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Eukaryotic expression of human ICOS-Ig fusion protein and analysis of its biological activity
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[ABSTRACT] Objective: To express human ICOS extracellular region and IgG Fc fusion protein using euckaryotic vector and to
analyze its biological activity. Methods: Human ICOS extracellular region and IgG Fc¢ fragment were cloned by RT-PCR and
inserted into eukaryotic expression vector pSecTag2. The constructed plasmid pSecTag2-1COS-Ig was stably transfected into
CHO cells. Soluble ICOS-Ig fusion protein was collected from serum-free medium and purified with protein A affinity
chromatography. The purified product was analyzed by SDS-PAGE, Western blotting assay, and ELISA. Fluorescence-activated
cell sorting (FACS) and mixed lymphocyte reaction (MLR) were used to study the activity of the fusion protein. Results: ICOS
extracellular region and IgG Fc fragment were successfully cloned into expression vector; ICOS-Ig fusion protein was expressed
and purified in mammal cells. The purified fusion protein specifically bound to ICOSL and inhibited mixed lymphocyte reaction.
Conclusion; A ICOS-Ig fusion protein expression system has been successfully constructed,and bioactive ICOS-Ig fusion protein
has been obtained.
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121999 4F Hutloff 25 % ¥ CD28 5 5 1t 3 1 5t
A FIRTETEAL ) T 42 AR W2 D i 5 2
LA 5T F CD28 AL . CD28 &5 S/ 4h T 4
BERE TG AL B L BEPE 2 T 1T 1COS W2 35 A6 J5 42 i T
Y0 A5 Ak 5 2 45 50N 1Y) 3 3R 4 F s CD28 4y
FEES H5HUR 01 IR Go E N 2 LT 1COS 3 2= 7 7
UCAPE I 24 DL B A g ic A R 5 mEE A, B
Wi 1COS 8 #i% F 16 16 T 4B 4 JC b & s i 7, 1 4%
A R T 75 R 5 ) S e 1 57 L A S8 PR R R
I7 TP R A AT X BRI T AR

PR Fe AT A 2 T 23k N 1COS-1g fill & & 11 /Y
AR IKIKR R, Fkaifk 1COS Ig M & E A, IF w4
IR A W 2 R L S A R R S5 5 B 5 RN AT BE A9 I
PRI FHB5EFT T St

1 #MFAE

1.1 ##  E.coli DH5« I AR ST, KL
pSecTag2 W H Invitrogen 2 &, plGplus H 3
Frank S. Walsh 18 - #8445 4 5 B9 55 40 i Bk
CHO FIA B ik B9 40 il # Daudi i AR = R 17, M
£ BALB/c 1 C57BL/6 /N, 6 ~8 J& %, Wy [ &}
B SE95 s W) huly . Taq B T4 3% 208 FR & 1E N D)
%) H TaKaRa 2~ A, Lipofectamine 2000, RP-
MI 1640 K% 37 W A AG 48 1L % % 0 B Gibco BRL 2
7], Hygromycin B W H Roche 2AH], B &1
% # .Protein A Sepharose 4FF, A IgG.FITC %
H Sigma 2 A, A IgG ELISA {7 & B Bethyl
/A7, HRP-anti-human IgGl Fe ) [ PIERCE 2%
7], PE-anti-human ICOSL 1§ H eBioscience 2~ 7
*H-TdRW H 1 = )i 5 BEBF 58

1.2 AICOS s K ke A IgGl £4 K B Fc
e Red 3 FHAWEN 20 ng/ml B B 3 B
(PMA)Hl 200 ng/ml Y &5 75 Z BN F0 A il 54>
A, 72 h J5 I 40 . TRIzol i I 42 BUE RNA,
RT-PCR #"#f 1COS AN X F B, 51 ¥ F.5-GCG
GCC CAG CCG GCC GAA ATC AAT GGT TCT
GCC-3" (% Sfi | BEYIfi5),R:5'-GCT CTA GAC
TTC AGC TGG CAA AG-3' (% Xba | BEVINE &5 ,
W B H:94°C 5 min, (94°C 30 s,55°C 30 s,72°C
30 8) X 30,72°C 8 min, LAFRIEZEAK plGplus HHEHR
PCR ¥4 N TgGl E 43K Fe {82 X, 59 F.5'-
TCT AGA GAT CCC AAA TCT TGT GAC-3' (&
Xbal BV 45 R:5'-GCG GCC GCT CAT TTA CCC
GGA GAC AG-3" (% NotI UL 55 I S5 94°C
5 min, (94°C 30 s,55°C 30 s,72°C 1 min) X 30,72°C

8 min, PCR j4) 43 51| HL Uk i I 152 1l e B 1 2% 4 O e
WeZE pMDIST A4, BEATIF 561k,

1.3 AM&kixH AR pSecTag2-1COS-Ig #9# &
FFIER ) pMDI18T/ICOS Fiki H Sfi I Al Xba T M
i1, pMD18T/1g i kil Xba 1 Al Nor T AL 1],
[l B 22 3K AR pSecTag2 H Sfi 1 Ml Noz 1 XLEFYI,
E0 Rz I W Bl U S B 4 H G R B AR T T4 i B2 I
P AL AN DHS o PhE 55 8 3045 5 4 A R TR 4
& pSecTag2-1COS-Ig.

1.4 ICOSIgmbEZawhik it %z ZSMW
Lipofectamine 2000 it B} 45, ' pSecTag 2-1COS-1g Fil
Lipofectamine IR & 55 Y CHO 40 ifl, 15 3% 24 h )5, #%
1= 10f& A% 75 4 i I BE 5 . A 500 pg/ml Hygromycin
B i 1 BHPE S L 7 f R 1COS-Tg il & & i
CHO giffi % . F 10%FBS i RPMI 1640 47 K HLHEL
VRN N 4% 5 40 M B 3% A Y A (R R 1~ 2
L), B4Ry JOIME 5 TR, AR 2L 15 97 3~5 d. AR
MiE% F2 W , 2 Protein A Sepharose 4FF 2fifk, , PBS & 4T
IR U BR A, B AR AT sl Ak 5 1, Ak 2R A i i/
IR JFORFS SDS-PAGE Fl 2K 14 J5i B i0F % ( HRP-anti-
human IgG1 Fo) #47 & PE 4 2 , JF R A A 1gG ELISA
PG AT E BT, S B R Ak 1ICOS-1g fil &
EAMBE U 1gG ELISA 357 &K I & 1 e i
2.8 mg/ml, 7% )5 —80°CIR-1F .

1.5 FACS#M ICOSIg mea &Y 5k s 1
mg/ml ICOS-1Ig fil & & H A 1gG. I A Y& H &
1/20 ) FITC,2%H 0. 025 mol/L pH 9. 5 A% ik £
ZE MGEATIE #EAT FITC #Rrid. 5X10°# Daudi 4
i, % 10 pg/ml A 1gG = &3 M 30 min, F5 5
Y PE-anti-human ICOSL it =X A& 4T 1AL 20 pg/ml
FITC-ICOS-1g/FITC-1gG 4°C##F 45 min,PBS/1%
BSA WE¥ 2 e . b i = 4 MOk

1.6 RSN ICOS Ig kA& & st Bl A T 28 fo g 54
8 %@ Ficoll 4 B LA BALB/ ¢ /s BRI 4H it , 48
MBI B 5 X 10°/ml, 25 Gy ©Co & IR K& AE N
FIE AN, Je B BAEEUREE C57BL/6 /NS T 41,
20 LB T JE N 5 < 10° /el M A BN 40 L 3 2
LR SN A0 A4S 2 < 10° A H2 R 96 FLAR L 2F 4T B 1] TR
A 0 B 40 B 8 B R (MILR) L 3935 3 AN L, 9256 4%
4. () Ul BN A A 5 (2) Bl i A M 2 5 (3) S i
200 i - SR A I AR [ E (0~50 1pg/ mD ICOS-
Tg 25 (4) o 440+ 3 B4 40 i+ A 50 g/ ml Xt B8
IeG 4. 37°C 5 YWCO MR 3 d. /)5 16 h A
1 4Ci (1 Ci=3.7x10" Bp)*H-TdR., W4 ML, 3 WK
N S O O a1 = S A Y QR L S G QS
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2.1 A EEBAK pSecTag2-1COSIg ¥4 %7 4k

R 4] B R I8 AR pSecTag2-1COS-1g 4 fifi V)
YEIEM(E D,

M kb

1 FEARHL pSecTag2-ICOS-Ig HEBI L ELE R

Fig 1 Identification of pSecTag2-1COS-Ig
by restriction enzyme digestion

M :DNA marker;1:pSecTag2-ICOS-1g/Sfi I +Not |

2.2 1COS-Ig makwuaglxe  4ifkiy 1COS-1g fl
HEHLEE SDS-PAGE & (A 5 ED i 4 #r &k 7w
HE IR JFUPR ST AT A B AH X 4 7 T & 29 R 50 000 (1)
BREA.MFE 1ICOSIg Bk ey K/ ik b 5
SDS-PAGE 43 M7 i 7R 76 E i JEfR 28T AT Az I 2] AH X
43 F JE 2925100 000 F5 5 8 1 . R B ICOS- gl

SEHELE S RS SN T RBIRIE R
Fra KRR E ICOS T M £ WA £ X E K
(Bl 2).
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B 2 SDS-PAGE MMEHRENTFLE ICOS-Ig A EH
Fig 2 SDS-PAGE and Western blotting
assay of fusion protein ICOS-Ig
A:SDS-PAGE assay. M: Protein marker; 1: Reduced protein; 2: Non-re-
duced protein. B: Western blotting assay(HRP-anti-human IgG1 Fe)

2.3 ICOS-Ig Hatik ICOSL 45 F 4 A 4tk 7

T e PE-Bt ICOSL $iL K45 18 Daudi 4 Al . 3iF 55 H
FIA 1COS BLR 4T ICOSL 33k, % 2%
KK ICOS-Ig M 1gG H#E#Ti5 # 47 FITC #ricd
HAF w40 A&, FITC #8ic 19 1COS-1g 5
Daudi 4 Ml ¢ 7 PE S5 & 16 VL0 FITC Arid 9 1gG
A 55 A4 3% 3K 40 M 25 & UE W] 1ICOS-Ig ] 5 i {&
ICOSL Fe g & A A= TE (K 3).,

Daudi-1COSL Daudi-1COS-1g Daudi-1gG
200 200 200
2 b a
E g
0 ] i
10" 10' 10* 10" 10 10 10 10t 1wt 10t 0 10 10 10 10t
FL2-H FLI-H FLI1-H
Marker % Gated Mean Marker % Gated Mean Marker % Gated Mean
All 100.00 8.31 All 100.00 1432 All 100.00 344
MI 1421 2359 M1 15.68 51.01 Ml 1.78 18.77
B 3 HRAMARN 1ICOS-1g 5E K ICOSL B & & iF 4

Fig 3 Examination of binding specificity of ICOS-Ig with ICOSL by FACS

2.4  ICOS-Ig 47 #) Bl # T # & % B 3§ 51 R
B 25 Gy “Coff & K & i) BALB/c /N A9 18 410
i, 5 )¢ e BAE L B B C57BL/6 BREAE T 40 i iR
AL M A K [\ #k B ICOS Tg 3 6 IR 1gG, # 17
MLR.*H-TdR 8 AE 4 R & 4 Fr/R .50 pg/ml
IgG XF[FA T 240 B i 1% AL B A %2 0 L 1 ICOS-Ig 2

SR AR 1 00 o R R T 4 MY 3 A8 5 (ICOS-1g
LWREEN 50 pg/ml BHMHIZ LR 60%, P<0.05),
F W 1COS-1g il A & 138 i 45 A Bk ICOSL., /] L)
T A PE BT TCOS Sl 5 %, 30 ) [5) Fh T bk I 48
it 184 5 N
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Fig 4 1COS-Ig inhibits mixed lymphocyte reaction
S: Stimulator alone; R:Responder alone; ICOS-Ig: Mixed spleen cells
treated with various concentrations of ICOS-Ig; IgG: Mixed spleen

cells treated with 50 pg/ml IgG; * P<C0. 05 vs 0 pg/ml ICOS-Ig or

IgG control group

3 it i

T 7h 5 4 7 200 L 928 A R O 8 1 175 3 3
KAERE BB IR, IS S 2E DR LSk, 3 )
o FAEPIR 0 A | R R B 1 B R i 37 3]
M. LABEUE BT B CTLA4-1g R AR, xf S il i (5
S AT N T, ©OCR IR T 22 I R 9 1
HEFE,

ICOS & 1999 4F i Hutloff 2 % BLi CD28 %
B P AR AR TG AR A T 4 22 0, X 4ERF T
2 L 25007 T AL 20 R A | 8 BR R 1 S B G
5 Thl/Th2 4 M bR Ak 55 A 8 22 4E 1 5 BT 1COS 3t
Sl L 2 S UL T 40 M G T RE L S e ER A
RAUGG A 2 B0 22 T 1 Bl ) A T I 5 3R
BILO0, DL ICOS 38 12 R $E S G s 5 xF 38 3 5
g B AH G328 IR G0 g 3 A A B B I R TR T

AR B e R B TR A9 7 58 1COS g b
X5 N IgGl ML sk X N CH2 . CH3 X454, i T
ICOS-Ig G HmHAEERBERR, g6 HAEA
WFRAET . (D 5 Fai b ks L il 2 1eG1 19 Fe
H5EA A LA gk aife, O ST
IgG1 Fe $iiRil 5 Fe B b 1748 5 M % 2 (2) B4
TR UFE IV TP 2 S L R T AL R IR YT
2YWAENG IR R SEBR I 5 (3) TG 1) Fe 4544 38 T
o R A A R FF A R ARIRE ICOS 1
41 i 2 T Y R IR IE L,

AFIXT 1ICOS-1g fil A 8 H 1Y A W) 2= D g ik 17
TR, WA ARK I, FITC Aric i E 4
AllA 1 1COS-1g S RCAAR R B 41 Daudi 4 il A 45

AIEELFITC dRiE 1Y 1gG MR 5 L R 2 1k 41 i 25
A IEH ICOS-Ig 5 EAR ICOSL A DL St 45 4
BAE AW TENE., K5 RSN EE R 1COS-1g Xf
) Ff S 44 T 41 i 4 32 ) BE B 400 A VR . T AS TR iR
JE 0 R 4 B PR R A PR S TR A i T A i 3 TR

IO, &5 5 5 7 B G AR P VR B B o v L 4 A 1
BT PR T G R, 6 L A A ) 800 G R L U AR 2
KR G335 1) 1COS-Tg 541 5 11 AE R A 45 & Be 1k 5
FIEBHIT ICOS il JHGE B, A 250 il 7] Fo 4 bk 2
ARG B AR R N, AR S A5 R R L ICOS g fill A
FE AT LA ICOS 3 il 3538 % L A 22 1 fo 5 PR s
MRTT R SR S T 2 VR R A TR
S GG AT BE A I PR 98 B8 T kA
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