRNA-level

1. INTRODUCTION

Different factors influencing the stability of the exogenous target are only
poorly analysed during clonal development. Therefore it is inevitable to
control parameters influencing the productivity and growth properties
already during clone development. Clonal changes in transcriptional and
translational behaviour according to selection and amplification have to be
identified and comprised into the screening process. Additionally we have
checked the integration locus by Southern Blot analysis for a better
characterisation of the clones.
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2. MATERIAL AND METHODS

Two plasmids carrying the target epoFc and the selection marker dhfr
were cotransfected into CHO dhfr- under serum-dependent conditions
(clones were later adapted to protein-free medium). Stable clones were
analysed for specific productivity (qp) by ELISA as well as for gene copy
number (GCN) and mRNA-level by quantitative PCR using the SYBR-green
method. The results are presented as the ratio of epoFc related to a
housekeeping gene, B-actin. Analysis of the integration locus was performed
by Southern blot detecting the 3 end of the epoFc cDNA.

3. RESULTS

Figure 1 shows specific productivities as well as gene copy numbers of
six clones (5 transfectants as well as 13F5, a subclone of 2C10) cultivated in
protein-free medium (average over three passages in spinner flasks). 13F5
exhibited the highest specific productivity among the investigated clones,
10D9 and 8C6 showed the lowest titers. Concerning gene copy numbers, an
increase of epoFc for the subclone 2C10/13F5 is evident. 10D9 shows
highest gene copy numbers of epoFc which is not reflected in a higher
specific productivity.

Comparing mRNA-levels to product discharge, a high level of target
mRNA also results in high specific productivity. However, subclone 13F5
does not express more mRNA although specific productivity increased. In
order to gain more information on the insertion loci, Southern Blot analysis
was performed (see Figure 2). Hybridisation with epoFc gave the same
restriction pattern (digestion with BamHI) for clone 2C10, 2G6 as well as
2C10/13F5 indication equal integration sites. In contrast, clone 10D9
exhibits a rather complex restriction pattern.
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Figure 1. Comparison of clones and subclones for gene copy number, amount of transcripts
and expression titer.
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Figure 2: Southern blot after digestion of genomic DNA: St1, St2, St3 (digested expression
vector 2-10%, 2:107, 2-10° copies); . DNA/EcoRI+HindIIl marker; 2C10, 2G4, 2G6, 8C6,
10D9, 2C10/13F5 genomic DNA (1.6 pg per lane).

Furthermore, we analysed expression titers as well as genetic parameters
of six 2C10 subclones before and after protein-free adaptation. After
switching to protein-free conditions a decrease in specific productivity of
about 50% was evident. Concerning the gene copy numbers except for two
subclones, where a decrease after protein-free adaptation was observed, no
significant differences were evident.

4. DISCUSSION AND CONCLUSION

Concerning specific productivity highest titers were obtained for the
serum-dependent cultivated subclones of 2C10 (data not shown). After
protein-free adaptation a decrease of 50% in specific productivity is
observed for all investigated clones. This phenomenon can not be explained
by a reduction of the gene copy number as well as the specific mRNA-level,
which was found to be unchanged (data not shown). Thus, the reason for the
loss in qp must be on the translational level. Medium optimisation will
therefore be the next step.

In general a positive correlation of GCN with productivity was observed.
However, clone 10D9 showing low expression titers exhibited a high GCN,
at least four times higher compared to the other clones. A different
restriction pattern in the Southern blot was observed. mRNA level as well as
qp were diminished, furthermore the adaptation to protein-free conditions
was rather difficult. In contrast, clones 2C10, 2C10/13F5 as well as 2G6
showing high stability in specific productivity during spinner cultivation,
have inserted the epoFc into the same locus evident by equal restriction
pattern in the Southern blot.
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After all we have seen so far, medium composition might have an effect
on translation efficiency, therefore we will perform medium optimisation in
order to circumvent the loss in specific productivity observed after protein-
free adaptation.

In future experiments we will compare different recombinant cell lines by
fluorescence in situ hybridisation to bring more insight into the interrelation
between high productivity, stability and the site of integration.
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Abstract: The analysis using the DBNBS reduction method and the DCFH-DA
intracellular reactive oxygen species (ROS) determination method revealed
that ERW and diseases-improvable natural waters such as Nordenau water in
Germany and Hita water in Japan were all reduced waters (RWs) which could
function as active hydrogen donors and intracellular ROS scavengers. RWs
suppressed the activity of protein tyrosine phosphatase (PTP), which
inactivates insulin receptor, suggesting their anti-type 2 diabetes effects via
redox regulation. The clinical test of 356 diabetes patients drinking Nordenau
water in Germany resulted in the improvement of the relevant tests parameters
after 6 days, suggesting the correlation of these changes with the fluctuation of
ROS levels in their blood.

Key words: reduced water, active atomic hydrogen, reactive oxygen species, diabetes

1. INTRODUCTION

Hydrogen-rich electrolyzed reduced water (ERW) scavenged reactive
oxygen species (ROS) (Shirahata et al., 1997) and was applied to suppress
the oxidative stress of hemodialysis patients (Huang ef al., 2003). Some
natural mineral waters such as Nordenau water found in Germany in 1992
and Hita water (Hita Tenryousui®) found in Japan in 1997 as well as ERW
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scavenged ROS and protected pancreatic B-cells from oxidative stress
induced by alloxane (Li et al., 2002). Here, we report redox regulation by
reduced waters (RWs) for prevention of type 2 diabetes and clinical trials of
type 2 diabetes patients.

2. MATERIALS AND METHODS

2.1 Evaluation of waters as active hydrogen donors and ROS scavengers

A novel colorimetric determination method of active hydrogen in
aqueous solution with a spin trap reagent, 3,5-dibromo-4-nitrosobenzene-
sulfonic acid sodium salt (DBNBS) was utilized to evaluate the functions of
waters as active hydrogen donors. Intracellular ROS levels of rat L6
myotubes were determined using DCFH-DA as described previously (Li
et al.,2002).

2.2 Determination of glucose uptake, phosphorylated insulin receptor
and activity of PTPase

Glucose uptake into L6 cells was determined using *H-2-deoxyglucose.
Fully differentiated L6 myotubes were incubated with various waters for 72
h. After stimulation with insulin for 20 min, total cell lysates were separated
by SDS-PAGE, immunoprecipitated with anti-insulin receptor (IR) B-
subunit, and then immunoblotted with anti-phospho-IR (pY1158) antibody.
The protein tyrosine phosphatase (PTPase) activity was measured using p-
nitrophenyl phosphate as substrate.

2.3 Clinical trials on type 2 diabetes patients drinking Nordenau water

Changes in the relevant tests parameters of 356 type 2 diabetes patients
(average age; 71.5 years old) drinking Nordenau water (2 liter per day) were
examined after 6 days. The diagnostic parameters such as blood sugar,
HbAlc, cholesterol, LDL and serum creatinine concentration were tested
twice — at the beginning (MP1) and at the end of the participants stay (MP2)
in Nordenau. ROS in randomly sampled bloods of 81 patients were
examined by FORT (Free Oxygen Radical) test.
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3. RESULTS AND DISCUSSION

The DBNBS active hydrogen determination method and the DCFH-DA
intracellular ROS determination method revealed that ERW and diseases-
improvable natural waters such as Nordenau water and Hita water, but not
most commercial natural mineral waters were all reduced waters (RW)
which could function as active hydrogen donors and intracellular ROS
scavengers. Protein tyrosine phosphatase (PTPase) is a redox-regulatable
enzyme. RWs suppressed the PTP activity, leading to the activation of IR
and the enhancement of glucose uptake into L6 myotubes.

The clinical trials of 356 type 2 diabetes patients revealed that blood
sugar and HbAlc average values at 74.4% of 356 diabetes patients were
significantly improved by drinking Nordenau water in a very short time of
six days. Roughly 54% of responders showed the high statistical
improvement rate of their cholesterol, LDL and serum creatinine
concentration values. The parallel downward trend of ROS concentration in
the randomly sampled bloods of the tested persons suggested the ROS
scavenging ability of Nordenau water in vivo.
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Figure 1. Inhibition of PTPase activity by reduced waters.
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Figure 2. Suppressive effect of Nordenau water on blood sugar levels (left) and HbAlc levels
(right) of 256 type 2 diabetes patients. Random, randomly sampled 81 patient’s data.
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Transcription Profiling of Different Recombinant
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Abstract: Cross-species analysis was used to monitor the global transcription profile of
CHO production cell lines. Mouse and rat-oligoarrays served to compare gene
expression signatures of different recombinant CHO clones as well as different
conditions in order to point out correlations between the observed phenotype
and the transcriptome.

Key words: CHO cells, clonal variability, microarray analysis, cross-species hybridisation,
mouse-oligo-DNA array

1. INTRODUCTION

Since different CHO-clones have been shown to exhibit a large degree of
variability regarding recombinant protein production performance, the
development of more efficient screening and selection methods is obligatory.
Therefore, we combined the phenotypic characterisation of cell cultures with
transcription profile analysis using microarray technology to understand the
cellular mechanisms that control the phenotype of animal cells and to
identify new potential selection parameters.
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2. MATERIAL AND METHODS

Experiments were carried out with clones of a serum-free adapted
recombinant CHO-dhft" cell line producing the fusion protein Epo-Fc.
Different CHO clones were cultivated in the multireactor system Sixfors
(Infors) during clone development in order to investigate their applicability
for technological relevant production systems. The bioreactor cultivation
was performed in repeated batch mode (5 batches), whereby total RNA of
cells was isolated at the end of each batch. Preparation of RNA samples,
reverse transcription, fluorescent dye labeling, hybridization and further
array processing was done using the Agilent Low RNA input linear
amplification kit. The fluorescently labeled targets were hybridized to mouse
and rat 22k Oligo-60mer-Microarrays (Agilent). Agilent’s feature extraction
software and Gene Spring 6.2 were used for data analysis. Differentially
expressed genes were classified by an experimental threshold, which was
determined by self versus self hybridization of equimolar mixtures and
alternating dye labeling of all RNAs used. Based on a 99% confidence
interval of the dataset, the following thresholds were determined: Mouse
(>1.47/<0.64); Rat (>1.33/<0.64). The datasets were further filtered on
confidence of replicate data. Changes in gene expression with p<0.05 was
used as a cut-off to produce preliminary lists of genes. The gene lists were
linked to GeneBank accession numbers, GO-terms, Biocarta and KEGG
using MASI (Insilico Bioinformatics).

3. RESULTS AND DISCUSSION

3.1 Experiment 1: Phenotypic characterisation and transcriptional
profiling of one clone at two different conditions

In the course of bioreactor cultivation the clone 2G4 showed altered
growth characteristics, as the specific growth rate was reduced from 0.5 (d™)
(1" and 2™ batch) to 0.37 (d") (3", 4™ and 5™ batch). In the fifth batch
reduced growth was followed by the induction of cell death, as viability
declined from 90% to 65%. Specific recombinant protein production rates
and degree of product sialylation remained constant in the course of
bioreactor cultivation. RNA samples from the 2" and 5" batch were
analyzed for differential gene expression using microarrays. The results
obtained from GO-and pathway analysis indicated a strong activation of
MAPK-signaling pathway playing an important role in transcriptional
activation, cell cycle arrest and apoptosis. These findings were underlined by
the induction of genes like Gadd45a (3.08), CHOP (1.71), ATF-2 (1.66),
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Tgfbr (1.66), Hmg-14 (1.60) and Mef2C (1.52) in the 5" batch. The
overexpression of GADD45 genes is known to result in substantial
activation of p38MAP Kinase and apoptosis (Kyriakis et al., 2001), whereas
CHOP leads to growth arrest and apoptosis and is known to be responsive to
perturbations that culminate in the induction of ER stress (Zinsner et al.
1998). The upregulation of several stress responsive genes and UPR
signaling mediators was observed, as follows: (1) BIP (1.68) and several co-
chaperones (Dnajb9 (2.0), Sec 63 (1.78) and Dnajcl (1.6)). (2) CHOP (1.71),
ATF-2 (1.66), ATF-4 (2.0), GCN-2 (1.79). (3) The ubiquitin dependent
protein catabolism and members of the proteasome were tightly regulated
(Psma6, Psma4, Psmc2, Pmsd5). (4) The induction of phospholipid
biosynthesis could be a consequence of UPR activation, as this correlates
with the presence of an elaborate ER [Sriburi et al., 2004]. To verify data
obtained with microarrays, a quantitative RT-PCR analysis of four selected
genes from clone 2G4 at two different stages was performed. Relative
quantification was done by calculating the ratios of the target gene copy
number to that of the reference house keeping gene beta-actin. Out of four
selected genes, the expression level of three genes could be verified. qRT-
PCR results showed a remarkable correlation to microarray data: Gadd45a
(3.1-3.08); BIP (1.58-1.68); Gstm5 (0.99-0.96) (-fold induction qRT-PCR-
microarray).

3.2 Experiment 2: Phenotypic characterisation and transcriptional
profiling of two different clones

Transcription profiles of two clones with different production rates and
post-translational modification capacities were analyzed to gain insight into
their recombinant protein production performance. Clone 2C10 showed ten-
fold higher specific Epo-Fc production rates than clone 8C6. The
lowproducer 8C6, however, held potential for higher levels of terminal
sialylation, as the secreted product contained 50% more sialic acids
compared to clone 2C10. Genes involved in glycerolipid and sterol
biosynthesis were highly represented in clone 8C6. The upregulation of
genes involved in dolichol synthesis (Hmgcr, Hmgcs, Idi-1) could be an
indictator for the higher product quality (sialylation of Epo-Fc) of the low
producer 8C6. The concentration of dolichol phosphate, the immediate
precursor for synthesis of the lipid linked oilgosaccharides used for N-
glycosylation, is believed to be an important factor in determining the
amount of glycosylation that occurs [Rosenwald ef al., 1990]. In addition, a
strong induction of BIP (2.04) was observed, what could be responsible for
the observed low specific protein production rate, as enhanced BIP
expression results in enhanced protein binding to BIP and, therefore, in
blocking of protein secretion (Borth ez al., 2005). Genes involved in protein
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biosynthesis and protein metabolism were overrepresented in the high
producer clone 2C10 and represented several cellular components involved
in protein processing. Ribosomal upregulation, as well as well as the
pronounced activation of translation (translation initiation and translation
factor activity) may correlate with the almost 10-fold higher specific
production rate of clone 2C10 compared to clone 8C6. At least four different
proteins which are structural constituents of the ribosome or participate in
ribosome biogenesis were found to be up-regulated (Rpl26, Rps19, Rpl7a,
Rps16).

4. CONCLUSION AND PERSPECTIVES

The data reveal, that cross-species transcription analysis of CHO cells using
mouse and rat microarrays allows the identification of key genes responsible
for the phenotypic behaviour and point out correlations between the
phenotype and the transcriptome. The goal of the future work is to generate a
dataset which emphasises those genes relevant to the use of CHO cells as a
host for recombinant protein production.
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Abstract: The inducible expression of p21 ™' cyclin dependent kinase system in CHO

cells has been shown to be capable of uncoupling cell growth and productivity
enabling higher levels of productivity without increasing the overall cell
number, however arrested cultures expressing p21 appear to proceed into the
death phase in a relatively similar time span as non arrested cultures despite
the differences in overall cell numbers. By combining p21 and Bcl-2
expression it was possible to maintain cells almost indefinitely in a state of cell
cycle arrest through which it was possible to adapt cells to suspension and
serum free environments at a much quicker and effective rate than that for the
non arrested cells.

Key words: P21, Bcl-2, Adaptation, Serum free, Proliferation, Apoptosis.

1. INTRODUCTION

The effect of p21 activity in terms of its effect on productivity in CHO and
NSO cultures is well documented (Watanabe ef al. 2002; Ibara et al. 2003; Bi
et al. 2004), however, it is the ability of p21 to prevent cell proliferation that
is of particular interest in this study which aims to investigate the possibility
that by halting cell division, cells previously grown as a monolayer and
serum supplemented cultures may undergo faster adaptation to suspension
and serum free conditions without a significant drop in viability. Before this
approach was tested p21 cells were transfected with bc/-2 gene to enhance
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their robustness by reducing apoptosis that may result from stress invoked by
the cell cycle arrest and hydrodynamic shear force in suspension culture or
growth factors/nutrient limitation in serum free culture. It is therefore
postulated that by combining p21 and Bcl-2 over-expression the time
required for adaptation to suspension and serum free cultures could be
significantly reduced.

2. RESULTS AND DISCUSSION

Induced P21 and constitutive bcl-2 Transfectants were cloned in the
presence of the selective agents hygromycin B and Geneticin 418 and the
resulting clones were assessed for cell cycle arrest by the addition of IPTG
and in the apoptotic inducing conditions of serum deprivation and exposure
to Staurosporine. The clone that displayed the best cell cycle arrest and
resistant to apoptosis was chosen for this investigation.

The effect of p21°"" and Bcl-2 expression on the adaptation of anchorage

dependent CHO cell lines to suspension and serum free growth environments

Cells were trypsanized and seeded into two shake flasks and passaged for
21 days. To induce p21 over-expression IPTG was added for 9 days to one
of the cultures. Medium was changed every two days and cell number
adjusted. The results in Figure 1 show the combined effect of arresting cell
division and bcl-2 expression on culture viability measured at 2 time points
during the adaptation period. During the adaptation process the viability of
arrested cultures remained significantly higher than that of the dividing
(control) cultures (99% after 12 days compared to 68% in the control). After
21 days from the start of the adaptation period the control cells showed some
evidence of recovery from the initial collapse of viability thereby giving the
first signs of adaptation in the form of increasing viability however this took
almost double the amount of time to the previously arrested cultures.

The results in Figure 2 show a similar but more dramatic pattern of
results to those seen during adaptation to suspension, however, it was
apparent that during serum free adaptation previously arrested cultures
displayed a significant decrease in aggregate formation resulting in a
significant increase in culture viability (99% compared to 46% in non
arrested cultures after 21 days). This reduction in aggregate formation
appears to continue to be reduced following removal of cell cycle arrest
resulting in overall improved culture adaptation state.
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Figure 1. Analysis of CHO viability during adaptation to suspension. Arrested (A) and
dividing cells (B) were passaged every 3 days.
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Figure 2. Analysis of CHO viability during adaptation to serum free. Arrested (A) and
dividing cells (B) were passaged every 3 days.
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3. CONCLUSION

P21 over expression reduces anchorage dependency by limiting cell death
caused by shear forces within the culture environment. Any dividing cells
that survive the shear environment of the suspension culture will eventually
enter mitosis where it has been shown they become more sensitive to
destruction. Dividing cells typically take on the classical dumbbell shape and
it is during this period that they become particularly susceptible to shear
forces which act on the vulnerable axis which connects the dividing cells,
tears occur within the membrane at the weakened axis leading to the leakage
of internal cellular contents and thus cell death.

P21 arrest can also reduce the adaptation period to serum free culture. It
appears that by preventing proliferation dependence on growth factors/
serum components is reduced thereby allowing cells to adapt more
effectively to the new serum free environment. The presence of Bcl-2 has
also helped cell adaptation by reducing the cells’ nutrient uptake rates.
Consumption rates of all essential amino acids have been found to
significantly decreased for hybridoma cell line expressing Bcl-2 which
provided evidence of an adaptive response to the change in culture
environment by down regulation of cellular activity (Simpson ef al. 1997).
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Abstract: The cationic polymer polyethylenimine (PEI) spontaneously forms complexes
with DNA that efficiently transfect mammalian cells. To study the reversibility
of the DNA/PEI interaction in vitro, preformed complexes were diluted with
varying amounts of plasmid DNA and RNA. The released plasmid DNA was
visualized by gel electrophoresis. With this simple assay we determined the
kinetics of the release of plasmid DNA. Even at very low concentrations RNA
instantaneously replaced most of the plasmid DNA in the complex, whereas
DNA-mediated release takes up to one day. The results of these in vitro
experiments are important for understanding the transport and release of
plasmid DNA from PEI/DNA particles after transfection of cells.

Key words: Polyethylenimine, PEI, PEI/DNA complex, PEI/DNA nanoparticle, DNA
release

1. INTRODUCTION

The cationic polymer polyethylenimine (PEI) spontaneously forms stable
complexes with DNA that efficiently transfect mammalian cells. Little is
known about the disruption of the DNA/PEI complexes within the cell. Once
in the nucleus the plasmid DNA must be free of residual PEI since DNA
complexed with PEI shows reduced efficiency to function as a template for
RNA and DNA polymerases. DNA/PEI complexes are highly stable in
solution, so release of plasmid DNA must be due to interactions with cellular
components.
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2. MATERIALS AND METHODS

pSP-E1A and pEAKS-EGFP were described previously (Hacker et al.,
2004). Plasmid purification was performed with the NucleoBond PC 10000
kit (Macherey-Nagel, Diiren, Germany) following the manufacturer’s
protocol. Total RNA was extracted from CHO DG44 cells with the GenElute
Mammalian Total RNA Miniprep kit (Sigma-Aldrich, Steinheim, Germany)
and quantified by optical density at 260 nm. Linear 25 kDa PEI
(Polysciences, Eppenheim, Germany), JetPEI (PolyPlus Transfection,
Ilkirch, France) and branched PEIs with molecular weights of 1.8-2 kDa,
10-25 kDa, and 750 kDa (Sigma-Aldrich) were prepared in water at a final
concentration of 1 mg/ml, and the pH was adjusted to 7.0 with HCI.

Complexes formed at PEI:DNA ratios of 0.26 (wW/w) or more were
sedimented by centrifugation at 13,000 rpm for 2 min in a microfuge
(Derouazi et al., 2004; Bertschinger et al., 2004). We took advantage of this
observation to study PEI/DNA complex disruption by mixing preformed
PEI/DNA particles with either excess DNA or RNA. pSP-E1A at 50 pg/ml
in 150 mM NaCl was mixed with the same volume of 150 mM NaCl
containing PEI at different concentrations. After incubation for 10 min the
mature particle was diluted with pEAK8-EGFP or total RNA in 150 mM
NaCl at the indicated concentrations. The solution was then centrifuged as
described above and the level of pSP-81 in the supernatant was determined
by agarose gel electrophoresis.

3. RESULTS AND DISCUSSION

At a low PEI:DNA ratio (0.35 (w/w) there was at least a partial release of
pSP-81 from preformed complexes in the presence of either pEAK8-EGFP
or RNA (Fig. 1). As the PEI/DNA ratio was increased, less pSP-81 was
released from preformed complexes in the presence of pEAKS-EGFP
(Fig. 1A-D) as compared to RNA (Fig. 1E-H). Even at a low concentration
(50 pug/ml) RNA was efficient for the disruption of the preformed complexes
(Fig. 1E). PEI seems to have a higher affinity for RNA than DNA as there
was a complete release of plasmid DNA at only 50 pg/ml RNA for most
PEI:DNA ratios tested (Fig. 1E). Linear 25 kDa PEI and JetPEI® are both
very efficient for the transfection of mammalian cells (Derouazi et al.,
2004). Plasmid DNA was completely released from the complex with these
PEIs in the presence of pEAKS-EGFP (Fig. 2A,B) or total RNA at
concentrations of 50 pg/ml (Fig. 2F,G). With complexes formed with
branched PEIs, pSP-81 was released at higher DNA or RNA concentrations
(Fig. 2C,H) or not at all (Fig. 2 D,E,I,J). This may explain at least some of
the differences in transfection efficiencies with these PEIs.
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Figure 1. Release of pSP-81 from preformed PEI/DNA complexes. PEI/DNA complexes
were mixed with increasing concentrations of pPEAKS-EGFP (A-D) or total RNA (E-H). After
centrifugation, the amount of pSP-81 in the supernatant was determined by agarose gel
electrophoresis.

These results may explain why PEI is an efficient transfection agent. The
complex of plasmid DNA and PEI may be stable until a cellular
compartment with a high RNA or DNA concentration is reached. The
plasmid DNA can then be efficiently released and transcribed.
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Figure 2. Release of pSP-81 from preformed PEI/DNA complexes containing different PEIs.
PEI/DNA complexes were mixed with pEAKS8-EGFP (A-E) or total RNA (F-J) at 50 pg/ml.
After centrifugation, the amount of pSP-81 in the supernatant was determined by agarose gel
electrophoresis.
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Abstract:

Key words:

We have developed an in vitro immunization protocol of human peripheral
blood mononuclear cells (PBMC) for generating human antigen-specific
antibodies. By using this protocol, B cells producing antigen specific antibody
can be propagated within a week. In the present study, we tried to establish an
efficient strategy to clone variable region genes of antigen specific human
monoclonal antibody by applying in vitro immunized PBMC to the phage
display method. To evaluate the efficiency of our strategy, heavy and light
chain variable region genes were prepared by PCR from PBMC immunized in
vitro with mite-extract (ME), and the combinatorial library (>10° members)
cloned for display on the surface of a phage. Phage was subjected to a
streptavidin magnetic bead panning procedure. After concentrating the ME-
specific phage antibody by panning, the phage antibodies specific for ME were
detected by ELISA. Results show that rapidly production of antigen-specific
human monoclonal antibody from smallish (1.6 x 10°) library is possible by
using in vitro immunized PBL.

in vitro immunization, human monoclonal antibody, phage display

1. INTRODUCTION

Human monoclonal antibodies (mAbs) have a great potential for
diagnosis and treatments of cancer, allergy and other diseases. However, we
cannot immunize human with antigen by ethical problems. Monoclonal
antibodies from mouse origin are relatively easy to produce, however, their
therapeutic availability is restricted by their antigenicity. At present, human
monoclonal antibodies are mainly produced by humanizing mouse
monoclonal antibodies. But it is difficult to completely remove antigenicity
derived from mouse. Therefore, we have developed an in vifro immunization
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(IVI) protocol of human peripheral blood lymphocyte (PBL) for generating
human antigen specific antibodies. By using this protocol, B cells producing
antigen specific can be propagated within a week. In the present study, we
tried to establish an efficient strategy to clone variable region genes of
antigen specific human monoclonal antibody by applying in vitro immunized
PBL to the phage display method.

2. METHODS

2.1 In vitro immunization

Human PBL were cultured for 8 days in ERDF medium containing 10%
heat inactivated fetal bovine serum, CpG-ODN, IL-2, IL-4, 2-
mercaptoethanol and Mite-Extract (ME). Antibody production in the
supernatant of cultured PBL was measured by ELISA.

2.2 Construction of phage antibody library

The VH and VL genes of cultured PBL were prepared by RT-PCR. The
VH and VL DNA fragments were joined with a linker DNA. The assembled
ScFv  DNA was digested with Sfi 1 and Not 1 for cloning into the
pCANTABSE phagemid vector. The ligated vector was introduced into
competent E. coli TG1 cells. Phagemid-containing bacterial colonies were
infected with M13KO7 helper phage to yield phage-displayed antibody ScFv
fragments.

2.3 Detection and production of ME-specific antibody

The phage antibodies were selected by panning against ME. ME-specific
phage antibodies bound to biotinylated ME on streptavidin magnetic beads
and non-specific phage were washed off. E. coli TGI1 cells were infected
with the binding phage. After panning, 60 individual phage antibodies were
picked. Using ME-coated 96 well plates, ME-reactive phage antibodies were
detected by ELISA. The VH and VL genes were isolated from the positive
clones. The resulting DNA were co-transfected to the CHO cells.
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3. RESULTS AND DISCUSSION

15 positive clones were obtained from random picked 60 phage clones of
in vitro immunized library (Figure 1). The VH and VL genes were isolated
from the positive clone B11, D12, and E11. The resulting DNA were co-
transfected to the CHO cells and secreted IgG in the supernatant were
purified and analyzed by Western blotting. ME could be detected by the
purified IgG.
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Figure 1. Detection of ME-specific scFv (ELISA).

Our results show that it is possible to rapidly produce antigen-specific
human monoclonal antibody from smallish (1.6 x 10°) library by using in
vitro immunized PBL. We expect that in vifro immunization and phage
display method make a strong combination to produce human monoclonal
antibody.
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Abstract: In this work the closest human germline sequence was used as the framework
on to which to graft murine CDRs. The proposed fully humanized version
displays the same staining pattern to different cell subpopulations like CD4,
CD8 and memory CD45RO lymphocytes, when compared with the original
anti-CD18 MAD, reinforcing the germline approach as a successful strategy to
humanize antibodies with maintenance of affinity and selectivity.

Key words: antibody, humanization, CD-18, adhesion, germline, framework, integrin,
graft, HAMA, CDR, MAD, FACS, binding, scFv, hypermutation

1. INTRODUCTION

Due to HAMA (human anti-mouse antibody) response evoked by the use
of murine MAbs, antibody humanization technology was developed for the
production of a new molecule that maintains the capacity to recognize the
antigen but resemble more like a human antibody. The purpose of this work
was to humanize the 6.7 murine anti-human CD18 antibody (David et al.,
1991). CD18 is a B2 integrin family component and an antibody that blocks
its adhesion property has potential application in a large panel of clinical
manifestations through the migration’s inhibition of neutrophils and other
leucocytes. The huMAb antibody could be used as an anti-inflammatory
agent, to decrease post ischemic effects.
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2. METHODOLOGY AND RESULTS

The strategy used was to choose the closest human germline sequence
(Tomlinson et al.,1992) onto which to graft the murine CDRs. The germline
sequence does not present somatic hypermutation of rearranged V regions,
which can be unique for that specific antibody and thus be seen as
immunogenic to patients. The data bank search indicated HG3 as the closest
human germline sequence (Rechavi ef al., 1983) to receive the anti-CD18
CDRs sequences. The framework residue Ala”' was maintained as in the
original murine antibody, for the assembly of a correct H2 loop in the
humanized antibody (Tramontano ef al., 1990). Analysis of the crystallized
Fab with sequence most similar to HG3 (1AD9) showed that residue 45 is
located in a position of low flexibility near to H-CDR2 and L-CDR3, seen as
critical for the maintenance of the H2-H3 loop structure. Based on this
assumption, two versions of humanized VH were constructed: Proline
version (HP) of murine origin and Leucine version (HL) of the closest
germline human sequence (Caldas et al., 2000). The FACS analyses of the
variations showed higher binding for the HL version, confirmed by the
blocking of the 6.7 original MAb.

Median IF | Blocking (%) | Hemi-humanized scFvs fragments block

6.7 FITC 40.32 0 the blndmg of MAb 6.7 FITC to CD18+

Fv-VH (L) 9,65 763 cells. scFvs were added to the cells prior

the addition of the 6.7 FITC.
Fv-VH (P) 12,52 69,0

For the light chain humanization the same strategy was followed and the
humanized VL gene fragment was expressed together with the selected
version Leu® of the humanized VH (Caldas et 1., 2003). Two versions were
analyzed in detail because of an expected loss of affinity. The version VQ
contains glutamine®’ (present in 78% of both murine and human antibodies)
while in the version VL the leucine residue of murine origin was maintained.
The loss of affinity effect was shown by FACS analysis (Fig. 1) in
comparison with the original 6.7 MADb. The capacity of the two versions’
binding to the cell surface was further tested through its blocking effect on
the binding of the original anti-CD18 MAb. We found that both the original
anti-CD18 and the humanized LL version displayed the same pattern of
staining to CD4+, CD8+ and to memory CD45RO+ lymphocytes (Fig. 2).

3. DISCUSSION AND CONCLUSION

For the HC, the FACS and further image analyses served as basis to choose
the HL (leucine residue) for the position 45. In relation to the LC, a mutation
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Figure 1. Anti-CD18 humanized versions binding to human lymphocyte cell surface; 85, 84
and 53% of the cells were positive when incubated with murine and humanized scFv versions.
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Figure 2. - T cell subpopulations stained by the humanized LQ version.

far from the antibody’s binding site was identified, resulting in a loss of
affinity for the intact CD18 molecule on the cell surface. In the human Vk
germline sequence used in this work, a glutamine residue fills the position
37. This residue is found in many humanized antibodies, including our
closest PDB crystal structure, 1AD9, in which the GIn®’ is mostly buried and
it contacts the same set of residues as Leu’’ in the murine structure. The
position 37 is related to the FR2 stabilization and is rarely variable. The only
difference is a hypothetical H-bond between the amide group of GIn®’ and
the hydroxyl group of Tyr*. Leu®® was maintained in the humanized version
for its contact with LCDR2 and HCDR3. The construction was able to
recognize PMNC harboring CD18, indicating successful humanization with
transfer of the original binding capability. We have shown the complete
humanization of the 6.7 mAb. The CDR-grafting using the closest germline,
although very simple, is a reliable procedure for humanization of antibodies.
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Abstract:

Key words:

The cancer-testis antigen NY-ESO-1 is expressed in a wide range of tumor
types while normal tissue expression is restricted to germ cells. It is highly
immunogenic, frequently eliciting spontaneous humoral and cellular immune
responses in patients with advanced tumors expressing the protein. A series of
different NY-ESO-1 vaccines are currently being explored in early clinical
trials worldwide. We have developed a reproducible process for the transient
expression of full-length NY-ESO-1 in mammalian cells. Either Chinese
hamster ovary (CHO) DG44 or HEK 293 cells were transfected with NY-
ESO-1 DNA using polyethylenimine. NY-ESO-1 was expressed
intracellularly as a histidine-tagged protein in agitated suspension cultures at
volumes to 400 ml at levels up to 30 mg/L as estimated in crude cell lysates by
Western blot. The protein was purified by immobilized metal affinity
chromatography (IMAC) after detergent lysis and was shown to be reactive
with sera from patients with tumors expressing NY-ESO-1.

Cancer-testis antigen, NY-ESO-1, vaccine, recombinant protein, Chinese
hamster ovary cells, human embryonic kidney cells, polyethylenimine,
transfection, transient gene expression, suspension cells, square bottles,
histidine tag, affinity chromatography, antigenicity, ELISA.

1. INTRODUCTION

The cancer-testis (CT) antigen NY-ESO-1 is expressed in many tumor
types but not in normal tissues except testis (Scanlan et al., 2004). Both
humoral and cellular immune responses can occur in patients with tumors
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that express this antigen (Scanlan ef al., 2004). In recent clinical trials in
which patients with NY-ESO-1-positive tumors were vaccinated with
recombinant NY-ESO-1 from E. coli in combination with an adjuvant both
antibody and T cell responses were observed (Davis et al., 2004). In this
report we have demonstrated the feasibility of transient expression of
intracellular histidine-tagged NY-ESO-1 (His-NY-ESO-1) in either CHO
DG44 or HEK 293 cells in non-instrumented cultivation systems at volumes
up to 400 ml. The partially purified His-NY-ESO-1 was shown to be
reactive to sera from patients with NY-ESO-1-positive tumors. Transient
expression in mammalian cells offers an alternative approach to the
production of recombinant proteins for vaccines.

2. METHODS

For transfections in 1-L square bottles, suspension CHO DG44 or HEK
293 cells were seeded at 1 x 10° cells/ml in 200 ml of RPMI 1640 medium
(Derouazi et al., 2004). The cells were transfected with pcH-NYESO! in the
presence of 25-kDa linear polyethylenimine (PEI) (Polysciences, Eppelheim,
Germany) (Muller ef al., 2005). At 4 h post-transfection 200 ml of medium
was added to each bottle. At 2 days post-transfection, 2 ml aliquots of the
culture were collected. The cells were harvested by centrifugation, lysed in
Mammalian Protein Extraction Reagent (M-PER) (Perbio Science,
Lausanne, Switzerland) according to the manufacturer’s recommendations,
and the soluble fraction was analyzed by immunoblot using the mouse
monoclonal antibody ES121 raised against NY-ESO-1. Antibody binding
was detected with horseradish peroxidase-conjugated anti-mouse IgG
(Sigma Chemical, St. Louis, MO).

3. RESULTS AND DISCUSSION

Histidine-tagged NY-ESO-1 (His-NY-ESO-1) was transiently expressed
in both HEK 293E and CHO DG44 cells using PEI for DNA delivery. For
both cell lines the highest steady state level of intracellular His-NY-ESO-1
was observed at day 2 post-transfection (data not shown). For production of
the recombinant protein, cultures of 200 ml in agitated one-liter square
bottles were transfected in serum-free RPMI 1640 (4). As shown in Fig. 1,
the production process in 1-L square bottles was reproducible. The
transfected cells were harvested at 2 days post-transfection and lysed with
detergent. Partial purification of His-NY-ESO-1 was performed by IMAC.
Recovery of the protein from CHO DG44 was less efficient than from HEK
293 (data not shown). The antigenicity of His-NY-ESO-1 from HEK 293
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cells was determined by ELISA using sera from cancer patients with tumors
expressing NY-ESO-1. Importantly, HEK 293-derived His-NY-ESO-1 was
equally reactive to E. coli-derived NY-ESO-1 (Table 1). Recombinant His-
NY-ESO-1 transiently expressed in mammalian cells may become a valuable
reagent for the development of NY-ESO-1 cancer vaccines. Potential
applications include its use as a vaccine immunogen and as a reagent to
monitor vaccine induced “in vitro” and “in vivo” immune responses to NY-
ESO-1.

Day 1 Day 2 Day 3
cC ¢ H H ¢ ¢ H H € € H H Co

— - — -

Figure 1. Transient His-NY-ESO-1 expression in HEK 293 (H) and CHO DG44 (C) cells.
The cells were transfected with pH-NYESOT1 and harvested at the times indicated. The lysates
were analyzed by western blot using an antibody against NY-ESO-1. Recombinant NY-ESO-
1 from E. coli (Co).

Table 1. ELISA reactivity of recombinantHis-NY-ESO-1 with sera from cancer patients
containing NY-ESO-1 antibodies.

Patient # NY-ESO-1 (E. coli)  NY-ESO-1 (HEK) Control
CA-001 1:5000 1:5000 negative
CA-002 negative negative negative
CA-003 1:16000 1:8000 negative
CA-004 negative negative negative
CA-005 1:25000 1:60000 negative
CA-006 negative negative negative
CA-007 1:60000 1:60000 negative
CA-008 negative negative negative
CA-009 1:60000 1:60000 negative
Positive control 1:1600000 1:1600000 negative
Negative control negative negative negative
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Abstract: One of the essential proteins in the sumoylation pathway is ube2i, one of the
subunits of the conjugating complex E2. Transient expression of a short
hairpin RNA (shRNA) targeted to the ube2i mRNA in Chinese hamster ovary
(CHO) cells increased transient reporter protein expression by 2-3 fold. These
results demonstrate the utility of RNAIi in studying the role of chromatin
modifiers in transgene expression,

Key words: SUMO, ubc9, ube2i, transient transfection, RNAi, CHO DG 44, IgG
expression

1. INTRODUCTION

The modification of histones by acetylation, methylation,
phosphorylation, and ubiquitination is known to be important for the
regulation of eukaryotic gene expression. Recently, histone sumoylation has
also been shown to be important for transcriptional repression (Nahan ef al.,
2003). Here we show that the reduction of ube2i mRNA by RNA
interference results in the enhanced transient expression of recombinant
proteins in CHO DG44 cells.
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2. MATERIALS AND METHODS

pEGFP-N1 was purchased from Clontech (Palo Alto, CA). The shRNA
vector pSP81 was a gift of Richard Iggo (ISREC, Lausanne, Switzerland).
To generate pSumo, complementary oligonucleotides (Microsynth; Balgach,
Switzerland) with homology to ube2i mRNA were annealed and cloned into
pSP81. pControl directs the expression of an shRNA with no known target in
CHO DG#44 cells. For expression of the anti-human Rhesus D IgG1 antibody
the plasmids pEAK8-LH39 and pEAKS8-LH41 (Pick ef al., 2002) were used.

The polyethylenimine (PEI)-mediated transfection of CHO-DG44 cells
in 12-well microtiter plate has been described (Derouazi et al., 2004). For
transfections in 250 ml square-shaped bottles, 50 ml of cells were seeded at a
density of 2 x 106 cells/ml in ProCHOS5 CDM medium. Then 5 ml of 150
mM NaCl containing 12.5 pg DNA and 50 pg PEI (Polysciences,
Eppelheim, Germany) were added. At 5 h posttransfection, 50 ml of
ProCHOS5 CDM medium was added.

The Northern blot was done as described previously (Hacker et al.,
2004). For the probe, cDNA of the ube2i mRNA of CHO DG44 cells was
amplified with specific primers. The amplicon was cut with BamH1 and Pst1
and cloned into pSP81. The BamH1 and Pstl fragment was radiolabeled for
detection of ube2i mRNA.

3. RESULTS AND DISCUSSION

The ube21 knockdown was performed with a plasmid (pSumo) coding
for a small hairpin RNA (shRNA) with homology to its mRNA. After
transfection with pSumo, ube2i mRNA was decreased to 60% (Fig. 1A,B).
Considering a transfection efficiency of 40%, this signifies an efficient
knock-down of ube2i mRNA in transfected cells. Co-expression of the
ube2i shRNA with a reporter protein resulted in a 1.5 fold increase in green
fluorescent protein (EGFP) expression (Fig. 2) and a 2-3 fold incresase in
IgG expression (Fig. 3). These results show the utility of RNAI in studying
the role of chromatin modifiers in transgene expression, allowing the
development of new strategies to increase recombinant protein productivity
in mammalian cells.
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Figure 1. Depletion of ube2i mRNA by RNAi. (A) Quantitation of ube2i mRNA from the
radiogram shown in B using ImageQuant software. (B) At 3 days post-transfection, total
cytoplasmic RNA was recovered and analyzed by northern blot using a radiolabeled probe to
ube2i mRNA.
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Figure 2. GFP expression in 12-well microtiter plates. CHO DG44 cells were transfected
with a mixture of 10% pEGFP-N1 and varying amounts of pSumo and pControl (90% of the
total DNA). GFP expression was measured at 3 days post-transfection.
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Figure 3. 1gG expression in different scales. CHO DG44 cells in 12 well microtiter plates
(A) or 250 ml square bottles (B) were transfected with 30% pEAKS8-LH39, 30% pEAKS-
LH41, and 40% pSumo or pControl. The IgG concentration in the medium was measured by
ELISA at three days post-transfection (A) or at the times indicated (B).
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Abstract:

Key words:

During process development in small-scale bioreactors, different materials
used in the bioreactors were found to have a negative effect on cell growth and
viability of HEK293 cells grown in protein-free medium. A variety of
materials were tested including: stainless steel 316, Duran glass, ethylene
propylene diene monomer (EPDM), silicone, C-flex, Viton, and low density
polyethylene (LDPE). The most detrimental effect on cell growth and viability
was seen with EPDM. Compared to the polystyrene control stainless steel and
glass decreased cell growth while Viton, LDPE, and silicone showed the
highest biocompatibility.

Human embryonic kidney 293 cell, biocompatibility, culture materials,
protein-free medium

1. INTRODUCTION

Prior to inoculation (of cells) in a bioreactor, the cultivation medium is

equilibrated

with the desired physical conditions (e.g. pH, temperature, DO).

During the equilibrium phase, the medium may come in contact with many

different ma

terials, such as glass, stainless steel, and polymers, which have a

potentially detrimental effect on the medium and the cells. The aim of this
study was to investigate the effect of different culture materials on cell
growth and viability of HEK293 cells cultivated in protein-free medium.
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2. MATERIALS AND METHODS

The cell line used was a Human Embryonic Kidney (HEK293) cell line
producing a recombinant protein. Cells were preadapted to grow in
suspension in FreeStyle 293 expression medium (Invitrogen) or SF5 (a
protein-free Octapharma AB proprietary medium). Samples of test materials
were incubated in medium for 24 hours at 37°C in 75 cm’® polystyrene (PS)
T-flasks. Medium that was incubated in empty PS T-flasks was used as the
control. Material-conditioned medium was transferred to new T-flasks and
inoculated with cells. Cultivation was thereafter performed on shaker tables
at 37°C in a 5%/95% COx/air incubator. Samples for viable cell density and
cell viability were taken every day and analysed by the Trypan blue
exclusion method with a CEDEX (Innovatis) cell counter. The ratio between
the surface area of the material and the medium volume during incubation
was measured and denoted as A/V-ratio [cm*cm’ medium]. Analysis of
leachables from EPDM was performed by RP-HPLC with a Waters Alliance
2695 HPLC system, including a YMC-Pack ODS-A column.

3. RESULTS

Growth was inhibited and viability decreased faster with medium
conditioned in stainless steel 316 and glass compared to the polystyrene
control (Figure 1). Similar results were obtained when the different culture
materials were incubated in SF5 medium (data not shown). Among the
tested polymers, C-flex and EPDM decreased cell growth and viability,
while silicone, Viton, and LDPE performed similar to the polystyrene
control (Figure 2). The A/V-ratio was kept at 0.3 [cm*/cm’ medium] for all
polymers except for the LDPE bag, which, for practical reasons, required an
A/V-ratio of 2.1 [em*/cm® medium]. The detrimental effect of EPDM on cell
growth was clearly seen when the A/V-ratio was just 0.05 [cm’/cm’
medium] (Figure 3). With an A/V-ratio of 0.04 [cm*/cm’ medium] almost all
cells were dead within 24 hours. Several leachables, possibly detrimental to
cells, are seen in the chromatogram (Figure 4) from water conditioned in
EPDM.
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Figure 4. RP-HPLC analysis of leachables. Water control (A), an EPDM O-ring (B),
incubated in water for 24 hours at 37°C.

4. DISCUSSION

We speculate that leachables, such as those seen in the RP-HPLC
analysis, were responsible for the detrimental effect of EPDM in this study.
Since stainless steel 316 and glass, relatively inert materials, exhibited
negative effects on cell growth and viability, the effect may have been due to
adsorption of essential medium components. It has been reported elsewhere
that the use of serum-containing medium or the preadsorption of a
concentrated protein solution (i.e., albumin, IgG, or fibronectin) can
sometimes block the toxic effect of the materials."?
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Abstract: When selecting a cell line for the production of a recombinant antibody it is
important to assess the suitability of a cell line for the manufacturing process.
Any assessment will include examining how the productivity of the cell line
changes with increasing population doublings, as this is linked to process
robustness and economics. The hypothesis that loss of productivity within
antibody producing cell lines is due only to the outgrowth of a low-producer
sub-population, with a higher specific growth rate than the high-producer sub-
population, was tested.

Key words: GS, GS-CHO, stability, suitability, unstable, model, modelled behaviour,
mathematical model, sub-population, low-producer, high-producer, non-
producer, mixed population, specific growth rate, productivity, productivity
kinetics, productivity characteristics, loss of productivity

1. INTRODUCTION

Observation of a large decrease in productivity with increasing
population doublings (PD) may mean that a cell line is considered
economically unsuitable for production of the recombinant antibody.

A possible explanation for loss of productivity with increasing PD is that
the decrease in productivity is the result of the outgrowth of a non-producer
(NP) or low-producer (LP) cell sub-population (1, 2). It has been suggested
that such a sub-population will have a metabolic advantage and hence a
growth advantage over a producer (P) or high-producer (HP) sub-population,
allowing it to become the dominant sub-population (1, 2). As the proportion
of NP/LP cells increases, their contribution to the productivity of the culture
increases, resulting in a decrease in the apparent culture productivity.
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A number of models describing the behaviour of cell lines containing a
NP/LP cell sub-population and P/HP cell sub-population are reported in the
literature (2, 3, 4, 5). However, the authors are aware of only one study (5)
that tests a similar model in a commercially relevant system.

2. METHODS

Three mixed populations of LP and HP antibody-producing GS-CHO
cells were established. Changes in parameters describing the growth and
productivity kinetics with increasing PD were trended for the pure cell lines
and the mixed populations. The behaviour of the mixed populations was
compared against (i) the behaviour of the pure cell lines and (ii) a model
developed to predict the behaviour of such a mixed population.

The growth of each population was modelled by the logistic growth
equation (a) where t is time, X is the viable cell concentration, p is the
specific growth rate, X the initial viable cell concentration and max Xy the
maximum viable cell concentration. Given the initial proportions of the two
pure cell lines in a population, the equation models the cell concentration of
the two sub-populations.

(@) X=ptXo(l- mox)

3. RESULTS

All of the population mixes underwent a significant decrease in product
concentration at harvest and specific production rate (Qp). Compared to the
pure cell lines, changes observed for the mixed populations were greater and
faster (Figure 1).

The model predicts that a faster growing sub-population with a lower Qp
will dominate the population (data not shown). If the model is a good
representation of the behaviour in the mixed populations, there should be no
substantial difference between the model and the observed data (i.e. linear
regression analysis should return a slope of 1 and an intercept of 0), if the LP
population has become the dominant population. Values for both the slope
and the intercept of the observed data plotted against the model data
(Figure 2) were compared with the values 1 and O respectively using the
regression tool in Minitab® release 14 (Minitab Inc).
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Figure 1. Example of the variation in kinetic parameters with increasing PD observed for two
pure cell lines and the population mix established from them. Solid line is the regression line;
dashed line represents 95% confidence intervals of the regression line.
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Figure 2. Plots comparing the specific production rate obtained from the batch culture
assessments with predicted values from the model.

For all population mixes, a significance probability of 0.00 was
calculated upon testing the hypotheses that the value of the intercept was
zero and that the value of the slope was 1. Therefore, there was very strong
evidence to reject both hypotheses. Consequently, the data do not support the
initial hypothesis that loss of productivity is entirely due to the outgrowth of
a faster growing LP sub-population.

4. DISCUSSION

The literature describing the behaviour of a cell line containing a NP/LP
sub-population is contradictory. Several reports suggest that the NP/LP sub-
population will become the dominant sub-population (1, 2), others report
that they do not always become the dominant sub-population (6, 7).
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A decrease in product concentration at harvest and Qp was seen for all
population mixes. Possible reasons for the decrease include:

e The sub-population with the higher growth rate and lower Qp has
dominated the culture.

e There has been a loss in productivity of the sub-population with the lower
growth rate and higher Qp.

Greater and faster changes were seen for mixed populations when
compared to pure cell lines. For two population mixes, product concentration
at harvest and Qp level out at a similar value to that of the pure LP cell line.
This suggests that the decrease in product concentration at harvest and Qp is
due to the LP sub-population becoming the dominant sub-population rather
than a loss of productivity of the HP sub-population.

Differences between the observed data and the model indicate that the
faster growing sub-population with the lower Qp did not dominate the
population mix. Differences between the model and the observed data may
be due to assumptions made during development of the model being
incorrect. Minor fluctuations in p and max Xv, parameters which the model
assumed to be constant, were still observed for the pure cell lines — even
when no significant changes in product concentration at harvest or Qp were
observed (data not shown). Other parameters that impart a growth advantage
to one population of cells over the other may be present, e.g., nutrient
utilisation (8). Alternate explanations for loss of productivity may also be a
contributing factor, e.g., the LC and HC mRNA levels exceeding a putative
saturation point for utilisation of mRNA in translational/secretory events (9).

In conclusion, the p of sub-populations is not the only parameter
responsible for loss of productivity. A more complex model is required to
describe the behaviour of mixed populations of LP and HP cells.
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Growth Promoting Effect of a Hydrophilic Fraction
of the Protein Hydrolysate Primatone on Hybridoma
Cells
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Abstract: Animal derived protein hydrolysates are commonly used as a complex
supplement for cell culture media because of their well known growth
promoting properties. In an approach to find components being responsible for
this effect we fractionated a protein hydrolysate by solid phase extraction
(SPE) on a Cig-matrix. After lyophilization and further preparation the
fractions were tested for their proliferation enhancing ability with a hybridoma
cell line in a serum-free DMEM/F12 medium supplemented with human
serum albumin and transferrin. We could demonstrate a growth promoting
effect caused by a rather hydrophilic fraction. In further investigations
preparative High Performance Liquid Chromatography (HPLC) was used to
produce growth promoting fractions of less complexity for cell evaluation and
analytical HPLC.

Key words: Primatone, protein hydrolysate, hybridoma, HPLC, solid phase extraction

1. INTRODUCTION

The use of protein hydrolysates is a popular and economical option to
enhance cell growth and productivity, especially at large scale cultivation
under serum and protein free conditions. Regardless of either plant or animal
origin, the latter afflicted with heavy doubts about their biological safety,
these hydrolysates are undefined mixtures consisting mainly of amino acids,
peptides, other small organic substances and salts. Since we found a strong
growth promoting effect of the protein hydrolysate Primatone HS/UF on
MF20 hybridoma cells cultivated under insulin free conditions (unpublished
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data), an attempt to elucidate the responsible substances for this effect was
made. Primatone HS/UF was fractionated by SPE or HPLC and the fractions
were evaluated for their growth promoting property in cell culture under
serum and insulin free conditions.

2. MATERIALS AND METHODS

2.1 Primatone HS/UF

For medium supplementation and SPE or HPLC fractionation a stock
solution (20% w/v) of Primatone HS/UF (Quest Intl., Naarden, The
Netherlands) was prepared.

2.2 Cell Culture

The mouse-mouse hybridoma cell line MF20 (Developmental Studies
Hybridoma Bank, University of lowa) was cultivated in serum-free
DMEM/F12 (1:1) with enhanced concentrations of amino acids and
pyruvate. The medium was supplemented with human serum albumin and
transferrin. For pre-culture, the medium also contained insulin. Parallel
cultivations were performed in 250 mL spinner flasks with 60 mL working
volume stirred at 50 rpm in a CO,-incubator (37°C, 5% CO,). The cells
were supplemented with different SPE or HPLC fractions of Primatone or
with Primatone as positive control. Estimation of cell densities was carried
out by automatically trypan blue staining with the CEDEX system (Innovatis
AG, Bielefeld, Germany).

2.3 Fractionation by Solid Phase Extraction

10 mL Primatone were loaded on a C,s-SPE-cartridge and washed with
12,5 mL water six times followed by stepwise elution with 35 mL of
acetonitrile / water mixtures of increasing acetonitrile concentration (10%,
30%, 50% and 95%, respectively). Each washing and elution step was
collected as fraction, lyophilized, resuspended in 10 mL medium and sterile
filtered for cell evaluation.
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2.4 Fractionation by preparative HPLC

Preparative HPLC was performed on a Gilson-Abimed HPLC-system. 10
mL Primatone were loaded on a Cjg-column and eluted by a water /
acetonitrile gradient. Fractions were collected as indicated in the results,
lyophilized, resuspended in 10 mL of medium and sterile filtered for cell
evaluation.

2.5 Analytical HPLC of Primatone Fractions

Analytical HPLC was carried out using an automated Kontron RP-
HPLC-system equipped with a C,-column. Analytes were detected by UV
at 214 nm.

3. RESULTS

3.1 Cell Culture Test of C;53-SPE Fractions

The SPE washing step was collected in six fractions. The impact on
proliferation was evaluated for each fraction in a parallel cultivation
experiment (Fig. 1). For positive and negative control cells were cultivated
in medium supplemented with Primatone (0,8% w/v) and in pure medium,
respectively. The first fraction collected in the washing step (designated
“Washing Step 17) led to an enhanced proliferation, while other fractions did
not influence the cell growth and performed like the negative control.

—@— Washing Step 1
4)(’]0G | —-0O—  Washing Step 2
—d&—— Washing Step 3
— -A— . Washing Step 4
———— Washing Step 5
3x106 | —{)3— Washing Step 6
—4&— Primatone
+  Negative control

2x10° |

1%10¢€ |

Viable cell density [cells/mL]

Cultivation time [d]

Figure 1. Growth of parallel cultivated MF20 cells supplemented with different C18-SPE
fractions of Primatone (0,8% w/v).
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The more hydrophobic elution fractions of the C;s-SPE were evaluated in
a separate parallel cultivation. None of the fractions showed a better growth
performance than the negative control (data not shown).

3.2 Cell Culture Test of C;s-HPLC Fractions

For the first preparative HPLC experiment a rough fractionation strategy
was chosen, i.e. the elution volume from 0 to 800 mL was collected in four
fractions of 200 mL, which were tested in cell culture (Fig. 2) against
Primatone (0,5% w/v) and pure medium. Comparable to the results obtained
with the SPE fractions, the fraction eluting in the first 200 mL showed the
best growth promoting property, while more hydrophobic fractions collected
later had no significant influence on cell growth.

In a subsequent experiment, the initial eluting 50 to 200 mL were
collected in three subfractions and evaluated in cell culture. Here, the growth
promoting property could be attributed to substances eluting between 100
and 150 mL (data not shown).  The proliferation enhancing fraction from
100-150 mL was further subdivided into two smaller fractions (100-125 mL
and 125-150 mL). The growth promoting effect could be assigned to the
fraction eluting between 125 an 150 mL (Fig. 3).

6x10° -

——@— HPLC 0-200 mL
5)(‘]06 . =—=<=0=— HPLC 200-400 mL
—— HPLC 400-600 mL
— 83— HPLC 600-800 mL
6  —&—— Primatone
410 — <—  Negative control

3x108 -

2x108 -

1108~

Viable cell density [cells/mL]

Cultivation time [d]

Figure 2. Growth of parallel cultivated MF20 cells supplemented with different C18-HPLC
fractions of Primatone (0,5% w/v).
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6x10° -

—-O— HPLC 100-125 mL
5x106 - el HPLC 125-150 mL
———=@—— Primatone

— <>— Negative control

4x108 -

3x108 -

2x105 -

1x108 -

Viable cell density [cells/mL]

Cultivation time [d]

Figure 3. Growth of parallel cultivated MF20 cells supplemented with different C18-HPLC
fractions of Primatone (1,0% w/v).

3.3 Analytical HPLC of Primatone Fractions

As demonstrated in Figures 1 and 4, respectively, the SPE fraction
“Washing step 1” and the HPLC fraction “125-150 mL” both showed
proliferation enhancing property. HPLC analysis demonstrated that all
substances of the proliferation enhancing preparative HPLC fraction “125-
150 mL” elute within the first 15 minutes (Fig. 4). While the whole
hydrolysate contains a large mixture of different substances, we showed that
only a small part of them are responsible for the growth promoting effect on

MF20 hybridoma cells. Their early elution time indicates a hydrophilic
character.
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Figure 4. Chromatogram of the “125-150 mL” fraction prepared by HPLC (8% w/v). The
chromatogram of Primatone (2% w/v) is plotted for reference.

4. CONCLUSION AND OUTLOOK

The results obtained with the MF20 hybridoma cells suggest that the
complex medium additive Primatone HS/UF can be fractionated into
subfractions of less complexity and that one of these fractions contains
proliferation enhancing factors of yet undefined character. However, the
growth promoting fraction never stimulated growth as well as the whole
hydrolysate, so synergistic effects of different beneficial substances can be
assumed. Preparation of even smaller fractions by improving the separation
methods and use of gas chromatography combined with mass spectrometry
as analytical tool may allow to identify single substances being responsible
for proliferation enhancing effects of protein hydrolysates.
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Abstract: Using chondrocytes in culture as starting cells, cartilage regeneration and its
architectural profile achieved by means of induced extracellular matrix
autoregeneration and the use of alginate, collagen and fibrinogen as
polimerizable scaffolds is studied.

Alginate allowed to maintain a round cell shape, symilar to that of
chondrocytes in cartilage, whereas the autoinduction of the extracellular matrix
gave a fibroblastic morphology and the fibrinogen based scaffold yields a
neuron-like morphology.

Key words:  Articular cartilage; Tissue engineering; Biomaterials; Scaffolds

1. INTRODUCTION

The repair of defects in cartilage resulting from traumatic or degenerative
processes can be envisaged by means of tissue engineering. As it has been
previously described (Griffith, 2002), the tissue regeneration process uses
specific combinations of cells, scaffolds and cell signalling factors, both
chemical (such as growth factors and hormones) and physical (such as
mechanic forces and electrical stimulation).There is a great dependence on
the three-dimensional structure used as scaffold, and the functional and
morphological characteristics of the resultant cell type.
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In the presented work, arthroscopically extracted chondrocytes were used
as cell source. In vitro cultures were performed with the aim of studing the
cartilage regeneration and the architectural profile achieved by means
diferent strategies as induced extracellular matrix autoregeneration and also
the use of alginate, fibrinogen and collagen as polymerizable scaffolds, in
order to generate a healthy tissue for autologous transplant (Figure 1).

jon of chondrocytes by

N 0 ¥ Ionalayer expansian of
anthrascopic pracedurs

nclution of chondrocytes in three- Study of the cells, comparning Arthroscopic  ntraducion of the
lchondrocytes scafol

[dimensional scafiold the carachteristics of in wvo d celis in the damage
chondrocyles and in Wito ones. zone

Figure 1. Main goals of the study in order to generate a healthy tissue for autologous
transplant.

2. MATERIALS AND METHODS

Cell source and culture conditions. Chondrocytes were derived from
human healthy cartilage. Cartilage harvest was performed under aseptic
conditions by arthroscopic procedure. Cells were isolated by digestion with
type II collagenase (Roche) and pronase (Roche). They were cultured in
Dulbecco’s Modified Eagle Medium suplemented with 10% FCS (DMEM;
Gibco) in T-75 culture flasks under an atmosphere of 5% CO, at 37°C. They
were passaged at least five times previous inclusion or culture onto supports.

Scaffold preparation. Auntoinduced laminar scaffold: Obtained by
centrifugation of 1x10° cell/ml at 500xg for 5 minutes in a 50 mL
semicircular shaped tube. Fibrinogen scaffold: Equal volums of ersta and
once (Tissucol duo; Baxter) were mixed with cell suspension to final
concentration of 1x10° cell/ml. Alginate scaffold: A solution of alginate
(133mg/ml) was mixed with 0,IM CaCl, and cell suspension to final
concentration of 1x10° cell/ml. Collagen scaffold: A solution of rat tail
collagen type I (4mg/ml Acetic acid 0,1%)(Sigma) was mixed with cell
suspension to final concentration of 1x10° cell/ml.

3. RESULTS AND DISCUSSION

The approach used for cartilage tissue regeneration was the inclusion of
cultured cells into 3D scaffolds or the generation of an autoinduced matrix.
In order to evaluate the performance of the proposed strategies for the
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obtention of funtional-like tissues, the morphological changes were studied.
The obtained morphologies were compared to that observed in healthy
cartilage tissues (Figure 3f) and approach is discused.

As starting point we studied cell growth, glucose consumption and lactate
production of chondrocytes expanded in monolayer culture (Figure 2).

As we can see in the Figure 3a, chondrocytes expanded under this
conditions, present a fibroblastic morphology. Mid-exponential phase
monolayer cultures were posteriorly confined in 3D scaffolds or used for
autoinduced matrix regeneration. From all studied cases, only alginate
included chondrocytes (Figure 3c) pesented a morphological structure
similar to the healthy hialine cartilage, with spheroid cellular shape. For the
rest of the cases (Figures 3b, 3d, 3e), cultures in fibrinogen, collagen or
autoinduced matrix, a fibroblastic morphology was observed, as in
monolayer cultured chondrocytes.

Interestingly, in the fibrinogen scaffold it has observed how the cells
evolved to a morphology resembling adipose cells (Figure 4), that rises the
hypothesis of a probable dediferentiation of chondrocytes to adipose cells
and vice versa

Cel bm2 el @
CRnare prned |
'
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Figure 2. Cell growth, glucose consumption and lactate production of chondrocytes expanded
in monolayer culture.
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Figure 3. Morphological changes of chondrocytes into 3D scaffolds and autoinduced matrix.

Chondrocyte cells Adipose cells

Figure 4. Probable deddiferentiation of chondrocytes to adipose cells and vice versa.
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4. CONCLUTIONS

A great dependence has been observed between the chondrocyte
morphology and the type of scaffold used to promote three-dimensional
structure.

The case where the obtained three-dimensional structure is more similar
to that found in vivo is for chondrocyte inclusion in alginate polymers.

Possible differentiation of chondrocytes to adipose cells will be further
studied, since this could open new strategies for cartilage regeneration, with
adipose tissue as cell source, enabling less invasive treatments.
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Abstract: This work aims to investigate the changes occurring in metabolism of a cell
population during adaptation of a cell line from serum containing to serum free
media. In order to enable growth in a serum free media a supplement was
added to DME:F12. Cells grown in 1.25% serum media were used to
investigate the effect of the supplement, data for growth, antibody production
and key metabolites are presented All data presented here are derived from
cells banked at different serum concentrations during the adaptation and
subsequently grown in 50mL culture in 250mL shaken ehrlenmyer flasks.

Key words: Hybridoma, Metabolism, Serum, Adaptation, Shake Flask

1. INTRODUCTION

Recent trends have moved mammalian cell culture away from traditional
serum containing media towards the use of more defined media. In addition
there are increasing cost pressures on the biochemical engineering insustry
as cost of goods becomes a larger consideration. The adaptation to defined,
serum and hydrolysate free medium has several benefits, in this instance it
simplifies modeling of intracellular fluxes during the course of the culture.
Metabolic modeling is being increasingly applied to media development and
allows a rational approach to media design.

The cell line used for this work was VPM8 a murine murine hybridoma
developed as part of a veterinary PhD project. The cell line in question did
not adapt directly into a commercially available serum free medium,
DMEF12 or supplemented DMEF12 medium. Over the course of multiple
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passages the cells became able to proliferate in DMEF12 medium
supplemented with amino, acids, vitamins, lipids, insulin, transferring and
other defined compounds. The aim of this ongoing work is to investigate
what occurs during these passages and why they are necessary.

2. MATERIALS AND METHODS

All of the data presented here is gathered from 50mL working volume
cultures grown in 250ml disposable ehrlenmyer flasks (corning). Cells were
grown in DMEF12 media supplemented with serum or an in house
chemically defined supplement. All components of the media, including the
supplement, were supplied by Sigma. The data presented here is from cells
banked at each stage of the adaptation process, revived and used to seed
cultures which were grown simultaneously on a shaker (IKA) set to 120rpm
in a CO, incubator (RS biosciences) maintained at 37 °C and 5% CO,. Media
was prepared immediately prior to the experiment from the same batch of
non-supplemented media.

Viable cell counts were performed using a CASY TTC cell counter.
Antibody quantitation was performed via an in house sandwich ELISA
developed suring the project. Glutamine analysis was performed by revese
phase HPLC along with other amino acid analysis (data not shown here).
Lactate, and glucose analysis was carried out using a YSI select 2700
analyser, ammonia was quantified using the indophenol blue assay.

3. RESULTS AND DISCUSSION

Figures 1 and 2 show that whilst there are significant differences in the
viable cell concentrations achieved during the cultures, particularly between
the serum containing and serum free conditions. In addition it shows that
there is a real but small difference in the final antibody titre (mg/L) between
cultures, ranging from 45 to 80 mg/L.
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Figure 1. Comparison of 5% and 1.25% serum concentrations.
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Figure 2. Comparison of 0.5% and 0% Serum concentrations.

Figures 3, 4 and 5 show the effect that the supplement added to DMEF12
is having on viable cell count, antibody concentration, ammonia, lactate,
glutamine and glucose concentrations during the early phases of the culture.
It can be seen that whilst the supplement leads to significantly higher viable
cell counts it also leads to significantly lower antibody titres. There are no
striking differences in glutamine or glucose consumption or lactate and
ammonia accumulation that would account for this in the early stage of the
fermentation and further investigation is being carried out.
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Effoct of Supplement on Cells Grown in 1.25% Serum DM E:F12 Media
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Figure 4. Comparison of Growth, Glucose Consumption and Lactate Production in 1.25%
Serum Media with and without CDS supplement.
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Figure 5. Comparison of Growth, Glutamine Consumption and Ammonia Production in
1.25% Serum Media with and without CDS supplement.

Clear differences in observable events during the course of the cultures in
different conditions have been demonstrated. Further analysis of the external
metabolites from these cultures is being performed and will be used to
determine intracellular fluxes. A greater understanding of the physiology
behind them can only improve process control and optimisation
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Abstract:

Key words:

Prior work has reported that cotransfecting a gene of interest with the
selectable marker neo can seriously perturb a number of cellular processes. In
this study the influence of the neo gene on the growth, death and metabolism
of a murine myeloma NSO cell line, expressing a chimeric antibody, was
investigated. A pool of neo transfectants, 6A1-NEO, was selected with 500
pg/ml G418. Batch cultivation of 6A1-NEO showed that there was a 36%
increase in maximum viable cell concentration, a 20% increase in the
maximum apparent growth rate and a 134% increase in cumulative cell hours
as compared with the parent, 6A1-(100)3. Batch cultivation of five randomly
selected clones illustrated that 6A1-NEO’s advantage over the parent was not
due to clonal variation. Neither the use of G418 during the selection process
nor the cultivation of cells in the presence of G418 were responsible. This
implied that the neo gene product, APH(3’)-II, was causing the changes in
proliferative capacity. These results show that there was an increase in growth
rate and proliferative capacity caused by the expression of recombinant
APH(3’)-1I.

neo, aminoglycoside phosphotransferase, G418, NSO myeloma cells, cell
cycle, apoptosis, Bcl-2, metabolism
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1. INTRODUCTION

The neo gene has been commonly used as a selectable marker for the
introduction of genes into mammalian cells. The aminoglycoside antibiotic
G418 is used to select for cells which have successfully integrated neo into
their chromosomal DNA (Colbere-Garapin et al., 1981; Southern and Berg,
1982). However, this selection system assumes that the neo gene product is
neutral and that G418 selection does not affect the cellular properties under
investigation (Von Melchner and Housman, 1988). In eukaryotes, G418’s
primary function is to kill cells by binding to the 80S ribosome thereby
blocking protein synthesis (Bar-Nun et al., 1983). The neo gene codes for a
bacterial aminoglycoside phosphotransferase (APH(3’)-1I) which inactivates
G418 by phosphorylation (Davis and Smith, 1978; Shaw et al., 1993).

Increasingly, immortalised mammalian cell lines such as CHO, NSO and
baby hamster kidney (BHK) are being used to produce recombinant proteins
for clinical applications (Wurm, 2004). A number of attempts have been
made to optimise cell growth and suppress cell death using genetic
engineering techniques (reviewed in Fusseneger er al., 1999; Arden and
Betenbaugh, 2004). The majority of these studies have utilised the neo
selection system for the over-expression of recombinant proteins such as
Bcl-2, Bel-xp, XIAP and p21 (Itoh et al., 1995; Mastrangelo et al., 2000;
Sauerwood et al., 2002; Watanabe et al., 2001). However, the authors are
not aware of any studies which have compared the cell growth of a neo
transfectant with the parent. The objective of this work was to investigate
whether transfection with the neo gene altered key cellular processes such as
proliferation, cell death, metabolism and cell cycle. The host was a NSO cell
line commonly used for the production of recombinant proteins. The effect
of the neo transfection on the proliferative capacity of a pool of transfectants
and five randomly selected clones was monitored in static, serum-
supplemented batch cultures. We found that the pool of neo transfectants
were capable of reaching a higher maximum viable cell concentration than
the parent in batch cultures. In addition all five neo clones outgrew five
randomly selected parent clones.

2. MATERIALS AND METHODS

2.1 Cell line

The parent cell line, 6A1-(100)3, was generated by transfecting a murine
myeloma NSO cell line with a GS expression vector (Lonza Biologics,
Slough, UK) encoding the human—mouse chimeric antibody, cB72.3.
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2.2 Transfection

The expression vector pEF-MClneopA encodes the neo gene under the
control of a human thymidine kinase promoter (Cory, 1995). This vector
does not contain any other the genes apart from neo. 6A1-(100)3 was
transfected with pEF-MClreopA using lipfectamine (Gibco) to create the
6A1-NEO cell line

2.3 Cloning

5 random clones of 6A1-(100)3 and 6A1-NEO were derived using the
limited dilution technique

3. RESULTS AND DISCUSSSION

3.1 Serum-supplemented batch cultures

6A1-(100)3 was transfected with pEF-MClneopA and selected with 500
pg/ml G418. The control cells, which had been treated with lipofectamine in
the absence of any DNA, were less than 5% viable 4 days after the addition
of the antibiotic. The pool of neo transfectants, named 6A1-NEO, was
passaged until its growth was reproducible. The viable cell numbers of 6A1-
(100)3 and 6AI1-NEO were monitored in serum-supplemented batch
cultures. 6A1-NEO grew faster than the parent and reached a higher
maximum viable cell concentration (Figure 1(a)). After 144 hours there were
36% more viable 6A1-NEO cells than the parent. In addition 6A1-NEO’s
cumulative cell hours (CCH) at the end of the batch was 410 + 9 x 10° cell
h/1, 134% higher than the parent’s final CCH. This increase in proliferative
capacity could have been caused by the expression of APH(3’)-1I, G418
acting as a growth enhancing supplement or the inadvertent selection of cells
influenced by one or more of G418’s secondary properties. 6A1-NEO was
cultured for four weeks in the presence and absence of 500 ug/ml G418.
Subsequent batch cultivation of 6A1-NEO with and without G418 revealed
that the viable cell concentrations of both cultures were very similar
(Figure 1(a)). This confirmed that G418 was not enhancing the growth of
6A1-NEO by acting as a growth additive. Furthermore, untransfected 6A1-
(100)3 cells were allowed to recover from 4 days of treatment with 500
pg/ml G418. This population, 6A1-(100)3-GP1, was passaged in the absence
of G418 until its viability had recovered. There were no significant
differences between the growth of 6A1-(100)3-GP1 cells and the parent
during batch cultivation (Figure 1(b)), indicating that the G418 selection
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process did not cause an increase in proliferative capacity. These results
indicate that the expression of APH(3’)-Il was causing the increase in
proliferative capacity exhibited by 6A1-NEO.

Viable Cell Concentration (10° cells/ml)
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Figure 1. (a) shows serum-supplemented batch cultivation of 6A1-(100)3 (e), 6A1-NEO with
G418 (0). 6A1-NEO was cultivated for four weeks without G418 before batch cultivation in
the absence of the antibiotic (<). (b) shows the batch cultivation of 6A1-(100)3 (e) and G418
treated parent cells, 6A1-(100)3-GP1 (V). Viable cell concentration was measured using the
trypan blue exclusion assay.

3.2 Clonal variation

6A1-(100)3 was transfected with the neo gene to create a mixed
population of transfectants, 6A1-NEO. This population was cloned using the
serial dilution technique and five clonal cell lines were selected at random.
Control cell lines were generated by randomly selecting five 6A1-(100)3
clones. The viable cell concentration of all ten cell lines was monitored in
serum-supplemented batch cultures. After 96 hours of cultivation all five
6A1-NEO clones had reached a higher viable cell concentration than any of
the parent clones (Figure 2). The fastest growing clone, 6A1-NEO-4DS5,
reached a maximum viable cell concentration of 12.05 x 10> cells/ml, whilst
the fastest growing parent clone, 6A1-(100)3-1B6, only reached 8.25 x 10°
cells/ml. The parent clones progressed into the death phase whilst all five
6A1-NEO clones remained in the stationary phase. After 240 hours the
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Figure 2. Batch cultures of five clones randomly selected from the pool of neo transfectants
(dashed lines). The viable cell concentration of 6A1-NEO-1D6 (o), 6A1-NEO-2B10 (o),
6A1-NEO-2F7 (<), 6A1-NEO-4D5 () and 6A1-NEO-4F4 (p) were measured using the
trypan blue exclusion method. 6A1-(100)3 was cloned to create five control cell lines: 6A1-
(100)3-1B6 (o), 6A1-(100)3-2C7 (V¥), 6A1-(100)3-2F10 ("), 6A1-(100)3-3C7 () and 6A1-
(100)3-E10 (A).

average viable cell concentration of the neo clones was 8.15 x 10° cells/ml,
5.6 fold higher than the average of the parent clones. Although there was
some variability between the individual clones all five randomly selected
clones exhibited the increase in proliferative capacity shown by the pool of
transfectants, 6A1-NEO, in Figure 1(a). These results confirm that 6A1-
NEO’s advantage over the parent was not due to clonal variability.
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Abstract: Embryonic stem cells can be maintained in their undifferentiated state over
long periods in culture. They are pluripotent, able to form all the cell types of
the body. These two findings open the way for the expansion and
differentiation of embryonic stem cells for use in therapeutic transplantation
for a myriad of diseases. Here we look at the hurdles that must be overcome
for them to reach their potential use in the clinical arena.

Key words: Embryonic stem cells (ESC), Somatic stem cells (SSC), pluripotent, multi-
potent, transplantation.

1. INTRODUCTION

A stem cell is a cell that is capable of self-renewal to an extent that it can
perpetuate itself indefinitely. Each division in vivo is thought to be unequal,
providing a cell that takes the role of a stem cell and a cell that takes the role
of progeny. The progeny cell is capable of proliferation and differentiation.
The stem cell is thought of as undifferentiated in that it carries out limited
functions beyond self-perpetuation while the progeny cells become
increasingly differentiated during each cell cycle and less able to self-renew.
Many of these notions of what constitutes a stem cell and how cells become
restricted in their potential may be questioned and the physiological role of
stem cells in vivo may differ from their behaviour in vitro (Joseph &
Morrison 2005).
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The fertilised egg is seen as the ultimate totipotent cell capable of
forming all the types of cells in the body and all the structures of the embryo,
foetus and thus adult. It is highly proliferative and of short life-span existing
only for the first three divisions in humans until the embryo becomes eight
cells. From the eight-cell stage onwards the cells become more restricted in
their potency (see Smith 2001for a review). Up until the blastocyt stage
many cells, if not all, are highly plastic, able to form many cell types. Even
during these stages, however, the cells are becoming more restricted.
Amongst the blastocyst cells are pluripotent stem cells of the inner cell mass
that can form all the cell types of the body, but not the entire organism. As
development continues, each compartment of the body gains its own somatic
stem cell, a multipotent cell capable of forming progeny that can repopulate
the compartment in which it exists. Recently, evidence has suggested that
these multipotent, somatic stem cells may be more plastic and able to cross
compartments or to provide progeny of other compartments (see Alison
et al., 2004 for a review). Thus as proliferation proceeds during early
development differentiation gives rise to all the various structures of the
body. Concomitant with this is the loss of potency with stem cell
characteristics such as self-renewal separated from the ability to differentiate
to form functional end cells with limited life-spans. Cell numbers, cell
differentiation, cell death and cell replacement are kept under strict
homeostatic control. Throughout life repair, replacement and regeneration
compete in the community of cells that form the multicellular organism.
Throughout life, therefore, stem cells exist, perhaps more or less
compartment-restricted, to replace cells as needed. The totipotent fertilised
germ cells represent one end of a spectrum of stem cell potentials with the
unipotent stem cell, present in some compartments, at the other. Each
species possesses different ranges of stem cells for various life-cycles able to
regenerate to a greater or lesser extent.

2.  MILESTONES IN STEM CELL BIOLOGY AND
REGENERATIVE MEDICINE

Stem cells are increasingly seen as potential therapies for organ and
tissue failure. This potential takes its lead from four major scientific
developments:

The discovery of stem cells

Immunological and surgical advances in organ transplantation
In vitro fertilisation

Isolation of embryonic stem cell.
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2.1 The discovery of stem cells

Stem cells have been of interest to biologists and have been studied for
decades. Until the late 17" century theories in embryogenesis and
development proposed suggested the expansion of the pre-formed human.
With the advent of better microscopes and the discovery of the cell these
early theories were gradually replaced by theories of morphogenesis. The
presence of cells that can replenish other cells was first demonstrated in the
haemopoietic compartment. Colony forming cells from donors were
introduced into irradiated mice and were able to colonise and form all the
blood cells that had been ablated (Ford et al., 1959, Till and McCulloch
1961). These cells were shown to be present in low numbers in the bone
marrow and divide slowly (Metcalf 1979). Their discovery led to the first
bone marrow transplants in identical twins in 1968 by a team at the
University of Minnesota and allogeneic recipients in 1973 at the Memorial
Sloan Kettering Hospital.

2.2 Immunological and surgical advances in organ
transplantation

With increasing knowledge of blood groups, immunological
compatibility and surgical skills transplantation has became more successful.
From the 1970’s onwards the way forward for organ failure was seen as
organ, rather than cell transplant. There is now a shortfall between organ
demand and organ supply (see NHS UK Transplants (2005) for UK and
United Network for Organ Sharing (2004) for USA organ needs) and cell
transplants are seen as a potential area for meeting these demands.

2.3 In vitro fertilisation

In 1978 the first IVF baby was born in the UK (Steptoe and Edwards,
1978). The ability to isolate oocytes, fertilise them in vitro and re-implant
them was a major step forward in the ability to manipulate and maintain
early embryos. This, coupled to pre-natal genetic diagnosis, opened the door
to the extraction of the material from which human embryonic stem cells
could be isolated.
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2.4 Isolation of embryonic stem cells

In 1981 mouse embryonic stem cells were isolated and grown in the UK
(Evans and Kaufman 1981). This has been followed by the isolation and
growth of human embryonic stem cells (Thompson et al., 1998 Shamblott
et al., 1998).

Transplantation technologies and stem cell biology has been brought
together in the human foetal brain transplants seen for the treatment of
Parkinson’s Disease in the 1970 and 1980s (Sladek et al., 1987).
Autologous transplants of differentiated cells, which avoids immunlogical
problems, have been used to replace defective or degenerative tissue.
Autologous progenitors, mainly from the bone marrow or peripheral blood
compartment, are used in cancer treatments and are now being used in
regenerative medicine (see Fodor 2003 for a review). These are mainly
mesenchymal cells from bone marrow which may have pluripotency
(Pittinger et al., 1999). Trials are currently underway to test their efficacy in
a variety of disorders, serving as repair tissue for myocardium (Orlic et al.,
2001) liver (Terai et al., 2002) and diabetes (Ianus et al., 2003). Embryonic
stem cells offer greater pluripotency and indefinite growth in culture (see
Stolkovic et al., 2004 for review).

3. HURDLES IN STEM CELL RESEARCH

The hurdles that hold stem cell research back are many. These include:

e Stem cell sources
e Regulatory hurdles
e Technological hurdles.

3.1 Stem cell sources

In vitro studies of stem cells started with cells that were accessible,
blood. Somatic stem cells have since been isolated from various tissues
including hepatic (Michaelopoulos & DeFrances 1997), skin epidermis
(Jensen et al., 1999) epithelium of respiratory and digestive tracts (Potten
et al., 1997) mesodermal derivatives and muscle stem cells (Hansen-Smith
& Carlson 1979, Ham & Cormack 1978) and neural (Ray et al., 1993).
These somatic stem cells (SSC) have varying degrees of ease of isolation
and have varying degrees of developmental potential. Bone marrow and
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peripheral blood as well as transformed cell lines (Horton et al., 1983) have
been the tissue of choice for the investigation of the behaviour of SSC in
vitro and their isolation due to the ease of accessibility and some evidence
for pluripotency. Stem cells are thought to constitute a very low percentage
of cells in a body compartment. In bone marrow they constitute about 1 in
10,000 cells. This rarity, together with their limited growth and lifespan,
contributes to the difficulty in accessing sufficient quantities for expansion
of numbers in vitro.

Figure 1. Adult stem cell numbers are low within a tissue.

Cord blood has also proved a useful and accessible source of stem cells,
mainly of the haematopoietic compartment. Cord blood for autologous use
and for allogeneic donation can be stored. Foetal tissue has also proved a
source of SSC, but presents many ethical problems in its isolation and use.
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Embryonic Stem Cells (ESC) are isolated from the inner cell mass (ICM)
of a day 5-6 pre-implantation blastocyst These blastocysts are gathered from
people undergoing in vitro fertilisation (IVF). During these procedures
occytes are harvested from super-ovulated females and fertilised in vitro
with freshly collected sperm. The fertilised egg is then incubated in vitro
until the eight cell stage (day 3-4) and one cell may be removed for prenatal
genetic diagnosis (PDQG) in cases where genetic abnormalities are known.
The healthy embryos can then be implanted or spare healthy embryos
cryopreserved in liquid nitrogen for future use. Unhealthy embryos are
generally discarded. Alternatively, spare embryos, whether healthy, frozen
or carrying a genetic abnormality may be donated to research laboratories.

Donated embryos are cultivated in vitro to day 5-6 when hatching from
the zona pelucida should occur. Hatched blastocysts consist of an outer layer
of cells, the trophectoderm which will go on to form the extra-embryonic
structures such as the placenta, and the ICM. The ICM is isolated by
immuno-surgery or by mechanical separation and the cells of the ICM
grown in vitro tissue culture conditions (Thompson et al., 1998). These cells
constitute the ESC.
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Figure 2. Generation of a second cell line, WT3, at King's College from a healthy embryo.
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Using such procedures, the Stem Cell Biology Laboratory at Kings
College, London has derived three unique human ESC lines. Two of these
lines, WT3 (Pickering et al., 2003) and WT4 (Pickering & Minger unpubl.)
are genetically normal human ESC lines, whilst CF1 (Pickering ef al., 2005)
was derived from an embryo screened by pre-implantation genetic diagnosis
and shown to be homozygous for the delta F508 mutation in the CFTR that
accounts for approximately 70% of all Cystic Fibrosis.
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Figure 3. Generation of ECS from a healthy embryo, WT4 and from a CF homozygous
embryo at King's College.

3.2 Regulatory hurdles

Somatic stem cell isolation presents some ethical hurdles. For allogeneic
transplants isolation of stem cells from those not capable of giving consent
raises the same issues that are seen in organ donation under similar
circumstances. Isolation of cells from cord blood, for instance, obviously
cannot be consensual on the part of the foetus. For autologous transplants the
ethical problems of isolating stem cells is reduced.

The isolation of human ESC raises many ethical issues. The embryos that
are used have been created for IVF. Surplus embryos are usually created in
this procedure. These can be cryopreserved for future use should they be
needed. They can be destroyed or they can be donated for research purposes.
The embryos that are donated for research are then rendered incapable of
being re-implanted or of producing a foetus due to the isolation of the ICM
to culture ESC.
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This use of embryos from IVF is regulated according to each country’s
legislature. In Europe there is variation between countries. In the USA there
is variation between states. The UK has a highly regulated embryonic stem
cell research programmed currently licensed by the Human Fertilisation and
Embryology Authority (HFEA). This was created in 1990 (HFEA 1990) and
licenses all reproductive medicine and human embryo research in the UK.
From 1990-2002 HFEA had five main research areas:

Treatment of infertility

Investigation of congenital disease

Investigation of the causes of miscarriage
Development of more effective conception
Improvement in pre-implantation genetic diagnosis.
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Figure 4. Licenses to grow human ESC result in new stem cell lines in the UK.

Later acts have been passed to allow embryonic research (HFEA 2001)
Now HFEA has added to the list to include regulation and licensing

allowing:

e the donation of embryos for research with informed consent from
regulated IVF clinics,

e the growth of embryos in vitro up until day 14,

o the isolation of the ICM

o the culture of ESC from the ICM in vitro

o the use of somatic cell nuclear transfer (SCNT) procedures using oocytes,

which are enulceated and nuclei from somatic cells introduced to form
ESC with the genetic material of the donor somatic nucleus (HFEA 2005).

3.3 Technological hurdles

Growth of any cells in vitro is beset with many technological hurdles.
Aseptic techniques are needed to prevent contamination of cells. Cell
cloning is required to ensure a pure population of cells. Culture conditions,
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batch wvariations of medium and factors and control of the growth
environment all present problems to be overcome.

Stem cells from human sources have specific hurdles to overcome.
Somatic stem cells represent a rare group of cells in each compartment of the
body and are thus hard to isolate. They are also hard to identify among the
206 cell types of the body. Their main physiologic characteristic, their
ability to divide indefinitely, does not represent a useful marker for
identification. A battery of cell surface antigens unique to stem cells would
be useful. Currently the main cell surface markers for SSC isolation come
from the haemopoietic lineage such as the cell differentiation (CD) markers
CD 34 and CD133. Whether there are unique cell surface markers for stem
cells is still an area of debate as those found so far can appear, disappear and
reappear and have different expression between human ESC lines (Rosler
et al., 2004).

ESC are isolated from the Inner Cell Mass (ICM) of an embryo and are
thus a purer population of cells. The main antigen markers for human ESC
are Oct 4 and some stage specific embryonic antigens (SSEA- 3 and 4, TRA-
1-60 and 81) which vary between those found on the mouse ESC and those
found on human ESC (Amit and Itskovitz-Elder 2002). Also expressed by
human ESC are alkaline phosphatase and high levels of telomerase
(Thompson et al., 1998, Reubinoff et al., 2000)

The numbers of donated embryos, their physiological fitness and the
ability to isolate a productive ICM which then grows into ESC varies. The
maintenance of the pluripotential, undifferentiated state in vitro also varies
from embryo to embryo and laboratory to laboratory. Whether ESC lines
represent a true stem cell or a system artifact is also questionable. The
control of differentiation and the control of growth are yet to be established.

4. THE CLINICAL USE OF STEM CELLS

For stem cells to be able to be used in the clinic some minimal
requirements are needed.

The stem cell or progenitor cell used must be able to proliferate, perhaps
indefinitely, and, at least for extended periods in culture, be able to self-
renew and expand in numbers to form a clone of cells. Embryonic stem cells
appear to be able to do this while somatic stem cells seem to be more limited
in their lifespan.

The stem cell or progenitor cell must be phenotypically stable over time
(Minger et al., 1996). This includes a stable karyotype, shown in ESC
(Carpenter et al., 2004). They must also be able to be maintained in their
undifferentiated stem cell state in vitro over time. The ESC must be able to
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remain pluripotent in vitro. The SSC must be able to remain multipotent.
ESC have been shown to remain pluripotent over time. Somatic stem cells
are also being investigated for their potential to be plastic and pluripotent.
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Figure 5. Pluripotent embryonic stem cells must be able to become multipotent stem cells.

The stem cell or progenitor cell must be able to generate the desired cell
type during differentiation. This will be the next hurdle for all stem cell
research. Each stem cell line varies genetically and immunologically and this
may affect its growth characteristics in vitro. The culture conditions are also
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variable from cell line to cell line. Each laboratory has its preferred
procedures for cultivating stem cells. The UK Human Embryonic Stem Cell
Initiative has brought together many ESC laboratories to share a common
practice. After establishment of a cell line the UK Stem Cell Bank holds a
stock of each line for distribution to other stem cell laboratories The UK
ESC groups also meet regularly to share information. Controlling gene
expression and growth through the use of factors and culture conditions is
the future goal of ESC research.
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Figure 6. ESC undifferentiated (Oct 4) or differentiated along the ecotdermal (b- tubulin),
endodermal (albumin) or mesodermal (actin) lineages.

Stem cells or their differentiated progeny must survive implantation.
While an in vitro environment attempts to mimic an in vivo environment the
former is more controlled than the latter and the variation will affect the
behaviour of transplanted cells.

The transplanted cells must functionally integrate into the host tissue.
While some problems are reduced using autologous somatic stem cells, their
rarity for isolation may prove an obstacle in their use. Currently (2005)
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autologous somatic stem cells are being tested in clinical trials for their
ability to integrate into host tissue and show functional improvement
(personal communication). The differentiated progenitors of ESC are yet to
be transplanted in to humans, but human ESC have been transplanted into
animals to test for pluripotency by formation of benign teratomas. Their
differentiated progeny have been transplanted into animals (see Taylor &
Minger for transplants in Parkinson’s). They must also integrate with host
cells, avoid immunological rejection and provide functional improvement
while avoiding being tumourigenic.
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Figure 7. Human ESC generate complex neural aggregates when Embryoid Bodies (EBs) are
generated in IGF-1.

(Figure- generation of multipotent stem cells from pluripotent ESC)

For clinical translation of stem cells much of the biology remains to be
elucidated. This includes a greater understanding of their growth
characteristics and needs, the control of their growth and of their
differentiation and the transition from stem cell to progenitor cell and
reduction of potency. Identification of unique surface markers to aid
isolation of rare stem cells is also needed as well as identification of growth
factors for cell expansion of specific populations.

5. THE UK FACTOR

The UK has been at the forefront of stem cell research. This is due to a
number of factors:

o There are world-class academic research centres already established in
the UK.

e Tight regulation on Assisted Reproduction (AD) and human embryo
research by HFEA allows public confidence and support as well as
academic validity
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e The UK Government is committed to Stem Cell research having given
£45M in 2003-4 and proposed £100M for a 10 year strategy from the
Chancellor’s Office in 2005

e The UK Government funds the Stem Cell Bank foe foetal, adult and
embryonic stem cell lines

e The Human Embryonic Stem Cell Forum encourages the sharing of
knowledge between all the major UK human ESC laboratories

e The London Regenerative Medicine Network integrates a research-led
drive towards clinical applications.

The generation of therapeutic grade lines under GMP (Good
Manufacturing Procedures) will require specialised facilities and expertise.
For GMP the processes must be consistent, there must be control of supply
of the materials used, and the processes must be safe, reliable, robust and
well documented.

With strong regulations and financial incentives the UK has become a
major centre for stem cell research. In the field of human ESC many
technical hurdles need to be overcome to produce cells for GMP. Clinical
translation requires GMP as a minimum standard. The UK Stem Cell Bank
will be at the forefront of setting these standards. Humans ESC provide a
very useful source of pluripotential cells which, under conditions gradually
being elucidated, can be controlled to expand cell numbers and to produce
all the cell types of the body. In the field of regenerative medicine with a
lack of whole organ donors, this could prove to be the way forward. While
the use of human ESC in regenerative medicine may be some way off, the
potential therapeutic use of ESC cannot be ignored.

ACKNOWLEDGEMENTS

This work was supported by The Charitable Foundation of Guy’s and St.
Thomas’s Hospital, The MRC and London South Bank Research Fellowship
Programme.

REFERENCES

Alison M.R, Poulson R, Otto W.R, Vig P. Britton M, Dirokzo N.C, Lovell M, Fang T.C,
Preston S.L, Wright N.A 2004, Recipes for adult stem cell plasticity:fusion cuisine or
readymade? J.Clin. Pathol . 57 113-120

Amit M, Itskovitz-Elder J, 2002, Derivation and spontaneous differentiation of human
embryonic stem cells. J of Anatomy 200 225-232



The Therapeutic Potential of Human Embryonic Stem Cells 183

Carpenter M.K, Rosler E.S, Fisk G.J, Bradenberger R, Ares X, Miura T, Lucero M, Rao M.S
2004 Properties of four human embryonic stem cell lines maintained in feeder-free culture
system. Developmental Dynamics 229 243-258

Evans M.J, Kaufman M.H 1981 Establishment in culture of pluripotent cells from mouse
embryos. Nature 292 154-6

Fodor W.L, 2003 Tissue engineering and cell based therapies, from the bench to the clinic:
The potential to replace, repair and regenerate. Reprod Biol and Endocrinol 1 102-122

Ford C.E, Hamerton J.L, Barnes D.W.H, Loutit J.F 1956, Cytological identification of
radiation chimaeras. Nature 117 452

Ham A.W and Cormack D.H 1978, Histology. 8" ed. Philadelphia, JB Lippincott p377-462

Hansen-Smith F.M and Carlson B.M 1979, Cellular responses to free grafting of the exteriror
digitorum longus muscle of the rat J Neurol Sci 41, 149-173

Human Fertilisation and Embryology Act, 1990 ¢37. HMSO Stationary Office, London, UK

Human Fertilisation and Embryology Act (Research Purposes). Human Reproductive Cloning
Act 2001; ¢23. HMSO Stationary Office. London UK

Human Fertilisation and Embryology Authority HEFA (2005) Facts and Figures.
www.hfea.gov.uk

Horton M.A, Cedar S.H, Maryanka D, Mills F.C, Turberville C, 1983 Multiple differentiation
programs in the K562 erythroleukemia cells and their regulation. Prog Clin. Biol. Res 134
305-22

lanus A, Holz G.G, Theise N.D, Hussain M.A, 2003, In vivo derivation of glucose-competent
pancreatic endocrine cells from bone marrow without evidence of cell fusion. J Clin.
Invest 111 843-850

Jensen U.B, Lowell S and Watt F 1999, The spatial relationship between stem cell and their
progeny in the basal layer of human epidermis: a new view based on whole mount
labelling and lineage analysis. Develoment 126’ 2409-2418

Joseph N.M and Morrison S.J 2005, Toward an understanding of the physiological function
of mammalian stem cells. Devlop. Cell 6 173-183

Metcalf D 1979, detection and analysis of human granulocyte-monocyte precusors using
semi-solid culture. Clinics in Haematol 8 263

Michaaelopoulos G.K and DeFrances M.C 1997 Liver regeneration. Science 276, 60-66

Minger S.L, Fisk V.L, Ray J, Gage F.H, 1996 Long-term survival of transplanted basal
forebrain cells following in vitro propagation with fibroblast growth factor 2. Exp. Neurol.
141(1) 12-24

Pickering SJ, Braude P.R, Patel M, Burns C.J, Trussler J, Bolton V, Minger S, 2003,
Preimplantation genetic diagnosis as a novel source of embryos for stem cell research.
Reprod. Biomed. Online 7(3) 252-64

NHS UK Transplants (2005). Statistics. http://www.uktransplants.org.uk

Orlic D, Kajstura J, Chimenti S, Bodine D.M, Leri A, Anversa P, 2001, Transplanted adult
bone marrow cells repair myocardial infarcts in mice. Ann N Y Acad Sci USA 938 221-9

Pickering S.J, Minger S.L, Patel M, Taylor H, Black C, Burns C.J, Ekonomou A, Braude P.R
2005, Generation of a human embryonic stem cell line encoding the cystic fibrosis
mutation delta F508 using preimplantation genetic diagnosis. Reprod Biomed. Online
10(3) 390-7

Pittinger M.F, Mackay A.M, Beck S.C, Jaiswal R.K, Douglas R, Mosca J.D, Moorman M.A,
Simonetti D.W, Craig S, Marshak D.R, 1999 Multilineage potential of adult human
mesenchymal stem cells. Science 284 143-147

Potten C.S, Booth C and Pritchard D.M 1997, The intestinal epithelial stem cell: the mucosal
govenor. Int J Path. 78 219-243




184 S.H. Cedar et al.

Ray J, Peterson DA, Schinstine M, Gage F.H, 1993 Proliferation, differentiation and long-
term culture of primary hippocampal neurons. Proc. Ntal. Acad. Sci. USA 90 2602-06

Reubinoff BE, Pera M.F, Fong C-Y, Trounson A, Bongso A 2000 Embryonic stem cell lines
from human blastocysts: somatic differentiation in vitro. Nature Biotechnol.18 399-404

Rosler E.S, Fisk G.J, Ares W, Irving J, Miura T, Rao M.S, Carpenter M.K 2004 Long-term
culture of human embryonic stem cells in feeder free conditions Developmental Dynamics
229 259-274

Shamblott M.J, Axelman J, Wabg S, Bugg E.M, Littlefield J.W, Donovan P.J, Blumenthal D,
Huggins G.R, Gearhart J.D, 1998, Derivation of pluripotent stem cells from cultured
human primordial germ cells. Proc. Natl. Acad. Sci. USA 95 13726-13731

Smith A 2001, Embryonic stem cells. In Stem Cell Biology: Marshak D.R, Gardner R,
Gotlieb D, eds. Cold Spring Harbor: Cold Spring Harbor Laboratory Press pp205-230

Sladek J.R, Redmond D.E Jr, Collier T.J, Haber S.N, Elsworth J.D, Deutch A.Y, Roth R.H
1987 Transplantation of fetal dopamine neurons in primate brain reverses MPTP induced
parkinsonism. Prog. Brain Res. 71 309-23

Steptoe P.C, Edwards R.G 1978 Birth after the reimplnatation of a human embryo . Lancet
2(8085) 366

Stojkovic M, Lako M, Strachan T, Murdoch A, 2004 Derivation. Growth and applications of
human embryonic stem cells. Reproduction 128 259-267

Taylor H, Minger S.L 2005 Regenerative medicine in Parkinson’s disease: generation of
mesencephalic dopaminergic cells from embryonic stem cells. Current Opinion in
Biotechnol. 16 1-6

Terai S, Yamamoto N, Omori K, Sakaida I, Okita K, 2002, A new cell therapy using bone
marrow cells to repair damaged liver. J Gastroentrol. 37. Suppl 14. 162-163

Till J.E and McCulloch E.A 1961 A direct measurement of the radiation sensitivity of normal
mouse bone marrow cells. Radiation Res 14 213

Thompson JA, Itskovitz-Elder J, Shapiro S.S, Waknitz M.A, Swiergiel J.J, Marshall V.S,
Jones J.M, 1998, Embryonic stem cell lines derived from human blastocysts. Science 282
1145-1147

United Network for Organ Sharing (2004) www.unos.org



Investigations of Murine Embryonic Stem Cell
Maintenance by Analyses of Culture Variables and
Gene Expression

James M. Piret'?, Clive H. Glover', Michael Marin'?, Mohammed A.

S. Chaudhryl’z, Connie J. Eaves"’, Bruce D. Bowen?, R. Keith Humphries5’7,
Cheryl D. Helgason®® and Jennifer Bryan'?

! Michael Smith Laboratories, 2185 East Mall, Departments of *Chemical & Biological
Engineering, *Statistics, *Medical Genetics, >Medicine and *Surgery, University of British
Columbia, Vancouver, BC, Canada; "Terry Fox Laboratory and *Cancer Endocrinology, BC
Cancer Agency.

Abstract:

Key words:

The clinical realization of many gene and cell therapies requires robust,
scalable methods for expanding stem cells ex vivo without compromising their
developmental potential. This requirement is usually complicated by the low
frequency of stem cells in most tissues (< 0.1%) and the lack of assays for
quantifying stem cells. Murine embryonic stem cells (ESC) provide a useful
model for stem cell bioprocess research since ESC can be propagated
indefinitely under defined conditions and assayed functionally. Nevertheless,
conventional ESC cultures require daily medium exchange and an
understanding of their environmental tolerance ranges is still lacking. We
have now begun to explore these using the embryoid body (EB) assay to
quantify R1 ESC integrity as a function of culture variables. We are also
exploring the feasibility of using mRNA-based assays to assess the effect of
altered culture conditions on ESC maintenance. Analysis of microarray data
has revealed a subset of genes whose change in expression was consistently
correlated with loss of ESC pluripotency following the induction of
differentiation by LIF removal, DMSO or retinoic acid treatment. Regression
models were fitted to the data and their parameter estimates used to quantify
the differential expression of genes, providing new candidates for future
investigation of the mechanisms by which ESC may lose pluripotency.

embryonic stem cell, culture variables, pH, osmolality, gene expression
profiling
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1. INTRODUCTION

Pluripotent embryonic stem cells (ESC) have been derived from the inner
cell mass of blastocyst-stage embryos from mouse, primate and human
sources [1-3]. The clinical potential of human ESC arises from their ability
to generate a variety of cell types found in the body. For this reason they
have been proposed as a raw material for cellular therapies [4]. Extensive
stem cell expansion will be required to meet requirements for ESC-based
therapies. Maintaining a large pool of cells in an undifferentiated state
requires an understanding of the pH and osmolality effects.

To understand the status of stem cells, the developmental potential must
be monitored. We have previously shown in the mouse ESC system that
SSEA-1 and Oct-4 expression, both commonly used markers of
undifferentiated mouse ESC, are lagging indicators of functional output and
thus do not accurately demonstrate developmental potential [5]. This
problem could be overcome, if it were possible to identify other genes whose
expression change during differentiation is consistently correlated with loss
of functionality independent of how loss of pluripotency was induced. Such
genes could then provide the basis of an mRNA-based assay for the
proportion of undifferentiated ESC in a given test population.

2. MATERIALS AND METHODS

2.1 ESC Maintenance Cultures

R1 ESC (p17) [6] were maintained as described previously [5]. ESC were
thawed and maintained on irradiated primary embryonic fibroblasts (PEF)
for 2-3 passages (96-144 h) prior to initiation of pH, osmolality and
differentiation experiments. Residual PEF were removed by preplating cells
on tissue culture treated plastic in maintenance medium for 20 — 60 min at
37°C. Cells were centrifuged and resuspended in relevant media before
replating on tissue culture dishes (Sarstedt) coated with 0.1% porcine gelatin
(Sigma) at a density of 5,500 cells/cm” (pH/osmolality experiments) or 80 —
1500 cells/cm® (differentiation experiments). The pH of the maintenance
medium was adjusted by the addition of either 1 N HCl or 1 N NaOH. The
osmolality of the medium was adjusted by addition of appropriate volumes
of IM NaCl to a custom made DMEM formulation with low NaCl
concentration. The pH was measured on a Bayer Rapidlab 348 pH/Blood
Gas Analyser (Bayer, Toronto, ON) and osmolality was measured using an
osmometer (Advanced Instruments, Norwood, MA).

The differentiation media were based on the maintenance medium with
the following differences: (1) DMSO — maintenance medium with no LIF
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and 1% DMSO and (2) RA — maintenance medium with 2 uM retinoic acid.
Cells were sampled at the end of culture and the embryoid body (EB) assay
used as previously described [5]. Alternatively, cytoplasmic RNA was
extracted using the RNeasy mini kit (Qiagen, Mississauga, ON) and standard
protocols (Affymetrix, Santa Clara, CA) were used for the generation of the
probe RNA from 5 pg of sample RNA before hybridization to Affymetrix
MOE430 Genechips according to manufacturer’s instructions. All experi-
ments were performed in duplicate.

2.2 Microarray data analysis

Two distinct data sets were analyzed. The generation of the DMSO/RA
data set is described here. The LIF removal data set is described in [5]. All
statistical analyses were performed using the statistical analysis environment
R (www.r-project.org). Probe intensities were corrected for background,
normalized and summarized within probe sets using the RMA algorithm [7].
A linear model was then used to estimate expression changes and genes were
labeled as differentially expressed if they exhibited at least a 2-fold change
relative to the control condition (+LIF in the DMSO/RA data set, 0 h in the
LIF removal data set) and a fold-change:error ratio greater than 2. In
addition, genes were labeled as differentially expressed in the DMSO/RA
data set if they exhibited changes in the same direction and, in the LIF
removal data set, if they showed a monotonic expression change throughout
the duration of the experiment.

3. RESULTS AND DISCUSSION

3.1. Osmolality and pH studies

To determine the range of osmolality that ESC were exposed to during
standard maintenance culture, R1 ESC were cultured on PEF for 48 h with
daily medium exchange. Fresh medium had an osmolality 304 + 4.0
mOsm/kg. After growth for 24 h, the medium had an osmolality of 329 +
8.6 mOsm/kg and at 48 h this had risen to 405 £+ 10.5 mOsm/kg, despite the
exchange of medium at 24 h (due to the exponential growth of cells during
this period following a lag phase during the first 24 h). To explore the
influence of variation of osmolality and pH on the proliferation and
differentiation of R1 ESC, dose-response experiments were performed where
the osmolality and pH of the medium were varied. The highest growth rate
and EB formation per initial cell were obtained for pH 7.3 (not shown) and
an average osmolality of 340 mOsm/kg (Figure 1). The yield of EB
decreased by 60% (p<0.05) for R1 ESC cultured at pH 7.0 or 400 mOsm/kg
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osmolality (compared to a pH 7.3 or 300 mOsm/kg). This was due to both
relative and absolute decreases in the rate of EB-forming cell expansion.
Thus, modest variations in both pH and osmolality had a large impact on
culture performance.
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Figure 1. Variation of mean number of EBs per initial cell (Y) and growth rate (e) as a
function of average osmolality. (* - p<0.05 vs. average osmolality of 340 mOsm/kg by paired
t-test).

3.2. Gene expression studies

R1 ESC were cultured for 96 h in maintenance medium without LIF in
1% DMSO or in maintenance medium with 2 yM RA. Cells in standard
maintenance conditions served as a positive control. Inoculum cells had 7.8
+1.9% EB forming cells. After 96 h, DMSO and RA conditions exhibited
0.1 £ 0.1% and 0.2 = 0.1% EB forming cells respectively while cells
cultured in +LIF had 6.8 £ 1.9% EB forming cells.

Gene expression profiling was initiated on ESC grown in DMSO and RA
for 96 h using the Affymetrix MOE430 platform using +LIF as a positive
control. To define a set of differentially expressed genes whose expression
change was independent of the treatment applied, analysis of this data set
was combined with previously published data [5] from gene expression
changes 18 and 72 h following the removal of LIF. 42 genes showed a
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consistent downregulation in all conditions and included many previously
identified markers of ESC (Table 1). Approximately 15 of the 42 genes have
no known biological function. These genes provide a starting point from
which to develop mRNA based assays to understand the impact of culture
conditions on the maintenance and differentiation potential of ESC.

Table 1. Gene expression markers of undifferentiated ESC. Expression of genes is shown as a
percentage of the levels in undifferentiated control cells.

Gene -LIF (72h) DMSO (96 h) RA (96 h)
Nanog 55 36 19
Sox2 36 16 7
Esrrb 20 9 9
Zfp42/Rex1 14 9 10
Dppa3 36 37 32
Dppa5 44 17 25
Fbx15 10 11 33
NrObl 10 6 8
Ptchl 31 6 17
Nmyel 58 30 25
KIf2 41 11 11
Kif4 7 9 33
Cobl 32 26 29
Leftb 46 31 18
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Abstract: The cultivation of embryonic stem cells (ES cells) in a standard stirred tank
bioreactor makes it possible to generate large numbers of therapeutically
usable cells such as cardiomyocytes. We have used this technique to expand
genetically engineered ES cells transfected with a fusion gene that allows an
efficient enrichment of cardiomyocytes via antibiotic addition.

Key words: stem cells, cardiomyocytes, scale-up, transplantation

1. INTRODUCTION

In this work a draw-and-fill perfusion process in a controlled stirred tank
reactor at 2L scale was developed which allows a long-term cultivation
under stable, reproducible conditions. Throughout the culture period flow
cytometry, immunohistochemistry and fluorescence microscopy of cardiac
specific antigens were performed. About 9¢8 cardiomyocytes in 2e5 cardiac
bodies were generated. The purity of the population was about 99%
measured by immunohistochemistry and fluorescence microscopy. To
analyze the functionality of ES-cell derived cardiomyocytes in vivo cardiac
bodies were transplanted into female mice 7 days after myocardial infarction
induced by ligation of a major blood vessel. Both echocardiographic

191

R. Smith (ed.), Cell Technology for Cell Products, 191-195.
© 2007 Springer.



192 S. Niebruegge et al.

follow-up and histological analysis 28d after transplantation showed an
improved left ventricular function of hearts that received a transplant.

Here we demonstrate that it is feasible to generate functional
cardiomyocytes derived from embryonic stem cells in a bioreactor at a large-
scale that improve cardiac functions of infarcted hearts.

2. MATERIAL AND METHODS

The used cell line was the J1 ES cell clone CM7/1 carrying the neomycin
resistance gene driven by the cardiac myosin heavy chain (MyHc) promotor.
The addition of G418 makes cardiomyocyte enrichment possible. Expansion
and differentiation via Embryoid body (EB) formation was established in a
standard 2L stirred tank bioreactor (B. Braun) which allows the control of
culture parameters like pH, pO, and shear force. The process was inoculated
with 2x10° undifferentiated CM7/1 cells/mL in 1L volume of DMEM
medium supplemented with 10% FCS. We chose a stirrer speed of 65 rpm
using a blade impeller generating axial medium flow (Fig. 1). The resulting
EB-suspension is shown in Figure 2.

Figure 1. Pitched-blade turbine Figure 2. EB-Formation during the production process.
used for stirring. Start of selection on day 9.

For cardiomyocyte enrichment the process was divided in 2 phases. The
expansion and differentiation phase via EB formation lasted 9 days, followed
by the selection phase and the addition of G418. At the end of the cultivation
all EBs were beating and termed Cardiac bodies (CBs). Figure 3 gives an
overview of the experiment.
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Figure 3. Overview of the experiment conditions for the production of cardiomyocytes at 2L
scale.

3. RESULTS

After 9 days of expansion and differentiation via EBs the highest cell
concentration was achieved on day 9. The selection of cardiomyoctes by
addition of G418 resulted in a reduction of total cell numbers (Fig. 4). EB
concentration dropped from approx. 261 EBs/mL at day 9 (before initiating
selection) to approx. 86 CBs/mL at the end of cultivation. All of these
generated CBs were beating. In order to characterize the selected cell
population fluorescence staining and confocal laser scanning microscopy of
cardiac specific antigens was performed (data not shown).
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Figure 4. Cell densities during the process. The antibiotic addition on day 9 resulted in a drop

of viable cells. The culture was inoculated with 2x10° cells/mL. After 48 h the culture volume
was adjusted form 1 to 2 liter. Thereafter half of the medium was changed daily.
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3.1 Transplantations

To analyze the ability of ES-cell derived cardiomyocytes to reconstitute
damaged heart tissue, cardiac bodies were transplantated into female mice 7
days after myocardial infarction induced by LAD-ligation.

Echocardiographic follow-up 28d after transplantation showed an
improved left ventricular function of hearts that received a transplant in
comparison to sham-treated mice (Fig. 5).

Integration of the transplanted cardiomcytes into the scared tissue could
be detected.
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Figure 5. Echocardiografic follow-up after transplantations of Cardiac Bodies into infarcted
mice. 7 days after induction of a myocardial infarct by ligature of a coronary artery of the left
ventricle the bioreactor-derived cardiomyocytes were transplanted. The fraction of area
change (FAC) represents the systolic shortening of the area of the left ventricle.

4. CONCLUSION

We have demonstrated that it is feasible to generate functional
cardiomyocytes derived from embryonic stem cells in a bioreactor at large
scale. They retain their functionality in vivo and improve cardiac functions
of infarcted hearts. In summary the establishment of this cultivation system
can serve as a tool for the production of therapeutically usable cells and as
an appropriate cell supply for regenerative medicine applications.
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Abstract:

Key words:

Human embryonic stem cells (hESC) are pluripotent cells derived from the
inner cell mass of blastocysts. They have the potential to proliferate
indefinitely in culture, but still retain their capacity for differentiation into a
wide variety of cells. hESC are currently maintained either on feeder layers or
on matrigel with conditioned-medium (CM) from primary mouse embryonic
fibroblasts (MEFs).

We describe our group’s strategy and results to date in establishing
defined culture conditions for the continuous expansion of undifferentiated
hESC in a feeder-free and serum-free culture system. This includes the
development of a robust hESC passaging method based on enzymatic
dissociation and culture on immortalized mouse and human feeders for the
generation of consistent batches of conditioned-media, and the development of
an alternative serum free culture platform based on sphingosine-1-phosphate
and platelet derived growth factor.

Human embryonic stem cells, pluripotency, immortal feeders, serum-free,
feeder-free cultures

1. INTRODUCTION

Human embryonic stem cells (hESC) are a gift of nature for potentially
healing, replacing or restoring the function of tissues in the human body
which would otherwise lack the capacity to do so in adults. Added to this is
the fact that they have a natural proliferative capacity in vitro which
potentially enables them to be manufactured to large quantities for eventual
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therapeutic applications. This key feature is what distinguishes hESC from
other stem cells.

While hESC were first derived on primary mouse feeders [Thomson
et al., 1998], researchers have since attempted to grow them on human
[Choo et al., 2004] and immortal feeders [Choo et al., 2005]. However,
recognizing that for successful therapeutic applications, a defined serum-
free, feeder-free culture system is necessary, we describe our progress
towards establishing this defined culture platform. This entailed creating an
immortal feeder cell line which could be used for producing conditioned
media for analysis and eliminating the use of serum replacer with defined
components from serum. A summary of the Stem Cell Group’s research
areas is presented in Figure 1.

Objective Research Areas

Immortal Feeders for
Development of Serum- > hESC culture
Free, Feeder-Free Culture
Systems (SF-FF-CS)

—»  Development of
Serum Free Media

Figure 1. Development of serum-free, feeder-free culture systems for hESC.

2. CULTURING HUMAN EMBRYONIC STEM CELLS

Traditionally, hESC have been grown in basal media with serum and on
human or mouse feeders [Thomson et al., 1998] which produce both the
matrix as well as the conditioned media (CM). We have generated immortal
feeders which produce a consistent source of CM that can support hESC
cultured on either matrigel, fibronectin or laminin. The eventual aim is to
transit from this system to a fully defined culture with growth factors and
supplements replacing serum replacer and CM as shown in Figure 2.
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Figure 2. HESC are traditionally cultured on mouse or human primary feeders. Immortal
mouse and human feeders were created; these cells produce consistent conditioned media for
analysis to enable us to eventually develop defined conditions with known growth factors,
supplements and extracellular matrices for hESC expansion.

3. IMMORTAL FEEDERS FOR HESC CULTURE

Immortal feeders were generated by transfecting mouse feeders with
E6/E7 viral antigens which allowed the feeders to be passaged for an
indefinite period of time. Figure 3.1 shows these immortal feeders, AE-MEF
growing at passage 7 and 45 compared to the primary MEF which senesced
at passage 7. HESC were enzymatically digested with collagenase and
physically broken into smaller clusters of cells by repeated pipetting. These
clusters were then seeded onto mitomycin-C treated AE-MEF at 10°
cells/organ culture dish. Alternatively hESC clusters were seeded onto
matrigel coated plates and fed with conditioned media (CM) from a separate
plate of mitomycin-C treated AE-MEF. Figure 3.2 also shows that these
feeders were able to support the undifferentiated hESC phenotype of tight
clusters of cells with high nuclear to cytoplasm ratio in both feeder and
feeder free conditions. Figure 3.3 illustrates the FACS data of stable and
high Oct-4 expression from 3 hESC lines cultured on the immortal AE-MEF
as well as with CM produced from AE-MEF.
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3. Cultures continue to maintain pluripotent markers — Oct-4
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Figure 3. 1) Immortal feeders (AE-MEF) cultured for passage 7 and 45 vs. primary feeders
which senesced at passage 7; 2) 3 hESC lines, HES-2, HES-3, and HES-4 were grown on
immortal feeders or with conditioned media from immortal feeders and continue to maintain
an undifferentiated morphology; 3) Three hESC lines HES-2, HES-3, HES-4 showing high
Oct4 pluripotent marker expression (88% to 98%) on immortal feeder cultures and in feeder
free conditions compared to culture on primary feeders.

Furthermore, hESC on feeders or feeder-free with CM from AE-MEF also
expressed the other pluripotent surface markers, SSEA-4, TRA-1-60, TRA-
1-81 and the enzyme alkaline phosphatase (Figure 4). These expanded hESC
were also able to form teratomas with structures representation of all 3
lineages from ecto-, meso- and endoderm when injected into SCID mice
(results not shown.); indicating that they have extensive differentiation
capacity. The AE-MEF feeders have been routinely used in our lab to
support hESC lines for more than 50 passages.
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4. Cultures continue to maintain pluripotent markers — SSEA-4, Tra-1-60/81, AP
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Figure4. hESC culture expressing pluripotent markers, SSEA-4, Tra-1-60, Tra-1-81 and
alkaline phosphatase in feeder and feeder-free conditions.

Table 1 shows that the AE-MEF were able to support hESC expansion at
increasing scales from the an organ culture dish, to a T-flask, a triple flask
and finally a Nunc cell factory with a surface area of over 600cm’. The final
condition gave a total yield of almost 300 million cells while maintaining
similar cell densities/cm’ as the smaller culture devices. Thus in principle
they are capable of being used to support the scale up of hESC to therapeutic
quantities for animal studies.

Table 1. Expansion of hESC at increasing scales from organ culture dish, tissue culture flask,
triple flask and cell factory on immortal feeders. Up to 300 million cells can be produced in a
cell factory while retaining the cell density per unit surface area.

Culture Platform Surface Area Total Cell Yield Cell Density
(cm?) (x 10° cells) (x10° cells em?)
Organ Culture Dish 24 1.0 042
Tissue Culture Flask 750 294 0.39
Taple Flask 300.0 1873 0.37

Cell Factory 6320 253 04
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4. SERUM FREE CULTURE OF HESC

In collaboration with Embryonic Stem Cell International Pte. Ltd. (ESI),
we attempted to remove serum replacer from the culture and replace it with
sphingosine-1-phosphate (S1P) and platelet derived growth factor (PDGF)
[Pebay et al., 2005]. HESC were transferred onto feeders in the presence of
this media along with a parallel control without S1P and PDGF. As shown in
Figure 5.1, after 6 continuous passages, the one without the 2 supplements
had differentiated into more fibroblastic cells and lost the marker TRA-1-60;
whereas culture with these supplements retained the pluripotent morphology
and marker. Figure 5.2 shows that Oct-4 transcription factor is partially
down-regulated in the absence of the supplements but with S1P and PDGF,
expression is similar to the control culture grown with serum replacer. More
obviously, the marker SSEA-4 is significantly down-regulated without the
supplements but its expression is retained in the presence of S1P and PDGF.
Cell densities of the culture with S1P and PDGF were similar to controls, at
about 10° cells / organ culture dish. Work is progressing to culture hESC in
serum-free conditions on fibronectin or matrigel in place of feeders.

I. Morphology and Cell Surface Staining (P6)
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2. FACS: Oct-4 and SSEA-4 Expression
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Figure 5. 1) Serum free culture of hESC without SIP and PDGF and with these 2
supplements after 6 passages, the latter continues to show compact cell morphology and
pluripotent marker Tra-1-60 whereas the serum free culture without supplement has a
fibroblastic morphology and does not stain for Tra-1-60; 2) Oct-4 and SSEA-4 expression is
high in serum free culture with SIP and PDGF, being similar to the feeder control culture,
compared to the culture without the supplements which has down-regulated both pluripotent
markers.

5. CONCLUSIONS

In conclusion, we have derived immortal mouse and human feeders
which can support undifferentiated hESC cell expansion and established a
culture platform that does not require the addition of serum or serum
replacer in the culture media.
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Abstract:

Key words:

Hybrids of two different cell types are of particular interest for a couple of
applications (e.g. hybridoma cells for the production of monoclonal
antibodies). In recent years, cancer immunotherapy using hybrid from antigen-
presenting cells (especially dendritic cells) and tumour cells has been shown to
efficiently induce anti-tumour immune responses. However, the available
processes for generating such hybrids by chemically induced or electro-fusion
are inefficient. Therefore, the clinical application of this technology is severely
limited. In this study, we try to overcome poor fusion efficiencies and low
yield of viable hybrids by an alternating arrangement of the fusion partners
inside the fusion chamber, thus avoiding homologous fusion events. Two
different devices have been developed using either microfluidics or
micropatterning for cell arrangement introducing a new and reliable
electrofusion procedure. Clinical requirements have been considered
throughout process development and both approaches can be dimensioned to
produce a sufficient amount of hybrid cells at once.

electrofusion, cancer vaccines, hybrid vaccines, dendritic cell-tumour cell
vaccines, cancer immunotherapy, hybrids, fusion yield, electrofusion chamber,
microfluidics, cell immobilisation

1. INTRODUCTION

Hybrid cells generated by the fusion of dendritic cells with tumour cells
have been shown to induce anti-tumour immunity in several cancer models
and clinical studies (Orentas et al., 2001, Hayashi et al., 2002, Rosenblatt et
al., 2005). Their application as whole cell vaccines in cancer immunotherapy
requires a reliable method, which allows the reproducible production of
sufficient amounts of heterologous hybrid cells. Especially in types of cancer
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where autologous tumour material is limited (e.g. breast cancer) a high
fusion efficacy is of paramount importance. Unfortunately, most
electrofusion procedures use random conditions without paying attention to
statistical distribution or cell specific parameters.

The electrofusion procedure (also called electric field-mediated fusion)
consists of two crucial steps. First of all, the fusion partners have to be
brought into close contact (dielectrophoresis or cell alignment). This is
followed by a short fusion pulse resulting in hybrid formation (Sugar et al.,
1987). The theoretical maximum fusion efficiency of 50% for heterologous
hybrid formation (using a 1:1 mixture of the fusion partners) cannot be
obtained in commercially available electroporation or electrofusion
chambers. The low yield of 15-20% hybrid formation achieved has in our
hands been due to the formation of cell clusters of homologous cells (see
Fig. 1), which are typically formed during cell alignment owing to similar
electrophysical parameters (such as cell size, shape and transmembrane
potential). Ergo the prevention of these clusters ranks first.

Figure 1. Cluster formation between MCF-7 (stained in red) and T47D (green) breast cancer
cell lines during cell alignment in commercially available fusion chamber.
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2. MATERIAL AND METHODS

2.1 Cells

Dendritic cells have been generated from mononuclear cells from
peripheral blood of healthy donors as been published previously
(Bohnenkampet al., 2003). Furthermore, two breast cancer cell lines, MCF-7
and T47D, were used. Both were cultured in Iscove’s modified Dulbecco’s
medium (IMDM; Biochrom, Berlin, Germany) supplemented with 10% fetal
calf serum (FCS; Biochrom).

2.2 Fusions

Electrofusions were performed in hypoosmolar fusion buffer (Eppendorf,
Hamburg, Germany), which enhances hybrid formation due to a slight
increase in membrane permeability by osmotic stress (Schmitt et al., 1989).

The vital fluorescent dyes used for staining the cells were 5-
chloromethylfluorescein diacetate (CMFDA; Molecular Probes, Eugene,
OR) and 5-(and 6-)-(((4-chloromethyl)benzoyl)amino)tetramethylrhodamine
(CMTMR; Molecular Probes).

2.3 Immobilisation

CD45-antibodies (BD Bioscience, San Jose, CA, USA) were
immobilised following a standard protocol (Xinglong et al., 2005).

3. RESULTS

3.1 Process Development
3.1.1 Aim

The aim of process development was to establish a method to improve
fusion efficiency. This can be done by prevention of homologous fusion
events, which in random fusion conditions occur at least in the same ratio as
heterologous fusion events, but are presumably favoured due to cluster
formation and more similar cell parameters.

Thus, two different electrofusion chambers for arranged fusion were
developed. The underlying ultimate principle is the alternating arrangement
of the fusion partners inside the fusion chamber by either antibody-based
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immobilisation of the cells in micropattern or parallel microfluidic single-
cell flows. For an explanation of these methods see Fig. 2 for the
immobilisation approach and Fig. 3 for the microfluidic approach.

3.1.2 Chamber design

The designed microdevices were fabricated using a combination of
photolithography, metal-film deposition and glass etching technologies.
They include up to 9 alternating cell lanes preventing cluster formation and
homologous fusion events by this special cell arrangement. Direct
visualization of the fusion procedure is permitted in both lab-on-a-chip
approaches, thus giving more insight into electrofusion. Furthermore, all
dimensions have been chosen to correlate sizes of cells and to allow fusion
of large numbers of cells simultaneously.

The fabrication of the immobilisation chamber required the design of the
chamber, the immobilisation of antibodies in small lines of 10 to 15 um and
the implementation of electrodes.

At first, CD45-antibodies were immobilised on glass using reverse
microcontact printing. Therefore, the glass surface had to be functionalised
with 3-aminotriethoxysilane and crosslinked with glutardialdehyde. The
immobilisation of the antibody is then carried out by a Schiffsche base
reaction between a primary amino group of the antibody and the carboxyl
group of the cross-linker.

Later on, the surface chemistry has been switched due to problems with
the integration of the electrodes. For the final design, the antibodies were
immobilised on small gold lanes. Thus, a self-assembled monolayer (SAM)
of 11-mercaptoundecanoic acid (MUA) was used. The carboxyl groups of
MUA were activated with a mixture of N-hydroxysuccinimide (NHS) and 1-
ethyl-3-(dimethylamino-propyl)carbodiimide =~ (EDC).  The  resulting
succinimide ester-activated monolayer then reacts with a primary amino
group on the CD45-antibody to give a peptide bond.

Simultaneously, the chamber has been designed, which is build up
around the immobilised antibody lanes. A gold structure, comprising
electrodes and small lanes for antibody immobilisation is evaporated onto
glass. On top of it the chamber is constructed. It consist of a bonding layer,
made from medical double sided tape, with a flow channel, filling holes for
the channel and holes for contacting the electrodes (all structures were cut
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A) The electrofusion chamber Flectrode (+)

The electrofusion chamber is bordered
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Figure 2. Schematic representation of the immobilisation approach.
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A) The electrofusion chamber

Two electrodes narrow the electrofusion chamber on two sides. A single cell suspension
of each cell type is provided in two reservoirs, which are connected via pumps with the
chamber. At the outlet of this microfluidic chamber an collecting tank (T) is placed.

S pume

pump L@ R B
Electrode (-)

B) Filling of the microfluid chamber

The empty microfluid chamber is filled with single cell flows by dint of the two pumps due
to hydrodynamic focussing. The arising laminar flows stream over the total length of the
chamberwithout mixing, delivering the different cell types inlanes.

5096 Electrode (+)
_| pump ectrode (+
™ WLl

pump

C) Alignment and fusion

Finally, the flow is stopped or reduced and the cells are aligned by an AC field, followed by
a DC pulse for hybrid formation. Afterwards, the pumps are turned on again, replacing
the fused cell suspension containing the desired hybrids, by new single cell suspensions
ofthe fusion partners. The hybrids are collected in the intercepting tank.

Figure 3. Schematic representation of the microfluidic approach.

with a CO, laser) and a top layer made of acetate foil, sealing the flow
channel (see Figs. 4 and 5 for design and realisation).

The cell arrangement has been approved within the completed chamber.
Further research has been done into the width of the antibody lanes, the cell
immobilisation and their detachment afterwards (see Figs. 6-8).
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Figure 5. Realisation of the immobilisation chamber.
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Figure 6. Immobilisation of FITC-labelled CD45-antibodies in lanes of 10 pm width.
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Figure 7. Immobilised cells on a two 15 um wide antibody lanes.
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Figure 8. Arrangement of two different cell types within the fusion chamber.

Similar inquires have been done for the microfluidic approach. After the
design (see Fig. 9) and its realisation (Fig. 10), the chamber has been tested
for laminar flow conditions (Fig. 11) and the arrangements of cells inside
this chamber.
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Figure 10. Realisation of the microfluidic chamber.
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Figure 11. Laminar flow inside the microfluidic fusion chamber visualised by a fluorescent
tracer.
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4. CONCLUSION

Two new electrofusion devices have been constructed and put into
operation. It was shown that an alternating arrangement of two different cell
types is possible in both chambers. They are now used for fusion
experiments to investigate which yield of homologous fusion can be reached.
The resulting hybrids will subsequently be utilised for an immunological
evaluation, e.g. for the induction of tumour-specific T cells.
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Abstract: Under the constitutive control of c-Myc over-expression the CHO cultures
showed an increase in growth rate and maximum cell number accompanied by
a similar decrease in specific glucose consumption rate. Additionally over-
expression of c-Myc appeared to induce morphological transformation and
partial anchorage-independence. Although, the c-myc transfected cell line
exhibited apoptosis at much lower rates than it is widely reported and
associated with the over-expression of c-Myc, it was nevertheless apparent that
c-Myc was responsible for the induction of higher apoptotic rates when
compared with the control cell line. Hence, the anti-apoptotic gene bcl-2 was
also used to transfect the c-Myc CHO cell line, in order to reduce cell death.
Over-expression of both oncoproteins resulted in a cell line that exhibited
higher proliferation rates and maximum cell numbers, with a decrease in
apoptosis when compared to the parental cell line.

Key words: Bcl-2 c-Myc, CHO-K1, proliferation, apoptosis, metabolic engineering

1. INTRODUCTION

The use of metabolic engineering for the positive control of cell
proliferation is a rapidly developing field in biotechnology for the
production of genetically modified cell lines. Great research has been
directed towards the development of proliferation and apoptosis controlled
cell lines with high cell density, controlled proliferation, apoptosis
resistance, and easy adaptation into cultures of serum free media. These are
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some of the desirable characteristics for the cost effective production of
biopharmaceuticals, mainly because genetically modified cell lines can
afford greater efficiency and control. Some of the strategies employed in cell
culture for the management of cell proliferation include among others the
over-expression of important regulators of proliferation and apoptosis
pathways such as growth factors and cell cycle genes.

c-myc in its role as a transcription factor that is involved in regulation of
cell cycle and bc/-2 that is involved in cell survival are two prime
candidates from a selection of genes, that regulate cell proliferation and cell
death in such a manner as to consider the advantages of their introduction in
cell lines (Hockenbery et al., 1990; Singh, et al., 1995; Simpson et al.,
1997).

As previously reported ectopic c-Myc over-expression has been
successfully achieved in a CHO-K1 cell line (Ifandi and Al-Rubeai, 2003).
The result was the development of a new cell line, namely cmyc-cho which
exhibited a significant increase in growth rate and maximum cell number, in
various cultures conditions. While interestingly, the very large percentages
of apoptosis, as widely reported in previous studies, were not as profound in
this cell line, nevertheless, apoptosis was the main form of cell death
observed in the cultures. Therefore, the anti-apoptotic gene bcl-2 was
introduced in the cmyc-cho cell line, in order to reduce the apoptotic effect
of c-Myc over-expression.

2. MATERIALS AND METHODS

Cmyc-cho cells were transfected with a bcl-2 vector (pEFY28Abcl-
2pGKpuro and a control empty vector (pEFY28ApGKpuro) (all plasmid
were kindly donated by Dr David Huang, Melbourne, Australia), using a
liposome mediated-transfection. Cells were grown in Ham’s F12
supplemented with 5% FCS. Protein over-expression was determined using
western blotting. All batch cultures were performed in triplicate.

3. RESULTS

Having characterized the influence of c-Myc over-expression on CHO-
K1 cell growth morphology and death kinetics it was decided to introduce
Bcl-2 on the cmyc-cho cell line, to address the apoptosis levels that the cell
line was exhibiting. Following transfection, and having established stable
clones, it was determined that c-Myc and Bcl-2 were stably over-expressed
in the new cell line, cmyc-cho-bcl-2. Our results show that constitutive co-
expression of c-Myc and Bcl-2 results in an increase of proliferation rate,
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with a marked decrease in the rate of decline for the cultures. Cmyc-cho-bcl-
2 cells reached higher cell numbers and exhibited higher growth rates
(Fig. 1) when compared to the control cell line, even under conditions of
absent growth factors (serum). Although the cell numbers for the cmyc-cho-
bel-2 cultures were significantly higher in the presence of serum, the positive
effect of Bcl-2 on cell death was more obvious in the cultures grown in the
absence of serum.

- . 5 200540
HMviable DOapoptotic HEnecrotic BnhTS

100% -

80% -

60% -

A40% -

20% -+

0% -

cmyc-cho-pef cmyc-cho-bel-2

Figure 1. la) Viable cell density of neo-cho (control), cmyc-cho-bcl-2 (c-Myc and Bcl-2
over-expressed) and cmyc-cho-pef (c-Myc over-expressed) on day 6, in static batch culture
(error bars represent standard deviation, n=3). 1b) Percentages of viable, apoptotic, and
necrotic cells of cmyc-cho-pef and cmyc-cho-bel-2 on day 9 of batch culture in the presence
of FCS.

4. CONCLUSION

The results of this study have shown that the co-expression of c-Myc and
Bcl-2 in CHO cells leads to the development of a cell line that comprises the
robust nature of CHO-K1 with the high proliferative and transforming nature
of c-Myc along with the anti-apoptotic function of Bcl-2. This cell line has
enhanced survivability and it shows that Bcl-2 and c-Myc can cooperate in
promoting cell yield and survival.
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Abstract:

Key words:

Ex vivo expansion of hematopoietic stem cells (HSCs) is frequently exploited
to overcome the limited availability of HSCs and progenitors for clinical
applications. The use of conventional basal cell culture medium supplemented
with bovine serum often has resulted in unpredictable HSC expansion and
presents potential exposure to adventitious agents (AVAs). For this reason, we
have investigated the development of defined cell culture reagents capable of
supporting optimal HSC ex vivo expansion and differentiation. One of the
developed formulations was capable of expanding and maintaining the CD34+
population to levels comparable or greater than that of commercially available
media. In summary, preliminary tests of a panel of formulations have
confirmed that CD34+ HSCs can be expanded and maintained in a defined
medium for up to 14 days, and extensive proliferation and expansion into
hematopoietic lineages are achievable with administered cytokine cocktails.

Hematopoietic stem cell, ex vivo expansion, CD34+, serum free cell culture
media, defined cell culture media

1. INTRODUCTION

Hematopoietic stem and progenitor cells are frequently characterized by
the surface expression of CD34. Down-regulation of CD34 has been shown
to correlate with the loss of self-renewal property and reflect the
differentiated fate of HSC in cell culture. Here, the growth and development
of HSCs cultured in various serum free media were monitored by flow
cytometry of the CD34 expression. The overall expansion capacity of the
medium was determined by the fold expansion of total nucleated cells (TNC)
and of CD34+ cells obtained after 14 days in culture.
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The benefits of using a serum free medium for the expansion of HSCs
include minimizing risk of AVAs in addition to minimizing performance
effects due to lot-to-lot variability in serum. Therefore, the use of serum free
media for the expansion of CD34+ populations is the preferred method for
ex vivo expansion of cells.

2. MATERIALS AND METHODS

2.1 Cells

Granulocyte colony stimulating factor (GCSF)-mobilized CD34+ cells
were obtained from Cell Therapy Core at the University of Minnesota
Cancer Center.

2.1 Cell Culture Media

Control medium (StemSpan #09600) was purchased from StemCell
Technologies (Vancouver, BC). Cell culture test media were prepared by
JRH Biosciences InMEDIAte Advantage Program (Lenexa, KS).

2.2 Reagents

Low density lipoprotein (LDL, part number L.7914) and human holo-
transferrin (T0665) were purchased from Sigma Chemical Company (St.
Louis, MO); human holo-transferrin (part number 4455) was purchased from
Serologicals (Norcross, Georgia). Recombinant human SCF (rh-SCF),
rhTPO, and FIt-3 (kit number SMPK-8); bovine serum albumin (BSA), and
human holo-transferrin were provided by R&D Systems (Minneapolis, MN).

2.3 Cell Culture

Cell culture was performed at R&D Systems. Cells were seeded in wells
of a 24-well tissue culture plate in medium containing 100ng/mL of each of
the following cytokines: thSCF, rhTPO, rhFlIt-3. LDL was supplemented
where appropriate. Cells were maintained for a total of 14 days, and fed on
days 4, 8, and 12 of culture. On day 14, cells were counted to obtain the total
nucleated cell (TNC) count.

2.4 Flow Cytometry

FACS analysis of the expanded cell cultures was performed at R&D
Systems. On day 14, samples were labeled with CD34-conjugated
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phycoerythrin (PE) antibody (BDIS; San Jose, CA). Cells were analyzed by
flow cytometry; data was acquired using a FACSCalibur and CellQuest
software.

3. RESULTS AND DISCUSSION

A total of twenty-six different base formulations were screened. Results
were calculated as the fold increases in total nucleated cells (TNC) from day
0 to day 14 as well as the fold expansions of CD34+ staining cells. One test
formulation performed the best and was selected for further optimization.

Through screening the initial base formulations, it was learned that both
albumin and transferrin were critical for growth and expansion of CD34+
stem cells in serum free media. Results from screening BSA lots indicated
that one lot did not support TNC expansion and that another lot supported
CD34+ proliferation equivalent to that in control medium. Human holo-
transferrin also was tested for CD34+ expansion capability. Two lots
supported equivalent or better specific expansion than the control medium.
The best combination of BSA and transferrin yielded 70% greater CD34+
cell populations as compared to controls (Figure 1). Because of the improved
selectivity of the desired cell populations, faster ex vivo expansion
capabilities are achievable using this optimized medium.
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Figure 1. CD34+ expansion normalized to control in optimized medium.
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4. CONCLUSIONS

A serum free medium formulation has been developed which supports
the expansion of HSCs and, more importantly, maintains the CD34+
phenotype as well or better than the benchmark product. Optimal
combinations of critical components, including BSA and transferrin, can
yield populations of CD34+ cells up to 170% of that cultured in the
benchmark product. This targeted expansion capability of the optimized
medium will enable a faster scale-up of CD34+ cell populations for use in ex
vivo therapies. Additionally, the use of a defined serum free medium
significantly reduces risk of AVAs for the patients undergoing these
therapies, as compared to the use of a basal medium supplemented with
serum.



Development of A Novel Serum-free
Cryopreservative Solution

T. Toyosawal, M. Sasaki’, Y. Kato®, H. Yamada® and S. Terada'
'Dept. of Applied Chem. and Biotech, University of Fukuii, 3-9-1 Bunkyo, Fukui 910-8507,
Japan, ‘T echnology Department, Seiren Co., Ltd.., 1-10-1 Keya, Fukui 918-8560, Japan

Abstract:

Key words:

There has been a rapid development of cell therapy or regenerative medicine
and of the production of bio-medicine with mammalian cell cultures. The
cryopreservation of cells used for therapy is vitally important for a stable and
continuous supply. Currently, fetal bovine serum (FBS) supplemented with 5-
10% DMSO is predominantly used as a cryopreservative, but because bovine
spongiform encephalopathy (BSE) or other infections are of serious concern,
serum-free cryopreservative solutions are preferable. In this study, we found
that the silk protein sericin was effective for the cryopreservation of
mammalian cells and successively constructed a novel serum-free
cryopreservative solution comprising 1% sericin, 0.5% maltose, 0.3% proline,
0.3% glutamine and 10% DMSO in PBS. The cells cryopreserved in this
solution survived as well as in the conventional FBS supplemented with
DMSO, and survival was better than in two commercially available solutions.

sericin, serum-free, cryopreservation, cryoprotectant, cryopreservative
solution, viability, freeze, thaw, hybridoma, myeloma, BSE, DMSO

1. INTRODUCTION

Recently, mammalian cell cultures have been applied to many fields. A
variety of bio-medicines, such as erythropoietin, are produced by
mammalian cell cultures because of the bioactivity derived from
glycosylation. Various cell types, including skin and lymphocytes, are
cultured ex vivo for regenerative medicine and cell therapy. For these
applications, cryopreservation is vitally important because cryopreservation
of cells adds great flexibility to clinical transplant programs. Currently, fetal
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bovine serum (FBS) supplemented with dimethyl sulfoxide (DMSO) is
extensively used as cell cryopreservative solution. However, FBS should be
avoided and an alternative to FBS is eagerly desired. Bovine spongiform
encephalopathy (BSE) and other infections, including viruses, are of serious
concern and the cells to be used as transplants and in bio-medicines should
not be infectious.

The present study aimed to develope a novel serum-free cryopreservative
solutions by using sericin as a supplement. Sericin is a protein derived from
cocoon silk. We previously reported that sericin accelerated the proliferation
of mammalian cells (1) and an insect cell line and found that sericin
successfully protected cells from toxicity of DMSO (S. Terada et al.,
unpublished). Therefore, it can be expected that sericin could be used as an
alternative to FBS and to develop serum-free cryopreservative solutions by
preventing cell death induced by DMSO.

Previous studies revealed that several biomolecules including sugars
(2, 3) and amino acids (4) were potent cryoprotectants when supplemented
to cryopreservative solutions. Therefore, we searched for the best
biomolecules and their optimum concentrations for the development of an
effective serum-free cryopreservative solution.

2. MATERIALS AND METHODS

2.1 Cell lines and culture conditions

A murine hybridoma cell line 2E3-O (5) was cultured in ASF103 serum-
free medium (Ajinomoto, Tokyo, Japan) and murine myeloma P3U1 and rat
insulinoma RINSF were cultured in RPMI 1640 medium supplemented with
10% FBS.

2.2 Determination of cell number and viability

The viable and dead cell densities were determined by the trypan blue
exclusion method using a Neubauer improved hemocytometer.

2.3 Construction of cryopreservative solutions

Novel serum-free cryopreservative solutions were developed by
supplementing cryoprotectants into phosphate-buffered saline (PBS)
consisting of 0.137 M NaCl, 2.7 mM KCI, 1.4 mM KH,PO4 and 10 mM
Na,HPO,. The cryoprotectants used were: DMSO, glucose and fructose
(monosaccharides), maltose, trehalose, sucrose, lactose (disaccharides),
maltitol, mannitol, xylitol, sorbitol, inositol (sugar alcohols), hydroxyethyl-
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cellulose, methyl cellulose, dextran, carboxymethyl cellulose, xanthane gum,
sodium alginate (polysaccharides), proline, glutamine (amino acids) and
sericin. As a positive control a conventional solution comprised of 90% FBS
and 10% DMSO was used.

2.4 Cryopreservation

Cells in the logarithmic growth phase were collected and resuspended at
1%10° cells / ml (except for Fig. 5; 5%10° cells / ml) and 1 ml of each solution
was dispensed into cryovials. The cryovials were ice-chilled for 5 minutes
and then placed at -80°C in a deep freezer for 1 day. After thawing, the cells
were cultured for 21 hours (Fig. 1) or 1 hour in their respective culture
medium (Figs. 2, 3, 4) before counting viable cell numbers. For RINSF, the
viable cell number was immediately assessed after thawing.

3. RESULTS AND DISCUSSION

3.1 Sericin improved cell survival during cryopreservation

First of all, we investigated the effect of sericin as a cryoprotectant on
cell survival during cryopreservation. Figure 1 shows that sericin improved
hybridoma cell survival after crypreservation, as shown by a higher viable
cell density in the sericin cryopreservative solution than in the basal solution,
although the sericin solution was inferior to the FBS solution. This result
indicates that sericin is an effective cryoprotectant and encouraged us to
develop a novel serum-free, sericin-based -cryopreservative solution
supplemented with other cryoprotectants.
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Figure 1. Protective effect of sericin on cell viability after cryopreservation

RPMI supplemented with 10% DMSO was used as a basal cryopreservative solution, shown
as "none". Sericin or FBS was supplemented to the basal solution. The experiment was
performed on a hybridoma cell line.
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3.2 Effects of sugars and amino acids on cell survival

We tested the cryoprotective effect of monosaccharides, disaccharides
and amino acids and the results are shown in Fig. 2.
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Figure 2. Effect of sericin, sugars and amino acids on cell survival
PBS supplemented with 10% DMSO was used as a basal cryopreservative solution, shown as
none. Experiment was performed on a hybridoma cell line.

Sericin improved cell survival during cryopreservation while glucose,
fructose, trehalose, sucrose and lactose did not (Fig. 1-a). Among the mono-
and di-saccharides tested, only maltose significantly improved cell survival
(Fig. 1-b). Among the amino acids, proline and glutamine were also
examined and they were slightly effective regarding cell survival (Fig. 1-c).
Sericin was superior to all of the sugars and the amino acids tested. This
result prompted us to examine the synergic effect of sericin with sugars or
amino acids on cell survival in order to construct an effective
cryopreservative solution.
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3.3 Synergic effect of sericin with other cryoprotectants on cell survival

We examined synergic effect of sericin with sugars or amino acids and
the result is shown in Fig. 3. Of the disaccharides tested, maltose alone
improved viable cell numbers, while the others did not (Fig. 3-a). Maltitol of
the tested sugar alcohols and dextran, HEC, and methyl cellulose (MC) of
the tested polysaccharide had synergically improved cell survival with
sericin (Fig. 3-b). Subsequently, a screening of sugars and amino acids was
performed to determine the optimum cryoprotectants in a cryopreservative
solution including sericin that showed the highest viability. Out off all the
solutions, the one containing sericin and maltose was superior (Fig. 3-c).
Further experiments revealed that the optimum concentration of maltose was
0.5% (data not shown).
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Figure 3. Synergic effect of sericin with sugar alcohols (a), polysaccharide (b) or sugars and
amino acids (c) on cell survival during cryopreservation

PBS supplemented with 10% DMSO was used as a basal cryopreservative solution, shown as
none. Experiment was performed on a hybridoma cell line.
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3.4 Improvement of the solution containing sericin
and maltose

The newly developed cryopreservative solution containing 1% sericin,
0.5% maltose and 10% DMSO was effective. To further improve this
solution, we searched for another cryoprotectant to improve this solution.
The supplementation of dextran to the solution slightly improved cell
survival (Fig. 5-a), but the supplementation of proline or glutamine to the
solution significantly improved cell survival and co-supplementation of both
proline and glutamine showed the greatest improvement (Fig. 5-b).

From these results, a novel cryopreservative solution was designed; PBS
consisting of 1% (v/w) sericin, 0.5% (v/w) maltose, 0.3% (v/w) proline,
0.3% (v/w) glutamine and 10% (v/v) DMSO.
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Figure 4. Cryoprotectant screening to improve the solution containing sericin and maltose
PBS containing 1% sericin, 0.5% maltose and 10% DMSO was used as basal cryopreservative
solution, shown as “none”. Experiment was performed on a hybridoma cell line (a) or on a
myeloma cell line (b).

The developed cryopreservative solution was designed for suspensions
of culture cells, hybridoma and myeloma, and additional experiments were
performed to see if this solution was effective for adhesion culture cells. For
adhesion cells, rat insulinoma RINSF were used. Figure 5 shows that the
sericin-based solution was equal to the conventional FBS solution, and
superior to the two commercially available solutions.
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Figure 5. Performance of the designed solution

Viable cell numbers were standardized against viable cell number in FBS solution. FBS
solution consists of 90% FBS and 10% DMSO. Sericin (+) solution was our designed
solution. Sericin (-) solution was our designed solution without the sericin. Solution A and B
were commercially purchased serum-free solutions.
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Abstract: Because of a lack of livers being donated for transplantation, the use of bio-
artificial livers (BALs) using hepatic cells is a valid alternative. There are two
major problems: one is the source of potent hepatic cells for BALs and the
other is that BAL’s working period is still too short because of apoptosis of the
hepatic cells. In order to prolong the working period of BALs, we previously
generated an anti-apoptosis hepatic cell line, Hep-bcl2, which maintained cell
viability and improved albumin productivity for longer periods. In this study
we tested the effect of collagen on the proliferation and liver function, albumin
synthesis, of the anti-apoptosis hepatic cell line Hep-bcl2 to improve the
culture. Hep-bcl2 cultured on collagen showed increased proliferation, while
albumin productivity was decreased. This result implies that a two-step culture
condition should be developed: First, to expand the pre-culture population,
Hep-bcl2 should be cultured on collagen-coated dishes because of the rapid
proliferation. Second, for BAL culture, Hep-bcl2 should be cultured without
collagen because of higher liver function and slow proliferation, which would
avoid cell death due to over-growth.

Key words: Dbio-artificial liver, apoptosis, hepatoma, HepG2, bcl-2, Hep-bcl2, proliferation,
albumin, type collagen, adhesion, scaffold

1. INTRODUCTION

Liver transplantation is the most effective remedy in serious liver disease,
but currently there is a critical problem since the number of donors is much
smaller than the number of patients in need of a transplant. This is why

233

R. Smith (ed.), Cell Technology for Cell Products, 233-238.
© 2007 Springer.



234 K. Kaito et al.

bioartificial liver (BAL) support systems composed of artificial materials
and living liver cells were developed. If a temporary replacement for a
failing liver could be achieved, liver regeneration occurred in patients with
liver failure and many patients could be saved.

Although a variety of BAL systems have been investigated by many
researchers, their working period is too short to allow a full liver recovery in
patients [1]. The strategies for improving BAL systems could be classified
into two categories. The first is the development of a BAL module such as
hollow fibers, radial flow, and so on. The second is the improvement of cells
used in BALs, their viability and liver-specific function. We focused on the
second strategy and tried to generate novel human hepatic cell lines that do
not undergo apoptosis and introduced the anti-apoptotic gene bcl-2 into
hepatoma HepG?2 cells. The generated cell line was named Hep-bcl2 and it
maintained higher viability for a longer period and had improved liver-
specific functions such as albumin productivity and metabolic activity
(CYP1A1) [2]. In order to achieve improved BALSs, hepatic cells should be
cultured under the best possible conditions. For this purpose, we focused on
collagen, an effective scaffold, during the pre-culture stage before putting
BAL’s module.

Collagen is one of the most ubiquitous proteins in the animal world and
occupies one third of total protein in human. Collagen constitutes connective
tissue and functions as a matrix between a large number of cells forming
animal body for tissue morphology, influencing cell adhesion and
proliferation and enhancing the repair response after various damages [3].
Recently, hepatic cells cultured between layers of collagen gel, termed
collagen sandwich [4], have been applied to BAL systems.

In this study, we cultured hepatic cell lines on 35 mm dish coated with
type I collagen and measured the liver-specific function through
proliferation and albumin synthesis and compared it with the cells cultured
on uncoated dishes.

2. MATERIALS AND METHODS

2.1 Cell lines and culture conditions

The human hepatoma cell lines used were HepG2 and Hep-bcl2. The
latter was established by transfection of HepG2 with the vector BCMG-bcl-
2-neo. The medium was Dulbecco’s modified Eagle medium (DMEM)
containing 0.2% sodium bicarbonate, 10 mM HEPES, 2 mM L-glutamine,
0.06 mg/ml kanamycin, and 10% fetal bovine serum. The cells were grown
in 35 mm culture dishes (Sumitomo Bakelite, Japan) at 37°C in humidified
air containing 5% CO,.
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2.2 Morphology

Morphology of HepG2 and Hep-bcl2 cells was observed under phase-
contrast microscopy (Olympus, Japan).

2.3 Measurement of growth curves

HepG2 and Hep-bel2 cells were seeded at 3*10* and 4*10” cells / 35 mm
dish, respectively, on wells coated with collagen or on uncoated wells. Cells
were maintained in DMEM medium and cell number was assessed using a
hemocytometer. Viable and dead cell densities were determined by the
trypan blue exclusion method.

2.4 Determination of albumin productivity

The albumin concentration in the culture supernatant was determined by
ELISA. The 96-well plate used for ELISA was first coated with goat anti-
human albumin polyclonal antibody and blocked with skim milk.
Subsequently, the standard wells were incubated with purified human serum
albumin. The rest of the wells were incubated with the experimental
samples. Finally, the wells were incubated with horseradish peroxidase-
conjugated rabbit anti-human albumin polyclonal antibody and added of
citric acid buffer containing o-phenylenediamine. The absorbance was read
at 490 nm.

3. RESULTS
3.1 Morphology

In order to investigate the morphology of the hepatic cell lines HepG2
and Hep-bcl2 cultured on 35 mm dishes coated with collagen and uncoated
dishes, the cells were observed at 100x magnification using a phase-contrast
microscope. Morphologically, HepG2 (Fig. 1A) and Hep-bcl2 cells (Fig. 1C)
on collagen appeared fuzzily and their hand with adhesion plaque extended
between the cells, forming tough adhesion. On uncoated dishes, both HepG2
(Fig. 1B) and Hep-bcl2 cells (Fig. 1D) clearly formed spherical clusters
probably due to a weak attachment of the cells to the culture dish. The
marked difference between the morphological shape of HepG2 and Hep-bcl2
cells were not appeared. These observations showed that collagen coated
dishes seemed to provide a tough adhesion for the cells so the area of dish
could be used fully.
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Figure 1. Phase-contrast microscopic observation of hepatic cell lines on collagen or on
uncoated dishes. (A, B) HepG2; (C, D) Hep-bcl2. (A, C) The hepatic cell lines on collagen
and (B, D) on uncoated. Cells were observed at 100x magnification.

3.2 Proliferation

To investigate whether culturing on collagen coated dishes altered the
growth characteristics or not, the hepatic cell lines on the dishes coated with
collagen and on the uncoated dishes were separately batch-cultured. As
shown in Fig. 2A, viable cell density of HepG2 cells on uncoated dishes was
not increased after 2 days because of a weak attachment of the cells to the
culture dish, while HepG2 cells on collagen coated dishes showed an
increase in viable cell number because of a tough adhesion induced by
collagen. During the exponential growth phase, the growth rate of HepG2
cells on collagen was similar to that of untreated HepG2 cells. Untreated
HepG2 cells started dying at day 8 because of a depletion of nutrients or
growth factors, while HepG2 cells on collagen coated dishes seemed to have
a prolonged life-span and higher maximum viable cell density. Hep-bcl2
cells also showed similar results (Fig. 2B). Proliferation of hepatic cell lines
enhanced by collagen seemed to be dependent on cell adhesion immediately
after seeding. These findings suggest that cells cultured on collagen might be
useful at the precondition stage to rapidly expand the population of hepatic
cells for BALs.
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Figure 2. Proliferation of hepatic cell lines on collagen or untreated. (A) 3 * 10* cells HepG2
were batch-cultured in 35mm dishes coated with collagen closed circle and on uncoated
dishes (open circle for 9 days. (B) Similarly, 4 * 10* cells Hep-bcl2 was batch-cultured.
Viable cell densities were determined by the trypan blue exclusion method.

3.3 Albumin productivity

In order to estimate liver-specific functions of the hepatic cell line,
human serum albumin concentrations in the culture supernatant were
determined (Fig. 3). 0.44 and 0.34 pg/ml albumin was secreted by 3 days
into the supernatant of Hep-bcl2 on collagen coated dishes and on uncoated
dishes, respectively. The hepatic cell lines on uncoated dishes presented with
increased albumin production compared to cells grown on collagen coated
dishes. These results suggest that cells cultured without collagen might be
useful to maintain liver-specific functions of hepatic cell lines in BALs.
Albumin productivity per cell and per culture period (day) was calculated
and shown in Table 1. The productivity per Hep-bcl2 cell was five times
higher than that of HepG2 cells. In both cell lines, albumin productivity on
untreated dishes was three times higher than that of cultures on collagen
coated dishes.
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Figure 3. Albumin concentration of culture supernatants of Hep-bcl2 on collagen (closed bar)
or uncoated dishes (open bar) at day3.

Table 1 Calculated albumin productivity (pg/cell/day).

Uncoated coated with collagen
HepG2 1.69 £0.14 0.55+£0.15
Hep-bcl2 9.75+1.22 2.87 £0.66

4. DISCUSSION

These results suggest that a two-step culture strategy for BAL systems
would be effective. At the first pre-culture stage for expansion of the
population of cells, Hep-bcl2 cells should be cultured on collagen-coated
dishes because of the rapid proliferation. At the second stage within the
BAL, Hep-bcl2 cells should be cultured without collagen because of higher
liver function and slower proliferation that could reduce cell death due to
over-growth.
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Abstract:

Key words:

Dendritic cells (DC) represent the antigen-presenting cells which play a
decisive role in the regulation of immune responses. Large numbers of
monocyte-derived DC can be generated from leukapheresis cells for clinical
applications by positive selection of CD14+ cells or by negative selection
(removal of CD2+ and CD19+ cells). The positive selection showed a lower
yield but higher purity of monocytes. Additionally, we compared the culture
flask system (as “gold standard”) with our integrated-closed-bag system
designed for clinical use. Bags resulted in slightly lower yields of viable cells
on day 7 compared to flasks. Structural and functional properties of DC
generated by these cultivation conditions showed no significant difference. A
high donor variability was observed. In regard to clinical application and GMP
compliance CD14+ selection in combination with our closed-bag system is a
promising approach to generate defined dendritic cells.

bag, cell selection, cell separation, dendritic cell, flask, human, immunology,
immunotherapy, leukapheresis, system, vaccines.

1. INTRODUCTION

The induction of an immune response is crucial dependent on the
activation status of the dendritic cells (DC). Interaction of antigen presenting
cells with T-lymphocytes determines an immunogenic or tolerogenic
outcome of immune response. Therefore the choice of antigen presenting
cell is critical. Monocyte derived dendritic cells are preferentially used for
immunotherapy. Several cultivation protocols have been established to
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generate sufficient DC numbers from leukapheresis. In previous clinical
trials different isolation and cultivation methods had been used for DC based
vaccines resulting in a poor comparability. However, due to this lack of
standardization there is an urgent need for standardized production
protocols.

2. COMPARISON OF SELECTION METHODS FOR
GENERATION OF DC

2.1 Selection strategies

Positive (pos.) selection (CliniMACS®™) and negative (neg.) selection
(Isolex 300i") were compared in one large scale leukapheresis from donor
LKS85. The pos. technique selects CD14"-cells as starting population for DC
generation. The neg. selection procedure is based on the depletion of
CD2"/CD19 cells after enrichment of leukocytes by a ficoll gradient. In this
setting the CD2/CD19 -population is used as starting population for DC
generation. Results from donor LK85 are listed in Table 1 (see appendix) for
both separation methods. Starting with the same leukocyte sample, the
recovery of CD14+ cells was 80% with pos. selection vs. 94% with neg.
selection. In contrast, with only a contamination of 1%, pos. selected
monocytes were essentially pure compared to only 55% CD14+ cells in the
neg. selection.

2.2 Cultivation of selected monocytes

Both starting populations were cultivated in the presence of GM-CSF/IL-
4. On day 5, maturation was induced by addition of TNF-a,, IL-1p, IL-6 and
PGE,. After cell harvest on day 7, yield of DC from neg. selection was 34%
(appendix: Figure 2, right). The proportion of mature DC was independent of
the selection process with 91% and 94% of CD83+ cell, respectively. The
cultivation of pos. selected cells resulted in a yield of 11% for this donor,
but with only 0.5% contaminating lymphocytes, whereas the lymphocyte
population in the neg. selected cultivation was still 27.0% (appendix:
Figure 2, left). We found high induction of chemotactic cytokines for
monocytes and T-lymphocytes in the neg. selected culture, especially
RANTES, MCP-1, IP-10, MIG and IL-10 (data not shown)
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3. COMPARISON OF DC GENERATION FROM CD14
MONOCYTES IN BAG VS. FLASK SYSTEMS

Positively selected monocytes were used for comparison of DC
generation in bags from 4 different manufacturers vs. flasks. Generation of
DC from the donors LK68, LK85 and LK101 show a high variation in yield
of viable cells on day 7, i.e. between 11% and 33% in flask cultivation.
Monocyte yield after bag cultivation from different manufacturers varied
from 1.4% to 7.6%. Cultivation bags from M4 suitable for the closed system
were optimized and give results from 4.4% to 27.8% (data not shown). The
maturation of DC on day 7, indicated as percentage of CD83+ cells was
measured by flow cytometry. In bag cultivation, the proportion of mature
DC was approx. 84%, whereas in flasks variations could be observed
between the different donors (appendix: Figure 2, right). The stimulatory
capacity of peptide loaded DC was additionally tested in an IFN-y ELISpot
assay. Tyrosinase pulsed DC from day 7 either cultured in bags or in flasks
were capable of stimulating a tyrosinase specific CTL clone (data not
shown).

4. DISCUSSION

The critical point of DC generation for clinical trials is the
standardization of isolation and cultivation protocols. Since we are working
on the development of an integrated closed bag cultivation system suitable
for cGMP compliant production of defined autologous therapeutic DC
vaccines, we investigated the questions: Should pos. or neg. selection for
monocytes be used? Are bags suitable cultivation containers to generate
reliable DC numbers? In our study the neg. selection resulted in higher yield
on day 7 but lower purity of monocytes compared to pos. selection.
Contaminating lymphocytes seemed to interact with DC during cultivation.
The effects of this interaction are difficult to control, therefore for clinical
use, the high purity of DC of pos. selected cells is advantageous. DC
generated in bags or flasks showed no significant difference in maturation
and stimulatory capacity at day 7. The yield of viable DC was higher in
flasks, but sufficient numbers of DC for the proposed clinical protocol were
generated from bag cultivation. The completely closed-bag system in
combination with pos. selection is a promising approach to generate
dendritic cells for clinical applications under standardized conditions.
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Table 1. Overview of results from selection processes.

\Leukapheresis LK85 ositive selection |negative selection
Starting cell number 10.0x10° 6.3x10°
CD3+ 72%
CD19+ 7%
CD14+ 16%
Theoretical number of CD14+  |1.6x10° 1.1x10°
total number of isolated cells 1.3x10° 1.8x10°
urity CD14+ 99% 55%
recovery CD14+ 80% 94%

mDC
d7

Flask

CliniMACS | CliniMACS

Isolex300i
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Olymphocytes
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Figure 1. Characteristics of cultured DC: left, total yield of viable cells at the indicated days
of cultivation; right, yield of viable DC on day 7.
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viable DC on day 7 measured as CD83+ cells Different bag producers are indicated as

manufacturer M1 — M4.



T-Lymphocytes Transduced with SFCMM-3 Vector
in a Closed System

Claudia Benati, Roberto Sciarretta Birolo, Simona La Seta Catamancio,
Marina Radrizzani, Cecilia Sendresen, Salvatore Toma

MolMed S.p.A.

Abstract:

Key words:

, Milano, Italy

Safety, yield and scalability represent critical issues in production of gene-
modified cells (GMC) for clinical applications. Currently open systems, based
on culture flasks, are used for production of TK-transduced T cells. Such
systems may be used, without significant risk of contamination, only if limited
numbers of cells (up to 108-109) are required. Thus a method for cell
manipulation and culturing in a closed system has been developed.

Lymphocytes are cultured in bags, activated with OKT3, then transduced
with the vector SFCMM-3, carrying the HSV-TK and ALNGFR genes. After a
few days, lymphocytes are collected and the percentage of transduced cells is
evaluated by FACS analysis. Transduced cells are sorted by antibody
conjugated magnetic beads and then expanded in culture. The full process lasts
10 days. The following instruments are used: CytoMateTM Cell Processing
System (Nexell Therapeutic Inc.), for cell thawing, washing and harvest, and
IsolexTM 300 Magnetic Cell Separation System (Baxter), for selection of the
transduced cells.

The closed-system is very efficient and the cell yield is higher than that
obtained in the open-system (final cell number/initial cell number: 0.64 versus
0.39). A detailed analysis of the process indicates that the steps in which the
closed system shows major advantages are transduction (23% versus 17%) and
selection (recovery of the cells 67% versus 36%). The purity of the final
product is very similar and shows the homogeneity of the final population of
GMC (94% and 95% LNGFR positive cells, respectively). Only the
proliferation rate is lower in the closed than in the open system, especially
post-transduction (2.5 versus 4.7) and post-selection (3.6 versus 5.6).
However, the development of cell culturing using different bags or different
culture media could improve cell growth.

These results demonstrate the feasibility of a method for transduction and
selection of GMC in a closed system that is safe and efficient.

T-Lymphocyte, transduction, closed system
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1. INTRODUCTION

Safety, yield and scalability represent critical issues in the production of
gene-modified cells (GMC) for clinical applications. Current processes for
production of TK-transduced T cells used in suicide gene therapy protocols
in the context of allogeneic bone marrow transplantation are open systems,
based on culture flasks.

Aim of the present work was the development of a new method for cell
manipulation and culturing in a closed system.

2. MATERIALS AND METHODS

2.1 Vectors

Transductions were performed with the retroviral vector SFCMM-3 (S.
Verzeletti et al., Human Gene Therapy 9:2243, 1998) or with a variant
containing a single base, silent mutation within the HSV-TK gene (F.
Salvatori et al., manuscript in preparation). SFCMM-3 vectors carry both the
suicide gene HSV-tk and the marker gene DLNGFR.

2.2 Transduction and Culture Process

Schematic representations of the current open system process and the
new closed system process for production of TK-transduced T cells are
shown in Tables 1 and 2, respectively.

In the experiments with the closed system, human peripheral blood
lymphocytes (PBL) were washed by CytoMate™ device, then cultured at an
initial cell concentration of 10° cell/ml in X-VIVO 15 + 3% human plasma +
2 mM glutamine + 600 IU/ml IL2 with soluble anti-CD3 mAb (OKTS3,
30 ng/ml).

At day 2, OKT3-activated cells were transduced with the SFCMM-3
vector in RetroNectin® coated bags. Cell density was 1x10° cells/ml of
retroviral supernatant diluted 1:2 with medium, corresponding to an MOI of
0.5-2. The day after, cells were washed and seeded at 0.2x10° cells/ml of
culture medium in VueLife™ Culture Bags.

At day 6, the transduction efficiency was determined by LNGFR
immunofluorescence and FACS analysis; the cells were immunomagne-
tically selected using anti-LNGFR mAb 20.4 (1 ug/20x10° cells) and
Dynabeads anti-Mouse IgG (5x10° beads/10° positive cells). Results were
expressed as % of cells positive for LNGFR.
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At day 8, the beads were removed by magnet separation and the number
of cells recovered was determined by trypan blue cell counting. Cells were
then seeded at a density of 0.2x10° cells/ml.

The purity was evaluated at day 10 and day 14 by LNGFR immuno-
fluorescence and FACS analysis.

At the end of the process, cells were extensively washed, then
resuspended in infusion medium (saline solution containing 4% human
serum albumin) at a cell density of 10-25x10° cells/ml. Aliquots were
withdrawn for quality control analysis, while the infusion bag was stored at
4°C for stability analysis.

The entire process was performed using VueLife™ Culture Bags of
different size depending cell numbers. In the closed system, CytoMate™
Cell Processing System (Nexell Therapeutic Inc.) (Figure 2) was used for
cell thawing, washing and harvest steps and the Isolex'" 300 Magnetic Cell
Separation System (Baxter) (Figure 3) for selection of the transduced cells
and removal of magnetic beads from positive selected cells.

The connections between different bags were performed in sterile
conditions using a Terumo Sterile Connecting Device.

3. RESULTS

3.1 Production of TK-transduced T cells in a closed versus a open
system: cell expansion

Thirty independent open system experiments were conducted with
peripheral blood lymphocytes (PBL) from 12 different donors, and 9 closed
system experiments were performed with PBL from 9 donors. Mean starting
cell numbers were 3.6x109 (range: 3.0-5.5x109) for open system
experiments and 1.7x106 (range: 1.0-3.1x109) for closed system experi-
ments, respectively.

Experiments performed in the closed and the open system were compared
step by step for cell expansion (Figure 1).

Relative cell numbers (mean +sd) represent ratios between viable cell
numbers (determined by trypan blue cell counting) at the indicated days.

No statistically significant differences were detected between the closed
and the open system (p>0.01, T test, for all culture phases).

The production of TK-transduced T cells in the closed system allowed
consistent cell expansion during all the culture phases between 3 and 14
days, similar to the open system process.
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3.2 Production of TK-transduced T cells in a closed versus a open
system: transduction and selection efficiency

Experiments performed in the closed and the open system were compared
step by step for transduction efficiency, selection yield and final purity
(Figure 2).

% LNGFR+ cells before selection indicates the percentage of transduced
cells, genetically modified with the SFCMM-3 vector, as determined by
immunofluorescence and FACS analysis at day 6.

% selection yield is the ratio between the number of cells collected after
the selection step and the number of LNGFR+ cells before selection.

Final % LNGFR+ cells indicates the percentage of genetically modified
cells in the final product, as determined by immunofluorescence and FACS
analysis at day 10-14.

No statistically significant differences were detected between the closed
and the open system (p>0.01, T test, for all parameters).

The production of TK-transduced T cells in the closed system allowed
consistent transduction efficiency, selection yield and final product purity,
similar to the open system process.

3.3 Production of TK-transduced T cells in a closed system: final
product stability

At the end of the closed system production process, the stability of the
final product was evaluated (Figure 6). The final bag, containing TK-
transduced T cells in infusion buffer, was incubated at 4°C. At the indicated
time points, cell number and viability were determined by trypan blue cell
counting.

No significant decrease in cell viability was observed until 72 hours
(p>0.01, T test, for all time-points respect to TO value). At 120 hours, cell
viability dropped to 66%, which is below the minimum value (70%) required
for infusion in patients, according to current regulatory guidelines for gene
therapy and cell therapy products.

Thus, TK-transduced T cells produced in closed system are stable at 4°C
for up to 72 hours.

4. CONCLUSIONS

In summary, these results indicate that the closed system process for
production of TK-transduced T cells gives similar results in comparison to
the open system process currently used for clinical preparations: no
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significant differences were detected in terms of cellular expansion,
efficiency of transduction, selection yield and final product purity.
TK-transduced T cells produced by the closed system process are stable
for up to 72 hours when stored at 4°C without significant decrease in cell
viability, which is an important parameter for product release for infusion.
The shift from an open to an easily applicable closed system for
production of TK-transduced T cells represents a relevant improvement in
terms of product safety.
Moreover, it is a necessary pre-requisite for the scale-up of the process.
In fact, in our experience an open system may be used, without significant
risk of contamination, if number of cells are required up to9x109 final cells,
but it could be very critical for the production of higher cell numbers.
Finally, the possibility to store the final product for up to 3 days at 4°C
before infusion could facilitate the clinical application of TK-transduced T
cells.

Table 1. Production of TK-transduced T cells in open system.

Step Day Process step and conditions

1 0 Thawing and stimulation
106 cells/ml; RPMI 1640 + 2mM glutamine +3% autologous
plasma + 600 IU/ml IL-2 +30 ng/ml OKT3T ; 162 flasks

2 2 First transduction round
5x106 cells/ml; SFCMM-3 supernatant; 4 mg/ml protamine;
Spinoculation: T75 flasks, 2 hours, 1000xg; Seeding as at
day 0, w/o OKT3

3 3 Second transduction round
5x106 cells/ml; SFCMM-3 supernatant; 4 mg/ml protamine;
Spinoculation: T75 flasks, 2 hours, 1000xg; Seeding as at
0.5x106 cells/ml, w/o OKT3

4 6 LNGFR+ cell selectionEvaluation of LNGFR expression (IF
+ FACS)
Incubation with anti-LNGFR mAb (20 mg/108 total cells)
(2x107 cells/ml in 250 ml tubes); Washing; Incubation with
Dynabeads anti-mouse IgG (5x106/106 LNGFR+ cells)
(2.5x107 cells/ml in IsolexTM tube); Magnet: IsolexTM
300Cell density: 0.5 x106 cells LNGFR + /ml

5 8 Dynabeads removal Magnet:MPC-1
Seeding as at 0.5x106 cells/ml, w/o OKT3
6 10 Cell harvestConcentration and washing

Filling for infusion:10-50x106 cells/mlsaline solution + 4%
HSAtransfer bag
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Table 2. Production of TK-transduced T cells in closed system.

Step Day Process step and conditions

1 0 Thawing and stimulation
Cell washing using CytoMateTM
X-VIVO 15, + 3% human plasma + 2 mM glutamine + 600
IU/ml IL2; Stimulation: 30 ng/ml of anti-CD3 Ab

2 2 Transduction cycle
Bags coated with RetroNectin®Cell; washing using
CytoMateTM; Final cell density: 1x106 cells/ml sup diluted
1:2 with medium; Viral supernatant (SFCMM-3)

3 3 Cell washing using CytoMateTM and seeding
Final cell density: 0.25+0.05 x106 cells/ml in culture
medium

4 6 LNGFR+ cell selection using CytoMateTM and IsolexTM
300 SA

40x106 cells/ml in selection buffer + 0.5% human Ig

15’ at room temperature in constant agitation; 20x106
cells/ml in selection buffer + Img of anti-LNGFR Ab/5x106
cells 20’ at room temperature in constant agitation, washing
20-40x106 cells/ml in selection buffer + Dynabeads anti-
Mouse IgG (5x106 beads/106 of positive cells); Selection
using IsolexTM 300 SA

Cell seeding after selection

Cell density: 1 x106 cells/ml

5 8 Dynabeads removal using IsolexTM 300 SA
Cell seeding after beads detachment; Cell density: 0.25+0.05
x106 cells/ml

6 10 Cell harvestConcentration and washing

CytoMateTMFinal cell density: 10-25x106 cells/mlInfusion
medium: saline solution + 4% HSA
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Figure 3. Cytomate.

Figure 4. Isolex 300A.
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Sodium butyrate (NaBu) can enhance the expression of foreign protein in
recombinant Chinese hamster ovary (rCHO) cells, but it can also inhibit cell
growth and induce cellular apoptosis. Thus, the beneficial effect of using a
higher concentration of NaBu on foreign protein expression is compromised
by its cytotoxic effect on cell growth. To overcome this cytotoxic effect of
NaBu, we down-regulated caspase-3 by expressing caspase-3 siRNA.
However, it was not sufficient for the inhibition of apoptotic cell death induced
by NaBu. When subjected to NaBu treatment, the rCHO cells expressing
caspase-3 siRNAs compensated for the lack of caspase-3 by increase of active
caspase-7 level.

For the successful inhibition of apoptosis of rCHO cells, we down-
regulated both caspase-3 and caspase-7 using the siRNA expression vector
system. The rCHO cell line (FR26 cell) with reduced levels in both caspase-3
and caspase-7 was developed by transfecting F21 cells with the caspase-7
siRNA expression vector.

CHO cell, Cell Engineering, Anti-apoptosis, Productivity, siRNA, Caspase 3,7

1. INTRODUCTION

Active caspase-7 has been shown to be associated with the mitochondria
and the Endoplasmic reticulum (ER) membranes, whereas active caspase-3
remains cytosolic.1 Although they act on distinct substrates in different
cellular compartments2, their activations were interconnected during the
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apoptosis induced by NaBu addition. They are highly homologous and
structurally alike3 and both of them prefer DEXD-based cellular substrates
during apoptosis. The hTPO is a potential therapeutic glycoprotein for the
amelioration of thrombocytopenia caused by chemotherapy, irradiation and
bone marrow transplantation.4

In this study, we downregulated both caspase-3 and caspase-7 using the
siRNA expression vector system for the successful inhibition of apoptosis of
rCHO cells producing human TPO (hTPO). We evaluated the effect of
downregulation of caspase-3 and caspase-7 on inhibition of NaBu-induced
apoptosis, enhancement of culture longevity, and hTPO productivity.

2. RESULTS

2.1 Selection of Caspase-7 SiRNA Target Site
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Figure 1. (A) The procedure of vector construction and (B) the expression of caspase-7
siRNAs in cells. Amp, ampicillin resistance; Hygro, hygromycin resistance. pSilencer 3.1-H1
hygro contains HI RNA polymerase III promoter for the expression of siRNAs and
hygromycin resistant gene for the antibiotic selection of transfected cells.
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2.2 Development of Cell Line with Reduction in Both Caspase-3 and
Caspase-7 Levels

The rCHO cells expressing a low level of caspase-3 (F21 cells) were
transfected with pSilencer-casp7 vector containing siRNA oligo of target site
R and cultivated in the selection medium with hygromycin, as described
earlier. The C1 cells were R-2-3-2 cells transfected with two negative
control vectors, pSuper-neo and pSilencer 3.1-H1 hygro. The C2 cells were
F21 cells transfected with a negative control vector, pSilencer 3.1-H1 hygro.
To screen the clone expressing low levels of caspase-3 and caspase-7, 29
hygromycin-resistant clones were assayed through Western blot analysis.
FR26 cell clone showed the significant low levels in caspase-7 as well as
caspase-3 and was selected for further study (Fig. 2B). C2 cells maintained a
low level of caspase-3 during hygromycin selection (Fig. 2B).

*
Control N R S
A) Caspase-7
(A) (35 kDa) ’ - o »
*
C1 2 FR26

(B) caspaser -— - -

I
Caspase-3 } R i
4

p-actin ——— e S

Figure 2. Selection of siRNA oligo sequence with reduced caspase-7 level by Western blot
analysis. (B) Reduced caspase-3 and caspase-7 level in selected clone(FR26) relative to
controls by Western blot nalysis. C1,containing null vectors of caspase-3 and 7; C2,containing
caspase-3 siRNA and caspase-7 null vector ; FR26,containing caspase3 and 7 siRNAs.
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2.3 Caspase-3/7 Activity

Figure 3A shows relative caspase-3/7 activity in the cells sampled just
before or 5 days after replacement of serum-medium with serum-free
medium (SFM-YH). The relative caspase-3/7 activity was estimated as a
ratio of the activity in cells just before or after medium replacement to that in
C1 cells just before medium replacement. In serum-free medium, C2 and
FR26 cells exhibited considerably lower activities compared to that of C1
cells. It indicates that expression of caspase-3 siRNAs or expression of both
caspase-3 and -7 siRNAs decreased caspase-3/7 activities in serum-free

medium.
5 4
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3 4
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Figure 3. Relative Caspase 3,7 activity in C1, C2 and FR26 cells. (A) culture in serum-free
media and (B) 0,1,3 mM NaBu treatment. (*) caspase inhibitor was treated as a control of
assay.
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Figure 3B shows relative caspase-3/7 activity in the cells sampled just
before or one day after NaBu addition. The relative caspase-3/7 activity was
estimated as a ratio of the activity in cells just before or after NaBu addition
to that in C1 cells just before NaBu addition. In C2 cells, the caspase-3/7
activity in presence of NaBu was not decreased by caspase-3 siRNA
expression. This may be caused by compensation of caspase-7 for the lack of
caspase-3 activity in the presence of NaBu, as shown in our previous study
(Sung and Lee, 2005). However, in FR26 cells, it was reduced by expression
of both caspase-3 and -7 siRNAs. This suggests that downregulation of both
caspase-3 and -7 by siRNAs can efficiently inhibit total enzymatic activity of
caspase-3 and -7 in the presence of NaBu.

2.4 Cell Culture with NaBu Addition
In all cell lines, the highest hTPO concentration was achieved in the

culture with 1 mM NaBu. This was resulted from enhanced g,rpo by NaBu
addition. Compared to cultures without NaBu addition, more than 3-fold
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Figure 4. Cell growth, cell viability, and hTPO production of (A) C1 control cells, (B) C2
control cells and (C) FR26 cells during the cultivation using NaBu. Arrows indicate the time
of NaBu addition. Error bars represent the standard deviation determined in duplicate
experiments.
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increases of the gnrpo were obtained in the cultures with 1 mM NaBu
addition (Table 1). In the cultures with ImM NaBu addition, the hTPO
concentration in FR26 cells was slightly higher than or similar to that in
control cells (C1 and C2 cells) (Table 1). This suggests that the dramatic
enhancement of hTPO concentration can not be obtained in the cultivation of
rCHO cells with reduced levels of caspase-3 and caspase-7.

2.5 Apoptosis Assay

c1 c2 FR26

NaBu M 3 45710 345710 3457 10

0 mh

=
1 m w
3 mM

Figure 5. Chromosomal DNA fragmentation in (A) C1 control cells, (B) C2 control cells and
(C) FR26 cells. M: a molecular weight marker, 1-kb plus DNA ladder.
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2.6 Detection of Mitochondrial Membrane Potential

When C1 cells were subjected to 3 mM NaBu, the percentage of
population with low mitochondria membrane potential increased by 11.2%.
This reduction by 3 mM NaBu could not be overcome by downregulation of
caspase-3 or/and caspase-7. The percentage of population with low
mitochondria membrane potential was also increased in C2 and FR26 cells
by 3 mM NaBu addition. However, overexpression of Bcl-2 maintained high
mitochondria membrane potential even in the presence of 3 mM NaBu. The
percentage of population with low mitochondria membrane potential was not
increased in R-bcl2-14 cells by 3 mM NaBu addition.
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Figure 6. Mitochondrial membrane potentials were examined by flow cytometry in (A)Cl,
(B)C2, (C)FR26,(D)R-neo and (E)R-bcl2-14 the population with high green fluorescence
(FL1) and low red fluorescence (FL2) represents the population with low mitochondria
membrane potential.
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3. CONLUSION

1. Expression of caspase-3 and 7 siRNAs could down-regulate efficiently
and specifically the intracellular caspase-3 and 7 level in rCHO cells
producing hTPO.

2. Down-regulation of both caspase-3 and 7 didn’t yield highly positive
effect as we expected, and it needs to be investigated further.

3. NaBu-induced apoptosis was slightly prevented in FR26 cells, but anti-
apoptotic effect of caspase-3 and 7 down-regulation was not sufficient
enough when compared with that of bcl-2 overexpression.
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Abstract: The technology of UniTargetingResearch AS (UTRtech™) is based on the
finding that the efficiency of directing mRNA to the endoplasmic reticulum is
influenced by targeting signals. Using selected signals, genetically engineered
mammalian cells are generated from which a protein of interest can be
efficiently secreted. An industrial collaboration has revealed that UTRtech™
has the potential to significantly enhance the production of therapeutic
proteins.

Keywords:  CHO cells, IgG supersecretion, recombinant protein, seamless cloning, signal
peptide, 3'UTR.

1. INTRODUCTION

In order to make mammalian cell systems competitive as cell factories it
is of extreme importance to overcome the problem of low levels of protein
production. Numerous approaches have been applied during recent years
where attention has been paid mainly to modifying the cell's growth
conditions (media composition and process control) and increasing the
transcriptional activity of the recombinant gene (e.g. utilisation of strong
promoters/enhancers in the expression vector, amplification of gene copy
number) (Wurm, 2004). A new approach is currently being developed in our
laboratory where the focus is on aspects of post-transcriptional events. We
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have earlier shown that polysomes in CHO cells can be fractionated into
free, cytoskeletal-bound and membrane-bound populations (Pryme et al.,
1996). Based on our finding that the efficiency of directing mRNA to
membrane-bound polysomes and thus to the endoplasmic reticulum, is
dependent on the presence of targeting signals (specific signal peptides and
3'UTRs) (Partridge et al., 1999), we have addressed our efforts to the
improvement of protein synthesis/secretion by exploiting these results. We
have compared the relative efficiencies of different signal peptides and
signal peptide/3'UTR “doublets” from various sources on the production of a
model protein (a marine luciferase). This led to the development of
UTRtech™. In collaborative experiments with an industrial partner we have
tested the technology for its ability to promote increased immunoglobulin
(IgG) production. Using the same approach we have investigated the
possibility to secrete an intracellular model protein (EGFP). The results from
these studies are reported here.

2. Materials And Methods

2.1 Cell culture and transfection

CHO cells were grown in monolayer culture using DMEM medium
containing 10% FBS where appropriate, and 100 U/ml penicillin. Cells were
incubated in a humified atmosphere of 5% CO, at 37°C. Transfection was
performed using lipofectamine and stable cell populations were established
within 4 weeks using a selection medium.

2.2 Seamless cloning

All vector constructs were made using a seamless cloning strategy. This
PCR-based method was developed in our laboratory for the directional
insertion/substitution of DNA, independent of restriction enzyme sites and
avoiding the incorporation of linker sequences.

2.3 Bioluminescence assay, ELISA, Western and Northern blotting

These were carried out according to routine laboratory procedures.
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3. Results

3.1 Defining Utrtech™ Using A Model Protein

Using a naturally secreted luciferase from the marine copepod Gaussia
princeps as a model protein, a number of signal peptides have been tested for
their ability to promote synthesis and secretion of this protein in transfected
CHO cells. Figure 1A shows the relative efficiencies of selected signal
peptides with respect to the amounts of luciferase produced and recovered in
the growth medium. The amounts differ by factors of up to 50.
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Figure 1. A) Effect of different signal peptides on synthesis/secretion of Gaussia luciferase.
Luciferase activity in culture medium and cell extracts of stably transfected CHO cell
populations was measured with a standard bioluminescence assay and corrected according to
cell number. The signal peptides used are derived from the following proteins (top to bottom):
human albumin, human interleukin-2, human trypsinogen, Gaussia luciferase. B) Northern
blot analysis of mRNA isolated from selected CHO cell populations in (A), designated I-III.
DNA probes against GAPDH (control) and luciferase coding region were used. C)
Quantification of luciferase mRNA bands in (B) using QuantityOne software (Bio-Rad). Both
mRNA measurements and luciferase activity measurements (medium values from panel A)
are related to the maximal values achieved using the Gaussia-luciferase signal peptide (set as
100%). D) Effect of various 3'UTRs combined with the Gaussia-luciferase signal peptide on
synthesis/secretion of Gaussia luciferase.
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In order to eliminate the possibility that the striking differences observed
were due to varying levels of mRNA, Northern blot analysis was performed
(Figure 1B). The levels of mRNA and secreted luciferase were quantified
(Figure 1C). Interestingly, although the amounts of luciferase mRNA where
the albumin signal peptide was used, is about 80% of that found with the
Gaussia-luciferase signal peptide, the level of secreted luciferase is only 2%.

In a further set of experiments the Gaussia-luciferase signal peptide was
tested in combination with various 3'UTR sequences derived from genes
coding for secreted proteins. As exemplified in Figure 1D, again a
significant variation in the levels of luciferase secretion was observed.
Efficient signal peptide/3'UTR doublets were identified. The doublets
together with the seamless cloning technology to be used for the construction
of “secretion cassettes” containing the coding region of a protein of interest
is defined as UTRtech™.

3.2 Proof of Principle: Supersecretion of Igg

In a collaborative project with Angel Biotechnology Ltd aiming to boost
human IgG production, we have compared the effectiveness of an optimised
signal peptide/3'UTR doublet with those doublets originally present in the
vector system determined by the company. As shown in Figure 2 there is a
clear increase in intact IgG production when using UTRtech™, both in a
stably transfected CHO cell population (Panel A) and when testing about
200 randomly selected single CHO cell clones (Panel B). The mean titre of
the clones is more than 50% higher when transfected with the modified
versus unmodified vector. Clones producing maximal amounts of IgG were
observed in the range of 200-250 mg/ml using UTRtech™ compared to
clones producing 80-90 mg/ml with the original vector not containing the
optimised signal peptide/3'UTR doublet.
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Figure 2. A) Assembled IgG identified in the medium of stably transfected CHO cell
populations. B) Assembled IgG identified in the medium of randomly selected single clones
from transfected CHO cells (work performed by Angel Biotechnology Ltd). In (A) two
vectors encoding either the IgG heavy or light chain were cotransfected, whereas in (B) both
chains were encoded by the same vector. In (A) medium samples were adjusted according to
total protein concentration and subjected to Western blot analysis. In (B) medium samples
were subjected to ELISA. "Partner" indicates the original and "UTRtech" the modified
vector(s).

3.3 Secretion of an Intracellular Protein

UTRtech™ has been employed to successfully secrete an intracellular
model protein, namely EGFP (Figure 3). Further, the experiment
demonstrates the importance of the seamless cloning technology in order to
produce authentic protein. When comparing the result obtained with our
secretion vector and the result obtained with a commercially available
secretion vector where cloning requires the use of restriction enzymes, it is
evident that the presence of linker sequences is disadvantageous.
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Figure 3. Western blot analysis of EGFP in the culture medium (M) and cell extracts (C) of
CHO cell populations stably transfected with vector constructs containing the "cassettes"
specified. The different genetic components are designated in Figure 1. The “hooks” in the
commercial secretion vector indicate linker sequences.

4. Discussion

The observations we made when testing individual signal peptides were
very surprising in that we had expected that the signal peptide of albumin, a
protein produced and secreted constitutively in large quantities by the liver,
would be extremely effective with regards to production of recombinant
protein in mammalian cells. The amount of luciferase recovered in the
culture medium when using the albumin signal peptide, however, was only
2% of the amount achieved using the signal peptide from Gaussia luciferase.
Interestingly, similar results as with CHO cells were obtained with HepG2
cells. Also other signal peptides of human origin expected to perform well
(e.g. interleukin-2, trypsinogen) did not reach the same high level of
recombinant protein secretion achieved using the marine signal peptide.
Since the levels of mRNA measured in the samples from CHO cells
transfected with the albumin/interleukin/Gaussia-luciferase signal peptide
constructs vary to a much lesser extent than the corresponding levels of the
secreted luciferase, the results would strongly suggest that the effect is at the
post-transcriptional level. This is supported by preliminary results obtained
from a collaboration with Selexis, a company focusing on transcriptional
enhancement by employing specific DNA elements binding to nuclear
scaffolding. Combining UTRtech™ with their technology (MARtech™)
resulted in a 100% increase in luciferase secretion, demonstrating that
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UTRtech™ is complementary to approaches aiming at improved recombi-
nant protein production through elevated mRNA levels.

Since the results had been obtained using a model reporter protein, it was
important to ascertain whether or not similar observations could be made
with a protein of commercial interest. Collaborative experiments performed
together with Angel Biotechnology Ltd indeed showed that incorporating
UTRtech™ into their expression system significantly enhanced IgG
production on the laboratory scale.

Further collaborative experiments performed with academic/industrial
partners have demonstrated that in addition to recombinant protein
production, UTRtech™ has the potential to be adaptable for use in other
applications such as gene and cell therapy where efficient protein secretion is
imperative.

Regarding the successful application of UTRtec to secrete an
authentic intracellular protein, this has important implications e.g. for the
production of certain "difficult-to-express" proteins which exhibit toxicity
when accumulating in the host cell. Their secretion would circumvent the
problem of cell damage/death.

The results described here clearly illustrate the fact that mammalian
signal peptides hitherto thought to be extremely effective with regard to
recombinant protein production (e.g. the signal peptide from albumin), can
be replaced by far more efficient sequences originating from non-
mammalian sources. Further, they demonstrate the importance that the
nature of the 3'UTR is also taken into consideration such that the most
effective signal peptide/3'UTR doublet is chosen for the recombinant protein
whose production rate is to be boosted.

hTM

5. Summary

1. The choice of signal peptide/3'UTR doublet is imperative when one has
the goal of achieving improved yields of recombinant protein in
mammalian cells.

2. The adaptation of seamless cloning technology results in the production
of authentic protein.

3. UTRtech™ can be used to enhance the production of naturally secreted
proteins and to secrete intracellular proteins.

4. Industrial collaborations have demonstrated the incremental nature of
UTRtech™.

5. UniTargetingResearch AS (www.unitargeting.com) is the sole supplier
and IP holder of UTRtech™,
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Abstract: While synthetic biology was until recently restricted to network assembly and
testing in prokaryotes, decisive advances have been achieved in eukaryotic
systems based on current availability of different human-compatible transgene
control technologies. The majority of transgene control networks available to
date are fully synthetic. Yet, in order to develop their full anticipated
therapeutic potential, synthetic transgene control circuits need to be well
interconnected with the host cell’s regulatory networks in order to enable
physiologic control of prosthetic molecular expression units. We have
designed three semi-synthetic transcription control networks able to integrate
physiologic oxygen levels and artificial antibiotic signals to produce
expression readout with NOT IF or NOR-type Boolean logic or discrete multi-
level control of several intracellular and secreted model product proteins.
Subtle differences in the regulation performance of the endogenous oxygen-
sensing system in CHO-K1 and human HT-1080 switched the semi-synthetic
network’s readout from a classic four-level (high, medium, low, basal)
regulatory cascade to a network enabling six discrete transgene expression
levels.

Key words: Synthetic Biology, Gene Networks, BioLogic Gates, Hypoxia, Erythromycin,
Tetracyclin

1. INTRODUCTION

In this work we pioneer several semi-synthetic gene networks able to
integrate endogenous (oxygen levels) and artificial (clinically licensed
antibiotics) signals and produce NOT IF- or NOR-type BioLogic as well as
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multi-level transgene transcription responses in rodent and human cell lines.
We expect semi-synthetic mammalian gene networks to generate decisive
impact on future gene therapy and tissue engineering initiatives.

2. RESULTS AND DISCUSSION

2.1 Design of hybrid promoters

In order to design chimeric promoters which are induced by low oxygen
concentrations (hypoxia, Hox) and repressed by the transcriptional silencer
E-KRAB (Weber er al.,, 2002a), hypoxia-responsive promoters were
equipped with E-KRAB operator modules placed between hypoxia-
responsive promoter and luciferase reporter gene (fuc).

A

| Povao > E-KRAB | pA | |
pWW43 @ x
21% O,

+EM

Hox (1% O,)

v v
‘HREQ | Psv40min> ETR ‘ luc ‘ PA ‘ HRE‘
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[RLU/(I*s*)* 10°]

Luciferase Production

Hoyl +EM Noy/ +EM Hoyl-EM Noyl-EM

Figure 1. Diagram of oxygen- and erythromycin-responsive hybrid promoters, assembled in a
semi-synthetic regulatory network, enable transgene expression with NOT IF Boolean logic
(A). Luciferase production of HT-1080 transfected with pWW43 (PSV40-E-KRAB-pA) and
pBP456 (HRE2-PSV40min-ETR8-Luc-pA-HRE) (B) and cultivated for 48h in the presence
or absence of erythromycin (xEM) and under hypoxic (HOX, 1% 0O2) or normoxic (NOX,
21% 02) conditions. (U/L, units per liter).
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2.2 Discrete four-level transgene expression control by a semi-synthetic
transcription cascade in CHO-K1

Interconnection of a two-step sequential antibiotic cascade with
endogenous hypoxia-controlled regulatory networks results in a semi-
synthetic three-step regulatory cascade (Figure 2), characterized by (i)
oxygen-responsive HRE;-Psysomin-driven PIT expression triggered by
endogenous HIF-1lao (HRE;-Psvaomin-PIT-pA-HRE; pBP445), (ii) PIT
controlling tTA (tetracycline-dependent transactivator) transcription in a PI-
responsive Ppr-driven manner (Ppr-tTA-pA; pBP134) and (iii) tetracycline
(TET)-repressible tTA-dependent reporter gene production driven by the
tetracycline-responsive promoter Pucvy+;  (Phemve1-SAMY-pA; pBP99
SAMY, heat-stabile Bacillus stearothermophilus-derived secreted o-
amylase).

Induction

Repression
—_—

Hox (1% O,)

'HRE, | PSV40min> PIT [ pA | HRE]

pBP445 o
[Pog TA | pA |
pBP134 Tot
[Prowa SAMY [ pA |
pBP99

Figure 2. Design of a three-level semi-synthetic regulatory cascade. At hypoxic conditions
(Hox) HIF-la induces Psygomn-mediated expression of the pristinamycin-dependent
transactivator PIT encoded on pBP445 (HRE;-Pgvsomin-PIT-pA-HRE). In the absence of
pristinamycin (-PI), PIT drives Ppr-mediated expression of the tetracycline-dependent
transactivator tTA encoded on pBP134 (PpRr-tTA-pA). tTA finally triggers Ppcenyi
(tetracycline-responsive promoter) -mediated SAMY (Bacillus stearothermophilus-derived
secreted a-amylase) production from pBP99 (Pycmv+1-SAMY-pA) whenever transgenic cells
are cultivated in tetracycline-free (-TET) medium.
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Following cotransfection of pBP445, pBP134 and pBP99 into CHO-K1,

the semi-synthetic network enabled four distinct SAMY expression levels
correlating with four different culture conditions (Figure 3).
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Figure 3. Regulation performance of the three-level semi-synthetic regulatory cascade in
CHO-KI1. The regulation characteristics of the cascade were assessed by SAMY
quantification following transfection of pBP445, pBP134 and pBP99 into CHO-K1. Cells
were cultivated under normoxic (NOX, 21% 02) and hypoxic (HOX, 1% O2) conditions as
well as in the presence and absence of pristinamycin I (+PI) and tetracycline (+TET). (POI,
protein of interest).
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Abstract:

Key words:

A major limitation of retrovirus gene therapy technology is the often low
percentage of target cells transduced. This is in part due to the low diffusivity
of retroviruses, as well as their short half-life (~5h). An approach to
overcome these limitations has been developed using the forces in an acoustic
standing wave field. An air-backflush mode of operation obtained up to 8-fold
increases in TF-1 cell transduction compared to static controls and this was
sustained from 2 to 24 h. The transduction increased as a function of power
input, but at elevated power levels the acoustic transducer generated excessive
heat. A new design with improved heat dissipation allowed continuous
acoustic treatment over 2 days with no decrease in cell viability. This
acoustically increased transduction reduces the need for additives and avoids
the complications of recovering anchored cells. While acoustic separators can
be used for bioreactor volumes ranging from hundreds of mL to >100 L, it is
also important to define operational settings that avoid negative thermal
influences on the cells. Additional cell culture experiments with CHO cells
were performed to determine the acceptable temperature variations.

separator, gene therapy, retroviral transduction, mammalian cell retention,
separation, gene transfer, standing wave, acoustic field, perfusion
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1. INTRODUCTION

Recombinant retroviruses are widely used for scientific research and are
being developed for gene therapy applications, due to their ability to
efficiently deliver transgenes (Andreadis ef al., 1999; Chan et al, 2001). A
major limitation of this technology is the often low percentage of cells
transduced, even when high-titre viral preparations are available. This is, in
part, due to the low diffusivity of retroviruses (~6 x 10 cm/s), as well as
their short ~5 h half-life (Higashikawa et al., 2001). Various colocalization
strategies to enhance virus-cell contact, such as centrifugation (Kuhlcke et
al., 2002) and membrane flow-through transduction (Chuck et al., 1996),
have increased transduction efficiencies by factors of 3- to 10-fold. Other
protocols have relied on additives, including fibronectin (Bajaj et al., 2001)
and polycations, such as protamine sulfate and Polybrene (Cornetta et al.,
1989; Hennemann et al., 2000), to increase viral-cell interaction by
enhancing adsorption, or by reducing the electrostatic repulsion between
these negatively charged particles. However, many of these techniques are
not readily scaleable for the large numbers of cells often required in clinical
protocols. Therefore, it is valuable to develop technologies that can increase
the effective viral transduction rates despite low and variable virus titres.

We are currently developing a strategy using acoustic forces to overcome
the diffusion limitations associated with viral transduction protocols. The
diameter of retroviruses is ~130 nm, about two orders of magnitude smaller
than that of mammalian cells. The primary radiation forces in the standing
wave field (Kilburn et al., 1989; Woodside ef al., 1997) are opposed by drag
forces, such that the acoustically driven particle velocities are roughly
proportional to the particle radius squared. Thus, forces in a resonant
acoustic field displace cells to the pressure node planes at much greater
velocities than those of viral particles. Mammalian cells are retained in the
pressure node planes while the viral particles are more readily displaced by
fluid flow. These phenomena result in relative motion between virus
particles and target cells, greatly increasing their encounter frequency. This
use of acoustic forces is distinct from other reported uses of ultrasound for
non-viral gene transfer (Koch et al., 2000; Newman et al., 2001) since the
latter systems rely on cavitation-induced shear forces in order to generate
transient permeabilization of cell membranes.

2. MATERIAL AND METHODS

Acoustically enhanced retroviral transduction was performed using a
modified 10L BioSep acoustic separator (Applikon Biotechnology) mounted
on a 100 mL spinner flask (Bellco Glass) containing 8 x 10° TE-1 cells/mL
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(ATCC CRL-2003) resuspended in a mixture of 75 mL of DMEM
supplemented with 10% FBS (Gibco) and 6 ng/mL. GM-CSF, and 75 mL of
MSCV-IRES-GFP virus-containing medium (VCM). The retroviruses were
obtained from vector-transduced PG13 cells (gift from the Terry Fox
Laboratories, B.C. Cancer Agency) engineered to produce a vector with a
green fluorescent protein (GFP) reporter gene (Hennemann et al., 1999).
The use of an air-backflush mode of operation (Gorenflo et al., 2003)
eliminated the need to circulate the virus-cell suspension through a pump.
Using a SC3010 controller (SonoSep Technologies), the resonant frequency
was adjusted to 1.95 MHz and the power input to the piezoelectric
transducer was set to 5 W. The transducer was cooled by air flow at 10
L/min. Every 4 min, a total of 25 mL from this culture flowed through the
separator at 7 mL/min and then, by back flushing, was returned to the
spinner. This process was repeated continuously over a period of 24 h. The
temperature of the spinner was maintained at 37 °C with a water bath and the
pH controlled using 10% CO, in air. Viability was measured by a Trypan
blue (Sigma) assay and using a Cedex automated cell counter (Innovatis).
Samples were diluted 1:5 using DMEM supplemented with 10% FBS and 6
ng/mL. GM-CSF to minimize post-sampling transduction. The cells were
expanded in tissue culture treated 6-well plates (Nunc) for 2 days (Klein et
al., 1997) and then analyzed by flow cytometry for GFP expression using a
FACScan cytometer (BD Biosciences). In order to exclude non-viable cells
from analysis, 5 ug/mL propidium iodide was added to samples prior to
analysis. Results from the acoustically treated spinner were compared to
that of transduction performed in a static control consisting of a T-75 flask
(suspension cells, Sarstedt), a 100 mL spinner flask (Bellco Glass) and the
acoustic system without power supplied to the piezoelectric transducer.
Chinese Hamster Ovary (CHO) cell experiments were performed in 100 mL
working volume spinner flasks (Bellco Glass). The spinners were modified
to allow aeration, sampling and automated pumping in/out to a heat
exchanger to obtain varying temperature exposures.

3. RESULTS AND DISCUSSION

A 3.5-fold increase in transduction efficiency, compared to static
controls, was obtained within the initial 2 h of acoustic treatment and was
sustained for a period of up to 24 h (Figure 1). After 24 h of treatment 23%
of viable cells expressed GFP while only 6.7% were transduced in the
controls. Additional trials (not shown) yielded 3- to 8-fold increases in
transduction. No significant variations in transduction were observed
between the static control, the spinner flask alone and the acoustic system
without power supplied to the transducer. Viability remained above 91%
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during the initial 6 h and dropped to 86% after 24 h of treatment compared to
97% for the control. The transduction increased as a function of power
input, but at elevated power levels the acoustic transducer generated
excessive heat resulting in decreased cell viability. A new design with
improved heat dissipation allowed continuous acoustic treatment over 2 days
with no significant decrease in cell viability.
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Figure 1. Viable TF-1 cells transduced after acoustic treatment (squares) compared to control
(triangles). Transduced cells were assessed after a 2-day expansion based on GFP expression
analyzed by flow cytometry. (Error bars: SEM, sample replicate, n=2).

Additional experiments were performed with CHO cells, where 4% of
the culture volume was repeatedly exposed to 1-min excursions from 37 °C
to between 27 and 40 °C. Remarkably, it was found that cycling to 27 °C, as
would be the case for many external cell retention devices, significantly
decreased the growth rate of the whole culture. In the range of temperature
excursions from 31.5 to 38.5 °C, there was minimal impact on cell growth or
metabolism.  Overall, these studies define conditions that maintain
temperatures within acceptable limits while maximizing bioprocess
performance for both perfusion and viral transduction applications.

These results demonstrate the potential for increased retroviral
transduction efficiency through the use of acoustic forces. This method
should reduce the time needed for transduction while increasing the yield.
Furthermore, the ease of cell inoculation and recovery from such acoustic
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systems could make them far simpler to use than other systems. This
approach could also offer other advantages particularly relevant to safety in
clinical applications. For instance, it could eliminate the need for animal
derived protein additives, such as fibronectin or protamine sulfate. In
addition, the ease of aseptic cell manipulations in this closed system would
be advantageous for cell and gene therapy applications.
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Comparison of Different Transient Retroviral
Transfection Systems

V. Kleff, I. Rattmann, C. Ludwig, M. Flasshove, T. Moritz and B. Opalka
Dept. of Internal Medicine (Cancer Research), University of Duisburg-Essen, Medical,
School. Essen. Germany

Abstract: Oncoretroviral preparations were produced by PEI and CaPQO, precipitation-
mediated transient transfection of producer cells. For optimizing the latter
transfection method, the doses of different supporting agents were varied and
incubation times were altered. Best results were achieved with a modified
CaPO, protocol. For the production of foamy and lentiviral preparations
different transient transfection agents were tested. Foamyviral supernatants
had best titers after transfection with Polyfect and CaPO,, while lentiviral
preparations generated with CaPO, achieved the best results.

Key words: Oncoretrovirus, lentivirus, foamy virus, transfection, titers of viral
preparations

1. INTRODUCTION

Oncoretroviral vectors represent an established technology for an
efficient and stable gene transfer into hematopoietic CD34" stem/progenitor
cells and their daughter cells. The full potential of the technology has
recently been highlighted by the successful treatment of children with severe
combined immunodeficiency (SCID) disease. Here functional reconstitution
of the immune system following transfer of the missing gene encoding the
common gamma chain of interleukin receptors into hematopoietic stem cells
has been shown. The most common oncoretroviral vectors are derived from
viruses such as the Moloney murine leukemia virus (MMLYV) or the spleen
focus-forming virus (SFFV). Because of their unique biological
characteristics lentivruses (LV) and foamyviruses (FV) offer promising new
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alternatives and have recently been employed successfully for hematopoietic
stem cell gene transfer.

However, for successful gene transfer robust virus production protocols
are required. Therefore lenti, foamy, and oncoretroviral supernatants were
produced using various agents for transient transfections of producer cells.
The viral titers were used as a measure for the efficiency of the initial
transfection step.

2. PRODUCTION OF ONCORETROVIRAL
SUPERNATANTS

For the preparation of oncoretroviral supernatants a three plasmid system
was used. One plasmid carries the gene of interest. For this purpose two
vectors expressing the MGMT"'**® gene in the 3’ and 5’ position and the
EGFP marker gene in 5° and 3’ positions with respect to an IRES were used.
Both retroviral vectors share a hybrid backbone containing elements of the
murine embryonic stem cell virus (MESV) and the spleen focus forming
virus (SFFV) [Baum et al., J Virol, 1995]. In order to allow the production
of virus particles for gene therapy, the genes encoding the retroviral structure
proteins (gag), the reverse transcriptase (po/) and the envelope protein (env)
are supplied in trans by two other plasmids which are cotransfected into
producer cells.

For producing high titer preparations a transient CaPQ, transfection
system was used. In this system 293T or PNXg/p cells were transfected with
three plasmids. The vectors were mixed and added to the transfection buffer
by bubbling. Transfections were carried out in the presence of chloroquine
(25 pM). After 48 h of cultivation, retroviral supernatants were harvested
and subsequently titered on 3T3 cells.

From the different modifications of the CaPO, transfection system tested,
the CaPO, protocol with sodium butyrate and without heat inactivated FCS
achieved the best results. In the absence of sodium butyrate and heat
inactivated FCS PEI-produced supernatants showed higher transduction rates
than supernatants produced by CaPO4-mediated transfection (Table 1).

The best titers were achieved with supernatants produced with 293T cells
treated with the modified CaPO, protocol with sodium butyrate and without
heat inactivated FCS. The titers were about 2 x 10° virus particles per
milliliter, one log higher in comparison to the same conditions with PNXg/p
cells.
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Table. Transduction efficiency of supernatants produced with different transfection protocols
on PNXg/p cells.

CaPO,
without sodium butyrate
without incubation after bubbling
without heat inactivated FCS

2x10* 1x10*

CaPO4
without sodium butyrate
without incubation after bubbling
with heat inactivated FCS

6 x 10* 1x10*

CaPO,
with sodium butyrate (10 mM)
without incubation after bubbling
without heat inactivated FCS

1x10*
(same sample without -—-
sodium butyrate: 8 x 10°)

CaPO,
with sodium butyrate (10 mM)

5
with incubation after bubbling 3x10
without heat inactivated FCS
PEI
without sodium butyrate 2x10° 2x10*

without heat inactivated FCS

3. GENERATION OF FOAMY- AND LENTIVIRAL
PREPARATIONS

For the production of the foamy viral and the lentiviral preparations two
plasmid systems were used. The transfer vector carries the gag and pol genes
as well as the transgene (here eGFP). The second plasmid contains the
corresponding envelope gene. For the generation of the foamy viral particles
the foamy viral wild type env gene under the control of a CMV promoter
was used. The lentiviral based vectors were pseudotyped with the vesicular
stomatitis virus glycoprotein G (VSV-G).

For the production of foamy viral supernatants, five different transfection
agents were tested: Polyfect®, CaPO,, FuGene6”, jet PEI® and
Lipofectamine® 2000. 293T cells were transfected with the two plasmids
carrying the transgene (eGFP), the structure genes gag-po/ and the gene
encoding for the envelope protein and one of the reagents. 24 h after
transfection, the medium was removed and the cells cultured in fresh
medium containing sodium butyrate for eight hours. Sodium butyrate can act
to increase the efficiency of transfection and expression for both transient
and stable transfections. It increases enhancer-dependent transcription of
inserts driven by the CMV promoter. After another medium change and 24 h
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of cultivation, retroviral supernatants were harvested and subsequently
titered on HT1080 cells. The preparations that were generated with Polyfect”
and CaPO, achieved the highest titers (3 x 10* to 5 x 10* virus particles / ml).

Lentiviral supernatants were generated by transfecting 293T cells with
the two plasmids using FuGene6® and CaPO, as transfection agent. The
lentiviral preparations generated with CaPO, achieved higher titers (about 3
x 10° virus particles per ml) compared to FuGene6” (about 8 x 10° virus
particles / ml).
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Artificial Human Lymphnode
A device for Generation of Human Antibodies and Testing for Immune
Functions in vitro

C. Giese and U. Marx,
ProBioGen AG, Goethestr. 54, D-13086 Berlin, Germany

Abstract:

Key words:

Complex cultures of immune-organoids supported by the microperfusion
bioreactor HIRIS can be used as an in vitro-model of secondary human
lymphatic organs such as lymph nodes or spleen. Various functions of the
human immune system can be engineered for the induction of humoral or
cellular immune responses:

1. Generation of fully human antibodies against any therapeutical antigens
2.  Testing of immune modulating effects for drug screening

3. Testing for immunogenicitiy or immunotoxicity

HIRIS provides the effective interaction of antigen-presenting DC,
antigen specific regulatory T-cells and antibody-producing B-cells by
combination of matrix embedded semi-stationary cell phase and a circulating
mobile phase of suspended cells. The matrix assisted micro environment of
cytokine- and chemokine gradients induces directed cell migration, formation
of cell-cell contacts, secretion of mediators and at least induced proliferation,
differentiation and antibody secretion.

HIRIS can be used for the generation of B-cells expressing affinity
maturated antibodies angainst defined antigens. In advantage of established in
vitro assays using suspended cells such as mixed lymphocyte reaction HIRIS-
culture allows investigations of complex interactions, e.g. TH1/TH2-Shifts and
B-cell induction.

immune, organoid, bioreactor, perfusion, dendritic cell, lymphocyte, antibody,
micro environment

1. INTRODUCTION

Therapeutic antibodies play an increasingly important role in modern
medicine. Apart from their highly specific effectiveness, these antibodies
have to be extremely safe and must show excellent tolerability in patients.
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The ideal active substance is a fully human antibody derived from human B
lymphocytes matured during a natural immune response to antigens in vitro.
The primary goal of the research & development activities is the generation
of high affinity human antibodies for therapeutic use in a organoid system.

Using tissue engineering technology, a complex tissue culture of antigen
presenting dendritic cells, regulatory T-cells, and antibody producing B-cells
allows the understanding and experimental modeling of the immunologic
occurrences within a lymph node in vitro.

Furthermore, human immunofunctional organoids will offer the
opportunity for immunogenicity and immunotoxicological testing and
screening in vitro.

A suitable bioreactor system is needed for the essentials of the lymph
node environment regarding cellular composition, microanatomy and
fluidics.

In vivo, the lymphnode directs blood based lymphocytes to interact with
the stream of antigens and antigen presenting cells transported by the
lymphatic fluid from all peripheral compartments of the body. In terms of
technical equivalency the lymph node can be described as a biological cross
flow filter system for blood and lymphatic fluid. The lymphatic tissue of
stroma cells entraps antigens, antigen presenting cells and lymphocytes.

For a successfull bioreactor development matrix assisted compartments
for immobilized cells have to be combined with a perfusion system for
mobile, suspended cells. Effective interaction, by cell adhesion, migration
and stimulation can be realized under a well-balanced relation of a minimum
of perfusion and a maximum of self conditioned and self adjusted
biochemical microenvironment.

In contrast to already established tissues like skin or mucosal epithelia or
liver parenchym the lymph node is characterized by a highly dynamic
behaviour during infection and inflammation. In vivo, a new immune
response of a lymph node is induced by infiltration of antigen presenting
cells, e.g. dendritic cells (DC) via lymphatic flow, the activation and
proliferation of blood circulating T-lymphocytes followed by B-lymphocytes
and their growth, resulting in antibody-secretion and the swarming of
effector and memory cells. Finally, the lymph node reaction ist termined by
controlled tissue regression.

Two pivotal steps must have to be realized: The antigenspecific
activation of T-cells and the induction of B-cells towards secretion, affinity
maturation and class switch of antibodies.
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2. MATERIALS AND METHODS

2.1 Cell preparation and primary culture

The complex co-culture of human dendritic cells, T-and B-lymphocytes
is realized in an autologuous way. Cells are preparated from leucapheresis
material of adult, healthy donors. All cell populations are isolated from
PBMC-preparations by immune magnetic bead separations (Miltenyi
Biotech) for CD14, CD4 or CD19. Dendritic cells are generated in vitro
using stardard differentiation protocols by cytokines and growthfactors
(GM-CSF, IL-4, TNF-a). Aligots of lymphocytes can be kryopreserved and
revitalized on demand.

2.2 Perfusion bioreactor HIRS ™

The HIRIS ™ bioreactor is a hollow-fiber based miniaturized device for
longterm cultivation of immune competent human micro-organoids. Culture
volume and geometry is designed for multiparallel runs with respect on the
availability of the cells by single donors.

Sheets of microporous matrices containing immobilized cells are
mounted into the central part of the culture space. They are supplied for
oxygen and pH by planar sets of hollow-fibers using a defined, humidified
gas mix. The continous but moderate perfusion of culture medium provides
local microenvironment in the matrix.

A mobile cell phase of suspended lymphocytes can be infused in circular
through the matrix to initiate cell-cell interaction of mobile and immobile
cells. The given perfusion rates and geometry of the culture space should
have to ensure sufficient cellular orientation in the matrix. Migration and cell
interaction is driven by local microgradients of cytokines and chemokines
which will be formed in a process of self conditioning of the involved cells.

Matrix sheets are formed by hygrogels of agarose or alginate, non woven
polyamid fibrics or macroporous collagene sponges.

A system of disposable optical sensors (PreSens GmbH) is intergrated
for on line montoring of dO2 and pH.

2.3 Organoid culture

The inoculation of antigen loaded dendritic cells and T-lymphocytes into
the matrix sheets is performed in multiwell plates. Sheets are mounted into
the culture compartment and equilibrated in situ by regular perfusion.
Cultitivation time ist about 14 days, recently. For enhanced stimulation
mitogenic supplementation of bacterial lipopolysaccharid (LPS) is useful. At
the end of the bioreactor runs matrix sheets are removed and prepared for
histological characterisation.
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2.4 Analytics of metabolites and cytokines

Samples of culture supernatants are collected daily and analyzed for
glucose and lactate concentration. Frozen aliquots (-80°C) are stored for later
analyse of cytokines. The cytokines were quantified by Cytometric Bead
Array (CBA, BD Biosciences) for a given set of cytokines (IL-2, IL-4, IL-5,
IL-10 TNF-a and INF-y).

3. RESULTS AND DISCUSSION

The HIRIS ™ bioreactor device allows coninuously perfused longterm
cultivation of primary human immune competent cells in complex matrix
assisted co-culture for about 14 days. In co-culture DCs are forming a
dendritic network (Fig. 1). T-cells migrate to the denendritic network and are
activated by direct contact. The following T-cells proliferation leads to the
generation of T —cell aggegates. For the given biomass and perfusion rates
meatobolite and cytokine concentrations (IFN-y, IL-5, IL-2, IL-10, IL-4 and

TNF-a) are measurable and can be monitored to describe the process of
antigenspecifc T-cell activation. Remarkable peaks of enhanced secretion

Figure 1. A dendritic network is formed in a antigen stimulated co-culture of DC and T-cells
(microscop. magn. 20x).
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Figure 2. Dynamics of secreted cytokines of a HIRIS™ bioreactor run (IFN-Y, IL-5, IL-2, IL-
10, IL-4 and TNF-(X). Remarkable peaks of enhanced secretion can be observed after
mitogenic re-stimulation on day 11.

can be observed after mitogenic re-stimulation on day 11 (Fig. 2). Recently
the antigenspecific activation of a co-culture of DCs and T-cells could be

shown.
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The next steps will focus on the implementation of suspended B-cells
transfused through the matrix sheets in cycle on day 4 to 5 to ensure the best
B-cell induction by activated T-cells. Repetitive bioreactor runs and
intensive histological investigations will be done to ensure immuno-
functional organoids and the equivalency of generated complex cell clusters
to germinal centers of the lymph node in vivo.

In vitro derived germinal centers can be used for the isolation of single
B-cells expressing affinity maturated antibodies and cloning of of
theantibody genes. In a reduced co-culture concept the immunofunctional
organoids can be used for immunogenicitiy and immunotoxicolgical testing
based on T-cell activation.
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Single Cell Study in a Hydrogel
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Abstract: A single cell study is performed in a microfluidic device employing the
versatility of a newly developed technique of controlled cell entrapment in a
calcium alginate hydrogel. A Jurkat cell captured in a way that half of its body
is held in the gel, the other half exposed to flowing medium, shows an
unexpected behaviour: it elongates and moves out of the gel into the medium.
We speculate, that the directed migration is stimulated by shear stress exerted
by the fluid flow, creating an effect in our device, that is similar to diapedesis.

Keywords:  Microchip, cell immobilization, hydrogel, jurkat, diapedesis

1. INTRODUCTION

Cell immobilization is fundamental for cell studies. Cell entrapment in
hydrogels on chip is a means to achieve cell immobilization in a microfluidic
environment, and is an area of intense research. Casting gels in liquid
precursor form (Tan and Desai), photolithography of PEG-hydrogels (Koh
and Pishko) and photothermal etching of agar (Kojima et al.) are some of the
more current approaches. We use the binary reaction of Ca®" with alginate to
form a solid hydrogel from two liquid precursors under precise microfluidic
control (Johann et al., Braschler ef al.). It has the advantage of full
biocompatibility and enbles to precisely place a selected cell before hydrogel
formation.

Cellular morphology and function is dependent on the local
microenvironment. The chemical composition of the extracellular matrix and
communication with neighbouring cells are important factors, but also
spatial microheterogeneity: chemotaxis and polar cell organisation with
apical and basal membranes show that spatial gradients are detected and
reacted upon by cells. In microtechnology, structures at the cellular scale or
even smaller are routinely produced. However, most of the fabrication
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technologies are not biocompatible, because of the aggressive chemicals
and/or UV radiation used in the process. In PEG-hydrogel photolithography,
for instance, the UV doses used are sufficiently low to allow cell survival,
although the possibility of mutations and UV stress remain unresolved
issues. By adapting the alginate hydrogel technology to microchips, UV and
toxic chemicals are avoided, while spatial control of the reaction is
maintained using microfluidics. The basic techniques as well as a method for
positioning single cells before hydrogel formation has been published
recently (Braschler ef al.). Here we extend the technique to mammalian cells
by demonstrating viability of immobilized jurkat and HEK cells.

An interesting aspect of microfluidics is the precise spatial control at
dimensions comparable to the size of a single cell. For instance, cells can be
half-trapped: a defined fraction of the cell protrudes into the culture medium,
while the other part is immoblized in the gel. As a first application of the
alginate entrapment technology on chip, we use the partial entrapment of
jurkat cells to demonstrate shear-induced changes in the cell morphology.
Lymphocytes are capable of crossing the endothelium by diapedesis.
Although still under investigation, the role of chemical factors such as
selectins during rolling, chemokines and integrin action for lymphocyte
activation and attachment are quite well understood (Roitt ef al.). Shear
stress induced by blood flow is currently under investigation as a
supplementary factor modulating diapedesis, as show for neutrophils in
(Cinamon et al.). It is in this context that our hydrodynamical model system
may be of interest.

2. EXPERIMENTAL

2.1 Device Fabrication, Interfacing and Operation

Standard micromachining techniques were used for fabricating fluidic
channels, which were closed by reversibly sealing a PDMS piece with access
holes on top of a glass chip. The assembly was interfaced with a PMMA
block containing reservoirs for the liquids used in the experiment. Pneumatic
pressure generated by a pressure-dividing box described by Braschler et al.
was used to drive and control the different fluid streams in the microchip.

2.2 Chemicals
PDMS (Sylgard 184) was obtained from Omya, Sodium Alginate, CaCl,-

dihydrate, EDTA, Tris buffer and fluoresceine diacetate from Sigma-
Aldrich, DMEM culture medium from Gibco; the jurkat and CHO cells were
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a courtesy of Prof. Wurm’s group (EPFL), HEK 293 a courtesy of Prof.
Vogel’s group (EPFL).

For gel formation, 4 solutions were prepared: low concentration CaCl,
solution (ImM CaCl,, 50mM Tris) and high concentration CaCl, solution
(15mM CacCl,, 50mM Tris); the cells were contained in an alginate solution
(0.8% w/w) in DMEM culture medium, supplemented with 15mM EDTA;
the final culture medium was DMEM.

3. RESULTS AND DISCUSSION

3.1 Viability of immobilized mammalian cells

Viability of included HEK 293 and jurkat cells were assessed by loading
them with fluoresceine diacetate and observing leakage of the dye. This
indicates membrane integrity. Using flows on the order of 100um/s and
stable gel position, no cells were observed to die during immobilization and
the minutes thereafter, indicating no immediate toxicity or harmful effect.
However, violent displacements of the gel by experimentally introduced
brutal pressure changes rapidly killed the cells, especially the HEK 293. This
indicates that while controlled slow flow and stable inclusion into the gel are
not problematic, large deformations and shear forces are harmful to the cells.
The immobilized HEK 293 are probably more sensitive to such mechanical
stress because they are not only caught in the gel but often establish also a
firm contact with the glass surface, giving thus rise to conflicting forces
when the gel is displaced. For HEK 293 cells adhering to the border of the
gel, intentional displacement of the gel sometimes resulted in displacement
of the cell, sometimes in detaching the cell from the gel, corroborating the
hypothesis of conflicting adhesion forces leading to cell disruption.

3.2 Positioning Cells at the gel border

For controlled entrapment of a cell at the border of the gel, the following
protocol was developed (Figure 1).

In an initialization phase (Figure 1-A), fluid flow was initiated and the
pressures adjusted. In this phase, contact of the alginate with concentrated
calcium solution is avoided, so no gel formation takes place. Gel formation
is then initiated by bringing the concentrated CaCl,-solution (15mM) into
contact with the alginate solutions containing the cells (Figure 1-B). Rapid
gel growth leads to full inclusion of the cells into the gel. By changing back
from high to low calcium concentration, gel dissolution is initiated
(Figure 1-C). When a cell is exposed to the desired extent, the alginate-
EDTA supply is replaced with culture medium. As a consequence, the gel is
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bordered by a solution containing Ca*" (ImM) and culture medium, and is
thus stabilized for an indefinite period of time (Figure 1-D). This protocol
exploits both the possibility of controlling the gel width by varying the
composition of the liquids next to the gel and the possibility of maintaining
the gel indefinitely in solutions containing physiologic calcium
concentrations. However, it presents the inconvenience of a transient contact
of the cells with EDTA. Although such transient contact with EDTA is
routinely used for detaching cells in cell culture passaging, conditions could
be made more biocompatible by using citrate or EGTA instead.

A. Initialisation Step B. Initial Gel Formation C. Partial Gel Dissolution

ca® 1mM ca®" 15mM ca®" 1mm

|
L e |

Free cells

Alginate/EDTA Alginate/EDTA Alginate/EDTA
D. Stabilization / Incubation

ca?" 1mm
}

Gel

Culture medium

Protruding Cell

Figure 2. Microfluidic protocol for positioning cells at the gel border. The procedure is
detailed in the text. The cells shown in 1-D are HEK 293.

3.3 Cellular responses to shear stress

When jurkat cells were partially entrapped such that about half of the cell
protruded into the free flowing culture medium (flow speed 100-500um/s,
channel height 30pum), while the other half was contained in the hydrogel,
characteristic morphological changes were observed. The cells elongate and
constrict in a way that is reminiscent of diapedisis through endothelium
(Figure 2). Migration is towards the culture medium. HEK293 or CHO cells,
in similar conditions, show no directed migration, although changes in
cellular shape (CHO, HEK 293) and exploration of the surroundings by
filopodia (HEK293) were observed on the scale of 30 minutes. These results
are preliminary, as precise conditions for migration are currently under
investigation.
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Figure 3. Artificial diapedesis. A jurkat cell was partially entrapped at the gel border and
exposed to shear for 20 minutes. The micrograph shows the resulting cell morphology.
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Abstract: Computational methods that predict tissue assembly aid in the production of
biological substitutes that mimic native tissue. In particular prostate cancer
cells self-assemble on an attachment-limiting substrate into spheroids that
resemble micrometastases and have application to in vitro drug testing. Two
mathematical models of spheroid formation have been developed using the
population-balance and Monte Carlo method. The models accommodate a
variety of size populations: single cells and spheroids of different sizes. The
population-balance model predicts spheroid size distributions over a 5-fold
range of cell concentrations in the inoculum. Monte Carlo simulations predict
long-range interactions between aggregating cells on the order of several cell
diameters. This study provides evidence of intercellular bridges between the
cancer cells that contain alpha-tubulin and can extend at least 100 microns in
length. The computational methods presented here are robust in predicting
spheroid assembly and underlying biological phenomena. Since spheroid
composition is size-dependent, the models may be able to predict both
spheroid size and composition from properties of the inoculum.

Key words: aggregation, assembly, cancer, computation, filopodia, intercellular bridges,
kinetics, micrometastases, model, Monte Carlo, population balance, prostate,
spheroid, tissue, tubulin.
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1. INTRODUCTION

Tissue engineering has produced a remarkable variety of metabolic and
structural tissue substitutes for implantation, as extracorporeal devices and
for in vitro drug testing (Langer and Vacanti, 1993). The production of a
living tissue substitute from cell culture involves the assembly of vast
numbers of cells into three-dimensional structures in a controlled culture
environment. Computer simulations of this complex process aid in the
rational design of engineered tissue by facilitating the comparisons of
different production strategies with virtual cell cultures. For example,
mathematical models and computational analysis have been helpful in the
design of a soft-tissue implant (Song et al., 2002), bioartificial nerve graft
(Rutkowski and Heath, 2002) and liver assist device (Allen and Bhatia,
2003).

Our research group has recently developed mathematical models of the
self-assembly of multicellular spheroids using liquid-overlay cultures of
prostate cancer cells as a representative system (Enmon et al., 2002; Song
et al., 2003). Prostate cancer spheroids mimic micrometastases and have
application to in vitro drug testing and, in particular, drug development and
delivery, and the design of patient-specific therapies (O’Connor, 1999). Our
models are unique in their ability to account for the aggregation of
attachment-dependent cells at the resolution of one-cell increments. A
population-balance model was designed to investigate the effect of cell
concentration on spheroid size distribution (Enmon ef a/., 2002), and another
using the Monte Carlo method was developed to resolve intercellular
phenomena during spheroid assembly (Song et al., 2003).

The present study demonstrates the predictive capacity of the population-
balance model with respect to cell concentration and the Monte Carlo model
with respect to long-range intercellular interactions.

2. MATERIALS AND METHODS

2.1 Cell Cultivation

DU 145 human prostate cancer cells (ATCC HTB 81, Manassas, VA)
were cultivated at 37 °C, 5% CO, and 95% relative humidity in GTSF-2
complete medium (Lelkes et al., 1997) containing 7% fetal bovine serum
(pH 7.4). Multicellular spheroids were prepared in liquid-overlay cultures
on an attachment-limiting substrate of 1% agar (Difco, Detroit, MI) as
previously described (Enmon et al., 2002; Vidulescu et al., 2004). Liquid-
overlay cultures were inoculated with 5.0 x 10’ cells/em® to 2.5 x 10°
cells/cm’ at a constant volumetric density of 1.6 x 10° cells/ml.
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The concentration of single cells and aggregates in liquid-overlay culture
was determined by automated analysis of digital images captured with light
microscopy as described by Enmon ef al. (2002). Image analysis was
performed with Image-Pro Plus software (Media Cybernetics, Silver
Springs, MD). Between 14,000 to 36,000 aggregates per time period were
examined.

2.2 Fluorescence Microscopy

Filopodial dynamics was monitored with fluorescence microscopy by
labeling cell membranes with the lipophilic stain Vybrant® Dil (Molecular
Probes, Eugene, OR). DU 145 cells were suspended at a density of 1 x 10°
cells/ml in serum-free GTSF-2 medium and incubated with 5 pL/ml stain at
37 °C in the dark for 20 min. After centrifugation and suspension in
complete medium, labeled cells were plated in liquid-overlay cultures as
described above.

DU 145 cells were subjected to in situ immunofluorescence to detect
alpha-tubulin. Samples were fixed for 10 min with 3.7% methanol-free
formaldehyde in PBS and permeabilized for 5 min with 0.1% Triton X-100
in PBS containing 1% bovine serum albumin. Immunostaining was
performed with anti-alpha-tubulin mouse IgG; monoclonal antibody and
fluorescent anti-mouse IgG antibody according to manufacture’s instructions
(Molecular Probes).

2.3 Mathematical Models

The development of the population-balance and Monte Carlo model is
described in detail in Enmon ef al. (2002) and Song et al. (2003),
respectively. Briefly, the accumulation of cell aggregates of a given size i
during spheroid self-assembly was modeled as a population balance between
the formation of aggregates of size i from smaller aggregates and their
depletion for the formation of larger aggregates. The model accounts for all
size classes of aggregates in culture at a resolution of one-cell increments.
The rate of aggregation is described by a set of kinetic rate constants k; and
k; that are a function of aggregate size. The former represents aggregation
between aggregates of the same size i; the latter, dissimilar sizes i and ;.

The Monte Carlo model is based on the cluster-cluster aggregation model
developed by Meakin (1984) for particle flocculation. It was modified to
mimic cell aggregation by introducing a radius of influence, adhesion
probability, initial aggregate size distribution, Brownian-like cell movement
and convergence of aggregated cells. The radius of influence is defined as
the maximum distance between cell centers in which aggregation can occur.
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Figure 1. Kinetics of DU 145 cells aggregating on agar in liquid-overlay cultures at
5 x 10° cells/cm?® (A) and 2.5 x 10* cells/cm® (B). Symbols: m, single cells; e, dimers; A, 4-
mers; /\, 6-mers; ®, 8-mers; and ®, 10-mers.

3. RESULTS AND DISCUSSION
3.1 Cell Concentration

Figure 1 describes the depletion of single cells and formation of cell
aggregates during the self-assembly of DU 145 spheroids on agar in liquid-
overlay culture over 12 h when inoculated with 5.0 x 10° cells/cm’
(Figure 1A) and 2.5 x 10* cells/cm® (Figure 1B). The symbols depict
experimental aggregate concentrations that are expressed as dimensionless
values, aggregates/single cell; whereas, the curves represent simulated
aggregate concentrations from the population-balance model. Data are
presented for aggregate size i = 1 to 10. Model simulations were obtained
with a single set of kinetic rate constants as model input [k; (h™) = 1.7 + 1.9i
-52x10"7 +6.7x 10%’ and kij = 0.5(k;; + kj)]. There is good fit between
simulated and experimental concentrations over a 5-fold range of inoculum
densities. The population-balance model is capable of predicting the
concentrations of single cells through 10-mers as a function of time for the
entire culture period.

There is some error in model predictions particularly for large aggregates
at 5.0 x 10° cells/cm® (Figure 1A). Error between model simulations and
experimental data is more uniformly distributed over all size classes at 2.5 x
10* cells/cm® (Figure 1B). We attribute this error to the uncertainty of
measuring large aggregates that appear infrequently in culture, intrinsic
changes in the rate of aggregation as a function of inoculum density, and
difficulty in resolving aggregate boundaries in concentrated cultures.
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The predictive capacity of the population-balance model may be useful in
predetermining spheroid composition. The composition of spheroids is
highly dependent on their size. For example, the fraction of proliferating
cells is the largest on the spheroid surface and rapidly declines in the interior
of static spheroids over a distance of four cell diameters (Song et al., 2004).
With this size-composition relationship, model predictions could identify
inoculum concentrations to produce spheroids with a desired composition.

3.2 Intercellular Interactions

Our research group observed during development of the Monte Carlo
model that the best fit of simulated to experimental aggregation data
occurred when the radius of influence was significantly greater that the cell
diameter (Song et al., 2003). In other words, the model solution suggests
that long-range intercellular interactions are involved in spheroid self-
assembly. These interactions could be physical and/or chemical in nature.

As shown in Figure 2A, we have detected filopodial extensions and
intercellular bridges between DU 145 cells that have diameters from 100 nm
to 5 um and lengths from a few microns to at least 50 um to 100 um. These
reach lengths are on the order of the radius of influence predicted by Monte
Carlo simulations. Immunofluorescence detected alpha-tubulin in filopodia,
indicative of microtubule bundles (Figure 2B). Filopodial extension is likely
an early step in cell aggregation and spheroid self-assembly.

Figure 2. Extensions and intercellular bridges of filopodia from DU 145 cells labeled with Dil
(A, 10 pum scale) and anti-alpha-tubulin antibody (B, 25 pm scale).

In a related study, our research group discovered that filopodia are also
involved in intercellular communication. Specifically, filopodial extensions
can function as conduits for the transport of membrane vesicles between
adjacent DU 145 cells (Vidulescu et al., 2004). For DU 145 and many other



302 K. O’Connor et al.

cancer cells that are deficient in gap junctional intercellular communication,
flow of cellular material across intercellular bridges may partially compen-
sate for impeded transport through defective gap junctions.
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Abstract:

Key words:

One major objective in bone tissue engineering is the construction and
application of precise matrices in order to support and guide cell growth and
differentiation. These matrices are supposed to replace the extracellular matrix
(ECM), which naturally provides cells with a supportive framework of
structural proteins, carbohydrates and signaling molecules. The ideal matrix
has to mimic these ECM characteristics and should form the desired structure
with similar physical properties as bone tissue. Moreover it is known that
mechanical strain is an essentiell stimulus for proper function of tissue like
bone and cartilage. The mechanical strain mimics the physiological
environment and thus supports the differentiation process. In this work
MC3T3-El cells (mouse) were seeded onto macroporous ceramic scaffolds
and cultured with and without differentiation conditions. Cell viability was
monitored via MTT test. The differentiation status of MC3T3-E1 cells was
investigated using the alkaline phosphatase assay and von Kossa staining of
the extracellular matrix. Furthermore BMSCs were subjected to mechanical
strain. Strained cells were compared to non strained cells with regard to
proliferation, differentiation and repair mechanism by performing standard
BrdU assay and collagen I and III specific radio immuno assays (RIA).

bone tissue engineering, Sponceram®, Biostat® RBS, rotating bed system,
bioreactor, differentiation, mineralisation, BMP-2, MC3T3-El cells, BMSCs,
mechanical strain, alkaline phosphatase, collagen I, collagen III, von Kossa,
MTT assay
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1. INTRODUCTION

One approach in tissue engineering is to isolate cells or a tissue from a
patient and to generate a construct of matrix and cells ex vivo, before
reimplantation into the patient.

These matrices have to be biocompatible, should support cell attachment,
growth and differentiation towards the desired phenotype.

The matrix for bone engineering has to fulfil requirements concerning
their mechanical stability, biodegradability and porosity. Currently, the most
frequently used materials for bone tissue engineering are ceramics like
calciumphosphates, hydroxyapatites, degradable polymers such as poly
(glycolic acid)/poly(lactid acid) or composite materials (Burg et al., 2000,
Hutmacher, 2000, Logeart-Avramoglou et al., 2005). Also zirconium oxide
has been investigated as a possible suitable implant material (Hentrich ef al.,
1971). Zirconia is often applied in composite materials to increase the
strength of ceramics (Lee et al., 2004). In this study we used Sponceram” as
biomaterial for bone engineering. It is a highly porous ceramic compound,
consisting of doped zirconium oxide (Zr0,). Moreover, special proteins, such
as growth factors play an important role in tissue engineering. Bone
morphogenetic proteins are the main inductors for bone and cartilage
formation (Reddi 1992). They belong to the TGF-f superfamily (Sebald et
al., 2004). Besides BMP-7, BMP-2 is the most prominent used cytokine for
the differentiation process into bone tissue (Hollinger ef al., 1998,
Yamaguchi et al., 2000).

Recently, the field of tissue engineering has utilized mechanical
stimulation in vitro as a tool for promoting the development of a number of
tissue types including bone (Wakitani et al., 1994; Yang et al., 2002),
cartilage (Davisson et al., 2002), ligament (Altman et al., 2002), skeletal
muscle, and cardiac muscle (Kim & Mooney 2000; Zimmermann et al.,
2002).

For bone tissue, according to the general physiological strain in vivo, the
most frequently used systems elongate, compress or deflect cells grown on
different substrates (Neidlinger-Wilke et al., 1994; Ngan et al., 1988; Pender
& McCulloch 1991; Schaffer et al., 1994). While in circular devices cells are
strained radially which is adequate for cells from dermal tissues or muscle
cells, bone cells should better be strained longitudinally on rectangular
substrates, where a homogenous strain distribution is given. Such a strain
mimics a physiologic strain as present in bone tissue in vivo.

Cellular reaction to mechanical strain in vifro is dependent on substrate
material and strain parameters like elongation amplitude, frequency, or strain
duration. In this study, we chose rectangular elastic silicone dishes which are
simple to deal with and do not influence cell morphology, total protein
content and alkaline phosphatase activity (Neidlinger-Wilke ef al., 1994). A
frequency of 1 Hz was obtained as optimum for the proliferation of human
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osteoblastic cells on silicon dishes (Kaspar et al., 2002). In contrast to the
frequency, for elongation amplitude and duration, no optimal values seem to
exist yet. Therefore, different strain durations were tested in this study.

2. MATERIALS AND METHODS

2.1 Scaffold production

Under static conditions Sponceram” (Zellwerk, Germany) matrices
(3 x 4 mm) were incubated for 24 h in standard medium (DMEM, 10% FCS,
antibiotics) at 37°C, 5% CO, in 96-well dishes.

1.5 x 10* MC3T3-El cells were seeded on each matrix in 96-well dishes
for 30 min at gentle stirring at 37°C. Non attached cells were removed and
the wells were filled up with 200 pl medium: 1. standard medium; 2.
differentiation medium (1 puM dexamethasone, 10 mM B-glycerolphosphate,
50 pg/ml ascorbic acid); 3. BMP-2 medium (differentiation medium + 10
ng/ml BMP-2) and for each of the following tests the matrices were placed
into a new 96-well dish. Scaffolds were cultured for up to 20 days. Since it
was not possible to estimate the number of attached cells, the first
measurements were performed directly after cell seeding.

Cell viability was assayed using MTT test (Sigma, Germany). DNA
concentration was measured using the Pico Green assay (Molecular Probes,
USA). Alkaline phosphatase (ALP) was determined by an assay based on the
hydrolysis of p-nitrophenyl phosphate to p-nitrophenol.

Under rotating conditions, MC3T3-E1 cells were injected by a sterile
canula onto dry Sponceram® disc for 30 min. Two different types of
cultivation were performed in the Biostat® RBS (rotating bed system)
bioreactor (Sartorius BBI Systems, Germany). One cultivation was
performed for 28 days under standard medium conditions (seeding cell
number: 25 x 10%disc). The second one was cultivated for 10 days under
standard medium followed by 11 days cultivation under differentiation
medium + 10 ng/ml BMP-2 (seeding cell number: 55 x 10%/disc).

At the end of the cultivation period, the cells were briefly washed with PBS and
fixed in ice-cold 100% ethanol for 20 min at room temperature.

For von Kossa staining, fixed cells were washed with deionized water
and incubated for 30 min in 5% AgNO; in the dark, washed with deionized
water and exposed to ultraviolet light for 2 min.

Scaffolds for scanning electron microscopy were fixed in Karnovsky's
buffer (Ito and Karnovsky 1968) and subsequently dried in increasing
acteone solutions.
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2.2 Mechanical strain experiments

For the strain experiments, stem cells obtained from bone marrow were
used. Human bone marrow aspirates were obtained during routine
orthopaedic surgical procedures needing exposure of the iliac crest. Bone
Marrow derived Stromal Cells (BMSCs) were isolated using Percoll density
gradient centrifugation. Isolated cells were subsequently transferred to T-75
cm’ flasks in DMEM containing 10% FCS and antibiotics. Adhering cells
are believed to be BMSC. Cells in suspension were discarded. For strain
experiments, 1.5 x 10° second passage BMSCs were seeded onto silicone
dishes (11.5 cm®) prepared of a two component silicone resin. Serum
concentration was reduced to 1% for 24 h to align the cells into the GO cell
cycle phase. The cells on the silicone dishes were strained longitudinally
with a frequency of 1 Hz, an amplitude of 5% for 15 min and 60 min,
respectively. In order to investigate the proliferation characteristics of the
cells, BrdU was added to the culture medium two hours before strain
initiation. BrdU, being a thymidin analogue, is incorporated in the DNA of
proliferating cells during the S-phase of the mitosis cycle.

For proliferation assay, cells were fixed with 70% ethanol in 0.5 M HCl
at 20°C for 30 min and washed three times with DMEM. Cell proliferation
was performed with a standard BrdU assay (Hoffmann La Roche, Germany).

Collagen I and III production was determined with a competitive Radio
Immuno Assay (RIA) in the supernatant against the C-terminal propeptide of
collagen I and the N-terminal propeptide of collagen III using '*I
radiolabeled antigens (DPC Biermann, Germany). A standard curve was
used to determine the exact concentrations.

3. RESULTS AND DISCUSSION

3.1 Scaffold production under controlled conditions

To test the applicability of Sponceram® for the cultivation of MC3T3-El
cells, a first screening in cell culture dishes under static conditions was
performed. The cells were seeded in 96-well plate onto the matrices and
cultured for up to 20 days. Several analyses for cell proliferation and
differentiation into bone were carried out.

Cultivation of MC3T3-E1 cells in BMP-2 medium showed that the cells
grew well inside the macroporous structure of Sponceram® with a typical flat
morphology of osteoblatic like cells (Fig. 1A). The presence of single cells is
rare. The cells grow as an interconnecting network having intercellular
contacts to the surrounding cells (Fig. 1B).
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Figure 1. Scanning electron microscopie image of MC3T3-E1 cells cultured for 8 days in
BMP-2 medium on Sponceram®.

3.1.1 Cell proliferation and alkaline phosphatase activity

Cell viability of MC3T3-El cells cultured under static conditions was
analysed with standard MTT assay. Cultured MC3T3-El cells on
Sponceram® in standard medium, differentiation medium and BMP-2
medium showed a fast cell growth during the first ten days. Due to high
confluence on the matrix, the proliferation decreased after 10 days of culture
(Fig. 2, left). To evaluate the differentiation process of MC3T3-E1 cells
cultured on Sponceram®, the activity of the early osteogenic marker alkaline
phosphatase was determined. Cells were seeded onto Sponceram® matrices
in 96-well dishes and cultured in standard medium, differentiation medium
and BMP-2 containing differentiation medium. Due to the differentiation
induction of BMP-2 the alkaline phosphatase activity had a maximum at day
5 of cultured MC3T3-El cells in the cytokine containing medium. These
results clearly indicate the beginning differentiation process into bone tissue
on the matrix (Fig. 2, right).
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Figure 2. Cell viability (left) and alkaline phosphatase activity (right) of MC3T3-E1 cells
cultured on Sponceram® over a time period of 20 days. Values represent the mean of 5
samples of cultured scaffolds +/- SD.
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3.1.2 Mineralisation of ECM

MC3T3-El cells were cultured for 4 weeks in the Biostat® RBS
bioreactor. One cultivation was performed in standard DMEM medium, in
an additional cultivation, cells were cultured for two weeks in standard
medium followed by two weeks in BMP-2 medium.

The production of calcified extracellular matrix (ECM) by MC3T3-El cells
cultured under described conditions in the Biostat® RBS was qualitatively
determined by histochemical staining with von Kossa.

Cells cultivated under differentiation conditions with BMP-2 showed a more
intense von Kossa black positive staining, which indicates a higher mineralisation
(Fig. 3, upper right). The same results were obtained by Alizarin red staining (data
not shown).

Figure 3. Results of mineralisation after cultivation in the Biostat® RBS. Von Kossa staining
of non seeded Sponceram® (middle), cultured in standard medium (upper left) and in
differentiation medium (upper right).

However, also MC3T3-E1 cells cultured under standard conditions
showed mineralisation of the ECM, which means, that the Sponceram®
matrix itself induced the bone differentiation process (Fig. 3, upper left).
Thus differentiation medium with BMP-2 potentiate this to a large extent.

3.2 From genotype to phenotype by mechanical straining
3.2.1 Proliferation

BMSCs subjected to 15 minutes of longitudinal mechanical strain
showed a two-fold increase in proliferation 6 hours after cessation of strain

application. After 12 hours, this increase did not induce changes in
proliferation during the entire observation period.
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Figure 4. Cell proliferation measured by BrdU incorporation. Values represent the mean of 10
patients +/- SD. The baseline at 1 shows the control of non strained cells.

3.2.2 Differentiation and repair mechanism

15 minutes duration of strain application resulted in an increase of
collagen typ I production. The maximum production was observed 12 hours
after cessation of strain application (Fig. 5, left). This strain duration did not
result in any change in collagen typ III production. Conversely, 60 minutes
of strain induced increases of collagen III already 6 hours after termination
of strain application (Fig. 5, right). This increased production remained until
the end of the observation period. No significant deviation from baseline
values were observed for the collagen I production using this strain duration.
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Figure 5. Collagen I (left) and III (right) production measured with a RIA. Values represent
the mean of 10 patients +/- SD. The baseline at 1 shows the control of non strained cells.

4. CONCLUSION AND OUTLOOK

The results of cultivating MC3T3-E1 cells on macroporous Sponceram®
showed, that it represents a suitable matrix for bone engineering. For a more
controlled cultivation of functional bone tissue the Biostat” RBS was
successfully applied. Our mechanical strain experiments showed that a
longitudinal strain accelerates the differentiation of human bone marrow
stromal cells towards bone tissue. Moreover, choosing an optimal duration
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leads to physiologic extracellular matrix composition (like collagen I) and
increases proliferation.

In further experiments the differentiation status will be analyzed in more
detail by self developed DNA microarrays. The mechanical strain
experiments and the scaffold production will be combined by cultivation of
preconditions cells (BMSCs, MC3T3-E1) on Sponceram® matrices.
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Abstract: The history of cell culture teaches us that there is a need to attend to certain
fundamental aspects of best practice when preparing cells for routine use. As
cell culture techniques and applications become more complex it becomes
increasingly necessary to be aware of the impact of poorly controlled or
suboptimal cell culture procedures. The Good Cell Culture Practice guidance
has been prepared to promote an awareness of a broad range of important
issues in cell culture in workers coming to use cells for their work for the first
time and to remind others of the fundamental aspects of good practice in cell
and tissue culture.

Key words: cell culture, best practice

Following the proposal for publication of minimum guidelines for cell
and tissue culture at the 3rd World Congress on Alternatives and Animal
Use in the Life Sciences (Bologna, Italy, 1999): outline guidance on Good
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Cell Culture Practice was published by Hartung et al., in 2002. In October
2003, a new task force was convened in Ispra, Italy, with a broader range of
expertise in cell and tissue culture, in order to produce a more-detailed
GCCP guidance document which could be of practical use in the laboratory.
This Guidance is required to serve the rapidly expanding use of in vitro
systems: in basic research, to meet regulatory requirements for chemicals
and products of various kinds; in the manufacture of various products; in
medical diagnostics; and in therapeutic applications such as tissue
engineering, and cell and gene therapy. The new GCCP document, now
published in full in ATLA (Coecke et al., 2005), is intended to support best
practice in all aspects of the use of cells and tissues in vitro, and to
complement, but not to replace, any existing guidance, guidelines or
regulations.

This GCCP Guidance is based upon the following six operational
principles:

1. Establishment and maintenance of a sufficient understanding of the in
vitro system and of the relevant factors which could affect it.

2. Assurance of the quality of all materials and methods, and of their use
and application, in order to maintain the integrity, validity, and
reproducibility of any work conducted.

3. Documentation of the information necessary to track the materials and
methods used, to permit the repetition of the work, and to enable the target
audience to understand and evaluate the work.

4. Establishment and maintenance of adequate measures to protect
individuals and the environment from any potential hazards.

5. Compliance with relevant laws and regulations, and with ethical
principles.

6. Provision of relevant and adequate education and training for all
personnel, to promote high quality work and safety.

This guidance is important for research work, to avoid poor
reproducibility of data and the invalidation of results from cell culture
processes, and it is especially valuable for the establishment of new cell
lines. Critical testing procedures and manufacturing procedures where cells
are used have well developed guidelines and regulations, but will benefit
from the basic guidance in GCCP which is not given in current quality
standards and guidance.

The full text of the GCCP guidance is available on the ECVAM website
(http://ecvam.jrc.it) as a ‘task force publication’ and has been published in
the journal ATLA (Coecke et al., 2005).
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In Vitro Vascularization of Human Microtissues
VEGF profiling and angiogenesis in human connective micro tissues
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Abstract: Owing to its dual impact on tissue engineering (neovascularization of tissue
implants) and cancer treatment (prevention of tumor-induced vascularization),
management and elucidation of vascularization phenomena remain clinical
priorities. Using a variety of primary human cells and (neoplastic) cell lines
assembled in microtissues (MTs) by gravity-enforced self-aggregation in
hanging drops we (i) studied VEGF production of MTs in comparison to
isogenic monolayer cultures, (ii) characterized the self-organization and
VEGF-production potential of mixed-cell spheroids and (iii) analyzed VEGF-
dependent capillary formation of HUVEC (human umbilical vein endothelial
cells) cells coated onto human primary cell spheroids.

Key words: Tissue Engineering, Vascularization, Angiogenesis, Regenerative Medicine,
Self-organization, Endostatin, VEGF, Drug Screening, Cell-based assay
system, Blood vessel formation

1. INTRODUCTION

An artificial tissue with more than a few cubic millimeters cannot survive
by simple diffusion and requires formation of new capillaries to supply
essential nutrients/oxygen and enable connection to the host vascular system
following implantation. A variety of strategies for therapeutic angiogenesis
have been designed including (i) delivery of recombinant angiogenic
molecules through controlled-release devices and (ii) functionalized matrices
or (iii) transfection/transduction of (engineered) angiogenesis-modulating
cDNAs. However, the use of growth factors such as the vascular endothelial
growth factors (VEGF) bears some risks. The biological effects of VEGF are
extremely dose dependent. Loss of even a single allele results in fatal
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vascular defects in the embryo and insufficient levels of VEGF lead to post-
natal angiogenesis and ischemic heart disease, whereas uncontrolled VEGF
expression may lead to angioma-genesis.

Based on our previous observations that VEGF production in myocardial
microtissue is strictly correlated to cell number and microtissue size we have
established an entirely human cell-based microtissue format to provide new
insight into VEGF production, angiogenesis and blood vessel formation.

2. RESULTS AND DISCUSSION

2.1 VEGF production of human microtissue cultures

ELISA-based technology was used to quantify vascular endothelial
growth factor (VEGF) production by human cell lines and primary cells
grown assembled as microtissues. Based on previous observations
suggesting cell type-specific cell number — microtissue size correlations we
have used tailored cell concentrations to obtain microtissues of 350 um in
diameter following a 3-day cultivation period.
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Figure 1. Vascular endothelial growth factor (VEGF) production profiling in monolayer and
microtissue cultures (350 um in diameter). HAC: human aortic chondrocytes; HAF child:
human aortic fibroblasts from a newborn donor; HAF adult: human aortic fibroblasts from an
adult donor; Hs68: embryonic dermal fibroblast cell line; HT-1080: fibrosarcoma cell line;
NHDF: normal human dermal fibroblast.

2.2 Self-organization potential of different cell phenotypes in a
microtissue format

In order to investigate self-organization forces underlying cell migration
during angiogenesis we assembled HAF:HUVEC and HepG2:HUVEC
suspension cocultures to mixed microtissues in hanging drops. According to
the differential adhesion hypothesis HAF/HepG2:HUVEC populations
resulted in concentric HAF/HepG2-inside:HUVEC-outside structures,
reminiscent of blood vessel cross-sections.
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Figure 2. Mixed populations of HUVECs, stained for von Willbrand factor (A-C) and HAFs,
stained for F-Actin (D), HepG2, stained for F-Actin (E), as well as human umbilical aortic
smooth muscle cells, stained for smooth muscle alpha-actin (F).

2.3 In vitro vascularization

To wvascularize it was not sufficient to produce mixed HUVEC
microtissue cultures. Therefore we coated pure HAF microtissues of
different size (125 wm — 335 um; produced by 2-day gravity-enforced
assembly) by cocultivation with monodispersed HUVECs in hanging drops.
Transmission electron microscopy revealed that the migrated endothelial
cells are characterized by lumen formation, with endothelial-periendothelial
cell contacts. Thus, lower VEGF production was measured in the
vascularized microtissues.

B e AR -

Figure 3. Migration of HUVEC:sS, stained for von Willbrand factor (A-C) and CD31 (D-F) in
different sized microtissues, initiated with 500 HAFs coated with 600 HUVEC (A, D); 5,000
HAFs coated with 900 HUVECs (B, E); 10,000 HAFs coated with 1,200 HUVECs (C, F), 6
days post coating. Endothelial cells are typically characterized by intracellular lumen
formation (+) and are tightly covered by human aortic fibroblasts (asterisks) (G, H).
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The C-terminal cleavage product of collagen XVIII known as endostatin

is a key anti-angiogenic factor. We evaluated endostatin action on HAF
microtissues coated with HUVECs.

Figure 4. Endostatin induced inhibition of HUVEC-based capillary formation. HUVECs were
stained for von Willebrand factor (A-C) and CD31 (D-F). Endostatin was supplemented with

HUVECs (A, D), two days postcoating (B, E) and the control culture, grown without addition
of Endostatin, is shown in (C, F).
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Abstract: Salmon atelocollagen (SAC) has not been used as biomaterials due to its low
denaturation temperature (19 degrees C). In the present study, we succeeded in
preparation of SAC fibrillar gel stable at an actual physical temperature of
human by cross-linking during fibril formation, and in cultivating human
periodontal ligament cells on the cross-linked SAC fibrillar gel.

Key words: collagen, salmon, fibrillar gel, denaturation temperature, cell proliferation

1. INTRODUCTION

Generally, collagens for biomaterials are prepared from mammalian
sources, such as bovine and porcine skins. However, the use of mammalian
sources has to be reconsidered and limited because of the risks of pathogens
such as bovine spongiform encephalopathy (BSE). Although fish collagen is
thought to be safe (1), it has not been widely used for biomaterials due to its
low denaturation temperature.

Large quantities of fish skin are discarded as waste in the food industry.
Collagens are easily extracted from wasted fish skins with high yield. The
use of fish collagens, therefore, could contribute to the recycling of natural
unutilized resources. Fish collagens have the potential to be used as a novel
source for collagen biomaterials if the thermal stability could be improved.
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Recently, we have reported the fabrication of collagen sponges from
salmon atelocollagen (SAC) using UV irradiation, dehydrothermal treatment
(2), and chemical cross-linking (3). It was found that the thermal stability of
SAC sponges was comparable to that of bovine atelocollagen sponges. Next,
we tried to prepare the SAC fibrillar gel stable at an actual physical
temperature of human.

Collagen molecules self-assemble into cross-striated fibrils in tissues.
The aggregation and alignment of molecules improves the thermal stability
and mechanical strength of collagen matrix. The collagen fibrils, therefore,
provide the major biomechanical scaffold for cell attachment, allowing the
shape and form of tissues to be maintained. We hypothesized that the
introduction of cross-linking among collagen fibrils during fibril formation
would result in a further increase in the thermal stability of SAC fibrillar gel.

As a cross-linking reagent for SAC, 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC), a water-soluble-carbodiimide, was used. EDC has
become popular as a cross-linking reagent for collagens due to ease of
handling and potentially low cytotoxicity (4). Here, we show the increase in
the thermal stability of SAC fibrillar gel and its application to the cell
culture.

2. EXPERIMENTAL

SAC was prepared from fresh skin of chum salmon (Oncorhynchus keta)
(2) and the purified SAC was found to be mainly composed of type I
collagen. The introduction of EDC cross-linking during fibril formation was
performed by mixture of acidic SAC solution and EDC solution in pH 6.8 at
4 degrees C (5). Porcine atelocollagen (PAC) was purchased from Nitta
Gelatin (Cellmatrix Type I-P, Japan) and the PAC fibrillar gel was prepared
(5). The thermal stability, the mechanical strength, and the fibril structure of
the gels were evaluated (5). The cell proliferation on the collagen fibrillar
gels was measured in vitro using human periodontal ligament cells (HPDL
cells). The cell number was directly counted by hemocytometer after
digestion of gels with collagenase and trypsin. Alkaline phosphatase (ALP)
activity, a differentiated cell function of HPDL cells, was measured (3).

3. RESULTS AND DISCUSSION

The introduction of EDC cross-linking during fibril formation resulted in
further increase of thermal stability of SAC fibrillar gel, and the denaturation
temperature was found to be 55 degrees C at an EDC concentration of 60
mM. At an EDC concentration of more than 60 mM, the fibril formation was
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inhibited, and the denaturation temperature decreased. These results indicate
that the maximum synergistic effect of the EDC cross-linking and the
aggregation of collagen molecules is obtained at 60 mM. We have reported
that the maximum denaturation temperature of SAC fibrillar gel was 47
degrees C at an EDC concentration of 50 mM (5). In the present study, we
investigated the condition of EDC concentration in more detail, and it was
found that the denaturation temperature reached maximum values at 60 mM.

The mechanical strength of SAC fibrillar gel was five times higher than
that of PAC fibrillar gel. Scanning electron microscopy observation showed
that SAC fibrillar gel had thin fibrils and well-developed fibril network
compared with PAC fibrillar gel. The fibril formation rate of SAC was found
to be faster than that of PAC. It was considered that the higher the fibril
formation rate the thinner the fibril size. The well-developed fibril network
and the cross-links could contribute to the mechanical strength of SAC
fibrillar gel.

The proliferation rates of HPDL cells cultured on SAC fibrillar gel were
faster than that cultured on PAC fibrillar gel. The mechanism of high cell
proliferation rate was unclear. The high mechanical strength and well-
developed fibril network could influence the cell proliferation. On the other
hand, ALP activities of HPDL cells cultured on PAC fibrillar gel were
higher than those on SAC fibrillar gel. The differences of cell activities
between SAC and PAC fibrillar gel are under consideration.

SAC fibrillar gel could have the potential being used for biomaterials
such as a scaffold for tissue engineering. We have reported the application of
SAC fibrillar gel to cell-sheet preparation using collagenase digestion (6).
Cell-sheet engineering is a novel method to develop the artificial tissues by
layering cell-sheets. We are studying to prepare the layering cell-sheets
using SAC fibrillar gel.
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Human adult stem cells isolated from umbilical vein cord blood show
promising properties for therapeutic applications. But as the amount of stem
cells extracted from an umbilical cord is insufficient to transplant into an adult,
it is necessary to expand the undifferentiated stem cells in such a way to enable
them for therapeutic issues.

Therefore approaches have been made to cultivate the unrestricted
somatic stem cells (USSC) on microcarriers in a stirred bioreactor system with
gentle mixing and bubble free aeration (“SuperSpinner”). An establishment of
the cultivation of USSC in a bioreactor system could lead to a simplified scale-
up process which allows monitoring of all critical parameters and provides
larger surfaces for cell attachment and propagation due to the use of
microcarriers.

As the use of animal derived serum has to be avoided in terms of
therapeutic applications, it is important to develop a serum free cultivation
process. For this reason all essential serum ingredients have to be replaced by
defined substitutes. Different available serum replacements were tested as well
as the supplementation with single substances. Specific growth parameters of
USSC cultivated in serum-reduced conditions were measured and compared
with those of USSC growing in media containing standard serum
concentration in order to identify the best culture conditions. The influence of
serum-free cultivation on the differentiation status of USSC is not yet
analysed.

cord blood, in vitro expansion, stem cells, undifferentiated
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1. INTRODUCTION

Human somatic stem cells derived from placental cord blood could serve
as a highly valuable resource for the development of cellular therapeutics as
they can be propagated in large quantities while retaining their ability to
differentiate into different tissue cell types (1). The use of human embryonic
stem cells for therapeutic applications is excluded for several reasons,
although these cells have the broadest differentiation potential (2). The fact
that adult tissue-specific stem cells possess an intrinsic differentiation
potential to other tissues is not proven yet, but could be an alternative choice
to embryonic stem cells. This so-called “plasticity” appears to be an
extremely rare event (3). Subsequent data have even shown that certain
results may be the consequence of cell fusion (4). Recently multipotent adult
progenitor cells (MAPC) could be isolated from rodent bone marrow which
differentiated in vitro into cells of all three germ layers. A phenotypically
identical cell was isolated from human bone marrow (5). In contrast to adult
bone marrow, stem cells derived from cord blood are less mature, have a
higher prolific potential associated with an extended life span (6).
Furthermore there is plenty of cord blood available, it is harvested without
risk to the donor and infections are rare (7).

Recently, a CD45 and HLA class II-negative stem cell could be isolated
which shows robust in vitro proliferation capacity without spontaneous
differentiation but with an intrinsic potential to develop into mesodermal,
ectodermal and endodermal cell types (8). These cells are termed
unrestricted somatic stem cells (USSC).

2. METHODS AND MATERIALS

Unrestricted somatic stem cells (USSCs) from three different donors
were used during this work, termed KCB 330, KCB 554 PM and KCB 704
B. General culture media was composed of DMEM and 20% FBS,
supplemented with dexamethasone (107 M), glutamine (2mM) and
antibiotics. For the reduction of serum in culture medium different
commercial serum replacements were tested as well as a conditioned
medium. During the SuperSpinner -cultivation the standard medium
composition had been retained unchanged except the addition of pluronic
F68 to absorb occurring forces (e.g. shearing) which may damage the
microcarriers.

The three-dimensional cultivation system consisted of a 500 ml Duran
glass bottle, a flask for inoculation and harvest, and a sterile sampling
system. The aeration rates were kept constant at 49.3% N,, 33.2% air and
14.0% CO,, respectively, with a volume flow of 12.4 Nl/h. As a result, the



Propagation of USSC for Therapeutic Approaches 327

oxygen tension corresponded to the in vivo conditions of the V. umbilicalis
just before birth. The chosen CO, aeration rate served to maintain the
physiological pH value of 7.2 during cultivation. Cultispher-G microcarriers
at a concentration of 1 g/l were used as the surface area for cell cultivation.
The cell density was about 60 cells/microcarrier at the time of inoculation.

To determine the concentration of glucose and lactate, the biosensor YSI
2700 Select was used. Ammonium was detected fluorometically after
derivatisation, whereas the amino acids were analysed by RP-HPLC (9).

For immunohistological staining a monoclonal mouse anti-human CD49e
IgG I (X-6, Dianova) and a polyclonal Cy3-conjugated donkey anti-mouse

IgG (Dianova) as second antibody were used.

3. SUPERSPINNER CULTIVATION ON CULTISPHER-G

After a resting time of 24 hours in order to enhance cell attachment, the
system was stirred at intervals at 35 rpm. Afterwards, the system was stirred
continuously at 40 rpm. The culture medium was changed regularly at a ratio
of 1:3. The growth behaviour of the USSCs on the microcarriers was
documented using MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide) and DAPI (4'-6-Diamidino-2-phenylindole) staining.
Two methods were used to determine the cell concentration on the
microcarriers. First, the total number of cells was determined after crystal
violet staining. Second, the number of viable cells was determined following
treatment of the microcarriers with trypsin and subsequent staining with
trypan blue. In this context, it should be pointed out that the samples taken
had different microcarrier concentration levels due to an inhomogeneous
distribution of microcarriers in the culture fluid. For this reason, none of the
two methods allowed a reliable determination of cell density. During the first
24 hours, the microcarriers formed aggregates of up to 30 microcarriers. It
was not possible to break the aggregates by increasing the stirring speed. In
the process of development, it became apparent that the cell density on the
microcarriers in the beginning of the cultivation was an important parameter.
Single cells on individual microcarriers hardly proliferated, whereas cell
growth on microcarriers that showed a higher cell density was much more
pronounced. Aggregates in particular were densely colonised after a
relatively short period of time. In addition, MTT and DAPI staining revealed
that the cells were not just growing on the surface, but migrating into the
porous structure of the microcarriers.

Although an exact determination of the cell density was not possible, it
seemed as if cells proliferate on densely covered microcarriers whereas on
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rarely covered microcarriers cell growth could not be observed. The process
was not limited all along the cultivation.

4. REDUCTION OF SERUM IN CULTURE MEDIUM

Different serum replacements as well as a conditioned medium were
tested over a period of five to seven passages.

MarrowGrow is a ready-to-use medium which was originally developed
for optimizing the culture of bone marrow cells. It contains a small
percentage of FBS, glutamine, growth factors and gentamycin. NuSerum
was used in a concentration of 20%. It contains a 25% serum base along with
a standardized, consistent formulation of serveral growth factores and
hormones, amino acids, vitamins and trace elements. The actual serum
concentration in the beginning of these two cultivations was about 5%. The
Conditioned Medium was produced by cultivating pimary mouse fibroblasts
into a serum-free culture media for two weeks. The complex mixture of
secreted components in the conditioned media enhance adhesion and growth
of cord blood derived stem cells.

At the end of each cultivation a fluorescence staining against CD49e was
made to show that the stem cells are still undifferentiated. CD49e is a
antigen which only undiffentiated cells present on the cell surface. To
visualize the ratio of differentiated to undifferentiated cells, all cell nuclei
were stained with DAPI.

5. RESULTS AND CONCLUSIONS

The present work shows that it is possible to cultivate human unrestricted
somatic stem cells isolated from umbilical cord blood over a period of at
least 20 days without differentiation. Although the determination of the cell
density was not conclusive, a slight increase in cell density could be
observed during the cultivation on Cultispher-G microcarriers. However,
additional cultivations are needed to reproduce the results. One way to solve
the problem of aggregate formation could be the use of a bioreactor that can
be operated at higher speeds without strong shearing forces. This would
result in a more homogeneous distribution of microcarriers in the culture
medium and a reproducible determination of cell density. Moreover,
successful cultivation in a bioreactor would offer the opportunity of a scale-
up so that cells could be cultivated in larger quantities.

In comparison to standard culture conditions used in the SuperSpinner
cultivations, the cell growth under MarrowGrow is highly increased during
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the first passage, but decreases subsequently until it reaches values
comparable to standard culture levels. In comparison to 20% serum
containing culture conditions, the metabolism of the cells is reduced when
NuSerum or conditioned medium is used, which leads to a generally
decreased cell growth in the course of cultiviation. Nevertheless a
propagation of human unrestricted somatic stem cells in the absence of
serum was possible over a period of at least five passages. Cultivation under

reduced serum containing conditions was possible even longer.
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Embryonic stem (ES) cells are characterized by their capacity for self-renewal
and their pluripotency. A crucial prerequisite for a therapeutic use of human
ES cells is the ability to expand them to large numbers without affecting their
pluripotency. For many murine ES cell lines, leukaemia inhibitory factor
suffices to prevent spontaneous differentiation. In contrast, the human ES cell
lines available depend on feeder cells, i.e., coculture with mitotically
inactivated mouse embryonic fibroblasts (MEFs) or treatment with
conditioned medium (CM) derived from such cultures. This dependency on
feeder cells is associated with batch-to-batch variations, difficulties in
implementing large scale suspension culture of ES cells and potential carry-
over of pathogens from the feeder to the ES cell population.

human embryonic stem cells, conditioned medium, feeder cells, bioreactor

1. INTRODUCTION

The bioreactor based production of conditioned medium (CM) has shown

advantages:
variations w
scale ES cu

Completely controlled conditions minimize the batch-to-batch
hile the amount of generated CM is high enough to enable large
Itivation processes with pathogen screened CM. Different cell

types, as STO (ATCC CRL-1503) and primary murine fibroblasts, were
cultivated on porous microcarriers in a 2 litre stirred and bubble-free aerated

perfusion pr

ocess. The produced CM was tested on human ES cells (H 9.2)
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over multiple passages while the differentiation and proliferation of these
cells were used as a marker for the evaluation of the CM’s functionality.

2. MATERIAL AND METHODS

Feeder cells (primary mouse fibroblasts, CD1) were isolated from 13
days old mouse embryos. In order to cultivate these adherent cells in a
continuously stirred bioreactor, micro- and macroporous CultiSpher-G
microcarriers were used. Due to a lack of attachment and growth factors in
the ES cell medium (Table 1) the carriers were colonized under serum
containing conditions (10% FCS). Therefore the microcarriers (MCs) have
to be washed several times before inoculation. The growth of the MEFs on
the carriers was inspected with MTT & DAPI staining periodically.

Table 1. Composition of 2,5 litre ES cell medium.

Knockout serum replacement 500 mL
Knockout DMEM with pyruvate 2000 mL
Non essential aminoacids (1:100) 25 mL
L — glutamin 1 mM
2 — Mercaptoethanol 0,1 mM

During the cultivation in the bioreactor (Fig. 1) several parameters, e.g.
concentration of glucose, lactate, ammonium and lactate-dehydrogenase
were examined at regular intervals. The cell density was determined with
trypan blue staining after enzymatic degradation of the carriers and with a
crystal violet staining. After a short period of batch cultivation, the perfusion
was started. The harvest containing dead cells and cell debris was sterile-
filtered and screened for mycoplasma contamination using PCR. Afterwards
the CM was stored frozen. Before the CM was used as full-media for ES
cells growing on Matrigel™ coated petri dishes it was supplemented with
basic fibroblast growth factor (4ng/mL). The differentiation level of the ES
cell culture was proven over at least three passages. Functionality of the CM
was determined by staining for alkaline phosphatase (AP), a cellular marker
for differentiation.
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Figure 1. Schematic diagram of the 2 liter bioreactor used for the production of CM.
2.1 Inoculum

MEFs proliferate in the serum containing preculture-medium only.
Because the CM should not contain complex animal components, the
colonization of the MCs had to take place outside the bioreactor. Another
consequence is, that no bead-to-bead transfer will occur in the bioreactor. To
archive a cell density of at least 2 * 10° cells/mL, a preparation protocol for
the preculture (Table 2) was developed. The colonization of the carriers was
validated with MTT & DAPI staining.

Table 2. Protocol for the generation of the inoculum.

Day Action
,,,,,,,,, Lo Tl ord comipei T-1L00 et e
_________ 2 _._.....opliteellsto 12 T-175 flasks ...
_________ 4 _____._. Detachcells, add 5g (dry mass) prepared carfer
Detach carrier mechanically
7-8 ‘Wash carrier until serum concentration is less than 0,01%

Inoculate the bioreactor, which should be in steady state

3. ARCHIEVED PROCESS DATA

Although there is no cell growth in the bioreactor the perfusion was
started at day 4 in order to satisfy the maintenance demand of the MEFs.
During the cultivation the concentrations of glucose and amino acids
remained at a constant level. Because the pyruvate concentration decreased
during the process we can assume that murine embryonic fibroblasts utilize
pyruvate and glucose as carbon source. However, the substrate



334 A. Bauwens et al.

concentrations were high enough to cover the specific uptake rates of ES
cells. The concentrations of the measured metabolites lactate and ammonia
were below 2 mM. The lactate-dehydrogenase activity was measured as a
marker of the culture viability, it never exceeded 60 Units/L.

Another indication for the stationary phase of the cells is the pO, control
point, which increased neither exponential nor linear but stayed constant
over the whole cultivation time. Only during the first two days of cultivation
a poor growth was observed, which can be explained with the memory effect
of the cells.

4. RESULTS AND CONCLUSION

The goal to establish an easy to use, reproducible bioreactor process for
generating great amounts of functional conditioned medium is nearly
reached. The tests of the produced CM showed that the pluripotency of the
ES cells can be maintained. In comparison, the functionality of the CM
produced during the bioreactor process is at least equal to the functionality
of CM achieved from mitotic inactivated feeder cells in t-flasks. Three
bioreactor cultivatons had been done under same conditions. As well as the
cultures showed similar behaviour during the process the harvested medium
had the same quality concerning the functionality.

Comparable with inactivated feeder cells the mouse embryonic
fibroblasts in the bioreactor remain in a stationary phase. Besides glucose the
feeder cells utlilize pyruvate as carbon source, like early human embryonic
cells do. As shown by a test of metabolite depleted medium, the small
amounts of built metabolites does not affect the functionality of the CM.

A future goal is the establishment of a process with human feeder cells.
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Abstract: Expansion of cell population in vitro has become an essential step for the
tissue engineering processing of articular cartilage and there is an urgent need
to develop optimal culture conditions for chondrocytes. This presentation
focuses on using a mathematical approach coupled with small-scale
experiments to determine the optimal process parameters for cell expansion of
chondroprogenitor cells and comparing the process to CHO cells expansion.

Key words: Tissue Engineering, Chondroprogenitor, CHO, Expansion, Growth Rate,
Exponential Growth Kinetic.

1. INTRODUCTION

A relatively new approach to the treatment of damaged articular cartilage
is the direct use of cells as therapeutic agents. The expected demand from
the millions of afflicted individuals, coupled with the expected demand from
biotechnology companies creating therapies, has fuelled the need to develop
large-scale culture methods for these cells. There is an urgent need to
develop optimal culture conditions for chondrocytes. The analysis of seeding
density, passage length and operation cost is considered crucial to optimise
the expansion process, and the correct selection of these parameters should
be taken as a pre-requisite to establish a successful culturing system. The
determination of the optimal seeding density and the corresponding passage
length for cell expansion in a serial passaging operation is found to be a
compromise between growth kinetics and process time. This work focuses
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on using a mathematical approach coupled with small-scale experiments to
determine the optimal process parameters for cell expansion in large-scale
processes. Moreover, expansion studies of mammalian cells for inoculation
of industrial scale bioreactors for the production of antibody are examined
and compared to chondroprogenitors, including studies that characterise
important scale-up parameters and lessons for reducing costs are drawn.

2. MATERIAL AND METHODS

Bovine chondroprogenitor cells isolated from the superficial zone of
articular cartilages of metatarsophalangeal joints [1] and cultured in T-Flasks
at different seeding densities using DMEM+ (DMEM, 2 mM L-Glutamine,
1% Non-essential Amino Acids, 50 IU/ml Penicillin - 50 mg/ml
streptomycin) , 40% FCS and 1 ng/ml TGF-f1 [2]. For any given initial cell
number, the optimal passage length was found by maximizing the final total
viable cell number expressed as Max(F)=Max(LN(Ep)/tp), where F, Ep and
tp correspond to the total cell number, the passage expansion factor and
passage length respectively. CHO cells producing gamma interferon were
cultured in suspension at different cell densities in shaker flasks and agitated
at 125 rpm. The medium used was CHO DHFR-Medium Animal
Component-Free (Sigma) + 2% L-Glutamine + 1pm MTX + 1% P/S.

3. RESULTS AND DISCUSSION

3.1 Chondroprogenitor cells: optimal cell density

Two points were considered essential for the optimisation of
chondroprogenitor cultures. Firstly, it was necessary to determine the
seeding density for optimal cell expansion. Secondly, for any selected
seeding density, it was necessary to establish the value of the passage length
that makes the expansion process optimal in a serial operation. Although
lower seeding densities obviously led to superior multiplication of the cells
by the end of a single passage, the slower growth kinetics imposed by low
seeding densities significantly increased the time necessary to achieve the
desired expansion factor. The determination of an optimal seeding density is
a compromise between expansion factor achievable and growth kinetics,
which also imposes a significant role for the length of each monolayer
passage. The value of 10* cell/cm® for seeding density with 73 hours of
passage length were found to be the optimal conditions for cell expansion in
a serial passaging operation (Table 1).
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Table 1. Optimal expansion of chondroprogenitor cells at different seeding densities.

Seeding Density Expansion Factor LN(EI)/tp Optimal passage

(cell/cm?) -) (h") length (h)
1000 97 0.02362 149
5000 35 0.02411 108
10000 29 0.02974 73

50000 9 0.02462 62
100000 5 0.01928 55

3.2 Cost considerations

Although the optimal passage length gives the desired expansion factor in
the minimum process time, longer values of the passage length could create
a situation where the same desired expansion factor is achieved with a lower
cost by reducing the total number of passages required. This analysis led to
the selection of an alternative optimal value of 120 h for the length of each
passage. Although this value lead to a sub optimal proliferation criteria and
process time, the running cost of the process will nevertheless be reduced by
more than 60% (Fig. 1).

0.35

0.30

0.25 4

0.20

Dimmensionless cost/Expansion factor (-)

EDUWWW

48 120 144 168

Passage length (h)

Figure 1. Effect of passage length on process cost for chondroprogenitor cell cultures.
3.3 CHO-320: optimal cell density

The majority of the cell lines exhibits non-exponential growth patterns in
vitro [3] including chondroprogenitor cells [2]. However, an example of
exponential growth kinetic was found for the industrial cell line CHO-320.
In this case, the growth curves follow true exponential equations
characterised by constant values of the specific growth rates (Table 2). The
optimisation approach for this cell line is necessarily different from that
shown for chondroprogenitor cells and the optimal conditions will always
correspond to that at the end of the exponential phase.
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Table 2. Growth kinetics of CHO320 at different seeding densities.

Seeding cell density (cells/ml) Specific growth rates (h™)
5x10° 0.0215
1x10° 0.0190
2x10° 0.0185
4x10° 0.0152
6x10° 0.0137
1x10° 0.0139

4. CONCLUSIONS

Mathematical expressions of the growth curves provide a detailed
analysis of the effects that the seeding density has on both cell growth
kinetics and expansion process performance. The kinetics of
chondroprogenitor cells consist of an initial period of growth acceleration
followed by a later phase of deceleratory growth, and therefore cell growth
in culture is predominantly non-exponential. On the other hand, CHO cell
growth follows an exponential growth kinetics. The culture optimisation of
these cells with different growth kinetics necessarily imposes different
approaches. The value of 10" cell/cm® for seeding density with 73 hours of
passage length were found to be the optimal conditions for cell expansion of
chondroprogenitor cells in a serial passage operation. The optimal conditions
for the expansion of CHO can be obtained by maximising the value of the
specific growth rate and the optimal passage length corresponds to the end of
the exponential phase.
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Abstract:

Key words:

Hematopoietic stem cell replacement therapy is an area of research lacking an
optimal culture system that allows for the ex vivo expansion of CD341 cells
for transplant. The necessity for expansion is due to the lack of sufficient
material from umbilical cord blood (UCB), the preferred source of CD34+
cells. The final composition of the expanded cells is also very important to a
successful transplant. The material must contain both early and late progenitor
cells to ensure the long-term engraftment that is required in patients with
genetic disorders and those that have gone through high dose chemotherapy.

Stemline™ II Hematopoietic Stem Cell Expansion Medium was
developed to facilitate the development of this replacement therapy. Culturing
CD34 cells in Stemline™ II consistently yields higher levels of expansion than
seen with other commercially available serum-free media. Analysis of the
expanded material for lineage indicating markers by flow cytometry
demonstrates that the material contains the required early and late progenitors.
Furthermore, NOD/SCID studies confirm that the expanded cells are capable
of long-term engraftment and are therefore functional. Together, this data
supports the conclusion that culturing CD34" cells in Stemline™ II
Hematopoietic Stem Cell Expansion Medium is a key step in developing the
optimal culture system.

Hematopoietic, Stem Cell, Expansion, Serum Free, Medium
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1. INTRODUCTION

Hematopoietic stem cells (HSC) have the ability to repopulate the
hematopoietic system by differentiating into all of the necessary erythroid,
lymphoid, and myeloid lineages. Due to this rare ability, HSCs are used as
therapeutic agents in the treatment of malignant and benign diseases of the
blood forming and immune systems. There have been many advances in the
area of clinical HSC research, but the availability of suitable cells for
transplantation still remains a major limiting factor. In order to expand these
very specific cell types, an optimized serum-free medium and cytokine
cocktail are needed. To this end, Stemline™ Hematopoietic Stem Cell
Expansion Media were developed for the expansion of HSCs. They are
serum-free media that allow for expansion of both differentiated and
undifferentiated HSCs. The original medium, Stemline™, expands CD34"
cells better than or equal to other commercially available serum-free HSC
media. Stemline™ II is a newer version of the medium that has an increased

expansion potential for CD34" cells.

2. RESULTS

In bench-scale experiments, Stemline™ media expand CD34" cells from
all three sources better than other commercially available serum-free media.
The expanded material contains the proper cell types, both early progenitors
and late progenitors. Figure 1 has two representative graphs demonstrating
the superior expansion characteristics of the Stemline™ media when using
CD34" cells from cord blood. Similar results were seen in mobilized
peripheral blood and bone marrow (data not shown).

The expansion capabilities of the Stemline™ media were also tested on a
clinical scale. The expansion of CD34" cells cultured in both media was
performed in clinical bags and the final material analyzed by flow
cytometry. The assays demonstrated that both media are able to support the
expansion of these cells, but Stemline™ II was able to achieve a 377-fold
increase in cell number compared to a 238-fold increase achieved by
Stemline™. The majority of the cells expanded in Stemline™ remained
undifferentiated (CD34", CD38"), while cells expanded in Stemline™ II
contained both early and later progenitors (CD34", CD38") (data not shown).

A sample of cells from the Stemline™ and Stemline™ II clinical cultures
were prepared for transplantation into NOD/SCID mice. A high percentage
of the mice survived transplantation with cells expanded from both media
(higher with Stemline™ II), all of which contained a small number of CD45"
human cells as proof of engraftment (an even smaller number of which were
also CD34"). A summary of NOD/SCID results is in Table 1.
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Figure 1. Expansion and characterization of CD34" cells from cord blood in Stemline™ and

Stemline™ II compared to other commercially available, serum-free, HSC media.

Table 1. Summary data from the transplantation of expanded cells in the NOD/SCID mouse

model.
Stemline ™ Stemline ™[]
Injected 600,000 1,800,000 | 5,400,000 | 600,000 1,800,000 | 5,400,000
Cells
Survival 5/10 3/10 3/7 7/10 6/10 6/7
Rate 50% 30% 43% 70% 60% 86%
Average 0.064 + 0.017 + 0.143 + 0.036 + 0.018 + 0.108 +
% CD45" | 0.061 0.006 0.081 0.013 0.019 0.162
Average 0.000 + 0.003 + 0.007 + 0.011 + 0.002 + 0.010 +
% CD45%/ | 0.000 0.006 0.006 0.009 0.004 0.000
CD34"

3. DISCUSSION

The excellent performance of the Stemline™ media for the expansion and
maintenance of functionality of CD34" cells makes both media superior to
all other commercially available, serum-free, HSC media. Both media
expanded enough functional, early progenitors to achieve long-term
engraftment in NOD/SCID mice. The higher survival rate in Stemline™ II
may be explained by the higher levels of the late progenitors required for
early engraftment and amelioration of the post-transplant nadir in mature
myeloid cells. Additionally, Stemline™ media have Device Master Files
(DMF) and are formulated in a state-of-the-art cGMP facility making them
well suited for clinical applications.
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Abstract: The objective of this study was to characterize growth and differentiation of
human bone marrow-derived mesenchymal cells and trabecular bone-derived
cells regarding their expansion and their multipotential capacity as well as
their ability, to eventually form bone tissue in vitro in combination with a
PLGA/CaP scaffold.
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1. INTRODUCTION

Tissue engineering approaches for promoting the repair of skeletal tissues
have focused on cell-based therapies involving multipotent bone marrow-
derived mesenchymal stem cells (MSCs). There is evidence to suggest that
other tissues such as muscle, skin, fat and periosteum also contain
multipotent progenitor cells (Dragoo et al). Our purpose was to isolate,
expand and characterise human mesenchymal cells from small trabecular
bone specimens and to investigate whether human trabecular bone explants
contain multipotential progenitors. Further, the capabilities of these cells
were tested in combination with a PLGA/ CaP scaffold to produce bone
tissue in vitro in a continuously perfused bioreactor.
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2. CELL ISOLATION AND EXPANSION

Bone marrow-derived cells: Bone marrow aspirates were centrifuged
over a density gradient and suspended in ZKT-I medium with 15% human
serum. Phase contrast microscopy showed typical star-shaped colonies. After
30-40 days in culture first confluent cell populations were harvested.

Trabecular bone-derived cells: Cells were allowed to migrate from adult
human bone fragment placed in ZKT-I medium supplemented with 15%
human serum (see Fig. 1).

» R ﬁ

Figure 1. Trabecular bone explantation and cell outgrowth within 4-6 weeks (x100).
Appearance of bone fragments (A). Cells migrating from the bone fragments after 14 (B) and
25 (C) days of culture reaching a confluent monolayer after 32 days of explant culture (D).

2.1 Cell Characterisation and Multilineage Potential

FACS analysis of a panel of cell surface markers reported to be specific
for MSCs (Barry et al) was shown to be positive for both the bone marrow-
derived as well as for the trabecular bone cells.

Table 1. Flow Cytometry.

CD 73 CD 90 CD 105
Bone Marrow Cells 97% 94% 85%
Trabecular Bone Cells 99% 91% 76%

To confirm the MSC characters of trabecular bone-derived cells their
adipogenic (stimulated by isobutylmethylxanthin, indomethacin, insulin,
hydrocortisone) and osteogenic (stimulated by B-glycerophosphate, ascorbic
acid, dexamethasone) potential was compared to that of bone marrow-
derived cells. Adipogenic differentiation was demonstrated by staining lipid
vacuoles (A, B) with Sudan III and osteogenic differentiation was shown by
both alkaline phosphatase (C, D) and von Kossa staining (E, F).
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Figure 2. Adipogenesis (A) and osteogenesis (C, E) of bone marrow-derived cells compared
to both the adipogenic (B) and the osteogenic potential of trabecular bone cells (D, F) (x100).

3. THREE-DIMENSIONAL CULTIVATION IN A FIXED
BED PERFUSION BIOREACTOR

SE6 trabecular bone cells were seeded onto PLGA/CaP scaffolds
(Osteoscaf ™, 100-700um pore size)and cultivated in a continuously
perfused bioreactor (Barthold ef a/). Differentiation was analysed by
determining the expression of alkaline phosphatase and collagen type I (Fig.
3) as well as by immunofluorescence of osteogenic markers (not shown).
The viability of the cells was determined with the WST-1 test throughout the
culture period (Fig. 4). The seeded scaffolds were also assayed using
scanning electron microscopy (Fig. 5).
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Figure 3. Osteogenic differentiation of trabecular bone cells on OsteoscafTM cultured in the
bioreactor system. Alkaline phosphatase activity reached a maximum after 13 days co-
inciding with the decline in collagen I levels and indicating the start of mineralisation.
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Figure 4. Cell proliferation as measured by the WST-1 assay was observed to increase
throughout the first two weeks followed by a gradual plateau of cell numbers.

Figure 5. (A) SEM of the interior scaffold 20 days post seeding showing a line of cells
between the pores. (B) Higher magnification of spread cells with deposited collagen fibrils.

4. CONCLUSION

Our data of isolated and characterised cells support the hypothesis that
mesenchymal stem cells are present in trabecular bone. Given their
accessibility, they may prove to be a source of cells for the engineering of
bone tissue. A bioreactor for cultivating these cells within a porous matrix
was shown to support cell spreading and osteogenic differentiation.
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Abstract: For the generation of human bone tissue in vitro, we were searching for
suitable methods to control the ongoing differentiation process of osteogenic
cells with a possibility to switch between the expansion of immature pro-
genitor cells and the differentiation into cells of the mature osteogenic
phenotype producing mineralised extracellular matrix. This study is focussing
on the influence of different basal media formulations which were tested using
primary human cells derived from either sites of heterotopic ossification or
trabecular bone. The different basal media formulations DMEM, aMEM,
RPMI 1640 and our in-house formulation ZKT-I revealed a substantial impact
on cellular growth and differentiation. Cells in DMEM were growing
relatively slow and differentiated rapidly into mature osteoblasts with strong
matrix mineralisation, whereas cells in aMEM were growing more rapidly
with slightly slower differentiation and mineralisation kinetics. A strong
mineralisation was always accompanied by apoptotic processes as indicated
by higher levels of LDH in the supernatant. In contrast, cells in ZKT-I medium
showed a sufficient growth with markedly retarded differentiation kinetics
which made it most suitable for cell expansion. To induce cell-induced matrix
mineralisation using ZKT-I, a moderate increase of the calcium concentration
was shown to be a sufficient trigger. With this simple supplementation, ZKT-1
proved to be highly suitable for both phases of bone tissue generation in vitro.

Key words: calcium, osteoblast, bone, extracellular matrix, cell proliferation, cell
differentiation,  matrix =~ mineralisation, DNA  microarray, lactate
dehydrogenase, alkaline phosphatase
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1. INTRODUCTION

In order to generate human bone tissue in vitro, it is highly desirable to
control the ongoing differentiation process of osteogenic cells with the
possibility to make a switch between a phase of expansion of immature
progenitor cells and a phase of differentiation into cells of the mature
osteogenic phenotype producing mineralised extracellular matrix. This study
is focussing on the influence of different basal media formulations which
were tested using primary human cells derived from either trabecular bone or
sites of heterotopic ossification.

2. RESULTS
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Figure 1. Mineralisation of ECM as measured by calcein assay and Von Kossa staining (not
shown) as well as LDH activity kinetics during long-term cultivation of human osteogenic
cells. Cells were cultured in three frequently used basal media DMEM (A), aMEM (B),
RPMI 1640 (C) as well as in our in-house formulation ZKT-I (D). All media were
supplemented with 10% human serum and osteogenic factors (ascorbic acid-2-phosphate, B-
glycerophosphate, dexamethasone). Different cell culture media were shown to have a severe
impact on the mineralisation of ECM. These differences are based on the ongoing
differentiation of osteogenic cells and - as measured by LDH activity in the supernatant - are
accompanied by an increased level of dead cells undergoing apoptosis due to locally
increasing concentrations of inorganic phosphate (P;) in the mineralisation nodules (Meleti et
al., 2000). P; is formed at a high level in the mineralization centres from p-glycerophosphate
under the catalysis of alkaline phosphatase (AP) (Bellows et al., 1992; Coelho et al., 2000).
Osteoblasts producing much AP are found in a particularly high number within the nodules
(Bellows et al., 1992; Schecroun & Deloye, 2003).
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Table 1. Evaluation of cell culture media with regard to their potential in supporting cell
proliferation, differentiation, and mineralisation of ECM during long-term cultivation.

DMEM oMEM RPMI1640 ZKT-1
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Figure 2. '"Mineralisations lag time' (mlt) (osteoid maturation period) and the three phases of
matrix mineralisation: 1 - Initiation phase, 2 - Progression phase, 3 - Plateau phase of
mineralisation. Human osteogenic cells isolated either from a heterotopic ossification (A) or
trabecular bone (B) were cultivated in 48-well plates using aMEM supplemented with 10%
human serum and osteogenic factors. Medium was replaced twice (A) or three times (B) a
week. The incorporation of calcium can be subdivided into several phases (Bellows et al.,
1992). During progression phase calcium consumption reached rapidly a plateau which cor-
responds to a complete depletion of calcium in the culture medium. Ossification in contrast to
calcification is actively controlled by bone cells, respectively collagens and non-collagenous
proteins produced by those cells (Boskey, 2003). The most sensitive index for detecting
proper mineralisation is the determination of the so called “mineralisation lag time” (Zhang et
al., 2002) which also allows to distinguish between ossification and premature calcification.

Table 2. Ca** concentrations and osmolarity in ZKT-I media with normal and increased Ca*
levels. Complete medium contains 10% human serum, osteogenic factors and antibiotics.
Osmolarity was measured with a Knauer automatic osmometer. The calcium content of serum
was 73.9 mg L' as measured with the calcium kit (bioMerieux).

Nr. Non-supplemented  Complete ZKT-I Complete medium as Osmolarity in
ZKT-I medium medium measured with the complete
calcium kit medium
mgL' mmolL' mgL' mmolL’ mg L mmo] L™’ mosmol kg
1 35.79 0.89 39.24 0.98 37.45+4.58 0.93 332.7£2.1
2 71.58 1.78 71.65 1.79 72.64+3.10 1.78 331.7+0.6

3 143.16 3.56 134.8 3.36 145.38+6.32 3.56 335.3+0.6
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Figure 3. Osteogenic cells isolated from a heterotopic ossification (A) or spongiosa (B) were
cultivated in either tMEM or ZKT-I media with different Ca*" concentrations. Matrix minera-
lisation was measured by a calcein fluorescence assay. The data clearly indicate that calcium
concentration is a major (but not the only) factor of ECM matrix mineralisation. It is also de-
monstrated that very high Ca** concentrations initiate an unspecific premature calcification.

3. CONCLUSIONS

Basal media represent an important factor for osteogenic cell cultivation.
They substantially influence the differentiation of human osteoprogenitor
cells, especially the mineralisation of extracellular matrix. ZKT-I proved to
be most suitable cell culture medium for propagation of osteoprogenitor cells
whereas aMEM proved to be the best medium for initiation of a directed
differentiation process with matrix mineralisation.

Gene expression profiles as indicated by a DNA microarray (data not
shown) revealed that there is no significant shift in the expression of
collagens and non-collagenous proteins involved in ECM synthesis and
regulation of mineralisation. Instead, calcium appears to be the major factor
responsible for the initiation of matrix mineralisation. It is known, that the
plasma membrane of osteogenic cells is endowed with a sodium-dependent
P; transport system as well as with ion channels and receptors for calcium
(Caverzasio & Bonjour, 1996; Dvorak & Ricardi, 2004). Because of this the
bone cells can react very sensitively to changes of extracellular calcium and
inorganic phosphate concentrations.

Very high calcium concentrations result in an undesirable, unspecific pre-
mature calcification. On the other hand, calcium at lower concentrations is
rapidly depleted from the culture medium suggesting a continuous feeding of
calcium (as it is accomplished in our continuously perfused biorector
system) as the method of choice to achieve optimal matrix mineralisation.
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BHRF-1 as a Tool for Genetic Inhibition of
Apoptotis in Hybridoma Cell Cultures
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Abstract: Cell death is a critical factor in hybridoma cell cultures. At high cell densities,
the limitation of nutrients, mitogens and oxygen leads to elevated death rates
and to the accumulation of cell debris affecting the quality of the product and
downstream processing, therefore compromising the productivity and cost-
effectiveness of the bioprocess. In the present work, we engineered a
hybridoma cell line to express either the antiapoptosis gene Bcl-2 or its viral
homologue BHRF-1 (isolated from Epstein Barr virus) and analyse their
effects on the improvement of cell viability and productivity under different
cell culture strategies as batch, continuous and perfusion.

Key words: Hybridoma, Apoptosis protection, Metabolic engineering, BHRF-1, Bel-2

1. INTRODUCTION

Our previous studies on the behaviour of the hybridoma KB26.5 under
conditions of glutamine depletion evidenced the success of caspase-inhibitor
treatment in the delay of the apoptosis programme and the capacity to recover those
cultures when they were brought to normal growing conditions, i.e. complete
medium (Tintd et al., 2002). However, the high cost of these molecules bars them
from their use in large-scale cultures. For this reason, genetic strategies directed to
control regulatory points upstream of effector caspases are desirable for batch,
continuous and perfusion processes at industrial scale. Consequently, a particular
attention has been given to the need to interfere in the apoptotic pathways at the
level of the mitochondria, which play a central role in apoptosis integrating death
signals through Bcl-2 family members and co-ordinating caspase activation through
the release of apoptogenic factors that are normally sequestered in the mitochondrial
intermembrane space (Figure 1). The involvement of several caspases in channelling
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the apoptotic signal indicates that potential genetic modifications should either
consider more than one single target or be directed upstream to their activation,
which is at the mitochondrial level.

2. MATERIALS AND METHODS

2.1 Cell line, medium and culture conditions

The KB26.5 murine hybridoma was cultured as described (Sanfeliu ez al.,
1997).

2.2 Plasmid constructs

Sequences encoding cDNA from Bcl-2 and BHRF-1 were isolated as
described (Vives et al., 2002) and cloned into pcDNA3.1 (Invitrogen) and
pIRES-neo/pIRES-puro2 (Clontech).

2.3 DNA delivery into hybridoma cells

Three methods were used: (1) lipofection with DMRIE-C reagent (Life
Technologies); (2) electroporation as described in the protocol provided by
BTX; and (3) calcium phosphate-mediated transfection by inclusion of
adenovirus in coprecipitates (Lee and Welsh, 1999). Adenoviral particles
(Ad2-CMV-GFP) were supplied by CBATEG (UAB, Bellaterra, Spain) at
titers of approximately 5,2 x 10" IU (Infectious Unit)/ml. In the optimisation
process, we used pEYFP-1 (Clontech) to assess the efficiencies.

2.4 Hemagglutination assay

The presence of antibodies was determined by hemagglutination test
(Sanfeliu, 1995).

2.5 Apoptosis detection

Cell viability, Annexin-V-Fluos positive cells and DNA fragmentation
were measured as described (Tinto et al., 2002).
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Figure 1. Model for the control of apoptosis and location of the Bcl-2 family members and
caspase-inhibitors (z-VAD-fmk and Ac-DEVD-cho). Cytochrome ¢ release is inhibited by
anti-apoptotic Bcl-2 family members such as Bcl-2, Bel-XL, and BHRF-1, while it is directly
enhanced by the pro-apoptotic members such as Bak, Bax, and Bid. Once released from the
mitochondria, Cytochrome c activates pro-caspase-9 via the apoptosome.

3. RESULTS AND DISCUSSION

3.1 Genetically engineered hybridoma cells

For most of animal cell lines, the two principal difficulties in the genetic
engineering endeavour are their modest transfection efficiencies and the
decline in the expression levels after several passages. We evaluated
alternative approaches, such as the improvement of gene delivery methods
and the use of plasmids based on bicistronic technology. The inclusion of
adenovirus in DNA:CaPi coprecipitates (8%) provides by far the best results
in comparison with eletroporation (1%) and lipofection (3%). Moreover, the
maintenance of initial expression levels, and therefore antiapoptosis
protection, was achieved with bicistronic vectors. In fact, our results showed
at least 3 months stability of the transfectants, even in absence of selectable
marker, allowing them to be employed in perfusion systems for long-lasting
operational times.

3.2 Apoptosis protection in batch cultures

As reported previously, the use of protective members of the Bcl-2
family from viral origin, such as BHRF-1, not containing the Asp’* cleavage
site of caspase-3, confer enhanced protection against apoptosis when
compared to bcl-2- (Figures 2a and 2¢) and bclx/-expressing cells (Vives et
al., 2003). Moreover, the use of bicistronic vectors harbouring bhrf-1
substantially improved such protection in glutamine-deficient medium



358 S. Juanola et al.

(Figure 2d in comparison to 2b). bhrf-1-expressing cells not only exhibited
the highest protection under glutamine-deficient culture conditions but also a
decrease in viable cell number of only 15% at 72 hours, while the number of
viable cells in the rest of the cultures at the same time showed a reduction in
viability by more than 60%. Additionally, it was possible to recover the
cultures even after being exposed to apoptosis-inducing conditions during
significant time window, up to 72 hours, as demonstrated in continuous
cultures (Figure 3).

wtable cell derulf (x B0 cellzm L

It

Figure 2. Effect of the expression of the antiapoptotic genes bcl-2 and bhrf-1 in batch cultures
of hybridoma KB26.5. Cell growth profile of cells engineered using (a) monocistronic and (b)
bicistronic vectors. Protection against apoptosis induced by glutamine deprivation in cultures
of cells engineered with (c) monocistronic and (d) bicistronic vectors.
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Figure 3. Continuous cultures of mock plasmid transfected (control) and bhrf-1-expressing
hybridoma cells to evaluate the effect of the limitation of nutrients and the capacity to rescue
cell viability. When the continuous culture was operated at a dilution rate of 0.16 h-1, the
growth of both cell cultures was similar and reached the highest density at 264 h (a). At that
point, continuous was suspended for 24 h and apoptosis was irreversibly triggered in the
control culture coinciding with a fall in culture viability. By contrast, the specific growth rate
of the bhrf-1-transfected cells could be quickly recovered when the system was operated again
with elevated levels of cell survival after a momentary decline phase. As soon as cell densities
were restored, another perturbation was applied to the system, for 48 h (d). This time, cell
viability fell to 9.9 x 105 cells/mL, and they required a longer time to be recovered. Finally, a
third perturbation was applied, for 72 h (e), and once more cells were recovered showing the
protective effect conferred by the expression of bhrf-1.

3.3 Perfusion

High-density hybridoma perfusion cultures are extensively used for
producing large amounts of MAbs. Although perfusion culture technology
allows the maintenance of high cell concentration for extensive operational
times, cell death is an important limitation: whereas viable cell density
remains steady, accumulation of dead cells affects the quality of the product,
downstream processing and clogging the perfusion system (Figure 4a). We
performed perfusion cultures using mock plasmid transfected (control) and
bhrf-1-expressing hybridoma cells and compared viable and dead cell
numbers. Results show a dramatic reduction of dead cell number in bhrf-1-
transfected cell cultures, 12.1 x 10° cells/mL vs 55.4 x 10° cells/mL
(Figure 4b) in the control culture. Both batch and perfusion culture strategies
are the preferred choice for the production of MAbs. However, they are
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totally different systems. In batch cultures, the limitation of nutrients or
oxygen triggers apoptosis in fairly extreme conditions. On the other hand, in
perfusion cultures, although there could exist a limitation at elevated cell
densities, triggering cell death and preventing to reach even higher
concentrations, there are still resources available for every cell in the
bioreactor. Under these conditions, mock transfected cultures sustain high
percentage of cells in phase S, 50.1% at 192 h vs 47% at 96 h (in the middle
of the exponential growth phase, Figure 4a). In contrast, cultures of bhrf-1-
expressing cells show 36.3% at 192 h vs 53.9% at 96 h. Regarding the
antibody production, bcl-2- and bhrf-1-expressing cells generate 85.2% and
87.5% with respect of mock transfected control, respectively. This slight
reduction (less than 15%) in productivity is compensated by the fact that
bhrf-1-expressing cells can be effective in long operational cultures and
therefore it doesn’t represent a drawback in their use in perfusion systems.

o=
rem

Rt

Figure 4. Perfusion cultures of mock plasmid transfected (control) (a) and bhrf-1-expressing
hybridoma (b).

4. CONCLUSIONS

The performance and robustness of bhrf-1-expressing cells were tested
under glutamine limitation in order to induce apoptosis as a consequence of
starvation of this amino acid in batch cultures, interruption of continuous
feeding in continuous cultures and depletion in perfusion operations. Under
these conditions bhrf-1-expressing cells showed a high protection in front of
the apoptotic process when compared to controls. It has been observed an
increase in life span of 72 hours in batch and continuous experiments, and a
reduction of almost 80% in cell death in perfusion operations. In addition,
the protection conferred by BHRF-1 allowed the recovery of the cultures
even after prolonged periods of time under apoptosis-inducing conditions,
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therefore evidencing the potentiality of this technology for long operation
periods in animal cell bioprocesses.
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Abstract:

Key words:

The CHO cell line was mutagenized with radiation and by chemical treatment,
and a CHO DG44 mutant carrying a double deletion for the dihydrofolate
reductase gene located on chromosome 2 was isolated and characterized.
Among the different sublines, CHO DG44 cells are widely used for the stable
production recombinant proteins since they exhibit the DHFR-selection and
amplification system. To our knowledge, the karyotype of CHO-DG44 cells
has not been studied. After analysis of more than 100 metaphases, we
consistently found 20 chromosomes whereas the normal diploid Chinese
hamster genome was characterized with 22 chromosomes. The quasi-diploid
CHO DG44 cells were found to have a karyotype altered from the original
Chinese hamster. Only seven of the chromosomes were normal including the
two chromosomes 1, one chromosome 2, 4, 5, 8 and 9. The four chromosomes
Z1, Z4, 78 and Z13 were identified as described by Deaven and Peterson
(Deaven and Petersen 1973). The remaining chromosomes were 7 derivative
chromosomes (rearrangement within a single chromosome or involving two or
more chromosomes) and 2 marker chromosomes (structurally abnormal
chromosome in which no part can be identified). We believe that insights from
these studies can be of value for a genetic characterization of CHO DG44 cells
expressing a recombinant protein as well as for work on targeted or
homologous integration into the genome.

CHO DG44, karyotype, recombinant proteins
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1. INTRODUCTION

Primary diploid cells from the Chinese hamster (Cricetulus griseus) have
22 chromosomes, and the karyotype of these cells serves as the basis for the
banding nomenclature of all CHO-derived cell lines (Ray and Mohandas
1976). The parental CHO cell line (CHO-K1) has only 21 chromosomes
with 9 of these designated the “Z group” chromosomes that are structurally
different than the normal chromosomes of C. griseus [3]. The deletions,
pericentric inversions, and translocations of the Z chromosomes have been
fully described (Deaven and Petersen 1973). The CHO DG44 strain
described here was generated from a praline deficient CHO cell lines (Pro-3)
by a round of chemical mutagenesis followed by exposure to gamma
irradiation (Urlaub and Chasin 1980; Urlaub ef al., 1983). Since both alleles
of the dhfr gene in CHO DG44 cells are deleted, selection of cells
cotransfected with an exogenous dhfir gene and a transgene in medium
without hypoxanthine and thymidine allows the efficient recovery of DHFR-
positive recombinant cell lines (Kaufman R.J. ef al., 1985). Here we report
the first karyotype of CHO DG44 cell line.

2. RESULTS

Initially, one hundred metaphase chromosome spreads from CHO DG44
cells were analyzed. In most cells, a total of 20 chromosomes were observed
(Fig. 4). Based on the karyotype of the near-euploid Chinese hamster cell
line DEDE and the subline TGA 102a, the karyotype of CHO DG44 cell line
was established. The chromosome number and giemsa banding pattern
were defined according to the system proposed by Ray and Mohandas (Ray
and Mohandas 1976). All the descriptions of chromosomal rearrangements
followed the conventions established by the International Standard
Committee on Human Cytogenetic Nomenclature (ISCN 1995). A
derivative chromosome was defined as a structurally altered chromosome
generated by one or more rearrangements within a single chromosome or
rearrangements involving two or more chromosomes. Derivative
chromosomes were defined as a structurally rearranged chromosome
generated by more than one rearrangement within a single chromosome or
involving two or more chromosomes. Those derivative chromosome(s) had
an intact centromere. Marker chromosomes were defined as structurally
abnormal chromosomes in which no part was matched to a region(s) of a
parental chromosome.

The quasi-diploid CHO DG44 cells were found to have a altered
karyotype compared to that of diploid Chinese hamster cells (Ray and
Mohandas 1976). Twenty rather than 22 chromosomes were observed, and
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only seven of these appeared to be normal; these included the two
chromosome 1 and one copy each of chromosomes 2, 4, 5, 8 and 9 (Fig. 1).
In some cells, however, a chromosome 4 with additional genetic material in
the long arm was seen. A normal chromosome 4 (chromosome 4A) was
observed in 47% of the metaphase spreads, while 44% of the spreads had a
chromosome 4 of intermediate length (chromosome 4B) and another 9% had
an even longer chromosome 4 (chromosome 4C) (Fig. 2). In addition to the
normal chromosomes, four Z-group chromosomes (Z1, Z4, Z8 and Z13), 7
derivative chromosomes (der), and 2 marker chromosomes (mar) were
identified (Fig. 1) [S].
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Figure 1. G-banded karyotype of CHO DG44 cell line.

For the Z group and derivative chromosomes, the high resolution
observed with giemsa banding allowed a precise description of each
structural rearrangement (Fig. 4). The deletion observed in Z2 occurred on
the long arm from q11 to q22. The pericentric inversion of chromosome 3 in
Z4 occurred on the short arm at p33 and on the long arm at q12. Der(4)
resulted from the joining of the long arm of chromosome 4 and a part of the
short arm of chromosome 3, from p21 to pter. Der(5), a derivative of
chromosome 5, has a duplication in theist long arm, probably from 22 to
q25. Der(6) was identified as a derivative of chromosome 6 without the
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short arm. Der(7) was formed from the long arms of chromosome 7 and the
X chromosome. Der(8) was derived from the short arm of chromosome 8
and the long arm of chromosome 6 with a pericentric inversion between q17
and q29. Der(10) was identified as a derivative of chromosome 10 without a
long arm. Der(X) was formed from the shorts arms of the X and Z3
chromosomes. The origins of the two mar chromosomes were not
determined since they were not related to either the euploid Chinese hamster
or to to the Z-group chromosomes.

Figure 2. Variability of the chromosome 4 within the CHO DG44 cell line. A: normal
chromosome 4. B: add(4) and C: add add (4), contained additional genetic material at the end
of the long arm.

3. CONCLUSION

These studies are expected to serve as standard for the genetic
characterization of recombinant DG44 cell lines.
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Abstract: The production of cartilage-implants includes several steps of propagation
accopamied by an unwanted dedifferentiation of the cells. The aim of this
work was to investigate the propagation of human chondrocytes on
microcarriers in a specially designed conical bioreactor as a sub-process for
the production of cartilage-carrier-constructs. This technique for increasing the
number of chondrocytes without losing their characteristic phenotype and
ability to produce cartilage matrix can improve the development and quality of
hyaline-like cartilage implants.

Key words: tissue engineering, cartilage, bioreactor, microcarrier, proliferation, cartilage-
carrier-construct, matrix formation

1. INTRODUCTION

For the production of artificial cartilage, several million chondrocytes are
needed. Therefore, chondrocytes harvested from a biopsy have to be
expanded by a factor of 100-1000. The propagation in T -flasks comprises a
couple of trypsination steps leading to a dedifferentiated phenotype of the
chondrocytes (reduction of collagen type II expression and production of
collagen type I). In this work, an alternative propagation technique was
developed, which may avoid these drawbacks. The propagation of
chondrocytes on microcarriers (Figure 1) has the following advantages: (i)
bioreactors can be used for better process control and easier handling, (ii)
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repeated treatment with proteolytic enzymes (trypsin) can be avoided, (iii)
detachment of chondrocytes after the expansion period for further use is
possible.
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Figure 1. Scheme of the cultivation principle for propagation of chondrocytes on
microcarriers in a stirred bioreactor.

2. MATERIALS AND METHODS

Chondrocytes of a human donor were isolated from articular cartilage
and seeded on Cytodex 3 microcarriers (Amersham Bioscience) at a cell
density of 5-10* or 2:10° per 3 mg of the microcarriers. The culture medium
(DMEM hG) was supplemented with 10% FCS and 10 ng/ml bFGF.

In parallel, chondrocytes were expanded in T-flasks for two passages (P1,
P2). Afterwards, the cells were seeded on microcarriers and further
expanded in the bioreactor. Primary, P1 and P2 chondrocytes were compared
for their ability to attach to the microcarriers and to reach cell numbers
relevant for in vitro production of cartilage.

The cultivation process was started in petri dishes with 3 mg of the
microcarriers using 2 mL of culture medium. When reaching confluence, the
cultures were scaled up to 30 mg and 300 mg of the microcarriers,
respectively. Cultivations with 300 mg microcarriers were done in a conical
bioreactor (working volume 100 mL).

Finally, the chondrocytes were harvested from the microcarriers using
collagenase type la (SIGMA) and used to establish cartilage cultures on top
of ceramic cylinders. To stimulate cartilage matrix production, TGF- and
IGF-I were added to the culture medium.
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3. RESULTS

The increase in cell numbers for the primary cells and for cells in P1 and
P2 was as follows:

primary chondrocytes ~ passageno 1  passage no 2

initial cell number  5-10* 2-:10° 5-10* 5-10*
cultivation time 58 days 43 days 46 days 58 days
final cell number 43 -10° 46 -10° 29 -10° 20 -10°

Primary human chondrocytes attached more slowly to the microcarriers
than passaged cells (P1 and P2). On the other hand, primary cells reached
higher cell yields and cell densitites per area than expanded chondrocytes.
The cells were successfully used to engineer cartilage-carrier-constructs.

4. CONCLUSIONS

The cultivation of primary human chondrocytes on Cytodex 3
microcarriers was successful. Expansion times and final cell numbers of
human articular chondrocytes on Cytodex 3 depend on the initial cell
numbers. Treatment with proteolytic enzymes during expansion can be
avoided. Recovery of viable chondroctes from microcarriers after
collagenase treatment was about 80%.
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Abstract:

Key words:

Eight commercial peptones, derived from plants, were studied for their ability
of improving the cell growth and the productivity of a CHO cell line producing
a human monoclonal antibody. They were also compared to yeast, lactalbumin
and meat derived peptones. Seven plant peptones were selected and further
studied in combination by Design of Experiment. The best three peptones were
then tested in combinations in fed-batch cultivation. The fed-batch process was
based on low concentrations of glucose and glutamine with feeding of amino
acids, peptones and feed medium including vitamins, metal traces and
biosynthesis precursors. This process was based on Biovitrum protein-free
proprietary medium for the base medium and the feeding medium. Different
feeding strategies, different peptone combinations and phosphate feeding were
studied for their ability to improve the cell density, the cell specific
productivity and the cultivation longevity.

peptone, protein hydrolysate, CHO, Chinese Hamster Ovary, fed-batch, feed,
DoE, Design of Experiment, antibody, MAb, soy, wheat, rice, pea, yeast,
cotton, Primatone, lactalbulmin, phosphate
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1. RESULTS AND DISCUSSION

1.1 Screening of various peptones, dosage study and combination study

The effect on the cell growth and the productivity of 8 plants peptones
(HyPep 1510 soy, HyPep 4601 wheat and HyPep 4605 wheat, HyPep 5603
rice, HyPep 7401 pea, HyPep 7504 cotton seed, all Kerry, and P-0521 soy
Sigma, Soy Protein Acid Hydrolysate Sigma) and 1 yeast peptone (HyPep
7455 Kerry) was studied including a comparison with Primatone meat Kerry
and HyQ lactalbumin cow milk Hyclone. The results indicated that 5 plant
peptones resulted in the best cell growth and productivity at levels
comparable to the ones obtained by using Primatone and that the best results
were obtained between 5 and 10 g/L peptone with worse results at 1 g/l and
11 g/L peptone and above. Combinations of 2 or 3 peptones of the 5 selected
peptones plus 2 additional peptones were studied by Design of Experiment;
the total peptone concentration being 5 g/L. From this, 3 plant peptones,
coded PEP D, E and G, were selected for their effect on the cell growth, the
viability or the productivity. No synergy effect or detrimental effect of
combining the peptones were observed in this experiment.

1.2 Fed-batch cultivation with peptone addition

Diverse combination of peptones PEP D, E and G in the base medium
and the feed were studied in fed-batch spinners as well as feeding of
phosphate. Comparing feeding or not the feed medium while glucose,
glutamine and amino acids were fed showed that the feed medium addition
was beneficial. It was showed that the presence of peptone PEP G resulted in
better productivity and growth and that feeding phosphate did not improve
the process. An early unexplained decline in viability was observed
reproducibly in two run series despite the fact that the by-product
accumulation or the osmolarity were not too high. A screening was then
performed in 6-wells plate system showing that the early viability decline
was due to the simultaneous feeding of feed medium, peptones D and E and
amino acids. The feed medium composition was also slightly modified and a
new series of fed-batch runs in 100 ml spinners was performed to compare
the effect of different combinations of 2 peptones from PEP D, E and G in
the base medium (BM), the effect of feeding frequency of feed medium
(FM) every day (1/1), every 2¢ (1/2) or 3¢ day (1/3) of the same total feed
medium volume and the effect of diluting 1.5 (concentrated FM) versus 2.5
times over the whole fed-batch cultivation while adding the same amount of
nutrients. It was observed that the combination of PEP G and E gave higher
productivity than the combination of PEP D and G in the base medium,
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feeding every 3% days was better than feeding every 2¢ day for the cell
growth and the productivity, feeding every day seemed to help maintaining
the viability but the productivity was similar as feeding every 2° day and
finally higher cultivation dilution 2.5 versus 1.5 was more favourable to the
viability and the productivity, see Figures 1 to 3.
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Figure 1-3. Viable cell number, viability and product accumulation in fed-batch spinners.
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2. CONCLUSIONS

A series of 8 plant peptones and 1 yeast peptones was studied together
with a meat- and milk-derived peptones as references. 3 plant peptones were
selected for further fed-batch process investigation due to their positive
effect on the cell density, viability or productivity. The fed-batch strategy
was improved by the use of plant peptones for this cell line. It was found that
the amino acids should not be fed simultaneously with peptones D and E and
the feed medium. This peptone combination was detrimental to the fed-batch
process even if the individual peptones were beneficial to the process and the
same combination had not been detrimental in batch screening. Different
peptones had different effect on the cell growth, the viability and the
productivity so that combining peptones was beneficial to the process; the
best peptone combination was identified. A larger dilution of the cultivation
brought by the feeding was beneficial.
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The expression of retinoic acid receptor (RAR) and retinoid X receptor (RXR)
was compared between RA responsive and unresponsive hybridoma cell lines.
RT-PCR analysis showed that most of cell lines treated with RA expressed the
RAR-alpha, -beta and -gamma, and the RXR-alpha and -beta. Interestingly,
RXR-alpha was little expressed in the unresponsive cell lines. In addition, the
transfection of RXR-alpha siRNA to the responsive cell line significantly
suppressed the increasing effect of RA, suggesting that RXR-alpha may be
associated with MAD up-regulation by RA. The RXR or RAR selective ligand
alone and their combinations all could increase MADb production. Their
abilities to increase the MAb production were almost paralleled with those to
induce the expression of the RAR/RXR-mediated gene, RAR-beta, suggesting
that MAb production may be up-regulated through, in part, the RAR/RXR
heterodimers. Taken together, our results suggest that RXR-alpha may play an
important role in MADb up-regulation through the RAR/RXR heterodimers

antibody production, hybridoma, monoclonal antibody, retinoic acid, retinoid
receptor.

1. INTRODUCTION

The vitamin A metabolite, retinoic acid (RA), has been shown to increase

monoclonal

antibody (MAD) production in several human hybridoma cell
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lines (Aotsuka et al., 1991; Inoue et al., 2000). However, not all human
hybridoma cell lines show increased production by RA. The understanding
of the molecular mechanism underlying RA action leads to the development
of high MADb expression systems. RA was known to act through two kinds of
retinoid nuclear receptors, the RA receptor (RAR) and the retinoid X
receptor (RXR) (Ballow et al., 2003). Each receptor consists of three types,
alpha, beta, and gamma. All three RARs bind both all-trans RA and 9-cis
RA, while all three RXRs bind only 9-cis RA. In this study, we examined the
expression of RARs and RXRs and the effects of their selective ligands on
MAD production in human hybridoma cell lines.

2. MATERIALS AND METHODS

2.1 Hybridoma cell line and culture conditions

The hybridoma cell lines, AE6, BD9, HB4C5, and HF10B4 were used
for this study (Kawahara et al., 1992; Murakami et al., 1985). Cells were
maintained in the serum-free ERDF medium (Kyokuto Pharmaceutical
Industrial Co., Tokyo, Japan) supplemented with ITS-X Supplements
(GIBCO BRL, Tokyo, Japan) which contains 10 pg/ml of insulin, 5.5 pug/ml
of transferrin, 2 pg/ml of ethanolamine and 6.7 ng/ml of sodium selenite, at
37°C in humidified 5% CO,/95% air. All experiments were done in triplicate
and the average value was used for analysis.

2.2 Retinoic acid and selective ligands

A RAR and RXR ligand 9-cis RA (Wako, Osaka, Japan), a selective
RAR ligand AM-580 or TTNPB (BIOMOL, PA, USA), and a selective RXR
ligand methoprene acid (BIOMOL, PA, USA), were dissolved in ethanol at a
concentration of 1 mM, and stored at —20°C in small aliquots under light
protection. For each experiment, stock aliquots were diluted with ethanol,
and immediately added to the culture medium at a given concentration.

2.3 Measurement of antibody concentration and viable cell number

The MAD concentrations in culture medium were measured by an
enzyme-linked immunosorbent assay (ELISA) as described previously
(Shoji et al., 1994), using anti-human immunoglobulin (Ig) antibody (IgM
#AH1601, IgG # AH1301; Biosource International, Inc., USA) as the first
antibody, and anti-human Ig peroxide conjugate antibody (IgM #AH1604,
IgG # AH1304; Biosource International, Inc., USA) as the second antibody.
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Cell number was counted by using a hemacytometer, and viability was
determined by the trypan blue dye exclusion method.

2.4 RT-PCR analysis

RT-PCR analysis was done as reported previously (Inoue et al., 2002).
Briefly, total RNA was recovered from cells using the RNA extraction
reagent. Reverse transcription was done using oligo-dT primers as described
in the manufacturer’s protocol (Amersham Pharmacia Biotech Inc., USA).
PCR amplification reactions were done in 50 pl reaction volumes containing
5 ul of 10 x PCR buffer, 4 ul of 2.5 mM deoxynucleoside triphosphates, 3 ul
of first strand cDNA, 10 pmol of each primer and 1.25 units of 7Tag DNA
polymerase (Takara Biomedicals, Osaka, Japan). The mixture was denatured
at 94°C for 2 min, followed by 35 cycles at 94°C for 30s, at 55°C for 30s,
and at 72°C for 30s. The final elongation step was extended for an additional
5 min. The amplified products were analyzed by electrophoresis on a 1.5%
agarose gel and stained by ethidium bromide.

3. RESULTS AND DISCUSSION

3.1 Expression of retinoid receptors

RT-PCR analysis showed that the hybridoma cell line AE6, BD9,
HB4CS5 and HF10B4 treated with 9-cis RA expressed the RAR-alpha, -beta
and -gamma, and the RXR-beta. Interestingly, RXR-alpha was little
expressed in the RA unresponsive cell line HB4C5 and HF10B4 (Fig. 1). In
addition, the transfection of RXR-alpha siRNA to the RA responsive cell
line AE6 and BD9 significantly suppressed the increasing effect of 9-cis RA
(Fig. 2). These findings suggest that RXR-alpha may be associated with
MAD up-regulation by RA.

3.2 Effects of selective retinoid receptor ligands on antibody production

The RAR selective ligand AM-580 or TTNPB, the RXR selective ligand
methoprene acid (MA), and their combinations AM-580+MA and
TTNPB+MA could increase MAb production in the human hybridoma cell
line BD9 (Fig. 3). The abilities of these ligands to increase the MADb
production were almost paralleled with those to induce the expression of the
RAR/RXR-mediated gene, RAR-beta (data not shown). These findings were
similar in the human hybridoma cell line AE6, suggesting that MADb
production may be up-regulated through, in part, the RAR/RXR
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heterodimers. Taken together, our results suggest that RXR-alpha may play
an important role in MAb up-regulation through the RAR/RXR
heterodimers.

Hybridoma
AE6 BDY9 HB4CS HFI10B4

. ——
o

Figure 1. RAR and RXR expression in human hybridoma cell lines. The hybridoma cell lines
(1 x 105 cells/ml) were cultured in ITS-X-ERDF medium supplemented with 100 nM 9-cis
RA. After 2 days, RAR and RXR expression were examined by RT-PCR analysis. Beta-actin
expression was also examined as a control.

Increased antibody production (fold)
(3]

AE6 BDY

Figure 2. Effect of RXR-alpha siRNA transfection on antibody production increased by RA.
siRNA transfection was performed according to manufacturer’s instructions. After
transfection, The hybridoma cell lines AE6 and BD9 (1 x 105 cells/ml) were treated with 10-7
M 9-cis RA for 2 days. Increased antibody production by RA was determined by ELISA.
Open and shadow bars indicate control and test, respectively.
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Control :I
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Figure 3. Effect of the selective retinoid receptor ligands on antibody production. The
hybridoma cell line BD9 (1 x 105 cells/ml) were cultured in ITS-X-ERDF medium
supplemented with or without retinoid receptor ligand(s). After 2 days, IgG production was
measured by ELISA. 9-cis RA: RAR and RXR selective; AM-580 or TTNPB: RAR selective;
MA: RXR selective.
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Abstract:

Key words:

Initial attempts to grow GS NSO cells in the serum-free media provided by
Cambrex failed owing to a lack of certain additions. It was decided to evaluate
the addition of cholesterol, cholesterol encapsulated with a cyclodextrin carrier
and Glutamine Synthetase Expression Supplements (GSES). Aim was to
evaluate if the adaptation time could be reduced, while still maintaining equal
to higher viable cell density and IgG antibody production. It was found that
GS NSO cells required the addition of cholesterol to sustain growth in the
medium. The addition of cholesterol encapsulated with cyclodextrin with the
GSES additives reduced adaptation time to 50 days from 127 days for
cholesterol alone.

GS NSO, CHOLESTEROL, GSES.

1. INTRODUCTION

Serum-supplemented media are normally used to culture mammalian
cells, however, growing concerns over serum supply and the potential for
exogenous serum contamination has driven the transition to serum-free

media. Som

e cell lines (e.g., cholesterol auxotrophic cell line, NSO) have

unique requirements for specific media supplementation to be effective, as
demonstrated by Keen and Steward (1). However, the production of purified
recombinant proteins has created a demand for media capable of supporting

growth with

out relying on these supplements. The use of serum-free media

requires some adaptation effort to ensure the most viable cell population is
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selected for long-term cell culture studies or the continuous production of
desired cell derived proteins. Adaptation protocols are tedious, time
consuming and vary according to cell lines and production methods. We
have demonstrated that with the addition of cholesterol and glutamine
synthetase expression media additives (GSEM) adaptation time can be

significantly reduced.

2. RESULTS AND DISCUSSION

The GS NSO cell line in Figure 1, was not adapted to the serum-free
media. Initial attempts to get the cell line to grow without the addition of
cholesterol failed. When cholesterol was added the media , the NSO cell line
was able to proliferate and sustain growth in the medium. The addition of
cholesterol and GSES additives gave an increase in the viable cell density
over cholesterol alone. The use of cholesterol encapsulated with cyclodextrin
with GSES additives gave the largest increase in viable cell density. The
NSO cells were then adapted using a weaning protocol.

Table 1. Showing the cholesterol requirement of NSO.

Days Serum-Free Media Serum-Free Media Serum-Free Media
Only (Cells/mL ) + Cholesterol -+ Cholesterol &
(Cells/mL) GSES (Cells/mL)

0 2x10° 2x 10° Zx 10°

1 1:73%10" 22x 10° 22x 10
2 0.9 x10° 29x 10° 3.0x 10°
3 03x10° 33x 10° 3.4x 10°
4 8] 3.8x 10° 4.2x 10°
5 [5) 4.3 x 10° 4.5x 10°

Mean values plotted, n=3

Table 2. Adaptation time for NSO cell line.
Compounds Used

Adaptation Time (IDays)

Serum-Free MNMedia with 127
Cholesterol

Serum-Free Media with 20

Cholesterol and GSE S

Serum-Free Media with S50

Cholesterol: Cyclodextrin
and GSES

Table 2, shows the results for adaptation time with the selected
components from Table 1. It was observed to take 127 days for the NSO cell
line to adapt to the serum-free media with the addition of cholesterol.
Adding GSES additives to the media with cholesterol improved the
adaptation time to 90 days for the NSO cell line. The quickest time observed
was 50 days, which included the addition of cholesterol encapsulated with
cyclodextrin and GSES additives.
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Table 3. Comparison of adapted NSO serum-free cells in serum-free media, verses NSO cells
in basal media.

Days of Batch Serum-free Basal Media Sermm- Basal
Cell Count Cell Count Free IgG Media 1gG
(Cells/mL ) (Cells/mL) Production | Production
I . = (ng/ml) (ug/ml)
0 25x 10° 2.5x10°
3 3.4x 10° 3.2x 10°
2 49x 10° 46x 10
3 7.8x 10° 6.7x10° 37 35
4 10.7 x 107 8.8x 10° 48 42
s 9.8 x 10° S.1x10° 62 57
=] 7.3x 10 7.2x 10 64 55
K 54x 10° 5.5x10° | so 37
8 2.8x 10 3.1x10° 32 21
El 1.6x 10° 1.2x 10°
10 0.9x 107 0.4 x 10°

Mean values plotted, n=3.

The adapted NSO cell line in Table 3, was tested to see if the adaptation
process had been successful. The serum-free media out-performed the basal
media in respect of viable cell density and antibody production. A common
observation observed when adapting cell lines to serum-free media is the
actual reduction of antibody production in comparison to basal media, even
though viable cell density may be proportional to basal media.

3. CONCLUSION

It has been demonstrated in Figure 1, that the NSO cell line required the
addition of cholesterol to maintain growth in the serum-free media used. The
addition of GSES additives also aided in maintaining growth. Figure 2
showed that with the additions observed in Figure 1, that the adaptation time
can be reduced. To adapt the NSO cells in the shortest time period it was
observed that the additions of cholesterol encapsulated with cyclodextrin and
GSES additives gave a 50 day period. The slowest time observed was from
only adding cholesterol alone leading to a 127 day period. Subsequent
performance testing, Figure 3, showed that the NSO cell line had a higher
viable cell density and equal to higher IgG productivity in comparison to
basal media.
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Abstract: For the production of recombinant proteins for clinical use animal cell
cultivation is used. Only these cells are able to perform correct folding and
glycosylation of the desired protein. As the production process is expensive
and long, cheaper and/or swifter cultivation routines are required. Chinese
hamster ovary (CHO) cells were used to examine the expansion of cells and
the production of recombinant human growth hormone in different cell culture
systems which are supposed to achieve higher cell densities and product
concentrations compared to conventional cell culture systems. The CHO cells
were grown in suspension in serum-free, low-protein medium. Five different
culture systems were used for batch-cultivation: Biostat B, BelloCell 500,
spinner flask, RCCS-D and miniPERM. The systems differed in oxygen
supply and medium agitation. While cells are agitated by stirrers in Biostat B
and spinner flask, the whole medium is revolved in BelloCell 500, RCCS-D
and miniPERM. Unlike the other systems the BelloCell 500 retains the CHO
cells on a matrix. The aim was to maximize cell growth and productivity,
which was achieved best in BelloCell and RCCS-D. In a second step the
influence of temperature on growth and product formation was examined.

Key words: animal cell culture, protein production, Chinese hamster ovary CHO cells,
human growth hormone hGH, bioreactor, bioprocess engineering, Biostat B,
BelloCell 500, miniPERM, RCCS-D, serum-free medium, batch cultivation
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1. INTRODUCTION

Human growth hormone (hGH) is a polypeptide consisting of 191 amino
acids with a molecular weight of 22 kDa (Ribela, 2003). It is produced in the
pituitary gland of every healthy human being and is responsible for the
growth process of human beings and the stimulation of protein, lipid and
bone metabolism. Since microsomia is one of the most consequences of
lacking hGH, the protein is of pharmaceutical significance.

The progress of recombinant DNA technology in the 1970s made it
possible to express recombinant genes via microorganismen like Escherichia
coli. (Simonsen, 1994). Nowadays the production of pharmaceutical proteins
for clinical use often depends on the use of mammalian cell culture in order
to ensure the correct folding and posttranslational modifications of the
desired protein (Hauser, 1997, MacDonald, 1990). The most widely used
mammalian cell line for the production of recombinant biopharmaceuticals
are derived from the Chinese Hamster Ovary (CHO) cell line (Simonsen,
1994).

Due to long and expensive cultivation processes it is necessary to
optimise the process. The aim is to increase cell growth and the production
of complex proteins to the maximum. This can be achieved by using
different bioreactors or by the optimisation of the cultivation parameters like
stirring speed, pH-regulation or temperature (Birch, 1994, Bloemkolk, 1992,
Hu, 1992, Sureshkumar, 1991). A decrease of temperature from 37 °C to
lower temperatures can have a positive influence on cell productivity
(Rossler, 1996).

The aim of this study was to examine growth and productivity of the
recombinant CHO®™ hGH cells cultivated in different culture systems which
shall result in a higher cell density and product concentration. Furthermore
the influence of temperature on cell growth and hGH production was
examined.

2. MATERIAL AND METHODS

All experiments were carrierd out with the CHO®™ hGH cell line which
was provided by CCS Cell Culture Service GmbH (Hamburg, Germany).
The cells were cultivated under serum free conditions and low protein
concentrations.

Cell count was carried out with the trypan blue method and the amount of
hGH in the supernantant was measured with a specific sandwich ELISA
(Roche, Diagnostik GmbH, Germany). Cell densities in BelloCell 500 were
calculated from glucose uptake rates.
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2.1 Cultivation in different cell culture systems

In the first part five different cultivation systems were tested towards
their suitability for batch-cultivation in order to achieve better cell growth
and higher productivity. Therfore the experiments were carrierd out in:

250 ml spinner flask (Techne, England): 100 ml medium, 20 rpm

2 1 Biostat B (Sartorius BBI Systems, Germany): 1.5 | medium, 100 rpm
miniPerm (Vivascience, Germany): 35 ml medium, 30 rpm

RCCS-D (Synthecon, USA): 45 ml medium, 8 rpm

BelloCell 500 (CESCO Bioengineering Co., Taiwan): 300 ml medium,
up/down 1mm/s, top/bottom delay 10 s

The systems differed in airiation and agitation. All cultures held at 37 °C
and 5% CO,. In Biostat B and spinner flasks the cells were mixed by
mechanical stirring while in miniPerm, RCCS-D and BelloCell 500 the
whole medium is revolved. Only the BelloCell 500 retains the CHO cells in
a matrix of fibers.

2.2 Temperature experiments

The influence of temperature on cell growth and product formation was
determined. The experiments were carried out in 250 ml spinner flasks. The
suspension batch-cultures were grown at 37 °C, 34 °C and 31 °C, in an
incubator at 5% CO; and 20 rpm. The spinner flasks were inoculated with an

initial cell density of 1.5-10° cells per ml.

3. RESULTS AND DISCUSSION

3.1 Effect of culture system on cell growth and hGH production

Figure 1 shows the cell density of CHO cells in different culture systems
measured with the trypan blue method. The highest cell density of
9.3-10° cells per ml is achieved in the BelloCell 500, but the cells die rapidly
afterwards and cell density decreases to 2-10° cells per ml due to lack of
glucose. Cell density reaches about 2.2-10° cells per ml in the RCCS-D and
miniPerm, operating with revolving medium, whereas the continious stirred
systems resulted in only 1-10° cells per ml.
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Figure 1. Number of living cells during the cultivation of CHOSFS hGH cells at 37 °C at an
atmosphere of 5% CO?2 in different culture systems.

Figure 2 shows the hGH concentration in the supernatant. The hGH
concentration in the supernatant was measured with a specific sandwich
ELISA.

Spinner flask, Biostat B and miniPerm show similar concentrations of
23.9-26.4 ng/ml. The highest hGH concentration of 49 pg/ml is observed in
the RCCS-D, the lowest concentration of 15.9 pg/ml in the BelloCell 500.
While cell growth in BelloCell is fastest, the production rate of hGH is
slowest by far with only 1.7 pg/(day-10° cells). The hGH concentration of
23.9-26.4 pg/ml are the result of either a good growth rate and a mediocre
production rate (4.2-7.7 ug/(day-10° cells)) or vice versa. Only in the RCCS-
D, a fast growth rate correlates to a sufficient production rate of
9 ug/(day-10° cells), leading to a high hGH concentration in the supernatant.

——— Spinner flask
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——8&——miniPerm
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0 50 100 150 200 250

time [h]

Figure 2. hGH concentration during the cultivation of CHOSFS hGH cells at 37 °C at an
atmosphere of 5% CO2 in different cultur systems.
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3.2 Effect of temperature on cell growth and hGH production

Figure 3 illustrates the effect of temperature on cell density. Cultured
cells at 37 °C and 34 °C showed a fast cell growth during the first 100 hours
while cells cultured at 31 °C showed a slower cell growth. In comparison to
the cultivation at 37 °C, the cultivations at temperatures of 34 °C and 31 °C
reach higher cell densities. The highest cell density of about 2.6-10°cells
per ml was achieved at 34 °C.
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0 50 100 150 200 250 300 350 400 450
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Figure 3. Number of living cells during the cultivation of CHOSFS hGH cells in spinner
flasks at 37 °C, 34 °C and 31 °C at an atmosphere of 5% CO2 and 20 rpm.

The reduction of the temperature from 37 °C to 34 °C and 31 °C had a
positive influence on cell growth and resulted in elongated cultivation times.
But the prolonged cultivation times cause also an increase of process costs.

Figure 4 illustrates the effect of temperature on hGH production in the
supernatant during the cultivation in spinner flask measured with a specific
sandwich ELISA.

In the first 50 hours a slow increase of hGH concentration at all
temperatures could be observed. At 34 °C, the hGH concentartion increases
up to 47.2 pg per ml while at 37 °C a maximum of hGH concentration of
only 10 pg per ml is achieved with the slowest production rate of 3.23
ng/(day-10° cells). While cell growth at 31°C is slowest, the hGH
concentration of 62.8 pg per ml is highest. The production rate of 3.88
ng/(day-10° cells) at this temperature is lower than at 34 °C. Only at 34 °C a
fast growth rate correlates to a high production rate of 5.14 pg/(day-10°
cells), resulting in the highest possible product yield in best time. The results
show, that a decrease of temperature from 37 °C to 31 °C has a positive
influence on product formation.
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Figure 4. hGH concentration during the cultivation of CHOSFS hGH cells in spinner flasks at
37 °C, 34 °C and 31 °C at an atmosphere of 5% CO2 and 20 rpm.

4. SUMMARY

Both experiments show that cell growth and product formation is
influenced both by the culture system and the temperature. Compared to
traditional cultivation systems like spinner flask and Biostst B the highest
cell density is achieved in the BelloCell 500 but the maximum of hGH
amount is achieved in the RCCS-D. The reduction of cultivation temperature
in CHO batch cultures from 37 °C to 34 °C and 31 °C has a positive
influence on cell growth and productivity.
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1. INTRODUCTION

Bioreactor culture of adherent cells offers clear advantages for scale-up
of cells for membrane preparations. However, harvesting cells from micro-
carriers is time-consuming. In addition, enzymatic treatment may lead to loss
of ligand binding and functional activity. To address this, we investigated
scalable procedures to streamline cell harvesting and membrane preparation
avoiding the use of enzymatic treatment. The concept is based on wash of
cell-loaded micro-carriers in the fermentor, harvest and freezing of the cells
directly without enzymatic treatment. Starting from the thawed carrier-cell
material we compared enzymatically treated with non treated membrane
preparations with respect to yield of functionally active receptors.
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2. MATERIAL AND METHODS

2.1 Cell line maintenance and preparation of seeding cultures

CHO cells (AstraZeneca proprietary) expressing membrane receptor B
was adapted to our in-house, amino acid enriched DMEM/F12 (Invitrogen)
medium for static cultures, supplemented with 5% FCS (Invitrogen), ImM

Ca2+, 4 mM 1-Gln, 1 mg/ml G418 (Invitrogen), and maintained in T225
flasks (Nunc).
The fermentation inoculum was grown in 10 layer Cell factories(Nunc).

2.2 Production procedure

Large-scale micro-carrier cultivation was performed according to a
generic in-house protocol. The fermentation inoculum was grown in 10 layer

cell factories seeded at a density of 2x104cells/cm? and harvested when 80%
confluent.

The cells were enzymatically removed from the cell factories by the use
of Accutase (TCS Cellworks). After removal, cells and CultiSpher G
(Percell Biolytica.) were pooled into an inoculum flask at a density of

0.3x100 cells/ml in one third of the final working volume.

Cells were grown at 37°C, 5% CO , and pH 7.2, in a 50L stirred
bioreactor (Sartorius BBI) with direct sparging aeration. Intermittent stirring
for the first 12 hours after inoculation allowed the cells to attach to the
carriers.

24h prior to harvest, when the cell culture had reached the desired
density, the medium was renewed, sodium butyrate (SmM) was added and
the temperature was decreased to 31° C.

2.3 Harvesting procedure

For the non-enzymatic method the micro-carrier and cell suspension was
left to settle in the bioreactor vessel for 20 min. The supernatant was
removed via a dip tube; the carrier slurry was washed with PBS directly in
the bioreactor and harvested through the bottom valve. The wet carrier
sediment was frozen at — 70°C.

The harvest procedure for the enzymatic method was different in that the
carriers and cells were removed from the bioreactor and collected by
centrifugation and washed once with PBS. The gelatin carriers were then
enzymatically dissolved as described in the supplier’s instructions and cells
were collected by centrifugation. The material was then stored at —70°C for
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further membrane preparation according to standardised procedures for
enzymatic treated membrane preparation.

2.4 Large scale membrane preparation

The frozen cell containing micro-carriers were thawed on ice in protease
inhibitor containing homogenisation buffer (50 mM Tris/HCI (pH 7, 4°C),
2,5 mM EDTA. Subsequently the suspension was homogenized using an
Ultraturrax at medium speed in short bursts of 60 seconds. The suspension
was then filtered through a 75 um metal mesh. This procedure was repeated
three times in order to ensure complete removal of the cell lysate from the
micro-porous carriers. All filtrates were pooled and kept on ice. Membranes
were recovered through a series of centrifugation and disintegration steps
prior to freezing in liquid-nitrogen using an in-house pearl freezing device.

3. RESULTS

This novel improved large-scale membrane preparation method was
successfully applied to 3 x 50 L carrier campaigns (Figure 1). The
comparison of specific binding between the different non-enzymatic
membrane preparation methods showed that the streamlined preparation
method resulted in as much as 12 times higher specific activity compared to
the control sample (Figure 1).

The obtained functionality in the binding assay was higher in #3 than the
initial evaluation due to reduced process time (Figure 1).

30000.01
25000.0
20000.0
15000.0+
10000.0+

5000.0+
0.0 [ |

Enzymatic Non- Non- Non-
enzymatic#1 enzymatic#2 enzymatic#3

Specific binding [dpm]

Figure 1. Comparison of specific binding between enzymatic and non-enzymatic (3 x 50L
campaigns) membrane preparations.
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The process time was reduced both through shorter handling times during
membrane preparations and through the use of pearl freezing as a fast final
formulation.

4. CONCLUSIONS

We have developed a simplified, straightforward and scalable procedure
for membrane preparations from large-scale micro-carrier fermentations.
The increase in specific binding is due to the fact that we have left out the
use of proteases in the recovery steps and that the process time had been
shortened several hours.
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Mammalian cell cultures generally require supplementation with fetal bovine
serum (FBS), or its replacement, into the culture media. Sera contain various
unidentified and unknown factors and the risk of infections, including bovine
spongiform encephalopathy (BSE), is of serious concern. Therefore, the
supplementation of sera into culture media is a major obstacle for purification
to recover cell products and this limits pharmaceutical acceptance of products.
In this study, we examined whether the sericin protein, derived from the
silkworm cocoon, can be effectively used as a substitute for FBS in
mammalian cell culture. Together with fibroin, sericin is a major component of
raw-silk and is removed from raw-silk by a treatment called degumming to
make the silk lustrous and semitransparent. In order to investigate the effect of
sericin on the proliferation and the productivity of mammalian cells, sericin
was added to cultures of various mammalian cell lines, such as murine
hybridoma 2E3-O. Sericin successfully accelerated the proliferation of the
cells. Moreover, the production of MoAb by the hybridoma cells was also
improved in the presence of sericin. Although heat easily denatures and
inactivates most proteins, sericin maintained mitogenic activity after
conventional autoclaving (20 minutes) and longer (60 minutes) autoclaving.

sericin, hybridoma, monoclonal antibody, serum-free medium

397

R. Smith (ed.), Cell Technology for Cell Products, 397-401.

© 2007 Springer.



398 S. Terada et al.

1. INTRODUCTION

A variety of mammalian cells, including CHO and BHK, are industrially
cultured to produce biomaterials such as proteins and gene therapy vectors
and are used as transplants for cell therapy. Most mammalian cells need
serum, or a replacement, in the culture medium, and fetal bovine serum
(FBS) is used most frequently. However, FBS is frequently contaminated
with viruses, and even the risk of bovine spongiform encephalopathy (BSE)
is of major concern and serum also contains numerous factors outside the
operator's control. Thus, the supplementation of serum to culture medium is
a serious obstacle in the purification of products. Therefore, an alternative to
FBS as a supplement to mammalian cell culture is eagerly desired.

We focused on sericin as an alternative to FBS and we reported that
sericin accelerated the proliferation of various mammalian cells (Terada
et al., 2002). In this study, we examined the optimal concentration of sericin
when supplemented to hybridoma cultures and the condition of sterilization
of sericin.

Sericin and fibroin are the two major components of raw silk with fibroin
being the predominant component. Sericin, a gummy coating on raw-silk
filaments, is removed by a treatment called degumming to make the silk
lustrous and semitransparent. The degumming treatment is essentially an
alkaline scouring operation and is carried out at boiling temperatures. During
this treatment, sericin is degraded and solubilized in water and abolished
from silk. Various functions of sericin have been revealed and novel
applications have been proposed. Sericin inhibits tyrosinase and lipid
peroxidation (Kato et al., 1998), and so sericin is utilized in cosmetics.
Dietary supplementation of sericin in mice successfully suppressed colon
carcinogenesis induced by 1,2-dimethylhydrazine (Sasaki ef al., 2000a).
Enhancement of the bioavailability of several metal ions during consumption
of sericin was also indicated in rat (Sasaki er al., 2000b). A recombinant
sericin peptide protected E. coli from freezing stress (Tsujimoto et al., 2001).
Sericin also improved mammalian cell survival during cryopreservation
(Sasaki et al., in press)

2. MATERIALS AND METHODS

The hybridoma cell line 2E3-O was cultured in serum-free ASF104
medium (Ajinomoto, Japan) in 24 well plates (Sumitomo Bakelite, Japan) at
37°C in humidified air containing 5% CO2.

The numbers of viable and dead cells were determined by counting in a
hemocytometer under a phase contrast microscope using trypan blue
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exclusion. MoAb concentration in the culture supernatant was determined by
ELISA.

3. RESULTS

In order to determine the optimum concentration of sericin, the
proliferation of the hybridoma cells in the presence of 0.05%, 0.10% and
0.15% sericin was measured and shown in Fig. 1. At day 2, the viable cell
number of the cultures with 0.15% sericin was the highest, but at day 3,
viability with 0.1% sericin was the highest. Further experiments were
performed to determine the optimal concentration of sericin for hybridoma
cultures.

200000
Sericin concentration
—0— 0% .
—— 0.05%

100000 —m— 0.1%

—+ 0.15%

Viable cell number

0 1 2 3
Culture period (day)

Figure 1. Growth curve of hybridoma 2E3-0 in the presence of sericin.

As shown in Fig. 2-a, the highest cell number was found in cells that
were cultured in the presence of 0.1% sericin. Figure 2-b shows that the
culture with 0.075% sericin produced the highest amount of MoAb, and the
cultures with 0.1% produced the second highest amount. These results
indicate that 0.075 - 0.1% is the optimum concentration of sericin to be
supplemented to the hybridoma cultures.

Furthermore, we investigated the effect of sterilization on the mitogenic
activity of sericin. Sericin was sterilized under various conditions and
supplemented to the hybridoma cultures. As shown in Fig. 3, the mitogenic
activity of sericin was not compromised, even after longer (60 minutes)
autoclaving. These results indicate that sericin is suitable as a supplement for
mammalian cell culture.
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Figure 2. Effect of sericin on the proliferation (A) and MoAb, and (B) production of
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Abstract:

Key words:

The synthesis of recombinant proteins represents one of the main challenges in
molecular biology as well as in preventive and therapeutic medicine. Many
expression systems such as plant, bacterial, mammalian and insect cells have
been developed with success for the expression of heterologous proteins, and
the use of the dipteran embrionary cells Drosophila melanogaster Schneider 2
(S2) is one of them. The goals of this work were to design culture media with
reduced concentration of fetal bovine serum and totally free of animal protein-
derived supplements, assuring the target protein safety requirements, the G
glycoprotein from rabies virus. The reduction or even elimination of bovine
serum by the addition of yeast extract was evaluated, as well as the effects of
the addition of glucose, fructose, glutamine, methionine, tyrosine, Pluronic
F68, and a lipid emulsion on transfected S2AcGPV2 cells metabolism,
concentration and viability. Preliminary studies of the cell growth were
performed. The obtained results were compared to those achieved with
cultures incubated with traditional culture media such as the three basal media
supplemented with 10% (v/v) of fetal bovine serum, TC100, IPL-41 and
Grace, and also the chemically defined media SF900II. It was observed that
the behavior of the tested transfected cells is strongly affected by medium
composition and, for this cell line, the use of media with reduced fetal bovine
serum percentage is feasible.

S2 insect cells, G glycoprotein, yeast extract, lipid emulsion, culture media,
media formulation
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1. INTRODUCTION

During the last decade, insect cells have been used for recombinant
proteins production. Many types of expression systems have been used to
produce these proteins: plant, bacterial, mammalian and insect cells. The
Drosophila Expression System (DES) has several advantages that make it
adequate for protein expression at laboratory and industrial scales. It is a
non-lytic insect expression system that uses simple plasmid vectors and
easy-to-use Drosophila S2 cells for proven high—level protein production.
Currently, the system utilizes Drosophila S2 cells that grow rapidly, do not
require CO, incubation, and grow in culture media that do not require
expensive supplements.

Rabies is a serious public health problem and a cause of mortality in
many regions of the world. The annual number of deaths worldwide caused
by rabies is estimated to be between 40,000 and 70,000, and it is estimated
that 10 million people receive post-exposure treatments each year after being
exposed to rabies suspect animals (WHO, 2004). The first rabies vaccine
successfully employed in humans was developed by Louis Pasteur and
colleagues in 1885 (Pérez and Paolazzi, 1997). Since then, several types of
vaccines have been developed.

One of the key factors for obtaining high recombinant proteins yield is
adequate nutrient provision (Palomares et al., 2004). For many years, insect
cell culture has been routinely performed in basal media, such as Grace,
TNM-FH and TC100 media supplemented with fetal bovine serum (FBS).
This component not only increases media cost but is also associated to
quality control problems and, due to its protein content, FBS can interfere
with the downstream processing of the target product. Therefore, the search
for chemically defined culture media in recent years culminated in the
development of optimized commercial serum-free media such as SF900II,
which is very effective on stimulating cell growth, but considerably
expensive (Marteijn et al., 2003; Ikonomou ef al., 2003).

Many studies have been performed with the aim of improving insect cell
culture media formulation (Wilkie et al., 1980; Mitsuhashi, 1989; Wang
et al., 1993; Drews et al., 1995; Vaughn and Fan, 1997; Maranga et al.,
2003, among others, as reviewed by Schalaeger, 1996). Supplements such as
yeast extract, lipid emulsion, milk, colostrum, and protein hydrolysates have
been evaluated (Taticek ef al., 2001, Ramirez et al., 1990, Ikonomou et al.,
2003). However, specifically for Drosophila melanogaster S2 cells there are
few data in literature about cell growth parameters in different media.

Therefore, in this work, the effects of the addition of glucose, fructose,
glutamine, methionine, tyrosine, Pluronic F68, and a lipid emulsion to
Grace’s and IPL-41 basal media on transfected S2 cells concentration and
viability will be discussed, as well as media formulations including
hydrolysed lactoalbumin, yeastolate and low concentrations of FBS. The
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obtained results are compared to those achieved with cultures performed
with the chemically defined media SF900II and also to several basal media
supplemented with FBS.

2. MATERIALS AND METHODS

2.1 Materials

The insect cell line S2 (donated by the Laboratory of Viral Immunology,
Butantan Institute, Sdo Paulo, SP, Brazil) transfected with pAc 5.1/V5-His A
(S2AcGPV2) was used in this study. The transfected S2AcGPV2 cells were
maintained in SF900II (Gibco) and in TC100 (Cultilab) media. The media
supplements tested were glucose (Gibco), fructose, lactose, methionine and
tyrosine (Sigma Chem. Co.), FBS (Cultilab), yeastolate (Gibco), lipid
emulsion (Gibco) and hydrolysed lactoalbumin (Becton, Dickinson and Co.).

2.2 Cell Culture in Different Commercially Available Media

S2AcGPV2 cells were cultured in SF900II, TC100, Grace's and IPL-41
media, the last three media supplemented with 10% FBS, to evaluate cell
behavior in these different media formulations. The cells were adapted
before inoculation in each media, with exception of Grace's medium. All
experiments were carried out in 100 mL shake flasks inoculated with 7.5x10°
cells/mL, with working volumes of 20 mL, and incubated in a rotary shaker
at 100 rpm and 28°C.

2.3 Evaluation of Media Supplements

The first set of experiments was performed employing TC100 as the
basal medium. The effects of FBS percentage (1 to 3% v/v), yeastolate
concentration (1 to 8 g/L) and a lipid emulsion percentage (1 a 5% v/v) were
studied to evaluate the influence of the culture medium composition on cell
growth and viability. The analysis of these effects was performed employing
a 2° factorial experimental design, in a total of 12 experiments. Besides that,
hydrolysed lactoalbumin (3.3 g/L), glucose (to reach 10 g/L), glutamine (to
reach 3.5 g/L) and Pluronic F68 (0.1% w/v) were added to the cultures.

In another set of experiment, the effects of the variables FBS percentage
(1 to 3% v/v) and yeastolate concentration (1 to 3 g/L) were further
evaluated employing a 2* factorial design, in a total of 7 experiments,
employing as controls TC100 medium containing 10% FBS (minimal culture
medium) and SF900II medium (rich chemically defined serum-free
medium). Glucose, glutamine, lipid emulsion, and Pluronic F68 were added
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to these cultures to reach, respectively, 10 g/L, 3.5 g/L, 1% (v/v) and 0.1%
(w/v). For both sets of experiments, cells were maintained in TC100 medium
with 10% (v/v) FBS containing 10 g/L glucose and 3.5 g/L glutamine before
inoculation.

A set of assays was also performed with media presenting totally
synthetic formulations. Grace’s medium was used as the basic formulation
after supplemented with glucose (to reach 10 g/L), glutamine (3.5 g/L),
fructose (3.75 g/L), lactose (0.75 g/L), methionine (0.4 g/L), tyrosine (0.4
g/L) and lipid emulsion (3% v/v). The effects of also adding FBS (1% v/v)
and yeastolate (2 g/L) to the enriched Grace’s medium formulation were
assessed, as described in the previous set of experiments for TC100 medium.

Finally, another set of assays was performed with media presenting
totally synthetic formulations using Grace’s and IPL-41 media as basic
formulations after supplemented with glucose (to reach a final concentration
of 10 g/L), glutamine (3.5 g/L), fructose (3.75 g/L), lactose (0.75 g/L),
methionine (0.4 g/L), tyrosine (0.4 g/L) and lipid emulsion (3% v/v). The
effects of also adding FBS (1% v/v) and yeastolate (2 g/L) to the enriched
Grace’s and IPL-41 media were assessed. In this set of experiments, cells
maintained in TC100 supplemented with 10% (v/v) FBS were inoculated in
the tested media and the results were evaluated after four subsequent passage
(individual formulations listed in Table 1). After that, a 2° factorial design
study in star configuration was performed, in a total of 13 experiments, to
evaluate the effects of FBS (1 to 3% v/v) and yeastolate (4 to 8 g/L) on cell
growth and viability during the stationary phase.

Table 1. Media formulation based on supplemented IPL-41 medium. The minimum
formulation was IPL-41 medium with 10g/L glucose, 3.5g/L glutamine, 3.75g/L fructose,
0.75g/L lactose, 0.4g/L methionine, 0.4g/L tyrosine and 3% (v/v) lipid emulsion.

Medium Yeastolate FBS
formulation (g/L) (%)
20 0 0
21 0 1
22 2 0
23 2 1

All experiments were carried out in 100 mL shake flasks inoculated with
7.5x10° viable cells/mL, with work volumes of 20 mL, incubated in a rotary
shaker at 100 rpm and 28°C. The contrasts of the independent variables on
the response variables were calculated using the software Statistica.
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2.4 Analytical Methods

Cell concentration and viability were determined by optical microscopy
(Olympus, model CK2) with Trypan Blue.

3. RESULTS AND DISCUSSION

3.1 Cell Growth Kinetic in Different Commercially Available Media

The first step in the development of the reduced serum medium was the
selection of the basal formulation among different commercially available
media. The behavior of the S2AcGPV2 cells was evaluated in IPL-41,
Grace’s and TC100, all supplemented with 10% (v/v) FBS, and compared to
that observed in SF900II, as shown in Figure 1. Cells were adapted in these
media before inoculation, with exception of Grace's medium.

It can be observed in Figure 1A that TC100 medium containing 10% FBS
could efficiently support cell growth, as well as SF900II medium. In TC100
medium, the maximum viable cell concentration was around 3.5x10°
cells/mL and, in SF900II medium, it was about 9.1x10° cells/mL. S2 cells
maintained in Grace’s and IPL-41 media showed low growth rates.

Figure 1B shows that cell viability was higher than 90% in SF900II,
whereas in [PL-41 medium it was above 80% during the entire culture
period. In TC100 medium, cells maintained viability up to 90% until the 10™
day of culture. The initial cell viability in Grace’s medium was 76%, but it
decreased and remained between 40 and 60% during the culture period.

As shown in Figure 1, TC100 supplemented with 10% FBS presented the
most adequate results on viable cell concentration (3x10° cells/mL) among
the basal media evaluated. Cells cultured in Grace’s medium containing 10%
FBS presented low growth, attaining a maximum cell density of 1x10°
cells/mL, and a viability around 50%. A similar behavior was observed in
IPL-41 medium with 10% FBS, with exception of cell viability that was
around 90% during all culture period. Based on these results, TC100 was
selected as the first basal medium in which the experiments would be
performed, since the behavior of the cells in this medium was satisfactory,
however, IPL-41 and Grace’s media were also further evaluated.
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Figure 1. Viable cell concentration (A) and viability (B) of S2AcGPV2 cells in IPL-41,
Grace’s, TC100 and SF900IT media (first three media supplemented with 10% v/v FBS).

3.2 Cell Behavior in Supplemented TC100 Medium

In a first experiment, the influence of yeastolate concentration, FBS
percentage and a lipid emulsion on cell growth and viability were analyzed
through a 2’ experimental design. The results obtained showed that cell
growth occurred only in two of the culture media (data not shown). An
increment in lipid concentration caused a decrease in cell concentration and
viability, and the addition of lipid emulsion in percentages higher than 1%
(v/v) resulted in cell growth inhibition. This result is not in agreement with
previously published data for media supplementation with a mixture of lipids
and Pluronic F68 (Donaldson and Shuler, 1998).

A further study in which lipid emulsion percentage was maintained at
low level (1% v/v) was performed. The range of yeastolate concentration
was reduced to 1 to 3 g/L, and the range of FBS percentage was maintained
at 1 to 3% v/v. A 2% experimental design study was carried out, totaling 7
experiments, and the achieved results are shown in Figure 2 and in Table 2.
Lactoalbumin hydrolysate was not added in this experiment to prevent
excessive osmolality increase; only glucose, glutamine and Pluronic F68
were further added.



Design of Culture Media for Drosophila Melanogaster S2 Cells

409

10° viable cells/mL

time (days)

—e— Medium 13 —a— Medium 14 —a— Medium 15 —e— Medium 16 —— Central points medium

Figure 2. Viable cell concentration of S2AcGPV?2 cells obtained in the experiment employing
the 22 factorial experiment design, in which the effects of yeastolate and FBS were analyzed.

Table 2. Maximum cell concentration (Xs) and viability in the different media tested through
the 22 experimental design, in which the effects of FBS and yeastolate were evaluated on cell

concentration and viability.

Medium Yeastolate SFB X, max Viability
formulation (g/L) (%) (cellsymL) (%)
13 1 1 5.1x10° 94.1
14 3 1 11.0 x10° 96.9
15 1 3 8.5 x10° 94.4
16 3 3 15.2 x10° 95.9
17 2 2 8.6 x10° 97.7
18 2 2 8.4 x10° 93.3
19 2 2 7.8 x10° 92.3

Cell fast adaptation and growth was observed in all tested media. In
cultures in which the yeastolate concentration was higher, cells attained the
highest cell densities. Higher cell concentrations were obtained for media 14
and 16, in which yeastolate concentration was higher. The analysis of the
effects on cell growth showed that yeastolate and FBS had positive effects
on maximum cell density at 95% confidence level (data not shown).

Maximum cell concentration attained in media 14 and 16 were higher
than in TC100 containing 10% FBS, however, in SF900II, cell concentration
was higher than in formulation 16 and similar to that obtained in medium 14.
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The achieved results show that, through the supplementation of TC100
basal medium with yeastolate, glucose, glutamine, lipid emulsion and
Pluronic F68, it is possible to reduce FBS percentage to 1 to 3%, attaining
maximum cell densities similar to that obtained with SFO00II medium.
However, lower growth rates are observed in comparison to those verified in
Sf900II, probably because cells were not yet adapted to these formulations.
With the adaptation of the cells to the tested media, cell growth behavior
similar to the observed for SF900II medium is possible. This study also
indicates that increasing yeastolate concentration could result in higher cell
densities and inFBS elimination from the culture medium.

3.3 Cell Behavior in Supplemented IPL-41 Medium

The supplementation of IPL-41 medium with 10 g/L glucose, 3.5 g/L
glutamine, 3.75 g/L fructose, 0.75 g/L lactose, 0.4 g/L. methionine, 0.4 g/L
tyrosine, and 3% (v/v) lipid emulsion, as well as with 2 g/L. yeastolate and/or
1% FBS was performed. As shown in Figure 3, satisfactory cell growth was
noticed only in media formulations 22 and 23. In general, cell viability was
maintained at 99% during cell culture, but a decay to around 20% was
observed in media formulations 20 and 21 after the 10" culture day. A
similar study was carried out with Grace’s medium, not resulting in cell
growth.

Since yeastolate and FBS have shown to be relevant supplements to S2
cells growth in enriched IPL-41, their effects on maximum cell concentration
(viable cell concentration in stationary phase) and viability were further
evaluated through a 2* factorial design in star configuration. The achieved
results are shown in Table 3.

Viable cell concentration varied from 2.5 to 11x10° viable cells/mL. Cell
viability was around 97% or above in all experiments and media formulation
with 6 g/L of yeastolate and 0.59 or 3.4% of FBS (v/v) showed the best
results for cell maximum concentration at the stationary phase.

Statistically significant effects were observed only for viable cell
concentration. According to non linear multiple regression and analysis of
variance, the calculated F value was 32.5, being, therefore, more than 7.3
times higher than the listed value, equal to 4.46. The mathematical model
generated is presented in Equation 1, which was used to plot the response
surface and contour diagram shown in Figures 4A and 4B, respectively.

XS =95.06 + 26*Cyeastolate + 26'59*Cyeastolate2 (1)
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Figure 3. Comparison of cell concentration (A) and viability (B) in media 20 to 23 with
cultures performed in IPL-41 medium containing 10 g/L glucose, 3.5 g/L glutamine, 3.75 g/L
fructose, 0.75 g/L lactose, 0.4 g/L methionine, 0.4 g/L tyrosine, and 3% (v/v) lipid emulsion,
as well as 2 g/L yeastolate and/or 1% FBS.

Table 3. 22 experimental design in star configuration, in which were evaluated the effects of
FBS and yeastolate on cell concentration (Xs) and viability at the stationary phase.

Medium Yeastolate FBS X, max Viability
formulation (g/L) (%) (10’ cells/mL) (%)
24 4 1 25 97
25 8 1 90 97
26 4 3 37 97
27 8 3 100 97
28 32 2 18 97
29 8.8 2 79 97
30 6 0.59 110 97
31 6 34 110 98
32 6 2 91 97
33 6 2 80 97
34 6 2 95 97




412 A.L.L. Galesi et al.

112,551

FBS (%viv)

[ 12851

22,790 2.0
g 3;:3[, 1 23,030
= = [ 43258
= 558 i
5 63,748
[ 83,748 % 73,988
B 73,888 84,228
B 6208 [ & 46
. . 10470
B o467 . zhove
W 101707 j T
I atoie yeastolate (g/L)

Figure 4. Response surface (A) and contour (B) diagrams of maximum cell concentration as a
function of yeastolate concentration and FBS percentage.

The response surface was plotted to define the optimal working
conditions for maximum cell concentration at the stationary phase.
Considering the optimal conditions for X, a yeastolate concentration of 6
g/L represent the best condition to obtain high density of S2AcGPV2 cells at
95% of confidence. This result can be compared with those obtained by
Drews et al. (1995), in which Sf9 cells reached high density when yeastolate
was employed at range from 4 to 8 g/L. FBS at percentages varying from 1
to 3, on the other hand, did not show relevant statistical effects on cell
growth.

4. CONCLUSION

When comparing the achieved results for the several media formulations
developed with cultures incubated with the traditional culture media TC100,
IPL-41 and Grace’s supplemented with FBS at 10% (v/v), and also with the
chemically defined media SF900II, it was observed that the best
performance was obtained in SF900II medium. However, TC100 and IPL-41
basal media were capable of supporting cell growth and, with the addition of
a set of supplements, these media could provide adequate cell
concentrations. The attempts of fetal bovine serum reduction in TC100
medium were successfully performed with the addition of the supplements
glucose, glutamine, lipid emulsion and, mainly, yeastolate. Similar cell
concentrations to the usually obtained employing the rich medium SF900II
were already attained, and the results showed that higher cell densities could
be achieved with the augmentation of yeastolate concentration. On the other
hand, media based on IPL-41 medium supplemented with glucose,
glutamine, fructose, lactose, methionine, tyrosine, a lipid emulsion, as well
as with yeastolate, provided high cell growth even when low percentages of
FBS were used.
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