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It has been proved that co-cultivation of human neuroblastoma cells and human fibro-
blast cells can enhance nerve cell glowth and the production of BDNF 1n perfusion
cultwatlon In batch co-cultivation, maximum cell density was increased up to 1.76x
10° viable cells/mL {rom 9x 10° v1able cellssmL of only neuroblastoma cell cuiture.
The growth of neuroblastoma cells was greatly improved by culturmg both nerve and
fibroblast cells in a perfusion process, maintaining 1.5 10° viable cells/mL, which
was much higher than that from fed-batch cultivation. The nerve cell growth was
greatly enhanced in both fed-batch and perfusion cultivations while the growth of
fihroblast cells was not. It strongly implies that the factors secreted from human
fibroblast cells and/or the environments of co-culiure system can enhance hoth cell
growth and BDNF secretion. Specific BDNF production rate was not enhanced in
co-cultures; however, the production period was increased as the cell growth was
lengthened in the co-culture case. Competitive growth between nerve cells and
fibroblast cells was not observed in all cases, showing no changes of fibroblast cell
growth and only enhancement of the neurcblastoma cell growth and overall BDNT
production. It was also found that the perfusion eultivation was the most appropriate
process for cultivating two cell lines simultaneously 1n a bioreactor.
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INTRODUCTION

There have been many limitations in cultivating
nerve cells due to low proliferation and differentia-
tion compared to other cell lines [1-2] even though
great advances have been made to efficiently
produce biopharmaceuticals from many kinds of
animal cells. To overcome these bottlenecks, so far,
biological and physiological understandings of the
nerve systems have been obtained in many areas
[3-5]. However, there have not been much improved
in developing processes of in vitre cultivating nerve
cells to economically secrete bioactive molecules
such as Brain-derived Neurotrophic Factar (BDNF}),
Nerve Growth Factor (NGF) and Neurotrophin-3
(NT-3) from them. Especially, BDNF secreted from
nerve cells is known to he effective in treating
Alzheimer's and Parkinson's diseases and studies
on its applications are just beginning [6-7]. The
development of mass production system is very
important and useful in industrial stand points.
Biological and physical parameters should be seri-
ously considered to in vitro cultivate nerve cells for
secreting BDNF in a relatively large scale bioreactor,
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The addition of biochemicals such as biclogical
response modifiers can possibly enhance the differ-
entiation and/or proliferation of nerve cells; however,
only one application of the chemicals would not
be much effective in improving the productivity due
to the cost of the chemicals and the addition of pu-
rification steps. The physical considerations of the
culture system such as reactor configuration, controls
of perfusion rate, ete. have also limitations because
of the characteristics of growing nerve cells in vitro
[8]. To faciliate these two parameters co-culture of
both nerve and other cells which can improve the
growth of the nerve cells would be an alternative
of scaling-up the culture process for industrial
production of BDNF. Tt is reported that adult epi-
thelia could influence connective tissue [ormation
and play an important role in morphogenesis of
diffusing stromal signals [9-11]. Therefore, in this
work, a co-cultivation system with fibroblast cells
is to be introduced for efficient production of BDNF
from nerve cells for the long-term process.

MATERIALS AND METHODS
Cell Line and Culture Conditions

Both human neurcblastoma cells (IMR 32, ATCC)
and human fibroblast cells (Hs68, ECACC, London,
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UK) were grown in DMEM/F12 mixture (1:1 v/v)
enriched with 10% FBS (Gibeo, NJ, USA). The 40
pg/mL of gentamycin was also added to all media.
They were first grown in a 75¢m” T-flask at a 37T
C0; incubator supplying 5% C02 n air. When the
cell density reached to 1x 10* viable cells/mL, the ¢
ells were separately inoculated into a modified
bioreactor (1.5L working volume, Celligen, NBS,
NJ, USA} shown in Fig. 1. The reactor was prefilled
with 300 mL of warm medium containing 0.5g/L of
porous beads (Cultisper-G, Cellex, Amherst, USA)
for attaching the cells. Then, DMEM/F12 mixture
with 5% FBS medium was fed into the system, up
to 1.5 L for batch cultivation. For fed-batch cultiva-
tion the fresh medium implemented with 5% FBS
was step-wisely added into the bioreactor up to 1.5 L,
proportional to the cell growth.
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Fig. 1. A schematic diagram of the bioreactor sys-
tem for cultivations of two different animal cells,
A: human neuroblastoma cells ; B: human fibroblast
cells

Configuration of Co-culture Perfusion System

The inside of the reactor was modified by fixing
a meshed wire frame (pore size, 0.22 zm) which can
permeate the medium and the beads can not be
passed. It allows to culture two different anchorage-
dependent cells separately inside (working volume
0.7 1) and outside (working volume 0.8 L) of the wire
frame as shown in Fig. 1 {total working volume
1.5L). Two mixing systems were used to effectively
agitate the cells. Inside of the {rame was mixed by
a magnetic stirrer at the hottom of the reactor,
and outside was mixed by a top-driven motor to
slowly agitate the medium. First, each 0.5 g/l of
porous microcarriers (Culitsper-G, USA) was added
into the ingide and outside of the wire frame with
37 pre-warmed medium. 1% 10* viable cells/mL
of neuroblastoma and fibroblast cells were moculated
into each side of the frame, then remained for
4 hours to let the cells attach onto the beads (human
neurchlastoma cells were inaculated into the inside
of the frame). Both mixing systems were started
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slowly, and increased up to 45 rpm. The pH and
temperature of the medium were automatically
controlled to 7.0 and 377, respectively by adding
CO: O: and N» gases into the system Fresh
medium containing 5% FBS was fed into the system
by a level controller, and fed out of the bioreactor
by a peristaltic pump with 0.24 2 m pore size meshed
screen(NBS, NJ, USA). The 10 mL samples were
collected from two different sample ports to count
cell densities.

Measurement of Cell Density and BDNF Con-
centration

The collected samples from the bioreactor every
day were first trypsinized by using 0.25% trypsin-
EDTA tno detach the cells from the beads. Then,
total and viable cell concentrations were measured
by using tryphan blue dye exclusion and nuclei
count methods [12]. The amount of BDNF in the
medinum was measured by using ELISA method at
530 nm of absorbance [12] with anti-BDNF and goat
IgG(Promega, Cambridge, USA). Specitic BDNF
production rate, g, was calculated by a [ollowing
equation:

= (1/X){dP/dt) (1)

where X is cell dengity (viable cells/fmL), t is culti-
vation time(day) and P ig BDNF concentration in
the medium{ng/mlL}.

RESULTS AND DISCUSSION

Fig. 2 shows the result of cultivating only human
neuroblastoma cells in a hioreactor in a batch mode.
Fig. 3 also shows the data of growing only human
fibroblast cells in medium containing 5% FBS.
Comparing with the data in Fig. 2, both cells seemed
to have similar growth patterns, maintaining max-
imum cell concentration at 10-12 days of batch
cultivations; however, human neuroblastoma cells
showed relatively lower cell density than human
fibroblast cells. Specific BDNF production rate was
closely related to cell growth, having 2.5 <107 ng/cell/
day of maximum value at 9.1 % 10° viable cells/mL
of maximum cell density. Fibroblast cells grew faster
than neuroblastoma cells, and pH of the medium
was also dropped at the end of the cultivation. The
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Fig. 2, Profiles of cell growth and specific BDNF
production rate {or batch cultivation of human
neuroblastoma cells in medium containing 5% FBS. ;
-+ : Cell density - : pH

= : Sp. BDNF prod. rate - : Dissolved oxygen
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Fig. 3. The growth of human fibroblast cell for batch
cultivation in medium containing 5% FBS.
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level of dissclved oxygen concentration wag similar
in cultivating both cell lines as ca.18% of air sat-
uration, which implies that there was no limitation
of oxygen supply and competitive growth between
two cell lines. Tt should be carefully considered in
cultivating two cell lines together, not to negatively
affect both cell growth and BDNF production.

Fig. 4 shows the cell growth and BDNF production
in co-cultivating human neurcblastoma and fibrolast
cells in a hioreactor for hatch cultivation. Maximum
cell density of human neurcblastoma cells was in-
creased up to 1.65 10° viable cells/mL, while the
growth of fibroblast cells was not affected, gompared
to the data in Figs. 2 and 3. The 2% 107 (ng/cell/
day) of maximum specific BDNF production rate
from the co-cultivation process seemed to be lower
than that in growing only neuroblastoma cells.
However, overall speciflic BDNF production rate
was not decreased even though the cell growth
was slowly decreased at the latter period of the
cultivation, which was definitely different from the
case of cultivating only neuroblastoma cells, On the
contrary, the growth of fibroblast cells was not af-
fected by the growth of neuroblastoma cells, showing
similar growth pattern and maintaining maximum
cell density in Fig. 3. The pH of the medium was
dropped in the latter periods of the cultivation. It
was interesting to note that relatively stable growth
of neuroblastoma cells could be maintained until
the end of the cultivation, when the neuroblastoma
cell prowth was sharply decreased as shown in Fig. 2,
while fibrablast cell growth was gradually decreased
ag shown in Figs. 3 and 4.

Fig. 5 illustrates bath cell growth and specific
BDNF production rate in fed-batch cultivation with
[eeding the medium containing 5% FBS. Maximum
cell densities of both neuroblagtoma and fibroblast
cells were increased, compared to those from batch
cultivations. Growth rates of hoth cells were also
increased in fed-batch cultivation and human fibro-
blast cells maintained higher growth rate than
neuroblastom cells for batch and fed-batch cultiva-
tions. Overall BDNF production was much higher
than that obtained [(rom batch cultivations even
though maximum BDNF production rate was lower
than that from batch process. In fed-bateh cultiva-
tion the growth of fibroblast cells was greatly en-
hanced, compared to the data in Fig. 3, possibly
due to continuous feeding of fresh medium.
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Fig. 4, The cell growth and BDNF specific produc-
tion rate of co-cultivating human neuroblastoms
and fibroblast cells in a batch culture :
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Fig. 5. The cell growth and specific BDNF produc-
tion rate of human neuroblastoma and fibroblast
cells in a fed-batch culture :

-+ : human neuroblastoma cells

& : human fibroblast cells
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Dramatic increases in cell growth were observed
in perfusion cultivation of both neuroblastoma and
fibroblast cells as shown in Fig. 6, while relatively
low improvement was made in fed-batch cultivation.
The growth of nerve cells was greatly improved,
compared to the growth of fibroblast cells. The
pattern of producing BDNT was different from that
shown in batch cultivation since specific BDNF prod-
uction rate was increased at the latter period of the
cultivation. This is a typical phenomenum in se-
creting proteins from mammalian cells [13]. At high
perfusion rate relatively stable cell density was
maintained for neuroblastoma cells while fih-
roblast cells were sharply dropped. It implies that
unknown factors secreted from fibroblast cells can
definitely enhance both nerve cell growth and BDNF
production from them. There was sudden jumps of
BDNF production rate during the co-cultivation,
possibly due to the feeding of fresh medium and
release of unknown f[actors from fibroblast cells.
Overall BONF production was also enhanced, com-
pared to the cases of cultivating only neurcblastoma
cells.

It was found that co-cultures of nerve and fibro-
blast cells clearly improved neuroblstoma cell growth
and BDNF secretion than single cultivation of



54

2
»
=l
2

- a0

@
a

. ,,.J‘"j:’/j

n a Ll a0

Feedirg rate frabir]

- A%

‘fiable cell densiy tx10* rahsfml)
sp BONF prod rale (10" ngicalliaay)

— 20

Cultrvabion time {day)

Fig. 6. The cell growth and specific BDNF produc-
tion rate of human neuroblastoma and fibroblast
cells in a perfusion culture :

= : human neuroblastoma cells

-~ : human fibroblast cells

-+ : Sp. BDNF prod. rate

— : Feeding rate

nerve cells, There was no competitive growth
between nerve and fibroblast cells because neruo-
hlastoma cell growth was greatly improved and fib-
roblast cell growth was never reduced and even
increased for all three culture processes, such as batch,
fed-batch and perfusion cultivations, If the compe-
titive growth oceurs, it could be harmful for both cell
growth. It should be alsc noted that the perfusion
process has to be employed for co-culture system
because bhatch and/or fed-hatch cultivations could
not properly control two cell growth due to fast
limitation of the nutrients in the medium.
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