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Abstract  Stable transformants for mammalian cells from gene transfer often show extreme variability in expression of the
introduced transgene. This occurs from the highly variable number of copies integrated into the genome and from position effects
on gene expression due to random integration. We constructed engineered CHO strains that can be used for high-level production
of foreign proteins by gene-targeting. After transfecting dihydroforate reductase DHFR -deficient CHO cells with a newly
screening vector plasmid pMCEscan which carrying a FRT-neo ™ -IRES-k, tPA fusion gene and a DHFR gene we screened
colonies by k, tPA expression level. We selected 7 clones that expressed high level of k, tPA and carried one copy of the plasmid
in their chromosomes. These clones showed in high level k, tPA production without amplification. So we targeted reporter gene

kytPA  to test the basal expression ability of these cells clones. The clone 8-1 showed the same effect to high base expression
level. In this clone the FRT-neo ™ -IRES-tPA gene was integrated at a transcription-active DHFR-mediated = gene-amplifiable
locus in the chromosomes. A gene-targeting vector carrying a FRT-fused hygromycin-resistance gene was constructed to target
desired genes in chromosomal FRT by FLP recombinase-mediated site-specific recombination. Using this cell-vector system we

could reproducibly obtain high producers of recombinant proteins by gene-targeting and gene amplification. Using the site-specific
integration CHO/dhfr~ cell line 8-1  the expression level of k,tPA could amount to 17.1pxg/10° celt 24h.

Key words recombinant protein high-level expression site-specific integration Chinese hamster ovary CHO
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Table 1 Characters of impaired translation neomycin resistant gene of pMCEscan series vectors
Plasmid pMCEscan- ps ph 6 7 P8
Impaired SV40 promoter + + + + +
Mutant of neomycin resistant gene - + + + +
Out-of-frame start condon ATG - - - + +
Tmpaired kozak sequence + - + - +
Stem-loop of translation initial sequence + - + - +
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Fig. 2 The screening efficiency of the

series pMCEscan plasmids

a the number of viable colonies produced by transfect the plasmids b

the expression level of the plamids’ reporter gene.
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Fig. 4 Activation of a functional FRT-hygromycin gene by site-specific targeting
The circular targeting vector pcDNA5/FRT and the chromosomal —functional FRT-neo ™ target of pMCEscan are shown. FLP-catalyzed integration regenerates

a functional hygromycin gene. At the same time the integrants lose the neomycin resistance.

7 Hygromycin B
12
Hygromycin B
k, tPA
k, tPA CHO/
dhfr” FRT
5
81 177+45.1 UK

TU/10°celt 24h 2.2+0.5 pg/10°cell 24h

LA celli24h

Cell lines

pMCEscan

Fig. 5 Basal expression level of single-copy
cell lines after targeted k, tPA
Bars indicate the results of assays from different clones n
=12  which selected by Hygromycin B 350pg/ml in
IMDM . Specific activity of tPA is 80 000IU/mg data

not show . Values represent the means + S. E. M.

2.5 8-1 MTX
pMCEscan
* Psp40-DHFR-poly A MTX
CHO/dhfr~ k, tPA
8-1
MTX k, tPA
10p/10° celt 24h 6
4 A 6 A MTX=70nmol
1374.3UK 1U/106¢cell- 24h
17.1pg/10°celt 24h B 6 B MTX = 50nmol
1144.3UK 1U/10°cell: 24h
14.3pg/10°celt 24h  C 6 C MTX = 70nmol
1000.3UK 1U/10°cell: 24h
12.5pg/10°celt 24h D 6D MTX = 70nmol

989.4UK 1U/10°cell: 24h
12.3p1g/10° cell 24h
MTX



761

U100 cell/24h 1U/100 cell/24h U100 cell/24h

1U/10° cell24h

Fi

—

g

A /' JEFZE

600
400 M/.W/
B ——

0 1 2.5 5 7
MTX concentration( X 10 mol/L)

B

800 T

/‘II'J'L 3

400 B35, 8
200 .

STYTS

0 1 2.5 5
MTX concentration( X 10 mol/L)

/ 10003

1400
1200
1000

800

600 i
400 /ﬂ{s.x

200

0 1 25 7
MTX concentration( X 107 mol/L)

S

1400
1200
1000
800
600

400 /’—9‘—‘\7.—‘3‘(355'8

200 »TO1%

0 0.5 25 7
MTX concentration( X 10 mol/L)

6 8-1 ktPA  MTX

. 6 Assay for the expression level of engineering
cell line 8-1 targeted by recombinant gene
when treated by MTX gene-amplified

hot spot

lox P

1992 Fukushige  Sauer lox

Cre

CHO Bgal
° 2002

CHO

Kito Cre-

loxP

7d

160mg/L >
CHO

-HIRPE Hot spot for increased recombinant

Raju K’

protein expression HIRPE

HIRPE pTV 1 pIV 1
CHO
CTLA4lg  CHO
HIRPE 10 Reff’

CHO

8

CHO/dhfi~
- MTX
Spg/10°celk 24h

CHO/dhfr~

pMCEscan
kozak

pMCEscan
CHO/dhfr™
FRT  fip

CHO/dhfr~

recombination target

“ ”

pMCEscan

pMCEscan
8-1
FRT
pOG44

MTX

8-1
FLP
pcDNAS/FRT
flp- FRT CHO/
dhfr”
CHO/dhfr~

MTX



Chinese Journal of Biotechnology

2007 Vol.23 No.4

CHO/dhfr~
CHO/dhfr~
CHO/dhfr~
CHO/dhfr~
FRT
503

REFERENCES

Lucas BK  Giere LM DeMarco RA et al. High-level production

of recombinant proteins in CHO cells using a dicistronic DHFR in

intron expression vector. Nucleic Acids Research 1996 24 9
1774 - 1779.

Kito M Ttami S Fukano Y et al. Construction of engineered CHO
strains for high-level production of recombinat proteins. App
Microbiol Biotechnol 2002 60 442 —448.
Koduri RK  Miller JT Thammana P. An effecient homologous
recombination vector pTV 1  contains a hot spot for increased
recombinant protein expression in Chinese hamster ovary cells.
Gene 2001 280 87-95.
Han SW Yu WY Li XZ et al.
Study on plasminogen activators secreted by various cultured cell.
Bulletin of The Academy of Military ~ Medical Sciences

1987 11 101 - 108.
Wildeman AG. Regulation of SV40 early gene expression. Biochem
Cell Biol 1988 66 6 567 -577.
Shinichi Fukushige Brian Sauer. Genomic targeting with a positive-
selection lox integration vector allows highly reproducible gene expression
in mammalian cells. Proc Natl Acad Sci 1992 89 7905 — 7909.
Reff MR San Diego Richard Spence Bamnett et al. US Patent
No 6841383. 2005-01-11.
Liu ZG Lin JB Xu LF et al.
Construction of targeted integration and high expression system in
CHO/dhfr-cell line. Bulletin of The Academy of Military ~ Medical
Sciences 2004 28 6 501 -504.






