0HsSH 4 B I

2004 £ 9 A

September

Vol.20 No.5
2004

& FXMmENERFHNATEEHANRER CHO-IVB2 &

wIE RKAE

FER TKA & K K

(AFMEPHTHRPIEN, LR 100071)

nE

B ALK I 3 45 3R A 5 3% CHO AT i TRAMEFREEMMERT ARUBFENTFRE K, £XkF

B KBNS D CHO I I P A, EAETREMN B AP EABETRHENEEERA
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1.1 ERTE

Vitonectin EE M N RFES TR, 45 6A
RNAgents® Total RNA Isolation System (Promega) #1 Su-
perScript™ Preamplification System for First Strand ¢DNA
Synthesis ( Invitrogen) )\ BALB/c /s LAY FFRE 2R B
RNA, 3 B ¥ i cDNA. RNA £ B % R 4% 2 350,
FMERAFERE, BRiTIERSIY pvinOIF( CAGCC-
CTGCCATGGCATCTCTGAGG) 1 i 18] 3| 4 pVinIR
( CTACTTCTCAGAGGTTGGGCAGC ), M Fi PCR M
cDNAFR§ 38 4 /N, Vitroneetin 2 H , K4 TF :94C
30s, 50°C 40s (F$2IB KR BEIEIN 0.2°C),72C 80s,
3£ 40 cycles, W DNA RS8N LA Tag B 5B

KR BB :2004-02-17, 45 B A 80 :2004-04-12,
* BIREE.

3RS 1000-3061(2004 )05-0745-05

(TeKeRa) . M BEBL P EI L 2 1.4kb 0 % HF, 5
pCEM-TE &£ WFF,
1.2 ¥z

ELE] #1 %F pVnSmaF ( GTCCCGGGCCACCATGGC-
ATCTCTGAGG )/pVnEcoR ( CCGAATTCCTACTTCTCA-
GAGGTIGGG) N Z M EH W T-RE P T M
Vitronectin = ,LL Sma [ /EcoR I I B G E I Z
Fi# B Y) & pBCIR R oK', 18 iR pBVNIR, I
Sma 1 /EcoRV M pBVNIR #8] I Vitronectin-IRES F
B, 5% Sma | Y1 F £ 1Y pCI-NI-IB EE, 6
2% pCI-NI-IVB(E 1), §—4HEIBIAFT
4 5F A0 LA B8 E

L

Fig. 1

Driven by CMV promoter, the vector can transcribe a tri-cistronic mENA,

which contains three cDNAs spaced by two IRES sequences. The mRNA
can translate three peptides: Igf-1, Vitronectin and Bel-2

=R T #EEEE pCI-NI-IVR

Tri-cistronic expression vector pCI-NII-IVB
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1.3 Western blot 48 it &

Western blot 5 48 M5 e 5 35 W &% Wk (3],
1.4 HMREX WL FE PR EERRN

$F CHO-dhfr™ F1 IVB2 iR & 10° T 6 fL4A
W% 95 48 o, F IMDM/HT/10% FBS ¥ 3% 2 o 4 3
24h EAMRAEEE M H EEFE. MA IMEM X
WA % B 4k 4 5% 3% 48h, I 4 M FE 4 4 Igf-1 A
Vitronectin B FE R P, XHEMA I WM Condi-
tioned 3§ 75 B, 4+ 5 A B8 1K fL CHO-dhfr™ 71 IVB2
AjE, A IMDM/HT/10% FBS 3E 3R B ¥E %% 1 |, LL¥E
EH R P OB NEE. WRARYLL IMEM X
BELEREV B8R, 4R 01 M ARERDI 6 L
M IEFEAR b, 395000 A % B CHO-dhfr™ 4
M Conditioned 1% 3¢ 2 1 IVB2 4l ffi Conditioned % 3%
HOBEER, SHERERE ERTERERFE -
H# Conditioned 35 3F #, F i A M A & B 3 8%
IMEM H5 353, 8 B i 805 48 R
1.5 RAABASH Bel-2 RE

FBREEH L T — 48, PBS ik, T RF B E
F. FERhW (0.15% Triton X-100;0.1% BSA ;
PBS) E R AL 20min, BW.LOWEMNK. ARET
200pL J¢ 5 28 sh W (1% BSA; 0.005% Tween-20;
0.1% sodium azide; PBS) , il A —#i ,4 °C B 4b 3 8,53
o LIREHEEE 3B, MAHE FITC #1126 =
HOPILAEY) ACELALSE 4h, PBSEEBR 3K, £
Lot .
1.6 #HMEATEN
1.6.1 & 5 40 AR A K i ML 8% B B 42 A B T
W 40 B R T B% B Bk 42 & MR ( Phosphatidylserine,
PR EFAS L THRBEOAMR, PS

5 Annexin VERBHLE SR, YHAKRATRE .

B LB, M PSRBT HMBRS. FHEW
PS AT L 5 EGFP #RiC B9 Annexin V(Clontech) & % 45
&, T R 3 R B S A A R T A R I R
R 4E Clontech IR HH#EIE,
1.6.2 #if¥ A B DNA MERARAT: A
RaERBEARARBATH - RBEE, F B
6649 DNA BT LU i 2 B o, 3Kk B 1 : LA Qiagen BTRI R
Bk ) & M 10° 5 16 46 it o 42 BU/N i B2 DNA, 3F
15 BEARVESER S 3K 20 % DNA R BL, EAMT T
WMERE,
1.7 @avt#

B PR A BR O X A AT A B SR
HEBs 3 8.8k X 51 Y& 40 B A0 2 40

2 #R

2.1 BEEERARGHR

/B Vitronectin 3 18 B B ) %0 K& , GenBank
5 B AF440693, = Wi jL F 5 # 4K pCI-NI-1VB
ZRMUHFF M EERAER.
2.2 SNEEEWFKEEERIRNIE

B FH Lipofectamine™ 2000 Reagent { Invitrogen) ¥
Y 1pg pCI-NI-IVB F CHO 40 J8 F. 1L 800ug/mL
G418 ik A TE 7 fE . 3 3 X 20 4> G418 HitE L&
4T Western blot 447, %t 3 1~ Bel-2 RABRER
M5 RE , 4 S 4 9 IVB1,IVB2 71 IVB3( /& 2A), %
IVB2 i# 47— 2 41 ¥, H Igf-1 1 Vitronectin ) R X
B8 E® T CHO-dhir™ X F8 40 i (P 2B F1H 2C),
BRI ARAEN B2 RX R, H—SRE
THE2AMER(E3). UL EERER, AR VB2
A A # ik Igf-2 . Vitronectin F Bel-2, A 7] R fff 41
BEAFEXMEEREFERK THBARACH
A

Control [IVB2  Control 1VB2

Control IVB1 IVB2 [VB3
54kD

o et st it 26K

A TkD - B C
2 Western blot 7347 2 B i) % ik

Fig.2 Western blot analysis of expressed genes

A total proteins were extracted with methods described in 1.3 from 20
G418-resistant clones previously transfected with pCI-NII-IVB. The pro-
teins were analyzed for Bel-2 expression with Western blot. Three clones
that expressed highest level of Bcl-2 were shown here. They expressed
higher level of Bcl-2 than the CHO-dhfr~ control clone.

B and C: clone IVB2 was analyzed again with Western blot for expression
of Igf-1 and Vitronectin respectively. The figures showed that expression
level of Igf-1 and Vitronectin in [VB2 clone were much higher than CHO-

dhfr~ contrel clone

450 4 450

E Control 1VB2
3603 3609
2 2704 g 2701
= 1 =2
G 1807 3 1804
90 %4

0 vor oy -r 0 - —r oy
10° a0t 102 100 10t 100 10t w10t 1wt
Anti-Bel2-FITC Anti-Bel-2-FITC

B3 RARALM IVB2 MMk B2 HRAR

Fig.3 Flow cytometry analysis of Bel-2 expression
Flow cytometry analysis of Bel-2 expression were conducted as described
in 1.5. Clone IVB2 expressed higher level of Bel-2 than CHO-dhfr™ con-

trol clone, which was consistent with Fig. 2A
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No Induction
CHO 1VB2 CHO IVB2 CHO IVB2

No Serum  Actinomycin D

1 2 3 4 5 6

B4 DNA Ladder ¥ 1 38 2 1l 9 s A
BEEE DESHARET
Fig.4 DNA ladder detection for analysis of apoptosis induced
by withdrawal of serum or addition of actinomycin D

Apoplosis was induced by withdrawal of serum (3, 4} or addition of acti-
nomycin D (5, 6) . Controls were set without apoptosis induction (1, 2) .
One day after apoptosis induction, small fragmented DNA was extracted
from 10* cells with plasmid extraction kit. Electrophoresis showed that
IVB2 clone (4, 6) generated less fragmented DNA than control clones
(3, 5}, which meant IVB2 was more resistant to apoptosis

2.3 IVB2 @ilRIAT A AN

IVB2 4B i #1 CHO-dhfr~ X 58 48 ffd # 45 L IMDM/
HT X I 7% 5% 3% 3£ 8% 3% 24h, 2 £ IMDM/HT/10% FBS
BEREPMALZEE N 0.5ug/mL IR EE D
(Actinomycin D) 5 3% 40 ffl 24h, WA B - H 175
%o ML DNA Ladder ¥ 3 3t 2 480 M A X 40 i 7 7=
HITRM ., SSRME 4 E S R, KN R#E
WERRMABELER DESHAMRBA T, IVB2 4R
KER ) DNA Ladder ¥ & 3% /> F X4 B8 40 i #k (&
4), %8 IVB2 A L B4 M sk R 9 H1 M (- 6

T AT 47, IVB2 B T- %R K 45.2% , M CHO-dhfr
AR BT R A 96.5%, 4 R 5 DNA Ladder
LA S),
2.4 IVB2 MM EHIE K

P CHO-dbfr I IVB2 IR B 1 x 10T 6 1L
M SE R T, fE IMDM/HT/10% FBS 5 3% 3¢ 24h &
MRAERE MG F LHERE,PBS R REM, £
B R 4 A, 55 A IMDM/HT/10% FBS,
IMDM/HT/1% FBS . IMDM/HT/0% FBS I B IMEM %
FEOEFE, MEM XEAKFREHREARRIT, N
IMDM B EFMAI R TAR> . HEARS
THEMARERELELS R, IMEM 9 5 5 40
pg/mL Fibronectin #1 0. 5pg/mL Vitronectin, 283 3%
HE2E  BRERFEMIERE, FF VB2 B#
FHABGE—FMREFEH URBHAKRA G2
WK Igf-1 A Vitronectin, Wi J5 0 A # B & B 59
WEEAE, HEARGRB FEER, URAH
ik, B dEATES M EFAGETH =R
BE3AREAHATEARTE. SR WE 6 Fr
Ao TE IMDM/HT/10% FBS 3% 3% 8 &, B3 #h 40 i 2 51
AR, 187 AR (A); 7E IMDM/HT/1% FBS
ERR A TR, 4 B 0% T R A B E A8, (B IVB2 Y38
BEEET CHO-dhir” X BN, ERF R EH
(B);7E IMDM/HT/0% FBS £5 3¢ % 5, B Fi 48 9 4=
KEH#+SR8 EF4 X5 HRAHKRET, FIRK
TG REAE , (B TVB2 B 40 B % (R # /b F CHO-dhf-
v X ERAH(C); £ IMEM T E #5359, CHO-dh-
fro B RKEE, W IVR2 INEREY .S
7 IMDM/HT/1%FBS &5 b A KR Ml &
HIVR2 E THEREAREFRET RBERERD).

450 V2 5% 450

Bo BRI HAA N HARE D F S04 HHE

450+

m:L'r 36“'§L|' M2 45.2% 3604 M| M2 96.5%
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BHs5 RAUBRARMBELER DEFHHRAT
Fig.5 Flow cytometry analysis of apoptosis induced by actinomycin D

Apoptosis was induced by addition of 0.5ug/mL actinomycin D for 24h. E

lized PS was analyzed for detection of apoptosis.

A: CHO-dhir™ control without apoptosis induction, 4.5% underwent apoplosis. Apoplosis rate of un-induced IVB2 was similar

{ data not shown here);

B: VB2 induced with actinomycin D, 45.2% underwent apoptosis;

C: CHO-dhfr™ induced with actinomycin D, 96.5% underwent apoptosis
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Fig.6 Continucus culture of IVB2

CHO-dhfr~ and IVB2 were cultured respectively for two weeks in 4 different media: IMDM/HT/10% FBS (A), IMDM/HT/1%FBS (B), IMDM/HT/0% FBS

{C) and IMEM protein-free medium (D) . Cell number was counted every other day. IVB2 exhibited much higher cell number than CHO-dhfr~ control cell
line in IMEM medium after the 4th day ( P < 0.01) . In the figure, the bars represent standard deviation calculated from three independent tests

2.5 IVB2 #A5a#) 7 I 7 B B 5 5%

WIBFE 1.4, % Z B M Ml CHO-dhfr™ . 1B3™ 1
IVB2 HITRMFREREREF, R OB 7Hix. &
AXEBEIEE IMEM 1 FA ,AE 6 X2/5,IVB2
FIRGBE R  B ¥R T IB3(P <0.01), RE IB3
IR LA IMEM PA K AAREWRRRT
freEnt Mg IR BEE K, DI ESRRY VB2 4
B FRMEWHEEERETARERENIRED.

~CHO-dhfr
12T ieve
T pfl=E
x
¥ 8}
= :
S of
2.
0 T rt
¢ 2 a4 6 & 10 12 14

Culture time/d

M7 IVB2 MM LESM SR
Fig.7 Adherent culture of IVB2 in protein-free medium
IVB2 and control cell lines IB3 or CHO-dhfr~ were seeded into 6-well

plate at 10* cells. They were cultured in 1:1 IMEM medium and corre-

sponding conditioned media continuously for 2 weeks. Helves of culturing .

media were changed into new IMEM every day. Anached cells were
counted every other day. The differences of cell numbers between IVB2
and IB2 or CHO-dhir ™ were significant after the 6th day (P <0.01). In
the figure, the bars represent standard deviation calculated from three in-
dependent tests

3 i

CHO 4 B 2 — b 3 4 W5 B 20 Jg , BOE T o) UG 2 8
%, RATLBPER, MARHEH T RBTLURF
KHMEEFHBED., BEBASFHRA.ESE
KHAEW T bk 5%, BRPREFN CHO A4
B8 A BEARSRE ;KB IHEMN CHO
SN, 40 M h A R T LA S Bh— 2 {5 B R, T i p27

A, BB AR 4 28, DY A0 AR KRR, Rk
REAMEHOERRE, MEWRERTEHES
& RN EEEERITFR IR D, R RN
HRACHER  WEENARES SERES
B RAHEYEEYRES TR AR RERE
2T 96 Ltk AR B8 B 0 48 s TE A BB 1) R B
H#HH . MEAREREALERR. HuE/HAM
BTl MREFR PR AR, R
B ERE M. HE A4 EA M E (Microcar-
er) . A 8RS i (Poly ester dise) Fl HP 25 £ 4k (Hol-
low fiber) %,

EXAmMFEEFEP, FREILEUEZNTE
Ko MARMARBEFMBIEF A, MRS AY
BB EREDEFE D, MBS AR
A IFX(TERBEERZRASANE) . WY
HEX BRENARTERT. ARAZTOERS
BFREPANEN T #6850 o b8 B E W, &3
HEMAREREWE, EH#ARATHA L, Vitone-
ctin R— X FRE/D GHERAHWES T, &
T8 5 B AT EA A 3 CHO 4 Jig #1293 4%
XmEHEFEEP SRS R, BT
CHO iRk & TR # A SRR B EM,
Gandor £ H S I Z o, BT A Vitronectin 2 H
BETMMTV M EXNBERERH TH T, B
CHO I, R TREH. HEFEPMABER
#x B, Vitronectin 3K 18 % ik, {2 ff CHO 41 i W
BESI

HLURETHES  RITHWBTHETLELES
B 3% B P 55 98 89 B 9 - 40 B # : CHO-IB 1 CHO-
BCY, XFBAMBUBEM TR ERK. HTH
THiF RINEFEHFREDFEMT 40ug/mL Fibronectin
#0 0.5pg/mL Vitronectin DA{Z i RGBE , {H Ry 8 H F1R
G5, ERARERN EMGEEFSR RS
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Construction of CHO-IVB, A Serum-independent, Apoptosis-resistant
Cell Line that can Grow in Adherence

WENG Shao-Jie LAI Da-Zhi = QI Lian-Quan YU Chang-Ming FU Ling CHEN Wei”
( Bejing Insiitute of Microbiology and Epidemiology, Beijing 100071, China)

Abstract Without serum to provide adherent factors, CHO-dhfr™ cells grow in suspension when cultured in serum-free
medium. Although this offers advantages in some applications, in most production systems adherent cell growth is preferable.
Gene transfection, clonal selection and amplification can be easier for adherent cells; the density of immobilized cells is often
higher than those in suspension culture, which results in a higher protein productivity ; washout of eells by perfused medium dur-
ing continuous fermentation can be avoided; for high-throughput microplate assays, adherent cells are preferred to facilitate medi-
um changes and cell washing. It has been proved that purified vitronectin alone was able to mediate attachment and spreading of
CHO cells in serum-free medium. So we constructed a Inicistronic expression vector expressing lgf-1, Vitroneetin and Bel-2 at the
same time. The vector was transfected into CHO-dhfr~ cells and one clone, namely CHO-IVB2, expressing high level of the
three proteins was screened out by Western blot. The cell line showed similar apoptosis-resistant and serum-independent proper-
ties to CHO-IB, an engineered cell line constructed before. When cultured in IMEM protein-free medium without any components
supplemented, CHO-IVB can grow adherently. The viable cell numbers and growth rate of CHO-IVB were much higher than
CHO-IB, making CHO-IVB an apoptosis-resistant host for preduction of recombinant proteins which can grow adherently in pro-

tein-free medium.

Key words CHO cells, cytotechnology, apoptosis, adherent culture
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