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= = Bioreactor 1L & » & F3 % APIUSMDCKI 322 ¢ o A2 AW R
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Abstract

Egg-based technology has been used to manufacture seasonal influenza vaccines for
decades, but it is labor-intensive and lacks of flexibility. Therefore, cell-based
technology is becoming attractive for production of influenza vaccines, especially for
pandemic influenza H5 vaccines which require a large supply in a short time. In
addition, supply of chicken eggs may not be available during an influenza H5
pandemic which is highly pathogenic to chickens. Microcarrier and bioreactor
technology have been widely used in cell culture systems. The present study was
conducted to establish the microcarrier systems for cell-based production of
influenza H5 vaccines. The H5 vaccine strain, NIBRG-14 was obtained from a WHO
reference lab (NIBSC, UK), which is an attenuated reassortant virus containing 2
surface genes (modified HA & NA) from A/Vietnam/1194/2004 (H5N1) and 6 internal
genes from the egg-high growth A/PR/8/34 (HIN1). The NIBRG-14 can grow
efficiently in eggs and MDCK cells. Therefore, we first used MDCK cells to grow
NIBRG-14 in microcarrier and 100mL spinner flask, then scaled up to 1L in bioreactor.

In the bioreactor, the virus titer can reach  10%° TCID50/ml. These materials have

been purified and inactivated and will be used to immunize mice for evaluating
Immunogenicity as soon as the HA antigen content is measured. In addition to MDCK
cells, Vero cells have also been used to grow the NIBRG-14. Since the NIBRG-14 can
not efficiently grow in Vero cells, we first tried to adapt the NIBRG-14 in Vero cells.
After several passage and plaque purifications, one virus clone was selected and can

grow to the similar virus titer of MDCK-grown NIBRG-14 (10% TCID50/ml).
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Food KR A R e 2 M W RLR AT R A 4R (Wu et al., 1997,
Wu and Huang, 2000; Wu and Huang, 2002) - I #h4 3» F Ji BHEFE = 350 B IR A
B it %o pE R AN 1 chid & (Shiragami et al., 1997) » Fpt > 2 F 5 B TS L
e B RERBED e BER AP S S o igdn WA AR TR A -
¥g(roller bottle)ssg & = 4 &4 I fed M (microcarrien) & i35 & - @ F a0 B I
Fel £ ¥ * A 4 FF R B(dirred tank) ? 0 i2 - 5 413 A 22+ (scale up) &
A &Ferx(validation)e P A w1 vt B mre 2 ok RE S 204 A | TR
K B HAT 0 ddt o g f(Montagnon, 1988) o 14 ki A R T
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B g #l e B e B 2 fking HS R AR v k(Vietnam1194 2
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Forcreiy 0 5B 2 MDCK 2 Vero 'm¥e ihg § > gt = fﬁﬁp—q* 4
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D pE2F%ahPmy FELO RN REELEIRLANF RA
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1 ¥57 7 #7(Food Indus- try Research and Develop Institute ,FIRDI) -
ATCC Mm% :CCL-34 - mPe RN Hic 5 557X » T o 7 #+ MDCK m¥z
132 % A 5 DMEM (Dlbecco's modified Eagle Media, Cat NO.
12800-017°> GibcoBRL USA): H Tén a2 w5 (Fetal bovine serum; Cat
No. 26140-079 - GibcoBRL USA - @& = /7 MDCK !m % 3 % A i
OPTIPRO(Cat No. 12309 : GibcoBRL USA) ¥ Plus MDCK(Cat No.
SFM110 - Cescobio Taiwan) o 1 7w 7f 35 & 2535 & lwie F > #-lmi2 30 4 &
## 150cm” %35 % ¢ (tissues-flask » T-flask » Corning) ® e % A4 3 >
v EERE 4 I8 4 67 % (PBS,phosphate buffer saline ; NaCl 8.0 g/L » KCl
02g/L » Na2HPO47H20)i* £ Tflask = S & #2 o 4 » 1 & 2
trypsin-EDTA(0.05% trypsin 0.53mM EDTA.4Na; Cat No. 25300 G ibcoBRL
USA)8ml *+ 150T-flask ® - % » 37°C > 5%CO, = § i* w12 % 4 10
AEBTER o @Fimee 15 b 12mI AT K L s R s e i i
wmAE AT T Bk Iml R it o - 4A0ml FTEE R A K4~ - Fren
T-flask» & 4c » 2 x 10°m%e > Bt - T-flask & »0 - § Y Bl % f5 ei 1
Ao F JAMABE- X o NELFHAAR L wE o e trypsin
i Re % E 180 F L 4o Aml S Trypsininhibtors £ 4c ~ 8ml A7 33 £ -
Pt BT 2 dne i 12 1000rpm B 54 48 - b R A Gi {8 4e ~ 20ml
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ARG 2 mress % D MDCK e Risss 0 5 U4 f e - 29 @
3§« Cytodex1(Amersham Biosciences), # & ¢ § %k 3= F <~ ficfd
¢ Cytodex3(Amersham Bioscience), “iF 4| #ici* 48 Cytopore2(Amersham
Biosciences) » # 7 & T i = #ci 4 plastic plus (So- lohill) s & = 3% 4c
P F AT o AfEPAT R R M S B 0 e~ 3 AR R R i

FELUYMR T > 3] pF(Cytopore2 1 fmkfc 2 A R R 10 4 & pladtic
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plus 7t =-k? R 104 4) L UAREFFF121Co 154 4
T L ARl f&rf& T g Rk 0 B b 2 IEH D STC R E chime 12 %
AREFE S A& /f’.wfﬂff“%zﬁ KA R s & AR £ 0 b N RIFEL
oo himir B 2 g o B-T-flask o eniw®e 2 trypsin-EDTA 5% 18 H % o
uﬁgim%%&’ﬁgéﬁ—ﬁﬁ%%ﬁﬁﬂoﬁﬁﬁ%ﬁig%%
3 RAAE S T0ml o mre s & 3t 37°C ) 5%COR2 e 3t A ¢ 0 3 AR
W R L 40rpm o 24 ) pEiS E 4e » 30ml FTEE R A A T R A
60rpm - fm¥e 33 H B AR H AN § F R ENERER (FF <lgl- i
H >20lL) R 60% A AR R 2 E 24 FEREE WA
me 2 F RBRERA-EINES ( BawtbFr REE »pEz N
spinfilter (B. Braun Biotech) » & #-&if 2 '@z & fE % & ~ M 4 2 33
ZER > UF B2 BN ¥~ 5 Sigmacote (SIGMA, Cat SL-2)
2. 2L F &% (B.BraunBiotech) p » H1 #8452 1L - HEF233%
2§ E% s pH & CO, & F NaHCO; (88 g/L) iF4 #ri
FIL 6972 BAMFRREXERE FEFLVAET 37T S BE
REAIFARFART FHESEER (FF <ldl> &¢ >29dL)-
4) e 2t Ho-#F i % e 3t i ¥ 150CMP e By A g hwmie ¥
trypsin-EDTA £ % & fmPe 5 j% (> w353 477 B4 2 15 & 2 i
F ¢ o % trypan blue exclusion method =7 & 3 dicim #e 9 3¢ 5 P~ S50
shin¥e 7% % o S0l 5 trypin blue &R £ » = (g5 = hlmfe € AL trypin
bluet + £d »FEme B3 €44 ¢ - LR MET & * hymocytometer
ke
5) s F-v frp¥ R et dor: BAml 2359 5 FHc AT E 2 (8
it T3 0-200 4TT A 45040~ 1ml 10X trypsin- EDTA 3<% 37
& 10 A48 0 W IR B 2w e o

6) FAFFET R HE RAlH£ v B3 B v AR Lo > &% 24 -
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48~72~96 % 120 /| i B imfe 3 & 1 ik 0 RIRFHRF 2 HA 22 o
AT E AR o e R AT RFEFRAAETHEA 0 XK
(S AR S FRB T2 E 1 > Bt SRD BB R ER o I ARTR] IR
Bw TRk 2p4 3 R e AR R R e B R Bl iE Y b
W blRE o R Bk RiEr 4 A & A K (Hehme et a. 2002) - Fp A
R HRERET 2mE A B Rw e
7) P RELAS AL BT H2 2 HE RAIR T TRA %R ET T o 2
AR T AR A R R ARk it (Hehmeet dl.
2004; Nicholson et al. 2001) > » & 7 #== % # =& (Aluminum) sz % o x
ifbw’ﬁ'f' T A B AR A RS s FIYL AT ;IZ"/PJELL/P

HI 2 ¥ fodasl

5

i
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1 & o ‘)%"i%. Hz2Ex LAY O p a1 B EMDCKme » P ime A g ,;%’_E;ﬁi% %
T H tme fiom w5 107cellgT752 10°cellg/roller bottle & MDCK im# 1t i+ 46
& i F 3 % (PlusMDCK, PAA, VP-SFM, EXCELL, OptiPro, PFM) » # © 12Plus

MDCK # £ {£25%.4% (10°cells/T75% 10°cells/roller bottle) o

2. MR = i k&7 w33 & | Cytodexl - Cytodex3 % Cytopore2 e
# ¢ Cytodexl @ A& * v u eh2d & > Ft 27 3 E % Cytodexl- @& * 7 x jjih
% % #k > 7 100 ml spinner flask 12 fic§* 48 Cytodex1 33 & MDCK !m¥e » ' g = f& 7
e Rk R (2g/L ~ Bg/L 2 10g/L) T fwre 2 Haiscd o B % R g/l et
RER T > MDCK e 3 iz msad » 24 NIBRG-14 2 {6 % 244872
3 96 ] pFF > :)‘%i HA »2if & %] 5 <2~ 1024 ~ 2048 2 2048/S0 1 - 2 1L 2 F F &
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®p2x NIBRG-14 4 £ o 41> w32 % 5= % wmie a7 £ 9 3x10° 12 + (9 % 30
# roller bottle #+ & 4 2 ‘m#e dc) - % NIBRG-14 2 {5 % 2448~ 72 | F% » j 4
HA »2if & u] 5 <2~ 4096 ~ 4096 % 4096/50 | » TCID50 4 % 5 3.16x10%ml ~ 1x
10%/ml ~ 5.7x10/ml 22 1.4x10"/mi(® - ) > HA ¥ £ 4 %] 5 <5564+ 11.74 2 7.68
pg/mle F1ptiE R fe B 4 R enpE L 720 pFert 1L 4 3 F i B3# A NIBRG-14
feP~2 5% % HA »cif 2 2048/50 41 > TCID50 »c i 5 10%ml » ‘i i 2 2 % it
t6 22 HA »z i % 4096/50 1= i * @ s 3 & A& OptiPro- <L & 100 ml spinner flask
1Sl e R A 0 Rt 1 1L 2 F BB A NIBRG-14: et & 5
2 % e G lev i X 1x10°02 (9 % 10 B roller bottle #1 & 4 2w #k) o B 4
NIBRG-14 2 {5 % 24~48~72 ] ¥ > Jx 4 HA 2} & %] 5 <2+ 4096 % 4096/50 11 -
TCID50 4 %] % 3.16x10"/ml ~ 1.65x10%ml #2 5.62x10%ml » (Sif &4 i 2 % & i {4 2

HA »cff 4 8192/50 4 1(4 - ) = P 1 72 s i35 % & PlusMDCK it 732 4 ¢ o

3L EKAZA B e RAMLE RS2 AT Rk & 2 SRD {7 HA #Lk
Bpl > #abL o 00 g A A ERARS RK N0 P g%

A o

4. inB RS2 Ew 0 d UK NIBSC 3] ¢ o 48 th(NIBRG-14) 25275 3~
% MDCK ‘m¥ 35 4 el 5 107° TCIDS0/mI » % Vero ‘me v il g i (%) 5 10°

TCID50/MI) » # T25 32 % ¥Ti& {7 Vero fm# i » il = % 432 % » 18 s 4o 3
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10" TCIDS0/MI (# = ) o #-% = = # 13 % x4 & (7 plague purification » i 7
22 fa® h= hp& th (clone 9~ clone 15 -~ clone 16) - #:& {7 % = = plague
purification » %5 i 6 well plate amplify £ » #-5 4 % i 17 plaque assay » BLZ T f;
& plague s~ ] & - 3 > clone 9 hplaque fi ] (Rl=) » #iz = P& 4 &
T25 flask i 73 % > = phop 4 o ff & 8 5 7.5x10° ~ 1x10" ~ 2 1.78x10’
TCID50/ml » £ # clone 16 #4 & T75flask i& 7 2 & MOI e3¢5 » I g% growth

curve (Bl =) > }];qar A IRl 7| 10" TCID50/m - :Ifrclone16:@si+%liT75flask

)
—

Ik

sk £ % 120F 44 F 0 2 4pF HA R 3 512 /5011 » TCIDS0 »%

# 5 3.16x 10°/ml

5. Vero e BV i G R W R LR IEE PR A 1T 0 R Vero dm e B o S R
clone9-15-16 frp g NIBSC 7 NIBRG14 5 #F fiw 518 7 HI test /& T 2 14
# = B clone 2. HI »z 1§ & egg f~ MDCK 32 % 2. NIBRG14 :,)%i NN 4
£ (400 vs. 800) » 4 17 Vero km?z ' i 5% $k clone 9~ 15~ 16 2. HA = NA 3¢ 7
IR 7)o T H#-2_ e A/Viatnam/1194/2004(H5NL) T/ & Hdkie (708 # o & HA 3~
6 FrvRARL R 7] 323-328 im0 Vero 51 i i £ f A BRI 0 KA 0
Fx BT o a NA Foo Feninm Ly Eie e i sl o A 65 R 7L
REFPIRAIIEAY o

@) 3t

AP S P e F ok ﬁéﬂii?ﬁ%ié_ NIBRG14 jii gt B w0 # 18§ #° 7 s 3
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EREDAA s qpH oA R BREEFTIL A K2 2 NIBRG-14 e % % 1o
L A s #TE P ehdnre B lic) 2 30 BIREFLDA R 0 FR TR HAFRR & = &R

RIS T AR HTANE 2R o

FrERZTEFHEREAT Wik 2 e — R RET A 0 TR TR 2 vk

B RELGFRAANBRFAEINVZLFRZALZLIRS > WEFARL A5 7

2 Vero e 3 it NIBRG14 :),%i ek % o ko ¥ i g 2. NIBRG14 :frz‘s-% ¥ rid Vero
e d AR kR HF R Bl fod 55 efe MDCK oz 33 & ) chps 4 22 if 4
i0 X2 PR EF fefe HA S NA Fob ot A 74 45 hi & 5 qe R be s 3 1K
P A LR g Veromie e B v i A B yihd Ao BT U
gt Bk fs e HENL # vk & Vero wm?2 4 2 NIBRG14 #-# % v (mock-up
vaccing) - NIBRG14 cn HA £ F13] & cladel > & 7 2 i p 5 308 & BA v fi
1% clade 2 7 H5N1 % v k()4 @ A/Indonesial5/2005) # # #-#t A w o Fluot &3+

4 #4454 Allndonesial5/2005 & {7 i ik o

(5) ~ s

1L 2F PR Az 25 F B &2 ANIBRGI4 » 1La it prakjir

2. A ANE RS hmie RREMP P TR F R AT R LR
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(& &\-"2?‘5(?“ £ e 3 B o

3. AL ET AR E & 2 NIBRGLA™ 12 A Veroim®z » 278 i » ¥ g
T Bl fS 2 B Tk A Veroim e 4 & TRk i sk AL o
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