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Abstract

AIM: To humanize and optimize the single
chain variable fragment (scFv) DM specific
against hepatocellular carcinoma (HCC), and
simultaneously to get humanized scFvs with
high affinity and low immuogenicity.

METHODS: The amino acid sequence and the

model structure of scFv DM were investigated
to identify murine framework residues that
most likely contribute to the integrity of bind-
ing site. All the residues that were difficult to
decide were included as human and murine al-
ternatives in the combinatorial library. The full-
length humanized scFv gene fragments were
synthesized with splicing overlap extension-
polymerase chain reaction (SOE-PCR). Phage
display technique was used to construct a
humanized combinatorial library. Hepatocarci-
noma cell-specific scFvs were selected by pan-
ning with HCC cell line, and the specificity of
those selected scFvs for HCC was detected by
enzyme linked immunosorbent assay (ELISA).
The relative affinities of phage antibodies of
the positive clones and the primitive clone DM
were measured by ELISA using thiocyanate
elution.

RESULTS: A humanized combinatorial library
was constructed successfully, and the real con-
tent of the library was 4.77 x 10° and contained
a total of 128 variant humanized DM consisting
of 2° different heavy chains and 2* different light
chains. Three selected positive clones HDM]1,
HDM2, and HDM3 were obtained after two
rounds of panning and ELISA detection, and
their relative affinities were 1.6, 1.2 and 2.2 mol/
L, respectively.

CONCLUSION: Combinatorial library strategy
is an effective and simple method for humaniza-
tion of antibodies. All of the selected positive
clones, HDM1, HDM2 and HDM3, have high
specificity and affinity against HCC as the primi-
tive clone DM.

Key Words: Humanization; Combinatorial antibody
library; Single chain variable fragment; Hepatocel-
lular carcinoma; Overlap extension-polymerase
chain reaction; Thiocyanate elution; Enzyme
linked immunosorbent assay; Phage display tech-
nique
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BE: x4 ST R 45 R (single chain
variable fragment, scFv)DM[F ¥ # 47 AR AL F=
AL, AR 3 Ao 71 & Fe o JB R PEAR B9 AR AL
HURT & B4k AR,

Fik: B o FEMA TP oM, B EATIRR
LR S M R E B ¥R 9B R K (FR)
K jesgEp ke 5 R ERAGAL RRA
Bl B g AACRACIAR 55 F; 18 at & & sk A
PCRHE AR A BRARACKARA IR E A 4
Je AR EARACLE A AR E ;i8I
40 L 0k ik FEVME 5 1%, ELISA T & & & A #, 1%
IR LA TEE, A BAER 32k R 2k
85 F KGR A RALSCEV A AR X 5 A Ay

HR: R MEANRNAESFARE, FFES
4.77X10°, 4 W2 RE T4k A2 R F 24520
PR 128FF ARALDM; i 75 4 A ELISA %
%, 3{FHDM1. HDM2#/=HDM3 3/ a1t %,
%, A5 % A= ) 35405 %) AHDMI 1.6 mol/L.
HDM?2 1.2 mol/LF=HDM3 2.2 mol/L.

i KRR ERE —AZHR., MIEY
ARAT sk FAFH3%k MM L EHDMI .
HDM2. HDM3 % % A #ARKDME 4 LA B 4F
R ESFFEAR G FEMRT.

xggiE: AR, Basiik; AAmRE; e E8
FEARPCR; B #UBRE BEAR I%; MK SR W FHRTE; Mk
ERRRAR

OtRI, BR4e, HBNE, &1, T, 5=, FUREMIRES
WREMAFBRHENEBNRL. BRENBIRE  2008;
16(11): 1144-1150
http://www.wjgnet.com/1009-3079/16/1144.asp
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JH-Joe i — s WL R, R Kb, 0 ek,
R R, PR 22, H TR SISm0y ol
BEPUiA(single chain variable fragment, scFv)47;¥
FUEE /N, 25 5y 3 NIk A 2R ) A BRI B R A
WIB BRI Sl e E X (Fekr), A5 R AFe ik
(AR S A0 M &5 &, DA AR N e A2 Wi 75 5%
. B, MR g i, S
I R 25 BV 2 AN UL A T 1
(1115 G (EN=E IR R G 7R 2 N2 S VA NS G SRS SR A )
BUEE 2 1A AP BRTUR(HAMA), SEMHRTT 2L
R, SOATRE SO B N, YR TE DR D 2
NI S0 75 0] IR R AT 75200147
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A B B P it 1 ks o Fv IS, s R
Wk AT A BT A P B A B T 9 32 R A S P T s o
B HAHscFv 4-16(GenBank & 53t 51 DQ640759),
HAEARSN AT SR A ) i, SR A 1A mioR
A HUHEscFv DML BRI 4LA Bk AR
P TR AL S K scFv DMBEAT A B AL 2
i, DISRARE RS BRI S R AR
1 NIEAL BT scFy, Sk JFF 15 2 e RG Y7
AR F BB Tk

1 #RRT5E

L1 A4 JH 40 s 5 vk S B ST AR DM A% 1
TPy 51 A PR AL B it [R) 95 Ak 1 20 A A Bl ik
R ¥4 (EMBL+GenBank+DDBJ), % HE
F1R) 5 K AA R SR U T AR 1 0T AR 45 1) B8 %8 (thee
Protein Data Bank, PDB); fT i/ FAL . fitiE
AIILES gi BT TAE G |, R Accelrys/A ]
I Insight 11 987 FH #4058 1, 1 PR B Pyrobest
DNAZGH . Sfi 1 WVIEE. Not 1T WG
HTaKaRa/s w); Lingation High DNAZE LI
HToYoBoAnl; &R & k4 L
A& DNAR B2 il &3 F1Omega
ANFE KIGFFETGL. KIAFFEHB2151. #ik
pCANTAB SE. Wi i AM13K07RIHRPAR i
HiM13 mAb¥I H Amershan/A &); AT 40 iw
PE(Bel-7402, HepG2, SMMC7721) 1 1EH A AT
A0 HIPR(L-02) AR % R AT, T B s GO A v [
RBEFED O 0. 51t Bl IR A WA
AT

1.2 F% WilIgBlast® 23 K 54k %
(EMBL+GenBank+DDBJ+Kabat Database)"', fff
& 5 DMHEEHTAF RIFE P 5 A VHAI VL
R R EEDR R A o B PUACD RGN 2 £k
FUFINFR, R AFRFA, e il AP
B Z (RIS () 8 SR R ik . SR TR RS 4t 7 vk
PR B U5 PR B LA D MR = 4 45 Rt 2 S0k
[15-16]25 5 7 T hiAA 25 46 F B BT AR F R B 225k
5, VM RN AN RIS IR 4 G (1 2, %
IS 2 ] 52 SRR T Ak B A S . e s o A LA A
E LR 4 G I B EEVE SRR B R . N R R A
B N NIRRT 1.

1.2.1 ARACHAT /5 o 1 AR S 4k 4k A 2
B R EEE RN REYR ) K /NZ160 bplf
FTRITY, F B MESZ20 bp, KA HE
B JLIPPCR(splicing overlapping extension-PCR,
SOE-PCR)F A5 liscFv. (1), HHE 5%

AR A 0

S RO R
Jo, T B AR T R
Homl  B B 58
B HERNAR,
A BE S 4 5T
AT HMA R, 12
RORMEIAR, A
FHEORLRT
AR ARG 65 R,
SE R, W R BA
SRME, SEA
R E AR
A HFMR(HAMA),
T AR W6 R ST R,
BEEHE, RFE
ZAT BB, 16 R
JL R R TR
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% I CDRAS #2% F1 5'<atggcccaggtg(a/clagetggtgcagtctggggcetgag gtg aag aag cct ggg gec tca gtg a>3'
K, B RRFARE R1 5'<acttgtggagatgtatccagaagccttgcaggagaccttcactgaggecccaggcette>3'
CDR#H 3] A8 F2 5'<gga tac atc tcc aca agt tat gat ata gac tgg gtg cga cag gcc cct gga caaggg ¢>3'
f{?fﬁ‘;ﬁ%g R2 5'<agtactcccctctccaggaaaaatccatccaatccactcaageccttgtccaggggee>3'
£6910%, 4] T F3 b'<ttt cct gga gag ggg agt act gaa tac aat gag aag ttc aag ggc agggl(c/t)c acc ctg a>3'
£ JT— ELH A R R3 b'<ctccatgtaggetgtgctgatggac(t/g) tgtctac(a/g)(c/a) tcagggtg(g/a)ccctgeccttgaac>3'
gﬁiﬁi—fﬁt%ﬁﬁ\ F4 5'<agc aca gcc tac atg gag ctg a(c/g)(t/clagg ctg aga tct gac gac acg gccgtg tat t>3'
R4 b'<ccacaagtcaaagtagagcctatagtagtccectctcgcacagaaatacacggecgtgt>3'
E5) 5'<ctc tac ttt gac ttg tgg ggc caa ggg acc acg gtc acc gtc tct tca ggt ggagge g>3'
R5 5'<gatgtcagatccgccaccgccagagecacctccgectgaaccgectccacctgaagag>3'
F6 5'<ggt ggc gga tct gac atc gag ttg acc cag tct cca gee acc ctg tct ttg tctcca gg>3'
R6 B'<tgt act tga gct ggc act gca gg(t/a) gag ggt ggc tct ttc ccc tgg aga caaaga cag g>3'
F7 5'<agt gcc agc tca agt aca cgt tac ata tat tgg tac caa cag aaa cct ggc caggct ¢>3'
R7 5'<agccacgttggatgtgtcatagatgaggagcctgggagectggecaggtttctgttggt>3'
F8 5'<tat gac aca tcc aac gtg gct cct gge(g /a)tc cca ttt agg ttc agt ggcagt ggg tet g>3'
R8 5'<ttcaggctctaggctgctgatggtgagagtataagatgtcccagacccactgecactga>3'
F9 5'<agc agc cta gag cct gaa gat ttt gcc gtt tat tac tgt cag gag cgg agt ggttat c>3'
R9 5'<tcgtttgatctccagettggteectecgecgaacgtgtacggataaccacteegetect>3'

WS 1#ps1
WS 1176

5'—caa cgt gaa aaa att att cgc-3'

5'—gta aat gaa ttt tct gta tga gg-3'

TS W1-9(%1)%%5 pmol50.25 pL Pyrobest
FTRIIDNAZR A HEEATPCRN(50 pL). PCR
RIVFEFE: 94°C 30 s, 58°C 45 s, 72°C 60 s,
32AMIEHN G, 72°C 10 min. S FEERCR I - R
PCR/“#). (2)¥ BiP1-2, P3-4, P6-7, P8-9: KP1H
P2, P3MIP4, P6FIP7, PSFIP9 PCR ™ 445 B /R 1R
&, ML RS54, 98°C 10's, 63°C 60 s, 6ME
K5, 98°C 30 s, 63°C 45 s, 72°C 90 s, 32 MEHR
Ji, 72°C 10 min. )y HHEFE(P1-2-3-4) M4k
(P6-7-8-9): PCRULE [A]_L—H58 W, (4) K Tk,
Linker(P5), HEPCR/™ W55 BE/RIR A, 1Al A )
N 4 AL T TS EMPCR X V. (S)YEPCR=H) N
EGUIAL AL, PCRV 454 95°C 5 min, 94°C 30
s,63°C 455,72°C 90 s, 32ME¥ 5, 72°C 10 min.
T8 Fe FL RS D I [T S R R B, e ) aliAb S
% H.

1.2.2 FAF 7% B Ak scFvad A RALLE A Fo Ak B 1
##&: ¥iscFv PCRZY TS 1 Not 1 XM J5,
FiescFvIE A 5 #/ApCANTAB 5E 3 119K L
W4T, pCANTAB 5E-scEv& HLZE LA A
HRZ A KFTETGL. HISOBAG(#100 g/L
(P2 T 5 3% AR R I e 2 . BE ALk
104 se M s %, Ik HAh3E JORIDNA, LU
FIDN A K B AT P CR SR I, I H () 3 PR
N, FRE— P LI — /N ORIDN A SRR,

3 3 ELF lup/R2down, Flup/R4down, Flup/R6,
F3up/R9down, Flup/R8, Flup/R9down % 514, it
ATPCRYIG. WIWR R AR S AT 248 “ -
8 e " Y 15V BN -9l K2t ) 1)
BT P2 o Bk 38 3L 904N e [ £hi 46 W T AR L4k
DUTF 6 40 MO GR o 10% /L) AL ELTS AR, 1EH;
40 B A b BRI, 481 /L BSAE MG A
R P AR PR L, TR B3N 52 AL; AR5 B
1 5000 HRPARICIIHIMIZ A IL 3L, B9 F, Yook
JFOPDJEM W4, BRASA o0 fH K T B 10 HE 245
DAL 5 DA B B P o B kg 4R P E R
ABRA AT sc FvEER P70 e, RIS, Seill
JE 51 AT

1.2.3 NBRACHAT FEscFved abkak: 3 PHMH: 7
B 0K FIWE B AR PTAR 10 nL i 21400 pLx 4k
KW HB215141 11400 pLH, 37 CHRH R 3730
min; KGR B R YA FSOBAG-N
b, 30°CHEFEIL. PRI TR, P2 X YT-AG
1, 30°CHEFRIE G F IS AR TR F A2 X YT-AG
W, 30°CHEFEL he B0y, 25 BiE, IS0 mL 2 X
YT-AI(IA 23K 1 mmol/L IPTG), 30°CH;7%16 h.
2015 min, BRI, BEOG &SR KPR
sCPVPUIAR BN KRG 77 13, B4 CHRA7 s M.
1.2.4 ABSE A=yl 2 BOSCHR[20-21110 07
w5, BTN (Bel-7402, HepG2, SMMC7721)
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1500 bp

1000 bp\

800 bp\

600 b
ps

500 bp—=
400 bp——

300 bp?
200 bp

100 bp

1 P1, P2, P3, P4, P5, P6, P7, PSRIPIBIPCRF=H). M:
marker; 1: P1; 2: P2; 3: P3; 4: P4; 5: P5; 6: P6; 7: P7; 8: P8; 9:
PO.

1500 bp

1000 bp
800 bp

2 P1-2. P3-4, P6-7F1P8-9 PCR**#J. M: marker; 1:
P1-2; 2: P3—4; 3: P6—7; 4: P8—9.

IIAN96FLIE IR, 155524 h; 0.5 g/LI% Wl &,
PBS/20 g/LMillg2F Wyt i1 5 i A odd, BEANFH
PE 5 Bt BlR UA va B 25 9N FL; PRI [R) 94 g
IR EY, IR A0. 0.5. 1.0. 1.5, 2.04
2.5, 3.0, 3.5. 4.0 mol/L, FfLA AL : 5000
HRPHRICHIMI3 mAb. ¥ H, Yi¥/GOPDIRY)
. DR IR SRR o AL IMA {E 4 100%, AfH
BAEARS0%o T T T V. PR it S R B T R 1 R B8, BT Ay
ICHAR AR S A0 )36 %k

2 BR

2.1 ARACHTRT 5 o4 T AR Sk AR L B g &
% (1)IE 23 BT 40 44 5 46 R B U B AR F R T 5%
I, . RIVHFVLIFRFFI120/ Fi234
AR, KI5y Jy28 A NIEALIRIE . 84N 5
ARBREEANTASHE LA T A (2% NS4 s
KR53 HF1-9FIR1-93L 184 K /N Z160 bp,
LIF1/R1, F2/R2, F3/R3, F4/R4, F5/R5, F6/R6, F7/
R7, F8/R8, FO/ROH 45 | PR, £oid 140
BIEMFPCR, FRTFA/NZI 100 bplh) H Be(El1);
R4 25 A SEHPCR, FPLFIP2, P3FIP4,

www. wjgnet.com

3 P1-2-3-4.
P6-7-8-9F EGPCR=H). 1:
P1-2-3—4; M: marker; 2:
P6—7-8-9.

B 4 P1-9 PCRf*
¥). M: marker; 1:
P1-9.

——— 1500 bp

1000 bp
~—— 900 bp
————800 bp

P6AIP7, PSRIPOPHE, 3R75 K/NZIH180 bpf
FEB(E2); (&3 ESL(PPCR, KP1-2
HIP3-4, P6-7HIP8-94if 42, $KAFP1-2-3-4(FE ).
P6-7-8-9 v Bt (i24i), K/NZ1340 bp(Kl3); (5)& i
AR FESIEMPCR, KP1-2-3-4. P5. P6-7-8-9
T BUHEAPL-9, K/ANZ)T50 bp, 5 EIGEAHAT
(Kl4).

2.2 FAFEHEE IRscFyA R A F ik B 6 4
=g A N R R R S S IR T |
AR RAE, RN RN 90%. ik — D UK
H—NBURIDN A AR, 43 A HUF lup/R2down,
Flup/R4down, Flup/R6, F3up/R9down, Flup/R8,
Flup/R9downy51¥), #4TPCRY B, SRIGPCR
FEYIP1-2, P1-4, P1-6, P3-9, P1-8, P1-9, £:15 g/L
LR NERE e vk, 45 R4 5 BB AE200.
360, 520. 600. 680. 770 bp:A —E(l5). ¥t
HorpaA ve B BORIDN AT% F 3952 28 7] I ),
FP A IEA. PCRYE & R 3 45 Sk BN J5A6 41
BPUREE MR RS, SEBRPEZE 4,77 X 10°. )\
o 8 (470 P PR G 1 4 s e F v A U5 20 45 12 rh B AL
Pk 190 Tu b, ZLELISA%EE, 7244 vu I
A oo [H 5T BAME XS FRURIA oo (265 DA, $27R1%24
AN By B TRTRR A BR AR S 1 &5 4 P e 40 ) B 4
o PE.

2.3 Mg e B2 R 23N RE S M N

1147

LIRS A

AH R B R R
g AR AL e B
AR AT AR AL
B, TR HK
*E RN BT

18 SR
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miZAEE M o1 2 3 4 5 6 100 ODM
FAR EARACFR % EHDM1

A FEIA R AL
HACFR, Heik 3%
REHFRHGA
BACFKARRAE T
— TR

1500 bp

1000 bp
800 bp

600 bp
500 bp
400 bp

300 bp
200 bp

100 bp

B 5 SZAFFRHIDNABIPCREEBE. M: marker; 1: P1-2; 2:
P1—4; 3: P1-6; 4: P3—9; 5: P1-8; 6: P1-9.

s FvIfIEE R P 514 sl ol o, 3R A3 3AN AN R
FERFEA, 43 ér 4 AHDM1. HDM2., HDMS3.
EHINCBIBL2seq, K34 K FH1 5 op At
{AscFVDMITFI X, 45 A s NIEAL G VH 3
DX A TIPS i R ORI 76% 42 iR 2119 1%, VLA 42X
(9 TR 5 I AN 79% 42 1 #183%. #5346 N AL P14
(1B BRI S LR P HIME LU 4 2R I 2.

2.4 ABsFFFe Ayl DU SRR b vk v xt o
AscFv DM B3P SEFEHDM1. HDM2,
HDM3F A B AR EAT AR SR 0 5E . A
scFv DM AT PHEHTAACH B )N H4S CNIR B I AH
XF S5 AN S840 43.0 mol/L, HDM141.6 mol/L,
HDM2 1.2 mol/L, HDM3:42.2 mol/L(/6).
HDMI1. HDM2FTHDMS3 KA 55 F0 7 46 500>
AASEARPUANI0.54, 0.40F10.74.

3 111E

PR NG5 256 R0 5 A D S A AR 1R B A2 9
55, AT BEAR R S A BUAR1/2-1/100%2, #F 5745 3
R, HHAT SCREE F IOF R BE e S L IR ik it
Z 5CDRIA MG, £ B P AE
FHE2, gl SR DA I CDRES ¥ 21 A LA )
FRITSRAT I N JEA PR M LR BRI AU
R FORE R 2B W AR R EME R, #
5E FRAE G HEAE T I 2R 1R, 38 i YGRS R
— SR R I [A] 57 58 O FRRSE, A iRk 5 o8
FI R S RERE B, FORABAR. BA TR bufg)E
PEALF RV SEms St s c FviEAT N AL, St 4 1
S5 3 AT 4 RT RE S R PR 5 S SR A L AR S
()1 R DX B 3, g T S e i 1 B O il AR R N 95
A (R I 41 3 — AN PuAR Ep, f AR A4l
BRI, A5 I T A R s B AR K I 9 3 e
D) SR AL, e WSS A B T AR B oA
SRR IE, TE BRAL R . AR S50 10 o) 5 5 4

AHDM2
®HDM3

0 | | | | | A
00 05 10 15 20 25 3.0
NH4SCNJK[E (mol/L)

3.5 4.0

B 6 AR AL BRASTEDMAPRMESEIZHDM,
HDM2, HDM3FAEXTERI /.

THPCREGAR A N EAL A A FEIR, JF 5 [ 21k
BRI #/ApCANTAB 5E, 13 i 28 fLE AL B K
FER, RO B A il e g i i seFv A U8
WA PUARIE, HEFR4.77X10°, 5 T 254
FHERI22AN [ BE A 1 1 1280 A YR AL DML

Wt AT A i 7S B IR B A T B AT A s
i DIRE, & MmN ARk TR R IR
BRIP4 > 7 LR B I AR IATE
Wi RURL AL b, AF 22T A A B M ) B 284 3Rk
A PATTREAE AR AR N IR BT B 0] 45 S M B A
15 B e PRt A2 S SRS &, PRk bR
FANGE G IR RIAA, K456 T Pt (W B A ok
B ke, TR p T W R A K B ) R e
A G VR A B A PR e R R 8 DLV 1 7 5, A
BRI H M), APk FeRs e e B SR AL 1
011w R U ik R Y. — R SR I Ok T
= H250-10001%77, KB A% PE 2R AN BT A
U2V, ARG E B R 1R e, BEHLEEER 90
e o T A W TR AR BT A, DU 0 6 Ak A [l A
Pr)at, WITELTIS AT 244 BH o v e, 126 253
¥, SRAFIA TR T A, DA TR 3h ok i v2o6)
KA scFv DMASHEFHME EFEHDM1, HDM2,
HDM3 [ A B TR EAT AR SR e . S A
scFv DMXJ W ({INH4S C N J& RIUA X 55 A 17 45
$°43.0 mol/L, HDMI1:41.6 mol/L, HDM241.2
mol/L, HDM342.2 mol/L, $&7-3R15HI3 kKB 1
TiEHDMI1. HDM2. HDM3 536 A HiADMI]
FERAT RAF IR S G S e R m R S A ).
S HE3ANBIPE R EHDML. HDM2. HDM3 %
SRR P AR I, 3w PR RS A 5 T NPk
BRIESerL22, HAEHO67, HT05 Iy N Hiiksk
FE, 3 ValMThr; FEEHT3, HS2AY K il
AR EE, 43 5 & Lys I Thr; 34N 78 B fTHS FIL58 5
BRIEN S BUARIEHAT, $7RHSFILS8FRAEAN 2 b
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diabodies allow high-contrast, antigen-specific W@ % 44

& REREE)

H5 H67 H70 H73 H82A L22 L58

0.82 0.00 0.79 043 058 0.69 0.13
DM K A S K T T VvV
ANElR  Q v T T S S
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