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The Development of Serum-Free Media for the Retrovirus Production
and Using It in Continuous Production
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A serum-free media for CRIP/MFG-LacZ retrovirus production was developed and applied to continuous packed-bed
culture system. The serum-free media developed by fractional factorial design contains insulin (10 wg/mL), transferrin
(5 pgimL), BSA (4 mg/mL), EGF (25 ng/mL), and linoleic acid {10 pg/mL). Operation of continuous packed-bed reactor
using Fibra-cel enabled the packaging cell to stably maintain retrovirus titer for about 1 week. The optimal cperation
conditions for dilution rate and temperature were 0.67(h") and 32, respectively. Using this media, the retrovirus
titer(cfu/mL) in the packed continuous culture was about 50% that of continuous culture with serum containing DMEM

media.
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Figure 1. Basal media decision; (A) Total cell number (B) Retrovirus
titer {error bars.d.)
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Table 1. The components of seruni-free media in Fractional factorial test

component concentration
Insulin ¥ 10 ug/ml.
- 0 ugmL
Transferrin ¥ 25 pgfmL
0 pyg/mL
BSA + 4 1g/mL
- 0 pgimlL
+ 1
EGF 00 ug/mL
0 ugimL
Linoleic acid * 20 pgfml
- 0 pg/mL
Table 2. Fractional factorial test design
Trans- N Linoleic
BSA ] Insulin K EGF FGF
ferrin acid
1 - - - - - -
2 - + +
3 - + - + +
4 - + + +
5 + - + - +
6 + - + + - -
7 + + - - -
8 + + + - - +
9 - - + -
{1] -~ - + + +
11 - + - + +
12 + + - + -
13 + - - + +
14 + + - + -
15 + + - + + -
16 + + + + + +

Al AAE e FARE ] AAZE g oHo wEld, #l
Egupola]a Aol glojA ¥ wjAe Afure EaFHol
gl S mebd 2 dqtes dybE¢e) 2dER ujz)dl
=l g3 &g didlgcta 424 insulin, transferrin,
EGF, FGE, BSA, linoleic acid® AM&-3ta] wjz] Az e
& T HEZupolzise] A 7hF HFF zzte)
FLEE Aot B dFe ALARE A AihdAd
o] #9f sEZdiolgi~ MAE AT FHAY WA A
& ER2 Sy WRel Ad4ddEe FHEAE 10% (vv)
calf serum& E33 DMEME AREEIES, AE7} confluence
A AR £ Z2EA A2 afste 2] FEE AEe
4Tt

Y Kol 24e A AP FooE WA

A2H 67bx AslEol el two level A@om 2%
factorial design2 &led F 16712 Zgo 3t AEE 48
s, 27te) R%el tal AT o} AE AEZ ]
dae) FEE 2R3

H7HE2 279 high level, low leveld ¥E¥ Table 19
AA1E] AvfEE, 2 ZEHE Table 3, Table 4¢] el
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Table 3. Fractional factorial test cell number and retrovirus titer

cell number (% 105) Tieer (% 104cfujmL)

1 2.56 1.62
2 5.24 4.24
3 4.72 3.96
4 3.80 2.52
5 6.08 5.62
6 4.08 1.92
7 372 112
8 5.60 3.50
9 4.36 362
10 6.32 438
3 5.16 2.90
12 5.92 5.48
13 5.64 4.04
14 5.88 3.92
15 6.00 432
16 5.32 448

Table 4. The main effects of the compenetnts on cell number and

retrovinus titer

BSA 1S peutin ORI pee bR
ferrin acid

Main effect on

053 001 0.49 0.12 .10 097
cell number

Main effect on

- . 003 014 041 050 108 108
retrovirus titer

t}. Insulin, EGF, FGF7} ME ¢ g EZulo]d|29] +&
el FAA) axg 7R g Asw Jeldo, BSA
= XY Adels A7 o, dEEdolzLe A
die W2 %o gl AME & £ Uitk EF f9
AY ZFH2HE EGF9) FGF= 2% #EZuloa)ie] A4
oA FAAA Zxz Az eS¢ 4 99tk ERw
EGF9} FGF= 25 growth factor2s Axe] Aza} Z4 o
A= T} slsiged = 228 25 Hrlsle AL
724 WA Az 71 S 2PAY g9lelga AT
¥lo} model system J¥-E Fid F 2A F E @ & £9
E Koo E4 shyvhs: ddstuA st o d4E¢
main effect2 T #{5}ed insulin, transferrin, BSA, lincleic acid
9 ¥52 Zt2 10 g/mL, 5 g/ml, 4 mgmL, 10 gmLE A
st a, o7)of EGF $ FGF 100 ng/mL-S ztz} ay}sled ¥)
ekt Figure 264 B vie) o] T HAHFo] I 3o
& HolAE Qgkon} EGFE] &37) © =9ted, 742 #
AME AEdd FGFZ wlAEC® sk o F B A7
o] 2¥a Wi AT AA9AE EGFE AYsA H
itk th2-2. =2 fractional factorial testollA] Aol e g Az
SIAlE theo s HEZue)dA &34 =& main
effectE RS linoleic acid?] ¥ = Xz 23L 53tk
02 ANEEY By = o] Ax} EYsA &2 lincleic acid
2 F=E 22t 10 gml, 20 gimLE 3] 2trte] AaE &
AVstgich Figure 3ofAle} 2+o] 10 g/mLo] linoleic acidE A}
48 24 dESulelz]ie] Hie] ZrHE ¢ 5 U,
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Figure 2. The effect of EGF and FGF on retrovirus titer. The
concentrations of insulin, transferrin, BSA, and linoleic acid in the
modified DMEM media are 10 gfml, 5 g/mL, 4 mg/ml and 10
gimL, respectively. EGF and FGF mean the expetiments used 100
ngjml. of EGF and 100 ng/ml. FGF, respectively, in addition to the
medified DMEM. CTRL means the experiment using 10% calf serum
in only basal DMEM media.
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Figure 3. The effect of linoleic acid concentration on retrovirus titer.
The concentrations of insulin, transferrin, BSA, and EGF in the
modified DMEM media are 10 g/mL, 5 g/mL, 4 mgimL and 100
ng/mL, respectively. Low and High mean the experiments used 10
g/mL and 20 g/mL of linoleic acid, respectively, in additien to the
modified DMEM, CTRL means the experiment wsing 19% calf serum
in the basal DMEM media.
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Say ux TAHEY SE
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Figure 4. The effect of EGF concentration The concentration of
insulin, transferrin, BSA and linoleic acid in the modified DMEM are
10 gimL, 5 g/mL, 4 mg/mL, 100 ng/mL, and 10 g/mL, respectively.
The numbers from | to 5 of the X-axis mean the concentration of
EGF 0 ng/mL, 10 ng/mL, 25 ng/mL, 50 ng/mL and 100 ng/mL,
respectively, in addition 10 the modified DMEM. CTRL means the
experiment using 10% calf serum in the basal DMEM media (eror
bar:s.d.).
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Figure 5. The effect of BSA concentration The concentrations of
insulin, transferrin, EGF and linoleic acid in the modified DMEM are
10 g/mL, 5 g/ml, 25 ngimL, 100 ng/mL, and 10 g/mL respectively,
The numbers from 1 to 5 of the X-axis mean the concentration of
BSA 0 mg/mL, | mgmL, 2 mg/mL, 4 mgml, and 8 mgmL,
respectively, in addiion to modificd DMEM. CTRL means the
experiment using 10% calf serum in the basal DMEM media (error
bar:s.d.}.
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PBR

Water bath

Figure 6. The schematic diagram of packed-bed reactor (PBR).
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Figure 7. Effect of temperature on the retrovirus yields in continuous
culture in the packed-bed reactor. The dilution rate in this
experiments is 0.67(h™") (error bars.d.).
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Figure 8. Retrovirus yields in the continuous culture in the packed-

bed reactor using the developed serum-free media (error bars.d.).
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B dFdME dEZulo|#i A AESQ] CRIP/LacZ A
Fo diake) g4 982 aAE ¢ e Y HEs
AL 1 BEE Ao 48S FIsY, HERue|Y
2 ANE 2F 583 uAE Adergdch 1 @3 DMEM
L 7)1EuA 2 3l insulin, wansferrin, BSA, EGF and
linoleic acidE FHI 5874 wAFE /ALty o) 4
2 A2 o83l HEZntolalAe HASAL A
£ 8% 67x10" cfymly $£& 713 gERuo|dis
oF 87 Akt = Y FHZ dEridiM=
T-flaske} 2eo] 252 giko] vf$ FastEHm 32Tl 7}
F EE 89 HERv[HAE ANE F AT ol
HESZuto]H A0 25d W H|ZEET} Hlol# A A4k
Fgo e F FEE L AAE F= AFgelrh £
FAUE wjdr)d A FEENAE o83 Azl Al E
Al HIEE AR Ra BF dig g7 Zashy
o AZhgoh
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