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Preparation and identification of anti-human ICAM-1 scFv
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Abstract: To screen the specific anti-human intercellular adhesion molecule-1 (ICAM-1) single chain fragment variable
(scFv) using phage display library technology and to identify its biological activity. P1 peptide was used as antigen, and the
phage antibodies against human ICAM-1 antigen were panned by four binding-eluting-amplifying cycles using Tomlinson I+]
phage display library. After four rounds of selective enrichment screening, the positive clones were determined by PCR,
enzyme linked immunosorbent assay (ELISA)-based antigenic cross reaction and Dot blotting. Then the binding specificity
and biological activity of purified scFv were identified by Western blotting, competitive ELISA and cell adhesion inhibition
assay respectively. Furthermore, four positive clones were first panned through P1 peptide coated-ELISA assay, and then J-Al
was obtained and identified by PCR, ELISA-based antigenic cross reaction and Dot blotting, which could show a specific
binding between P1 peptide and human ICAM-1 protein antigen. Subsequently, the purified scFv showed a satisfactory
specificity and anti-adhesive activity in competitive ELISA and the cell adhesion inhibition assay. The specific anti-human
ICAM-1 scFv was prepared successfully from Tomlinson 1+J phage display library, which pave the way for further application
of anti-human ICAM-1 scFv for inflammation diseases therapeutics.

Keywords: phage display technology, intercellular adhesion molecule, ICAM-1, scFv, humanized antibody

41 JiE 18] 7% Bt 4 F -1 (Intercellular adhesion
molecule-1, ICAM-1) | iz Rk T LR 4L,

&S APUAM L, BEEBiik (Single
chain fragment variable, scFv) ﬁ{lﬁ%%zﬁﬁﬁi

JE TR E B G, SN B AR ﬁﬁﬂi?ﬁﬁl‘iﬁ& M, BHEA TR
DRI X2 A0 5 R A o (A AR BIDIRZS /L SRR Wﬁﬁﬁ%%ﬂ%?ﬂﬁb_fﬂ%

itf, ICAM-1 AbFK-3Rik; LAz 28ek  20A, Eéxﬁijﬂﬁéﬁﬁﬁi‘ﬁiﬂiéﬁﬁ?ﬁtif&ﬁ[w

HFHEE, ICAM-1 £X g B, @dS MSCEER AP ICAM-1 5 g BT AT g g 141
RE AT REYEA CHTE. (Lymphocyte functional K JE 2 47 0 & , I S2 R <7 FF 41 P14 ik

antigen-1, LFA-1) 454, - SRi4ifa . ke 4m i
555 N B2 AR R R, A 1 40 B I E Ak b

TRAEWA, INEGHEE, 7R RAEVEB 1 &
AEHSRENREELEHEN, CEBE0ON R
PG I6 IT B 4 AR Y R R 4 Bk A
ICAM-1 A=W 6E . IR I O35 i BILE 2R AE 40t
e &P RIRIT I E SN . AT, NPT
ICAM-1 B si BEHUIARTT X ARHE R )b . A &
L AR TSI R A = g E N %Eﬁ%ﬁ\ 5t9%

(KLYLIAEGSVAA) [FRIFEHAT KSR ICAM-1 14
WepohReMO ABETK PL AR RdLE, FH
Tomlinson 1+J BEGRIAPUIATE , 28 4 &M Ff -V M-
Y1 SR e SRR v A JRPT ICAM-1 scFv, £843 5
aifb)m, RHAEYEEEEHA TR

1 MB5FE

1.1 8
/NPT ICAM-1 R TEBE B iA  (Monoclonal

P 25 13 22 45 25 B0 B0 1030097 L 26 000 T B 1
A,

&: 010-64807509

antibody, McAb) 2C5 A S 2= il % ; P1 Hi)i
K (KLYLIAEGSVAA) i I i 5 1 A= 1) BL 2 A B
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SN AElE R Tomlinson 140 W AKBAAE | i Bhmg
B & KM13 . Escherichia coli TG1 A1 E. coli
HB2151 iy b [ Rk e i Fe TR 58 BT X1 iy FH 20
B EmE . c-Myc(9E10)-HRP ) H Santa Cruz /23 ) ;
& Z B (Lipopolysaccharide, LPS). fifififf . DU %t
IR IR T (3,3',5,5'-Tetramethylbenzidine, TMB)
R R B IR I 5 W (3,3'-Diaminobenzidine ,
DAB) 4[4 Sigma-Aldrich; 2xEasy Taq®/ii . DNA
WRESr F R A TransGen A ) ZE A TR
(Bicinchoninic acid, BCA) & [ &l & i &
I H Thermo 23] ; HisTrap 3£ HZHrAEE H GE
2wl N ICAM-1 LRI [ RID 22w ;5 HiAt i)
Ny bl
1.2 A&
1.2.1 $i ICAM-1 scFv 5/ B &1k

¥ PLYUERE (1 ng/fl) B8k 96 fLEF AR ,
fii 11 Tomlinson 1+) BEGEAKHUIALE (I FEJFE 4
1.47x108;J R %5 1.35%10%; scFv 21 & 45 c-Myc
Il His #345), 76 96 fLEFARAR th 32t 4 48 M -
VEME-P G R s AR R R . AT 1 RO
I, Pigr 0.1% Tween-20 [X#§RZ£h (Phosphate
buffered solution,PBS) ZEik (PBST) ¥E#R 10 1k,
o5 2 %8 L LLR ik 43 5 AR 20 UK, S84k
F AR M W B A W TR A VR RS DA BRI = R T
1k 30 min, PEMEME R A, 280 W B - -4 3
T R R A O 2 T WSO R W TR AR B TR — AR TR
S, DT 5 BE P st B 4415 3 ' AR O H R g e
i 1B 1Y) B AR A A
122 FHYETERER) ELISA #

P54 Ko R AR AR U Y R e TR A Sk
E. coli HB2151 Ji5, MPrifAify TYE ¥4 b EaHL
PR n B 5 LD ) 96 FLAN s AR (3%
100 pg/mL Amp Fl 1% Z5 M 1 2xTY Ri723E) H
FEid o WCH MIZtl EoeHE 2 pl RIS
96 fLANMURE IR (7% 100 ug/mL Amp Fi1 0.1%7 %)

http://journals.im.ac.cn/cjbcn

PR 2xTY K55 0k), 37 ‘CHiFR 2 ODeoo 297 0.9 I
JIA 1 mmol/L IPTG #5%, 30 CHizidk. K H
B0 E I HEA T B e R TR AR Y ELISA G

1E ELISA ¥ R, LA PL HTJE K (1 pg/fl) £
B 96 FLEEARAT, IAUHE 1 pg 4 MiE &M (Bull
serum albumin, BSA) 1R IHMEXTIE . bR b2
2% RE WKy (Skim milk) £ H S, &FLNA 50 pL
#S R, FEIEE 1h, PBST UE 3 WG, 4
fLIA 1 : 500 B c-Myc(9E10)-HRP ik,
FEIRMEE 1 h, FLLPBST Vit 3 k5, HfLMA
TMB iS5 8RG8, SR J5 A 2 mol/L H,SO,
LAE RN, BRI 5E ODgso fH o FEAHE SH SR
FLIAE , B OD F-2{H o PR 7 B2 P A 1 2 b o -
OD i 4 B XT B 3 f5 LA |
1.2.3 PCR % FH: 7k

e pIT-2 BUKEERFS], &M A58
1 scPv 3£ K A Bt P1.5'-CAGGAAACAGCTATGA
C-3'; P2: 5-CTATGCGGCCCCATTCA-3',

PCR WA R 4R . 514 P1 (10 pmol/L) #il
P2 (10 umol/L) %% 0.5 uL, PHPEFERER 1 ul,
2xEasy Taq® 10 uL, I JCHEZE KA LA E
20 pL.

PCR ¥ 1 451: 94 CHiZstE 5 min; 94 C
30s. 54 °C30s, 72°C 60s, 30 ¥ ; 72 CHE
fit 10 min, PCR W Z5H T, FH 1% HE HEEER
HL KK PCR 9 14 4%

1.2.4 PHHEFLRER ELISA 5538 R N LK

AL PL SRR (1 pg/fL). 3%4F I (&
F1 (BSA) 1 2%/l aWiks (Milk) fd#k 96 fLAEHR
M, 4 Cil. WH, BLAHIIMA PCR %E S
A 5e%E scPv JE R B BH M e R s i R T
ELISA HU A8 SUR S5, SE b R an 1.2.2 frik .
1.2.5 Dot blotting 523 % & FH 35 e

WA g R E T md, P11l A
ICAM-1 U5t (1.0 mg/mL) 7R RR LT 4 2 i i g
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MFE. 2 2% AR WK AT JS , A 500 pL Z84it
JE A S S 36 68 1 PR S RS 1 B3, DA
AIMiE A E L (BSA) NBAMEXTE, 37 CIEE
2h, PBST &% 3 Jm, BfLAMNMA 1 : 500 Fi kY
c-Myc(9E10)-HRP #i /4,37 ‘CH¥ & 1 h.fF LA PBST
V% 3k, UL DAB B B,
1.2.6 $L ICAM-1 scFv B4 B4aifb5 Western
blotting %5

4 3-Al TR T 500 mL 2xTY 3555
(£ 100 pg/mL Amp+0.1%7%# % 85) P17 scFv 1Y
BHSFEE (1.0 mmol/L IPTG, 30 ‘CiES 16 h), &
O BIE, DL 40% F B R e TvE H I EE 1,
A 20 mL 4 (25 mmol/L Tris, 0.5 mol/L NaCl,
pH 7.5) #Re)a, Hls 3R . 4 HisTrap & 1)z
BrkE LIS i 47 P55 o LA 0.5 mL/min b4,
T DLV 7 90 0 0 9 2 0 FE L 2 . IR e DAV TR
(25 mmol/L Tris, 0.5 mol/L NaCl, 200 mmol/L Bk
e, pH 7.5) HEATALEE VRN TR B A g 2l
1 B B2 F1 2L 10% SDS-PAGE #EAT404T, #i It
BIERE, L BCA Pk &l &bt 7
FETE

¥ N ICAM-1 $iJf) SDS-PAGE M1 74%
JiE5, #EFT Western blotting #:3l, —#i 4 1 : 200
B2tk scFv, —Hth 1 500 #i BERY c-Myc(9E10)-
HRP #ifA&, F34s@7% HRP (Horseradish peroxidase)
A2 R R 5% U
1.2.7 #i ICAM-1 scFv B Witk K

1) a4 ELISA 5156

W PLAEAR (1 po/fL) 29k 96 fLEE AR, LA
A IME A (BSA) H PRt # 0.1 mg/mL
McAb 2C5 5% i By scFv IR A5, 100 pL/fL
WK ABEFRA, 37 CHEE 1 h, PBST itk 3 1K
J&, A HRP fRICHEHU/NR 190G, 37 CHFHE
1h, DL TMB R WGRDE R A, 2 mol/L H.SO,
ek, FEFRACR I ODgso fH -

&: 010-64807509

2) N\ I8 PR A - B A A L 2R R A ] 52
%\[11-121

W LA LPS HIBS B9 I P R 41 ECV304
FH Hank’s V% 2 )5, BIPI4LINA$L ICAM-1
SCFV (2 ng. 5 ug), JE4LfIA McAb (2 pg. 5 ng),
FHBE 8 1L, LAINA PBS FLAE X BE4H, 37 C
Br3% 60 min, LN A S 40 S 100 pL (2
1x10%4L), 37 ‘CHEE 60 min, FHHUR RS I Iz ss
WRERFMAZAE ., RavkikE, BImA
100 pL 0.25% Rose Bengal %, =5 i & 11 5 min.,
FEbrge kS, DL PBS PR 2 Ik, BALFRMA PBS-
2B (VIV=1: 1) 200 puL, 2% & 30 min, kR
UK ODs7o 1 -

B % (%)=(ECV304 4 ZHFt AR 41 OD
{H-ECV304 4iffi OD fH)/ & HAZ4Mi OD fH
x100%.,

1.2.8 GiitEsanwr

TR X +s /R, WAIEHECRA t

K, DL P<0.05 B h2% 5 0%,

2 HER54M

2.1 ¥l ICAM-1 scFv BYEFE &£ iF ik

Tomlinson 1+J W B IRBTAR R 22 4 5“0 B -1k
it - 38 A AR TR, W AT SR R
55 15 2.00x10° S INEI 4 4 481y 4.00x107°,
BAEMGROEI 2 000 5 A4 (1), M
e 1 7 R I A AP AR ISR R A TR T e R S
W TR R PR SRR B, S PR SRR A Ak
R — MR RRL,

e 4 5007 0 A Ok 1 PH M ek A e
E. coli HB2151 J&, M iRAii i TYE AR H BEAL
Fk L 400 A4~ Fp 5 B TR 7 H R T 96 fLAR A TG SR
iS5k scFv, FIFH ELISA SZmibfiwisE 0
e, mE19E] 4 R, aldr 4ol J-AL.
J-H12. I-B7 #11-B10,
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K1 FEMZEFEFIT ICAM-1 scFv B S &

Table 1 Selective enrichment of anti-human ICAM-1 phage antibodies from Tomlinson 1+J phage display library

Round  Input phage (pFU) Output phage (pFU) Recovery rate (%) (output/input) Enrichment (rate,/rate,)
1 1.00x10%® 2.00x10° 2.00x107® 1
2 5.40x10"? 8.50x10° 1.60x107° 80
3 6.80x10"? 7.80x107 1.10x107° 550
4 5.00x10"? 2.00x108 4.00x107° 2000

22 TMHMREHELEE

PL PCR 3%} iR 4 #kBHME 7e [ 3E1T PCR 37
M, AEZY 930 bp AbHyP B AR R A, SR

IN—3, LB E AT SR scFv LA (K 1A),

A
bp

2000
1 000
750
500

930 bp

250

100

3% ]

1 MMREMEE

Fig. 1 Identification of four positive clones. (A) PCR
products of four positive clones. 1: DNA marker; 2: J-Al,;
3: J-H12; 4: 1-B7; 5: 1-B10. (B) ELISA-based antigenic
cross reaction of four positive clones. (C) Dot blotting

assay for J-Al clone. 1: negative control; 2: J-Al clone.

http://journals.im.ac.cn/cjbcn

B4 4 Bk BEAE 52 B FH ELISA S26 R T3 I A SR
K, SEEGah LN, J-AL EkER SRR, H
fis 3 Bk 54 HEE (BSA) SRR U5k
(Milk) #1445 32 Xy (K 1B). Dot blotting
SLEGFRM, J-AL AR LLS A ICAM-1 Hi 5k A=
R PESS G O (B 1C).
23 J-ALFIIMES S

J-AL #5143 28, Ft ICAM-1 scFv i [H 4
K 720 bp, HhE#E AR X ILHE AT Linker (19 1
I, 1 348 bp, Fifih 116 PN IEMR ; Resk n] A8 [X It
2T Linker B9 R, 1< 327 bp, i3 109 23
M. WIS 15 MR ZE RS (i
H1), FIRL T SR AT ICAM-1 scFv KR 51 (] 2).
Blast 712 B , 1%L B P 5 AF & S50 2 b B e
PR T B e, S AE AT AR ORI AE T AR X 2 A
SERE B BRI EAMIGE X (RIZRPH1) 4544

GAG GTG CAG CTG TTG GAG TCT GGG GGA GGC TTG GTA CAG CCT GGG GGG TCC CTG
E V¥V Q L L B & G G G L Vv QO r G G 5 |1
AGA CTC TOC TGT GCA GOC TCT GGA TTC ACC TIT AGC AGC TAT GCC ATG AGC TGG
B L 8§ €C A A 8§ G F T F S 5 Y A M 35 W
GTC CGC CAG GCT CCA GGG AAG GGG CTG GAG TOG GTC TCA GOTATT AGT TCT TCT
v K Q A P G K G L E W Vv 5§ G I 8 § §
GOTGOT ACT ACA GCT TAC GCA GAC TOC GTG AAG GGC OGO TTC ACC ATC TCC AGA
G A I | A Y A 8} 5 V. K G R I T | 5 R

GAC AAT TCC AAG AAC ACG CTG TAT CTG CAA ATG AAC AGC CTG AGA GCC GAG GAC

D N5 N LY L g M N § L B A E D
ATGGLC G, TTAC TGT GOG AAA GGT AGT GAT GAT TIT GAC TAC TGG GG CAG

I A Y € A K G 8 D D ¥ D Y W G Q
GOA ACC CTG GTC ACC GTC TOG AGC GGT GGA GG GGT TOA GG GGA GGT GGE AGE
LT L M T. ¥ 8 5 6 6 6 G 8§ G G G G 5
GGU GG T GGC GGG TOG ACG GAC ATC CAG ATG ACC CAG TCT CCA TCC TCC CTG TUT
¢ 6 6 6 § T B 1 g M T 0 8 P § 8 1.8
GUA TCT GTA GGA GAC AGA GTU ACC ATC ACT TGE CGG GUA AGT CAG AGC ATT AGE
A S V G D R VvV T 1 T ¢ R A & @ 5 1 8
AGE TAT TTA AAT TGG TAT CAG CAG AAA CCA GGG AAA GUC CCT AAG CTC CTG ATC
£ Y L N WY © O K P G K A P K L L1
TAT TCT GCA TCC TCG TTG CAA AGT GGG GTC CCA TCA AGG TIC AGT GGC AGT GGA
Y 5 A 5 § L Q 8 6 v P S R F 8 G S
TCT GGG ACA GAT TTC ACT CTC ACC ATC AGC AGT CTG CAA CCT GAA GAT TTTGCA
$ ¢ T D FT L T T 8 §8 L Q P E D F A
ACT TAC TAC TGT CAA CAG GAT GCT GOT ACT CCT TCT ACG TIC GGC CAA GGG ACC

T ¥ ¥ ¢ Q ¢ D A A T P 5 L F G Q G 1
AAG GG GAA ATT AAA CGG

K V E | K R

B 2 41 ICAM-1scFv EEF5I4 4
Fig. 2 Sequence analysis of anti-ICAM-1 scFv gene.
underline: complementary-determining region; bold: linker.
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24 31 ICAM-1 scFv B9 E4{k 5 Western
blotting % &

AL THRWZ IPTG IFESRFRE, Bk
i, 2 HisTrap sERUZMH SR aifb)s, sk
H I8 FIRE AL 3E1T SDS-PAGE, 283 T i ik e
e R A, RLn schv A EGS
MYEEEE o B AR AL 4112k 30 kDa, 5 scFv #ig
Iy PR IEAR—F (K 3A). scFv £ %M Al BCA
EEh, HMEE M 0.65 mg/mL., Western blotting
SRR, LA b scRv MR —3T, FEAHX T
it 55 kDa 47 thBAE 45t , HL 5 ICAM-1 4T
JF 4y F i K/AN—F, WESE T 4lifbi) scFv iT 5 A
ICAM-1 Bt &A= e Sk 45 G i (I 3B).

25 #1 ICAM-1scFv £¥Z2E LT

Tagr ELISA SEE KB, FERE schv pyf% b
B, ODuso [HZ W T, Vil scFv Al McAb 5 P1
PUR K 45 6 1E 2 AH B HER W, scFv g
McAb & 2454 PLAUEAR (14 4).

A
kDa 1 2

97 —

66 — .
|
43—
'

31 —

-—*BUkl)a

1 2

> [CAM-]

3 HICAM-1scFv I B4 5LE

Fig. 3 Purification and identification of anti-ICAM-1
scFv. (A) Purification of anti-ICAM-1 scFv. 1: protein
marker; 2: purified anti-ICAM-1 scFv. (B) Western
blotting assay of anti-ICAM-1 scFv. 1: negative control;
2: human ICAM-1 antigen band (55 kDa).

&: 010-64807509

FIH Rose Bengal X 75 Ffh 2 A a6 47 e €, 3155
AN AL B 2 ug M1 5 pg scFv 21 OZHBHR 20510
30.39% 4 26.47%; [F54 McAb ZH B %435
} 27.45% 55 25.49%, PBS X HRZH > 40.19% (14 5).
20 S AL R 5256 B, scFv Al McAb #RBBEA 1
B AN N A P B 20 D P 8, 8 B
VER S HOk BE B2 IEAHOG, 5 PBS X HRAAHL, 22
SR, XEMIFH S RPT ICAM-1 scFv HA %
B e 2 6 280 0 1

30
2.5

20+

1.5¢

oD 450

1.0 ¢

05}

0.0

0 10 20 30 40 50
scFv concentration (ug/mL)

4 TS ELISAXHR
Fig. 4 Competitive ELISA assay of anti-ICAM-1 scFv.

30 ] PBS
s o 3 2 pg
40 | 5 g
&
=
Py L
= 30
T
£ 20
o)
(&)
10 -
0 1 SEoE 1

scFv McAb

B 5 20 BE Rk B 40 6 SR 36

Fig. 5 Cell adhesion inhibition assay of anti-ICAM-1
scFv and McAb. *P<0.05 compared to PBS control. P
values were calculated using t test.
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3 ik

Rl R 53105 1 440 R R B2 AL AR A R 3
T RER A LG AL [ R . p 40 e e b 43 -1
(ICAM-1) kA S R A G HTE (LFA-1)AH
AR FHA S 10 S E G I A8 TR 7 A AE T 1)
K5 g S e e A S R T TR
Gy T AR S BB 1 3R 1 € 48 R AR A HH 6
PEBIRIRTT BT IR, IR TR . Bl
HEF SN I FEE A . S R DG R
ZRBR I G, EE FDA © itk
Enlimomab . Efalizumab 25125 > TP HEA 1T
Wil A,

MW T 1A J R AR S — i AT AR 28 6 328 sh 4
A G AR, WU B s R RE R, W]
DL il £ LT B A B e i AR Ak B AR 1 42
ARLOZ g, b 4 AJEHT ICAM-1 scFv,
ABEFEHIH Tomlinson 1+J W BRI EE , R [
FTGBED:, LA PLFURMCH bR, &l 4 2%
e G 07 fof R S PR W TR R BT AR TS 21 T 2 000 £
) 4 o AT ELISA Jrik X5 4 Rk fE 465 1
5320 v B TR VR HEA T HU IR TE PR B AE SE , T
i 4 BRPEVESERE . Wk PCR %58 ) . ELISA
FiJ5 A2 X WA Dot blotting SZiy, FZHR58 T 1k
REfE 5 PLHTR KR 5456 X AE S5 A ICAM-1 HT i
P AL AP O kg J-AL, J-Al TFEEZ IPTG
VESFIA, WO T T scPv IRl bER Ik, 4k
FH HisTrap EAZHrAE 17 B 4lifk . R Western
blotting SZH . 554+ ELISA SZI6 14 it 25 B il 52
AT T schv AW E iR AR e . RS R
B, 4lifk iy scFv HAT 5 A ICAM-1 Fii et ah &
BRI H A5 SR )E S scFv W L IEA5E; scFv
B 6% BH S 4100 T A i A7 PN B 4 A 20 ] 1) el
B, FCHUEBMVE TG scPv Mk 3 il 1 s i s, R
BB Y 25 B A TR 55 T PR s REBTAA

BLAST #47 J-AL J34153 iR M, J-AL &

http://journals.im.ac.cn/cjbcn

SR B B AE E XRIAT AR IX, 5 2 RIE T
ICAM-1 scFv 2L FEFI A LY, 3-AL B T Ab ok
FE[X. (Complementary-determining region, CDR)/¥
S HZERBOR, JEHEE ]2 X ) CDR3
X At nl AR X Y CDR1 X, i FHU-HLiRm
Fe g & ShuR R E RN CDR X FRIRE,
PR IE IR S SIS, Bk CDR X3k
PR 1751 22 53 1l B J& 3 3 scRv SE M) 25 5 1) G
#E—2E Ak CDR X 24 JLM2 1y 41 nl RE J2 4 = Bt
ICAM-1 scFv A= 423 1 1) B S SR

AR 5 R R B LA KR I T A% 3k 2R 4 il
BT ICAM-1 scFv KT HLPH28 ) FH s £ 1 JRB /s
ATl 5 scFv B {4 5 47 I BAT B A R A
AEEENE . TER SR, RO ARELRA
WF5E LASR BT ICAM-1 scPv (452 5 PR F s FE
O HHA AR EYF I, R ICAM-1
SCFV TE AR AEFH AP IR T b 1 1 T 557

B O RCRHTEMFRILIEARIA
WIRERELEZREAY Y TRMTHRIAL
X 5% E HAR B RETRAR T @L TR
F A XA BN |
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