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Development of an efficient gene amplification system by cell cycle checkpoint engineering in Chinese hamster

ovary cells

(HABETHERE AW S 3 A ERAOWKE)

FALFRGE KYOUNGHO LEER

Dihydrofolate reductase (DHFR)-mediated gene amplification has been widely used to establish high—producing
mammalian cell lines. However, since gene amplification is an infrequent event, in that many rounds of

methotrexate (MTX) selection to amplify the iransgene and screening of over several hundred individual clones
are required to obtain cells with high gene copy numbers. Consequently, the process for DHFR-mediated gene
amplification remains as a bottleneck during the cell line development, The aim of my research is to establish

more efficient gene amplification system for high-producing cell line development.

This thesis consists of five chapters.

Chapter 1 deals with the general introduction of the present study. The importance of CHO cells in the
biopharmaceutical industry, mechanisms of gene amplification, and DNA damage responses are described in this
chapter.

Chapter 2 deals with a novel method to generate high-producing CHO cells by accelerating transgene
amplification. A small interfering RNA (siRNA) expression vector against ATR was transfected into CHO celis
and the influences of ATR downregulation on gene amplification and the productivity were investigated in CHO
cells producing green fluorescent protein (GFP) and secreting a monoclonal antibedy. The ATR~downregulated
cells showed a much faster increase in transgene copy numbers during gene amplification, resulting in higher
antibody productivities as compared with the mock cells. The resultis suggest that high-producing CHO cells
could be more rapidly generated by the downregulation of cell cycle checkpoints.

Chapter 3 describes the relationship between cell eyecle transition of the arrested cells and gene amplification.
In order to confirm the previous results of chapter 2, CDC25A phosphatase which is a target of ATR-mediated
DNA damage signaling pathways was overexpressed in CHO cells. The effects of CDC25A overexpression on the
cell cycle, transgene copy numbers and antibody preductivity were examined using both wild-type and mutated
CDC25A—overexpressing CHO cells. CDC25A overexpression resulted in the G2 to M phase transition of arrested
cells in the presence of MTX and a rapid increase in transgene copy numbetrs. In addition, high-producing CHO
clones were obtained with high frequency in CDC2bA-overexpressing cells. This chapter shows the improvement
of a conventional gene amplification system via cell cycle engineering at the early stage of cell line
development.

Chapter 4 describes the effects of mutant cell division cycle 25 homolog B (m—CDC25B) overexpression on the
generation of cells producing a monoclonal antibody. The m—CDC25B expression plasmids were transfected into
CHO DG44—derived cells producing a monoclonal antibody, and the frequency of highly producing cells was assessed
following gene amplification in the presence of 250 nM methotrexate (MTX). Most of the clones obtained from
the m-CDC25B-overexpressing cells had higher antibody titers than did mocktransfected control cells, which
arose from either higher transgene copy numbers or higher mRNA expression levels for the antibody, This chapter
shows that the m—CDC25BR overexpression could contribute to the efficient selection of highly producing CHO
cells.

Chapter b deals with the conclusions of this thesis. Models to summarize the results in the chapter 2, 3

and 4 are proposed in this chapter.
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F A = KA R F —PRR R LIS (CHO FIAA) i, 34 A EIRROAEERFE L LTRLARIN T AESET
H5, CHO Mg AR EIZFA ST 2 FREAMETIEE RS, FFEERVD AR AEGETFOSF
AP OHEERMENCEMERDZ Z ERTIEL2D, —FH. FFERETBICOE2EVWER L BHZ2ETIFETH
b, FOPRABRDONTNDG, AWMITH, WETHMREIMET 3 HROoFEE U-CHMmEMRHMIZIFE Li-m
JafENF = v 7 WA 2 b P=T D ZE WS EEERB L, EIELTWS,

W1 FR '

Pk F o e it OHFR) & BV vl E TR REL S AN CRO AEMEEE LTRLECBVWERTWE SR
HETH D, AETHL, T DHFR HEFMIRFEICEAZH T, HEFMESEREH THLAA R M sE—F MX)
Iz X 2RIRFEOIK, BER. RoU, FRXICTRRETIFEORA L 25, MEFEGIZE TS MIREWIH
MO RITERBENC DT L, Ao BadEdi2Tu5, ‘
o HNAEMT v I AL Y b P T Y S KBS IENE T HIE CHO SNa s .

AT, TITHRETF = v 2 KA v bR —EFD—FliCdh D Ataxia-Telangiectasia and Rad3-Related (ATR)
ot d A SiRNA SEHy F— R L, A hF R T A D LIC LY, ATR BRI L - 08 % ek
LT3, MBELABEMREAVTEAEAERTERE S u— UiREr T 5 a2 M EF WEEE vt
FREE Lz & 2 A, GFP AEEEMFENENZ BV Tl 6 5, Hrff B 38V i 4 {50 oA BEHE & F- DA A3 8L ATk
L0 ATR BELMENC L . EEHRH.ETEDS Z L EMIBLTWS,

WA Cell division cycle(Cde) 25 A ZSBRISEIIC X A PR CHO fIaH 4L

ATETIE, ATROTHICMBT D 2 74+ A7 7 F—¥2HRE LT, £EMALEEZNATVWE, Cde25 FETR S
A (Cdc254) % CHO #IER & ¥ HEHERIRE L Cde25A il RIS B A MM SRIC R M TRIE L TV B, T OREHL, Cde25A
72 B TRCEER Cde25A OBREHIZ LY | EHRICEBEMISHSINEFEL 42D . 2500M MIX FETIZBWTER Lz
Bl BT OAERERER 2. 9FizmE L., FFREAMEFUROBSRLICFRNTHE L EEZTLTNS,
WA 7 Cell division cyele{Cdc) 25 FF w8 oifFIRIIC L5 CHO RN

AMETiX, Cdeh EidMBEDIL2 3 Cde Téh D Cde26B I H L, R Cde25B MIBRIZEIRIZ XL 514 CHO fRNadfax
EIZDOWTHE LTV 5, 2R Cde2tB DIBREROE, #EFHRS#BIZ Lic kD, 25 Cde25B DIBRFHBLICE
W Cde25A & PRSI EhESRICAEREMIEASERTE L 20 | ARES—R00IC ARSI RIB il - L &R L
T35,

EEE BIE .

AE TR, A FEELSEBICSTATRFBET S EHIC, ARTICBNTRESHLEIESTH 3 HIaFIEF =
I RA Y =T N PR, BREFEORRIZ-OWCHRE U, CHO MBla % Al o S A SLS ERE FAl
HUZ BT BAFEOAM-SITIZ W THATL S,

DEDEIIT, ARXTR S TEESEEICBITITELR MRy 7 THAEEMRMNEICEREH T, -k
FETHLAMBEMF v RS bz V=T VbS5 WAFRB L, FAELELEOTHY. LoThHIT
Mt e LTHES S L0 LD 3,




