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Screening and characterization of human anti-GPC3 single chain Fv
antibody fragment selected by phage display
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Abstract: The aim of the experiments is to screen human single-chain variable fragment (scFv) targeting
glypican 3 from phage display library, and analyze its biological activity. After several rounds of panning, the
binders with high affinity were obtained through phage ELISA and IMGT analysis. The desired scFv gene
was then ligated with pET-22b vector yielding recombinant plasmids, which was then introduced into E. coli
Rosetta (DE3). Soluble scFv protein was expressed and further purified using Ni** affinity chromatography.
The purified proteins were identified by SDS-PAGE and Western blot.  Subsequently, the affinity and cell based
binding activity were measured using Surface Plasmon Resonance (SPR) and flow cytometry assay, separately.
Four enriched sequences with relatively high binding affinity were found (1F7, 1D7, 1D4 and 1B10). We
also found that 1F7 scFv showed better targeting ability and higher affinity. The scFv could pave the way for
new immunotherapies, such as bispecific anitbody, antibody-drug conjugate and chimeric antigen receptor T-cell
immunotherapy cell, etc.
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PR AR IE K B 3N A AR Rk, Sk
RERTVE T T 4 B T e FRDB B8 R, IR AR IR R T
PHATEJEBE, AT AE B TR BN, I T UL 5 -3
(glypican-3, GPC3) 12 WiAya T7 I 2 i JHT-Jee (1 2 AEL
L

GPC3 =M &M Z X n — MEE D, HEE
BRI T AN X Getatk - (Xp26), 45K)4 K4 900 kb,
cDNA JF 41 4= 2263 bp, 4wii5 580 MR LR, 1%L
4TI A 70 kDa [ I8 (1%, GPC3 £ HCC. 4%
i R B R A e B PR T e Rk, I
H, HCC Jif R 41 f F TH i) GPC3 R ik K &1k 70%, 1E
H A S b B A A I B R kT

GPC3 n g5 HCC Akt KIEAH %Y
B RO, BT R, GPC3 TN LT %
(HS) ful%Eidid wnt {55 @M HCC 41 i3
IS M, GPC3 i B ¥ HS M4k T LU T ERK
L AKT 155 8 A0S AH G IS 5 0m ek, AT gl
JE ] F 2 i A KPS, A, GPC3 78 HCC 4 i v 5
P Riat®, B ks HCC T Fisritksicd, o
FEE AT GPC3 MIBLiRdtAT T ATidR & .
LA GC33 NAEM AWt T IGIKHF 5T, GC33 & —
TRy S M B ) GPC3 LA, ZPUiR R I R IF 1%
AxPEANE A2, AR BT GPC3 £F HCC 41 i &
Fik, ZPUAWAE N HCC B EEUE B3 Hilig
ﬁ:%{[ﬂ,ls]o

Hif, SikiEsEm GPC3 Mtk & Kk
GC33. hGC33. YP7 KHIgPifk NH3, LLHEEhifk
VER “AENSR” BT TE B TS AR TT M, A
B AE I FH WG B AR 07 8 1R SRAFHE ) GPC3 1 ok
A NI B EE UK, %P0k T A R0 AT R $T
S (human anti-mouse antibody response, HAMA),
[l BT 40 D, LR R RBIE AR
TRRE 4120, L B Rl R AT 48 2L o HCC #iiA
I7 PR RIS W S0 e A S i 4

MR 5%

B, Bk, @RRIRF  pET-22b-His #ifk H
A S22 {547, E.coli Rosetta W) [ 1 | 3 A MR
AR AT, HepG2. Huh-7 1 Bel-7402 4l i A< Sz iy =5
TRAF o FURLARHOA A & BRI M V1B Neo | #1 Not |
B EEE NEB AF; BEFHF&HEZE (ampicillin,
Amp). EHERVUILE (tetracycline hydrochloride, Tet) .
SR FERACEFLREL (isopropyl S-D-thiogalactoside,

IPTG). TMD i, BCA R BilhE it [k
W& DNA marker. FBURLHE G A &3 B i
W) TRERE B BR 23 7] ; anti-His mouse monoclonal
antibody. FITC goat anti mouse antibody. HRP goat
anti mouse antibody. human glypican 3/GPC3/OCI-5
protein (His Tag) ¥4 H b5t SR M AP AR 2
Al; HEPES W H & [ GE Al 4 N VR IR B 14 F sk bt
& (single-chain variable fragment, scFv) ik Fg 4
PR R 3

1088 CM5: . NiZ*EAIk: . Biacore X100 1
T H 35 [E GE /A ] ; CO 1 i 41 i 5% 77 #6 . —70 C UK 4 -
Y BB TR BRI K5 R L0 H Thermo A&, ¥
% & DALY H Beckman Coulter 23 7] .

Anti-GPC3 scFv B A< e it FH i N VR ST
1A P B PR 25 B 29 09 1.2x10% pfu-mL ™Y, HAu i B A 0
EORTHESK GPC3 EH. AU 10 pgmL™
2K GPC3 HEHTE 4 CaPIEH, 5% a4y i
2 h, BWEE B ZE 200 pL i ARG B L i GPC3
EASLS, 37°CHEH 2 h, 0.1% PBST &% 2 %I F 4y =
PEZE A IR B AR BTR, TN Gly-HCI (pH 2.2) ¥
100 pL #EATHEME, EH P 10 min, SERIFH pH 8.5
Tris-HCI H A1 & 4 10 mL K7 T 5 (ODggo=0.5), HX
JERYL J5 (1 B8 TR R Tet+Amp ~FAR, TH 5 B 75 T BCRAT
PR BI BB O3 B3, DUEIR KA, BN 1
A1 sub-library . [ | 775307 3 %6 (W B ek
J 434, BRI A R R B AR, SR T
B AR AR 3EEANEE 4 K00k 0P iR BBk 192 A
AT ER TR, WS A R A FIE T ELISA #]
ik HREIE 5 GPC3 & 45 & B v b .

Anti-GPC3 scFv PHM IR E AT EMEE O
1ugmL 4K GPC3 & [, i BSA ik 37 CHt
I8 2 h, A 0.05% PBST & ¥ L brAEks F k45 & 1)
W B AR DA, USRI R AR FIE 37 CILIEE 2 h,
FHT M3 BRUIE B s BEBUAE N —H1, A HRP I E
PURPUAAE A —PT, TMB B )5 X% Kk TEFbr X b
I 5E ODaso nm A1 ODggo nm B, I 1HH IRHL “ OD s nm—
ODésorm” 1H o

Anti-GPC3 scFv HU#@fgRiLx I BURLH B
FIZ P pET-22b-His i ki fl pCantab-5E Wi B 1 i
¥z, F Nco | #1 Not | #E4T XU, 2tk [Fig, 16 Cit
Wi, #1413 E.coli Rosetta (DE3) 1, f£4 Amp
AR b 37 CHEFR, PRk BTN, BT S E.

H ) R BT 1) LR B AR Bl TP AR b 37 CiE R
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WAk, R H Bk T LB (100 pg-mL ™t Amp)
g SR, #5955 OD M 0.6~1.0, FLL 1: 100
F E A B b 25 R B R, B R B KR, I
AW 0.5 mmol-L Y IPTG, T 25 CiES %1k 20 h,
4°C. 8000 r'min * &5 .0» 15 min WS SRk 1) K B
WK, H 110 W16 K B AR binding buffer (20
mmol-L~* NaH,PO,-Na,HPO,, pH 7.4, 500 mmol -L*
NaCl, 5 mmol-L ' kM) #EE &, vk ERMAEEE 10
min. ML EWRE 1 mg-mL ™ i F g, K iR
FiHE 30 min. FEIMAAHRIARFAK) 5% triton-100 iz Al
FiHE 10 min, 5000 r-min 1 B0 30 min, ¥ 2 YRES O
FiERA, 0.22 um JE B UE 1 8 5 BRE F AR SR A
FEZEMralifh, FHASIRAR B AR e (204 50, 100.
250 1 500 mmol L") #EA7HREEVE M, U EE Ve M o
F 15% SDS-PAGE 73 #T & FE B ik, JFH Western
blot 46 iiF & 46 FE e BRE & (BABT His BRUIE e Bt
WR—ht, WA HRP P RBUAIE N = H0).

ELISA %%t anti-GPC3 scFv BISEM#] 46
% H 0.25~1024 nmol -L ™ ) 13 MK EEREEEHLiA, LA
Pt His BUE B BE G h —Bt, A HRP £ ST RLT
AR =P, TMB S0 fa XU KL T B AR E il e
OD 450 nm 1 ODggo nm 8, TH5LH “ODaso nm— ODeggonm”
{8, FIH Graphpad #4347 Ko (EitH5H .

Biacore ;EMIZE anti-GPC3 scFv 1 GPC3 [g]H
FEMAOEH Bl GPC3 EAM T T CM5 it
b, WEREREESUAR, Zm MAEAMIKT 2000, H HBS
EP (pH 7.4) NS CK B85 iR fl GPC3 & A
M R AN (] (R UR BE R E A R B BT A i 4 GPC3 1 11,
ML G K AR Ky, Rmmid it E45
FIP AT 2 Kp = KolKae

Anti-GPC3 scFv 5MEMMaRI4E & 8e 180N E
MY AR anti-GPC3 scFv 5 GPC3 [ AT
JEAIAE (HepG2 Fl Huh-7) A BTN (Bel-7402) 1)
Gis %, W8 0.25~1024 nmol -L 1 13 4> 1F7 scFv
WREEBLRE, 40 His BB SRS REPUAIE N —t, WH
FITC MIEHT BRPUIARATE A =4, AT B8 AE 704 Fr 02 g
PE. FIH Flow job BAFTHE H L5 o, H
Graphpad #4417 Ko fHiT5H . MWMIGiEH scFv 5
RAX GPC3 25 A e J1FIRE 1

Anti-GPC3 scFv 5 GPC3 ERLZ & S8 7
F|F Molecular operating environment (MOE.2014) %k
{71 SWISS-MODEL #4443 5%t 1F7 scFv #1 GPC3
RE#ATEEIET ZDOCK Bk AT 0, B
MOE 34T 73 W 3k 3 1F7 scRv 25 A bt R A7 .

&R
1 anti-GPC3 scFv BfiEF4& E

I 4% CURP RS S, TRE R
T R AN (R 1), 155 450 MPiR b HkE
176 N ERET 96 FLAR R TR R RIE S A anti-
GPC3 scFv B A (1 Wi B 442, ) H ELISA #E4T FH M 51 5
BERIWIDTRE . il 1 /53] 47 /4> OD fE7E 1.0 LAk
BIBEPE ST B, FEHEAT I A, BRI IR ik T
4N E LT H 435 dr 4 8 1F7, 1D7. 1D4 il 1B10.
L IMGT HUR MRS 4 Bl scFv 7515 4 NI
L FLAR I R PRV 5 96.5%~98.2%, JE313 T 4 Fib
B4 scFv 741,

Table 1 Four rounds screen for anti-GPC3 scFv. Input and
output are tested through dilution titer method. In addition,
enrichment is the quotient of n and n-1 round of recovery rate.
Single chain antibodies were effectively enriched

Round Input Output Recovery rate/% Enrichment
Ipfu Ipfu (output/input) (rateq /ratep-1y)
1 14x10°  3.1x10* 2.2x10°° -
2 56x10° 85x10° 15x10°® 6.8
3 96x10”  6.8x10° 7.0x1077 46.7
4 83x10%  47x10° 5.6x10°° 8.0
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Figure 1 The identification of positive clones. The figure is
the summary of absorption data on 47 positive phage clones

2 Anti-GPC3 scFv Byt i fngk ik

M scFv 7 I EE VIR schv IZE A, & 2A
Hh scPv K25 K v BOR /N2 09 750 bp, 571 Hiskr%:
MR ER:, W vEARR (K 2B), #HEIKE
i E. coli Rosetta HilfT#RiE, HRA ™ &E1[IAF
10 mg-L™!, SDS-PAGE 75 4 Fhkgg (¥ schv Halif
Bm, KaEN, L FREZ0h 28 kDa, 54 T
(K 2C). Western blot &7~ [ K4 F R &= IEW, [
W JCEE R (K 2D).
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3 Anti-GPC3 scFv #$#i%

5% R 7 A R T M A S ) R 4 i A B L)
Rz —, WS ELISA %%t 4 # anti-GPC3 scFv
BEAT T MG, FIFH Graphpad 5 it45)E, WK 3,
1F7. 1D7. 1D4 1 1B10 4 Ff anti-GPC3 scFv [ Kp
1873 T ik #) 9.2, 226.7. 115.8 1 25.7 nmol -L %, 3
W AF7 scRv 1SR AT B
4  Anti-GPC3 scFv B F1 715N E

ELISA i K BE0% XF schv 1136 f A1 AT W15 M 5
N T 3REL scRv AETFISIE AT 1 H 8, SR SPR HARR
schv (SR A kAT 7 illE, 4R Bor (Bl 4), K 1F7

1.59

)

= 1B10 scFv Kp = 25.7 nmol-L"*
1F7 scFv Kp = 9.2 nmol-L"*

* 1D7 scFv Kp = 226.7 nmol-L!

* 1D4 scFv K = 115.8 nmol-L"!

0.5

Protein binding (ODysg o

Concentration / nmol-L~*
Figure 3 Preliminary detection of affinity of four anti-GPC3
scFv with ELISA method. This method used commercial
human full length GPC3 protein
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Figure 2 The construction and expression of anti-GPC3 scFv.

(A) Electrophoresis map of anti-GPC3 scFv phage plasmid.

i) Kp fl e, Ak %] 4,037 nmol-L™Y, 1 1D7. 1D4
A1 1B10 3 Ff anti-GPC3 scFv (1) Kp {843 7 4 208,231
#1110.97 nmol -L %,
5 Anti-GPC3 scFv ¥t HCC ZHfiLE & REN

K 2 Bk ik GPC3 ) HCC 41 ffil fl A % & GPC3
HIBA T4 otk Bel-7402 il Bk ik x) HCC 4H
MIEI4E &R 1. R WK 5A BoR, 64, 128, 256 fll
512 nmol-L™* 1F7 scFv X} Huh-7 ({45 & R a] 43 5k
F| 31.9%. 42.7%. 67.7% 1 78.8%, X HepG2 HI45 &
K] 43 53 5] 40.5%. 54.6%. 77.9% Fll 87.4%, {H 512
nmol-L ™ 1F7 scFv %} BEL-7402 [ 45 & £ AV N 6.14%,
1F7 scFv R ILH R 4F 8 m i . thsh, FIH Graphpad
55, 1F7 scRv Xt GPC3 [H 41 il Huh-7 A1 HepG2
KR AR GPC3E 1 Kp 7354 39.8 #1 10.2 nmol - L ™
(K 5B). % L frik, 1F7 scPv & — e 4 ik . =
SR 7R ) GPC3 25 [ Y B BT
6 Anti-GPC3 scFv 5 GPC3 &R LA i S By

B AW B HE AN GPC3 5 1F7 scRv #E47
[FEAR A o> 042, 4 GPC3 5 1F7 scFv X
B = 4R (8 6), MERS _ETINTR PR R 45 &
PRt (R 2), v &k 0 E M 52 50 25 5 B R A

pET-22b

6168 bp

25—

20— ’
(B) The

schematic map of anti-GPC3 scFv with His tag recombinant plasmid. (C) and (D) SDS-PAGE and Western blot analysis of four
different anti-GPC3 scFv expressed by E. coli Rosetta. Lane 1: 1D7 scFv; Lane 2: 1D4 scFv; Lane 3: 1F7 scFv; Lane 4: 1B10 scFv.

GPC3: Glypican-3; scFv: Single-chain variable fragment
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Figure 4 Affinity and binding capacity analysis. Affinity of anti-GPC3 scFv for binding to commercia human full length GPC3
protein was measured by SPR.  Experimental results for the real-time binding of GPC3 to immobilized anti-GPC3 scFv showed that the
association rate increased with increasing concentrations of the GPC3 protein
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Figure 5 Affinity and binding capacity analysis. (A) FACS analysis of cell based on different concentration of 1F7 scFv binding on
HepG2 (GPC3), Huh-7 (GPC3") and Bel-7402 (GPC3") cells.  (B) Detection of affinity of 1F7 scFv for nature GPC3 protein with flow

cytometry



+ 1882 -

242424 Acta Pharmaceutica Sinica 2017, 52 (12): 1877 —1883

Table2 Prediction on interactions between GPC3 and 1F7 scFv by ZDOCK

Number Type Antigen Pos Residue scFv Pos Residue
1 HB GPC3 386 GLUA417.0E2 VL (CDRY) 25 SER25.0G
2 HB GPC3 366 SER397.0G VL (CDRY) 31 TYR34.0H
3 HB GPC3 60 GLN91.0 VH (CDR3) 98 LY S98.NZ
4 HB GPC3 64 SER95.0G VL (CDR3) 93 LY S93.NZ
5 HB GPC3 63 GLN94.0E1 VH (CDR2) 60 TYRG60.N
6 HB GPC3 61 LEU92.CB VL (CDR3) 92 PHE92.CZ
7 HB GPC3 378 ILE409.CB VL (CDR3) 92 PHE92.CZ
8 HB GPC3 62 LEU92.CB VH (CDR3) 102 PHE102.CZ
9 HB GPC3 65 GLU96.0E1 VH (CDR3) 99 ARG99.NH1

Figure 6 The prediction of interaction site between GPC3 and
1F7 scFv.  (A) Complex of GPC3 and 1F7 scFv binding pre-
dicted by ZDOCK server. (B) Residues interaction in GPC3
and 1F7 scFv binding sites

g

H A k&8 7] GPC3 414 GC33. hGC33.
YP7 F1 NH3. GC33 f1 hGC33 Witk NIl IK 113, F
FYEIT W BT 2 M BT 9, Y P7 R0 NH3 U 4L 11 B B F
Flth 1920 GC33 3 it i T PR R 40 i 2 1 A
F (ADCC), nI#lifil HCC M 40 P e 48 iR T~ 14
K, hGC33 & N GC33, F O M T T
J7, 1H hGC33 £ 11 Il RIS o I 3% R I B3
e RT3, YPT A NH3 W2 25 E NIH BF &
() 2 FhAS [E] S Y () #E ) GPC3 ¥ v BEFi A . YPT iR
AAL 5 hGC33 Ha&, #ifgiHnl GPC3 1) C- Rt
JEP, NH3 A 4 AR ) B B T A X Hi4E (heavy
chain available antibody, V yH), 7] 45 40| fif 83 4
3P4 2, M T GC33. hGC33 1 YP7, Hikf
Pifk (scFv) o T s/, SRR, A RiFm
LB IERE S, W5k N SR A B oA b R A
SRR YR, VG IR 4 B (BRI S R AR,
W, BIEERD. Ah, Helh sk <@k 4
VIR R S BE AR TR, FL AT (0 P9 Ak RE 77 8 S 4 Hh A
e NI A R AT 2. H ETEN X GPC3 scFv (1)
ADC S RETRAYBA HANERITRE, Bl
1BIT 23K B T fig e HCC YR T ME

HEEHUARAE A SET | WBEWHISMER
B B G 1 % 4 i PR OS2 A SR BB 8 A T
I PR FE, wioR A R gl R I B 45 A
RE ) A& PR B A4 i 5 B ) T e Y il ELISA K& SPR
AR B & X PR AN T e s R, AR
7R 1F7 scRv [ISERN ) il I8 B 94 B8 /R 9%, %X 1B10.
1D4 Fil 1D7 scFv [fsE 1 )2t 10~100 fi . 7E4H
M4t & s, 1F7 schv R B H X GPC3 BH 4 i e 41
MR T R AR GPC3 & A KA RIF A GRS, (HX)
GPC3 ] b Jea 40 U Ak G 45 & e 7, & LA s R W1,
1F7 scRv X 1l 85 8 41 GPC3 & [ fll K AR GPC3 B [ 14
KU R Mg SRS, R&ERN “4Y
S B

AT 30 I W R A A B 4 A R seFv )
o, s 5K 1F7 scFv NEEAEE anti-GPC3 scFv,
% anti-GPC3 scFv W[ /E 5 R P&, N F—2 1%
RS IE N MR 52 R 2 W B8 R il . 1F7 scFv BB
AN H HCC g 5E, S i) i 14 58 1 A S AL il
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