DOH90-DC-2008

Establishment of the Large-scale Cell Culture Systems for the Production

of Flaviviral Biologicals

90 1 1 90 121




13

22

24

25

27

32

46



(roller bottle)
(microcarrier/ bioreactor)

(Cell Cube



bioreactor) (tidal bioreactor)

(vero)
(roller bottle) /
(microcarrier/ bioreactor) (cell
cube) (tidal bioreactor)
I— IV
vero
/ (microcarrier/ bioreactor)



(microcarrier/ bioreactor)




(microcarrier/ bioreactor)

Abstract:

Research aim

Both dengue virus and Japanese encephalitis virus belong to the Genus
Flavivirus and transmit disease via mosquito vectors. One of the prevention
measure is to control mosquito through community efforts to reduce larval
breeding sources. Besides, development of new or more effective vaccines
to increase herd immunity and developmet of diagnostic kits for proactive
surveillance systems are also very important.

To develop biologicals for vaccine or diagnostics, high titer and purity
virus antigen are needed. Up to now, these antigens are mainly obtained
through mouse brain propagation. However, such processes have certain
drawbacks such as they are more labor-intensive and require many
complicated stepsto purify antigens. In contrasr, cell-culture processes
require much less purification steps and guarantee more efficient quality
control. This project aimes at devolping high density cell culture systems for
the deveopment of dengue and JE biologicals.

For the mass production of viral antigens, both roller bottle and
microcarrier/ bioreactor are most commonly adopted production systems. In
this project, beside the aforementioned two systems, we also develop Cell

Cube bioreactor and tidal bioreactor production systems. The efficiency of



these four systemsto support Vero cell growth and virus production are

compared.

. Research methods

Vero cells were cultivated on four systems: roller bottle microcarrier/
bioreactor cell cube and tidal bioreactor.

When cells became confluent, JE virus or Dengue type I— IV virus

were added. The vero cell growth and viral production kinetics were
followed and the cell and virus productivity and mediun utilization

efficiency were compared .

Major findings

Although the newly developed high density cell culture systems such
asCell Cube and Tidal bioreactor have the advantages of providing high
specific cell growth area (ie. Higher surface to volume ratio) and
consequently can support cell growth to higher density. However, the virus
productivity did not increased accordingly. The microcarrier/ bioreactor
offered the greatest efficiency in both cell and virus productivity among

these four systems.

. Conclusion

The reactor choice influences the quality and production cost of

biologics and depends on characteristics of cell and virus types. Our study



showed that both JEV and Dengue virus are lytic virusand cells are
disrupted a couple of days after virus infection. Therefore, in high cell
density cultivation systems such as Cell cube and Tidal bioreactor, virus
productivity were not increased compared to microcarrier system. For the
production of JE and dengue viruses, microcarrier/ bioreactor production

system is still the best choice among the four systems.

. Recommendation

Now, many newly established biotech companiesin Taiwan set the
development of cell-culture-derived products as their major goal. World-
wide in developed countries cell-culture-derived products constitute more
than 80% of all biotech products. Cell culture technology is certainly akey
technology and will continu to be so even in the Genome era. Therefore, the
future development and application tendency of cell culture technique
should be followed very closely.

In recent years, there are three development trends in animal cell
technology :serum-free cultivation high-cell-density process unit process.
Each development strategy should be adjusted according to cell/product
characteristics market size and regulatory issues.

After comparing four cultivation systems, our research result showed
that for the development of JE and dengue biologicals, the

microcarrier/bioreactor system offered the advantages of 1abor-

savingness high efficiency scalability ease of validation.
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cells ATCC-CCL-81)

Vero 199 5% 37
CO, 1 5
M199 1%
FCS.
Beijing strain.
C6/36 Vero
siliconized cytodex1 (

6g/l) PBS PBS
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15 5%

199
MOI 0.1
( 1)

: NBS pH,

DO, :
D/H 1.2
20~300rpm (02, N2, COy,
air) cell lift decanting
column
( 1) 69/l (
180000 cm, ). 2-4 x 10° cells/ml

60 rpm
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Cell Cube
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2.68x10° cells

NBS

(
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(Cell Cube Perfusion System) 13
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CO,

( 124 hr )
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nuclear extrusion 23
1ml crystal
violet (0.1%w/v crystal violet 0.1 M citric acid )
37
Coulter Multisizer 11
v (Plaque Assay)
24 8x10°
BHK 37 5%
(monolayer)
100p |
37 1

2ml overlay 72
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96

50ul 0.33% RBC 37
30
v Bradford reagent
BSA (0, 12,5, 25, 50, 100 ug/ml)  200ul BSA
120ul 2
Bradford reagent Bradford reagent
1200ul 5-30 595nm

ELISA BIO-TEK EL403
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37 1 Avidin-

37 30
100ul 30
ELISA Molecular Device,Emax ODyg ODeso
v (Specific Growth Rate, p)
u= dx/dt-x
u d! X t
v (Virus production rate)

QPv = (Pv-Pvy)/(t-ty)

QPv (t-1y) pfultd® Pv,
Pv, 1 ©

v (Céll specific virus production rate)

Oox = (QPV /X)) -10°
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Op.x (to-t1)

pfu-10®  Itd* QPv Xi 1 b

(Substrate consumption rate, Qsi)

Qs = (Siz-Sip)/(tx-t1)

Qs i (to-ty) mol-I"™-.d™*
Sil Siz t]_ tz

(Cell specific substrate consumption rate, qsi,x)

Qsix = (Qg /Xy) -10°

qsi,x (tz‘t]_) [
mol- 106 y _1'd_1 Qsi Xt %] to
(Yxl/9)
Y wis =l~l/ Os
10°  mol*
(Yp/s)
Yp/s = qu,x / qsi,x
pfu -mol ~*
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Vero

5.83x10°cel Is/ml( a);

MOI=0.1 2.31x108
pfu/m( b.)
VEro cytodex 1

2.50x10°cells/ml( a);b. MOI=0.1

2.86x10%pfu/m( b.)

(fiber discs)
Vero ( ) 1.76x10° 24
( ) 1.5 mM
1.0mM 2mM
( ) 6.6 x10° cells
6.51 x10° cellg/ml 7.26x10"
pfu( ) 5- 0.6 7.26

400ml . ( )
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50 (  850cm2)  2.68x10°

124
9 1.5 mM
0.7 mM 2mM 3
2.68 x10° cells 6.6 x10° cells
25 . 1.71x10™ pfu 5L
12.5
CellCube A 25
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a Vero Cdl Growth Kineticsin M icrocarrier Culture
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Cell Virus Cellsem® | Cell sp.virus
production | production | Surface area Product.
rate(cells/l/da| rate(pfu/l/day (pfu/10°
y) ) cells/day)
Tidal 2.65x10° 4.51x10° 1.21x10° 3.26x10’
bioreactor
CellCube 1.41x10"  3.11x10° 3.10x10° 7.44 x10’
Roller Bottle 2.5x10°  2.89x10" 2.74x10° 3.36x10°
Microcarrier 1.87x10°  5.79x10" 6.28x10" 2.68x10°
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