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Abstract

A recombinant Chinese hamster ovary clone was cultivated in a 2L Cytopilot Mini fluidized bed bioreactor using
Cytoline 1 microcarriers and a 10L B. Braun stirred tank bioreactor with Cytodex 1 microcarriers. Cytoline 1

is a macroporous polyethylene microcarrier and Cytodex 1 is a solid DEAE-dextran microcarrier. Cytoline 1
microcarriers in the fluidized bed bioreactor were gently mixed by an uplifting flow. Circulation and sparging
in Cytopilot Mini were separated from the fluidized microcarrier bed. Cytopilot Mini bioreactor with Cytoline 1
microcarriers offered 2.3 times more surface area than the stirred tank bioreactor. The 2L fluidized bed bioreactor
accommodated approximately half the cells in the 10L stirred tank bioreactor. Moreover, Cytopilot Mini had
approximately three times more product output rate and 5.5 times higher specific productivity than the stirred tank
bioreactor.

Introduction can be attained by employing perfusion cultures. In
many, but not all, cases, not only did cell density in-
Until recently, a batch process is still the most widely Ccrease tremendously in perfusion cultures by various
used culture system for mammalian cells. Histori- means of cell retention, but an increase in cell-specific
cally, mammalian cell culture launched on vaccine Productivity was also noted.
production and vaccine products are administered in ~ Many of the mammalian cells are anchorage-
small doses. The adoption of well-established bacter- dependentor -preferred. In favor of a perfusion culture
ial stirred tank bioreactor as a culture system satisfied System, a variety of new bioreactor configurations,
the demands for vaccine products. The current in- modifications and microcarriers have been introduced
terest of mammalian cell culture has shifted to the in the last ten years. Spinfilters are the simplest mod-
production of Comp|ex recombinant proteins that re- ification to stirred tank bioreactors and have been
quire eukaryotic post-translational processing. With successfully applied to the cultures of many cell lines
seven products from mammalian cell cultures on the and products. In addition, cell immobilization, packed
market, many more under various Stage of devek)p- bed, gravity settler, acoustic settler, membrane, hol-
ment, and the fact that the dose of protein prOdUCtS low fiber, and fluidized bed culture SyStemS have also
is usua”y |arger than VaccineS, ever greater emphasisbeen usedin perfusion cultures. Inaccessibility toreal-
has been placed on how the proteins can be efficiently time cell density and non-homogeneity limited further
manufactured from mammalian cell cultures. Itis gen- application of several of the above bioreactor con-

erally recognized that a high volumetric productivity figurations. Many solid and porous microcarriers are
commercially available for the large-scale cultures of
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Figure 1. Diagram of the FBR and the STR.

surface area than solid microcarriers and usually will can readily be separated from the microcarriers. Flu-

give rise to a high cell density. Cultispher (Percell idized bed bioreactors were shown to have high cell

Biolytica/Hyclone), Cytopore and Cytoline (Amer- density and productivity (Griffiths et al., 1992).

sham Pharmacia Biotech) are examples of porous  This study reports the comparison of CHO cell per-

microcarriers. fusion cultures in a spinfilter stirred tank bioreactor
A stirred tank bioreactor with a spinfilter has lim- and a fluidized bed bioreactor, Cytopilot Mini. The

ited duration of operation due to the spinfilter fouling. CHO culture in the fluidized bed bioreactor demon-

Conventionalimpeller agitation and gas aeration cause strated a much higher cell density and productivity.

concerns on cell and microcarrier damages. Modifica-

tions and improvements on the agitation and aeration

methods have not yet radically solved the problems,

especially at high cell density. Fluidized bed bioreac-

tors use weighted-microcarriers. The microcarriers are

suspended by their relative density and upward flow.

Upon proper bioreactor design, agitation and aeration
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Table 1A. Cell densities and productivities in the FBR and the STR

Bioreactor  hours cells/ml Total Cells  totaPm cells/n?
FBR 903-1311 3.2& 10’ 0.98x 1010 405 2.43x 10°
STR 557-1140 2.6% 10° 2.11x 1010 176 1.20« 10°

Table 1B. Productivities in the FBR and the STR

Bioreactor  hours mg/L/day  mg/day total cells mag/billion cells/day
FBR 903-1311 22.82 34.2 0.981010 3.49
STR 557-1140  1.65 13.2 2.:410° 0.63

Materials and methods

Cell line, media and cell cultures

bovine serum overnight. Cytoline 1 (Amersham Phar-
macia Biotech, Uppsala, Sweden) is a polyethylene
macroporous microcarrier and has 1.32 gicden-
sity and more than 0.3 ffg surface area. Cytoline

A CHO clone (i.e. CHO.OAP.46), expressing a novel 1 microcarriers were washed and soaked in 0.1 N
human gene product, was used in this study. This novel NaOH overnight and autoclaved in 1X PBS. Upon
human gene was recently isolated from a chromosomeyse, Cytoline 1 was washed once with HGS-CHO-3
1 cosmid library (Smits et al., 1997). Because of un- medium.

known function of the gene product, three different

names [i.e. osteoblast derived antiviral protein (OAP), Bioreactor setup

extra cellular matrix protein 1 (ECM1) and osteoblast

derived growth factor (ODGF)] have been used to de- A B. Braun MD10 bioreactor (B. Braun Biotech Inc.,
scribe the protein. The sequences of this novel geneAllentown, PA) was equipped with a 10m internal
have recently been published (Smits et al., 1997) and spinfilter and had a working volume of 8 L (Figure 1).
the protein expressed from CHO cells was g|ycosy_ A dlglta' control unit (DCU) was used to control tem-
lated. For the purpose of consistency, the name OAP perature at 37C, pH between 7.0 and 7.2, agitation at

was used throughout this study.

40 rpm and DO at 30%. Cytodex 1 microcarrier load

Routine T-flask passage was carried out every 3-5 Was 5 g/L. The bioreactor was inoculated with one liter

days at 1:2 — 1:4 split ratio in MEM alphamedium
supplemented with 5% dialyzed fetal bovine serum
(DIFBS) and 100uM methotrexate (MTX). Seed
cultures in T-flasks and spinners were prepared in
HGS-CHO-3 medium, a D-MEM/F12 based medium,
containing 1% regular fetal bovine serum and supple-
mented with glucose and glutamine.

Microcarriers and preparations

Cytodex 1 (Amersham Pharmacia Biotech, Uppsala,
Sweden) is a positively charged solid microcarrier,
made of DEAE-dextran with a density of 1.03 g&m
size around 19@u:m, and 4400 crflg area. Cytodex

1 microcarriers were hydrated overnight in 1X PBS.
Following triple washings with 1X PBS and autoclav-
ing, the Cytodex 1 microcarriers were conditioned
in HGS-CHO-3 medium containing 5% regular fetal

microcarrier spinner culture. Initial cell density was
0.38x 1P cells/ml. Aeration was done with sparging
through a ring sparger.

Cytopilot Mini (Amersham Pharmacia Biotech,
Uppsala, Sweden) was loaded with 300 ml of Cyto-
line 1 microcarriers with a medium filling volume of
1.5 L. A B. Braun BIOSTAT A micro-DCU-system
(B. Braun Biotech Inc., Allentown, PA) was used to
control temperature at 37C, pH in 7.0-7.2 and DO
at 40%. A separate motor controlled the circulation
impeller at 250 — 320 rpm. Cytopilot was inoculated
directly from 36 T-225 T-flasks, which gave an initial
cell density of 0.82« 10° cells/ml. After initiating the
culture, the reactor was set in packed bed mode during
attachment with reduced stirrer speed (100 rpm). The
carriers were fluidized every 30 min for 10 seconds
at 300 rpm. After 5 hours (supernatant became clear),
the microcarrier bed was fluidized. Figure 1 shows a
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Figure 2. Cell growth and volumetric productivity in the FBR and the STR.
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diagram of the fluidized bed bioreactor. Cytoline 1 Floating cells and viability were estimated by running
microcarriers were lifted by an upward flow through 1 ml of culture sample through a 7&m cell strainer

a distributor plate and retained in an expanded zone and counting the cells on a haemocytometer by try-
by their density. Microcarrier-free medium was circu- pan blue stain. Cells on Cytodex 1 microcarriers were
lated through a draft tube in the center, driven by a enumerated by spinning down 1 ml well-mixed micro-
marine impeller at the bottom. Aeration was provided carrier containing culture sample and counting cells
by a microsparger below the retention sieve. This with a haemocytometer after crystal violet stain. Cell
configuration guarantees a sufficient nutrient supply density in Cytoline 1 culture was estimated by dis-

throughout the carrier bed. pensing known number of Cytoline 1 microcarriers in
2 ml of crystal violet and 2 ml of Triton-X-100 (0.1%
Product and cell density analysis Triton-X-100 and 100 mM citric acid). Crystal violet

treated samples were vortexed vigorously and counted

OAP concentration was ana'yzed by reverse phaSeWith a haemocytometer. USing Coulter Multisizer ”,
HPLC (HP1100, Hewlett Packard, Wilmington, DE). the Triton-X treated sample was used for confirming
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cell counting by the crystal violet method. Results the FBR could be expected. Non-attached cells were
from both cell counting methods were consistent. Con- under 2% throughout the FBR run.

version of number of cells per Cytoline 1 microcarrier

to cells per ml bed volume was based on 440 Cytoline Productivity and product formation

1 microcarriers per ml of bed volume. . . .
P Given the evidence that the 2L Cytopilot could ac-

commodate approximately half the cells in the 10L
stirred tank bioreactor and provide separated circu-
lation and sparging, how was cell performance and
S _ bioreactor productivity? Fig. 2B shows the volumet-
Cell densities in perfusion cultures ric productivities from the two bioreactors. Volumetric
productivities are good measurements of how fast a
product can be made and how efficient a bioreactor
is utilized to produce such a product. In the STR,
volumetric productivity reached 5.6 mg/L/day during
the growth period. After the maximal cell density be-
ing reached, productivity dropped and maintained at
around 1.65 mg/L/day. For the FBR, volumetric pro-
ductivity remained consistently around 22.8 mg/L/day.
The volume used for the FBR productivity calcula-
tion was just a working volume (i.e. 1.5 L in this
X 7 X -~' study). A more realistic comparison would be made
working volume. The cell density in Cytqpllot M_|n| on daily product output. Using data approaching the
was thus showed as cells per ml of Cytoline 1 micro- o4 of each run for which the time in hours was listed
carrier volume. Figure 2A shpw_ed cell density in the ;. Table 1B , the 2L FBR could give 34.2 mg/day
FB_R and the STR. Cell density in the FBR continued and the 10L stirred tank bioreactor only generated
to increase for more than 1440 hours and reached 5.313_2 mg/day. Using average total cell numbers for

7 . . .
x 10" cells/ml, while cell density in the STR reached the same period of time, overall specific productiv-

agg‘ maintained a plateau cell density of about2.5 i \as 0.63 mgjbillion cells/day for the STR and
10° cells/ml after 315 hours. Table 1A was generated 3.49 mg/billion cells/day for the FBR. Not only did

in an effort to compare cell densities from the two

Results

The same CHO clone was prepared for the cultures in
a B. Braun MD10 stirred tank bioreactor (STR) and
a fluidized bed bioreactor (FBR), Cytopilot Mini. A
pronounced difference was noticed for the cell densi-
ties in the FBR and STR. The STR was a homogenous
system. The cell density in the STR was expressed in
number of cells per ml of working bioreactor volume.
With regard to the Cytopilot Mini, fluidized bed vol-
ume was dependent on the flow rate and the microcar-
rier load could vary independently with the bioreactor

bi despite of the diff basi Il densiti the FBR contain approximately half the cells in the
loreactors despite of the different basis cell densitles ;o anK bioreactor, but the average cell specific

were expressed. Between 903 and 1311 hours of the 4, ctivity in the FBR was also 5.5 times higher than
FBR run, an average cell density in the FBR was 3.28 that in the STR.

x 10 cells/ml. For the STR, the average cell density

was around 2.6% 10° cells/ml. The total number of

cells in the 2L FBR was approximately half of thatin  Djscussion

the 10L STR (Table 1A) and had potential to increase

further. In terms of total number of cells as producing Given the superiority of the FBR over the STR in
units, the compact FBR was equivalent to approxi- cell numbers and productivity, how is the FBR really
mately half of the 10L STR. The potential of the cells different from the STR? Close contact of cells inside
in the FBR to grow further could be partially explained the porous microcarriers might promote product for-
by the total surface area presented in the two bioreac- mation. Fluidized bed bioreactor configuration made
tors. With the microcarriers and their loads described possible a high microcarrier load, thus a large sur-
in Materials and Methods, it was calculated the FBR face area in a compact bioreactor. Isolated sparging
provided 40.5 rA compared to 17.6 fin the STR. and agitation caused less stress to cells. One ques-
The small FBR actually offered 2.3 times as much tion remains, if the surface area in the STR increases
surface area as the STR. Consequently, the number ofby increasing microcarrier load or using porous mi-
cells in each square meter of microcarrier surface areacrocarriers, would it enhance the performance of the
for the FBR was approximately five times lower than STR.

that for the STR. If surface area was the sole source of  The highest Cytodex 1 load reported in the litera-
limiting factors, a further increase in cell density from ture was 20 g/L, which was a four times load increase.
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However, a 20 g/L Cytodex 1 load was technically specific productivity reached 1.5 10 cells/ml and
difficult to implement without adverse effects, such 32 mg/billion cells/day respectively.

as agitation and aeration in the dense microcarrier  Equally important is the availability of Cytoline
culture. In a bubble-free system, VERO cell density 1 for the FBR. In the prototype of the FBR, Cytopi-
increased with the increase of microcarrier load and lot (Reiter et al., 1990; Reiter et al., 1991), maximal
reached 9 10P cell/ml at 15 g/L Cytodex 3 (Reiter et  cell density of CHO cells increased from 3:510'to
al., 1990); but it was still much lower than that from 1.8 x 108 cells/ml by changing microcarriers from
our FBR run. Cultispher-GLD to prototype Cytoline.

Porous microcarriers can provide an environment  We thus speculate that the superiority of the FBR
of increased surface area and close cell contact. Ahad to do with FBR configuration. We further spec-
study on stirred tank bioreactor CHO cell cultures ulate that it was the gentle mixing and isolated oxy-
on 4 g/L Cultispher-G, a porous microcarrier, and 3 genation that brought up the advantages of increased
g/L Cytodex 3 showed the porous microcarrier cul- surface area and close contact in porous microcarriers
ture had a 4.5 fold cell density increase to 1%5  to a high cell number and productivity.
10° cells/ml (Mignot et al., 1990). However, there
was no significant increase in volumetric productivity,
even though bubble-free aeration was employed in the References
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