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Chapter 1: General Introduction

Immunobiologics are antigenic or antibody containing preparations such as a vaccines and antibodies.
Mammalian cell has become one of the important hosts for the production of immunobiologics because of its
capacity for post-translational modification and human protein-like molecular structure assembly.
Immunobiologics are divided into two main categories; end stage category or treatment (e.g antibodies) and
protective categories (e.g vaccines). Immunobiologics production using mammalian cells suffers industry rvelated
problems mainly product low yield. In this thesis, improving methods for the mammalian cell bioprocesses for
the production of two important immunobiologics (monoclonal antibodies and influenza virus vaccines) have

been investigated.

Chapter 2 : Applying ATF4 overexpression technoloegy on monoclonal antibody producing Chinese hamster ovary
cells.

To improve antibedy production in Chinese hamster ovary (CHQ) cells, the humanized antibody-producing
CHO DP-12-SF cell line was transfected with the geme encoding activating transcription factor 4 (ATF4), a
central factor in the unfolded protein response (UPR). Overexpression of ATF4 significantly enhanced the
production of antibody in the CHO DP-12-SF cell line. The specific IgG production rate of in the
ATF4-overexpressing CHO-ATF4-16 cells was approximately 2.4 times that of the parental host cell line. Clone
CHO-ATF4-16 did not show any change in growth rate compared with the parental cells or mock-transfected
CHO-DP12-SF cells. The expression levels of mRNAs encoding both the antibody heavy and light chains in the
CHO-ATF4-16 clone were analyzed. This analysis showed that ATF4 overexpression improved the total
production and specific production rate of antibody without affecting the mENA transcription level. These

results indicate that ATF4 overexpression is a promising method for improving recombinant IgG production in
CHO cell.

Chapter 3! Improving cellular process and characterization of mammalian-cell-based influenza vaccines for
pandemics

It is currently impossible to predict the next pandemic influenza virus strain. Thus a library of influenza
viruses containing all hemagglutinin and neuraminidase subtypes and their genes have been established. In this
chapter, construction of a mammalian cell based production process for the preparation of vaccines against
emerging pandemic influenza viruses was performed, An influenza wirus reassortant from the library,
Alduck/Hokkaido/Vae-3/2007 (H5N1), was passaged 22 times (P22) in Madin-Darby canine kidney (MDCK) cells.
The P22 virus had a titer of 2 x10® PFU/m], which was 40 times that of the original strain, with 4 point
mutations, which altered amino acids in the deduced protein sequences encoded by the PB2 and PA genes. A
formalin-inactivated whole-virion vaccine from the MDCK ecell-cultured A/duck/Hokkaido/Vac-3/2007 (H5N1)
P22 virus was then produced. Intranasal immunization of mice with this vaccine protected them against

challenges with lethal influenza viruses of homologous and heterologous subtypes. Furthermore, intranasal
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immunization with the vaccine induced cross-reactive neutralizing antibody responses against the homotypic
H5N1 influenza virus and its antigenic variants and cross-reactive cell-mediated immune responses to the
homologous virus, its variants within a subtype, and even an influenza virus of a different subtype were
demonstrated. These results indicate that the constructed mammalian-cell-based process for emergency vaccine

production is promising for producing the next generation of pandemic influenza virus vaccines.

Chapter 4 Influenza neuraminidase (NA) besides hemagglutinin (HA) is important for protection against
influenza infections

Influenza vaccines are always judged by their ability to produce antibody against Hemagglutinin (HA) in serum
using hemagglutinin inhibition assay (HI), where it is sought to be protective when HI antibody titer is >40.
Accordingly, all other proteins seemed to be ignored and are not assessed. Thus, Whole virion vaccines from
Influenza A/duck/Hokkaido/77 H3N2 and its reassortant strains H3N4, H3N5, H3N7 with same HA and
heterologous NA from the constructed influenza vaccine library were prepared. Mice were then vaccinated with
equivalent vaccine doses from the vaccines prepared corrvesponding to protective and non protective HI titers.
The result showed that at high HI titer (protective), hemagglutinin antibody response seems to be dominant, and
the mice showed 100% viability, On the other hand, at lower HI titer (non-protective) the situation was not the
same as only H3N2 immunized mice showed 100% survival rate, regardless that all immunized mice have the
same HI titer. The protection at low HI titer was correlated to the presence of NA antibody. Since, seasonal or
pandemic influenza strains might not match the vaccine strain leading to HI titer lower than excepted, therefore
both HA and NA are concluded to be important for influenza vaccine strain. The combination of HA and NA are

important for Influenza vaccine seed strain library.

Chapter 5: General Conclusion

Monoclonal antibody and influenza vaccine production are of great economic importance. For monoclonal
antibodies used in diagnostic or therapeutic purposes the amount of antibody produced seemed to be a major
problem hence, an A7F4 over-expression technology as solution to improve production rate was proposed and
successfully applied. On the other hand, Influenza vaccine is currently produced in an egg based process which
cannot produce enough doses in case of pandemic. Influenza cell-based vaccine production is still premature and
has not been clearly investigated from science and engineering aspects. Accordingly, a vaccine production
process was constructed and the efficacy of the produced vaccine was examined in mouse model with success. In
conclusion, this study partially aids in improving moncclonal antibody and influenza vaccine productions by
successfully applying solutions to their production related problems. Immunobiologics production is fast

developing and fertile field for research with a lot to be investigated in the future.
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NAFEREZ LT SAFF7 /e V—FAVWEEESOBRHETHY, TREMERZAVTEESA TN S,
CaREHEAA AR THIREEEB LY 7 F o 0EEIZBO T, TS E2 AW £E Y 0 & 2 134
CEHEREETRE RT3, IPEEELZBAVWEEE v LR IZBIT AR L RERMEO— 28, FOAEKE
DIESTHD, KWL TH. Hil - Uo7 FUARICB YT 2MalaiarmicEs s hT, AEdm biclhs ER
IZDWTIRENET> TS, B 1ETE, REMEEASA FEESORRK, BEAICSWTRERZTW., REEELB X
RO 7 FrEREIZELEPHMREREZAWEEE o ERCBITAMEIC >V TIR O MH TV,

WI2W Fyo =—X DA F—IRELH I (CHO HIME) & AV e il EmIC 81T 3 AT WEF OB X 55
{4z PRk

HHEESROEECHK LA ERTHS R0 A2 B WEALERICEV T, 2T TN BT 3 EERE
WAL TREESEREFES TR TE L, —F., BEEENRIIBSWTR, GERBROALHT, WR, BX
CREBR L EERMB THDH, T2 C, AETII e Mubifls £E+ 5 Bm i EL CHO  DP-12-SF Ml %t
SUIZLT, fIR - RS TN TAELA/MMEER P CARECEAE BT, EEER DEREERLA TS,
A A B RERBEBENETAEF & LT activating transeription factor 4 (ATE) WA % HT. —h% CHO
DP-12-SF M2l M{=FEAT D Z Lk v, EEEREEHBELTWS, ATMMEFERRSEZZLICED, TH
Ba72 BTNT moek ~2 & —RAGNNE & bl LC, 42, 4 (O AEFSEAEIER SN TS, T, S, %80 nRNA
BRMNZEOHKRL Y., FEWEER LOFER, EEROLF RS, RO I3 b0 LEEESATVWE, 2h
HORELY | ATF BEF ORI AL EER LS E S H 2 Z L 2 TEILL T3,

W3 AT Iy ZIIRT BTN IE A v TN T S F AR BITAMIAT 2 R E

Wi HIREEAE 2 B et 2N PO T F B, ZOV—FEA LOBERLICR VT X 0 &£
BORMESEEL ORI D, BHERCTERETIFRECHBLT, L0AVFI v sl E LGELTYL S,
—k., sHIaSEr AW r 2 FrEE o R0, FETSEFOFEAMIEEINT R, FI0, FRETCik
% 9% Madin-Darby canine kidney (MUCK)HMRERRELIEE L LU 7 F U EB RS W TRNERBIRoTNS, 1
Z AL F T A R A/duck/Hokkaido/Vac—3/2007 (HENL) #:% FA VT MDCK SIRRIZ S LT 22 MR BT o 1o, Wk
YV 40 fEMLy 2 X 10° PRU/m) B HERE L. MRATOORSIL HONT #:c 8\ T PB2 B LT PA BMEFIo BT 4 SO A 28R R
BELTVD, 2Z2HREOMCK HIRL Y 2RF U/ F2RRL, v~ 7R MEREGET I EICEoTT 7Fom
HRABIEL, RESA TOHNL A AT FOAL LRICH L THR T 7 F RN B EERELTVS,
WAB A TATFIANADIATIF—EBLPANTIAF = OA w7z PR RITTTHEE

AW TNELATALNLRIEBWTIE, ~FIAF OB T I F AT BWTRERRFTH D, 220, AL~
c IAF oD ERiEL, BB AT I F—B L0470 A/duck/Hokkaido/77 H3N2, H3N4, H3NS5, H3IN7
DAWEEHL. ChERAVTEEFV 7 Fr il L v AT 2Y7 7 5 V8% BN iz LTREEL TV 5,
DR, WTROBEL DI FURRPAD LN, EBEATINTF =0T v, PRk R TS 7 —
7zl yIEERTV, Fifldz bCUCHREMERERENB| &2 ZILTWD Z L2 FEHEL TS,
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FIENE, REMEAL A EEL THANEEEB IOV 7 F o OAEICB T AR 2RIETH L L bz, AFTIC
BOWTHELbNAEEER EICHbSRREEBEL, AEBE 1 FEESEEICRITAFFEOME- ST iICon T
~TNWB, :
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