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Expression and characterization of a bispecific antibody
targeting TNF-a and ED-B containing fibronectin

Xueping Hu'?, Mian Xie'?, Lujun Li'?, Sijing Jiangl’z, and Mengyuan Liu"?

1 Center for Infection and Immunity Research, College of Life Sciences, Hubei University, Wuhan 430062, Hubei, China
2 Hubei Collaborative Innovation Center for Green Transformation of Bioresources, Wuhan 430062, Hubei, China

Abstract:
a bispecific antibody BsDb that targets TNF-a and ED-B-containing fibronectin (B-FN) by covalently linking TNF-scFv
and the anti-ED-B scFv L19 at the gene level via a flexible peptide linker deriving from human serum albumin. BsDb was

To enhance the specificity of anti-TNF-a single chain Fv antibody (TNF-scFv) to inflamed site, we constructed

successfully secreted from Pichia pastoris as functional protein, identified by immunoblotting, and purified to homogeneity
with affinity chromatography. BsDb retained the immunoreactivity of its original antibodies TNF-scFv and L19, and
showed a marked gain in antigen-binding affinity and in TNF-a-neutralizing ability, when compared to TNF-scFv and L19
that were produced in Escherichia coli. In the adjuvant-induced arthritis (AIA) mice model, BsDb showed selective
accumulation and retention in the inflamed paws but rapid clearance from blood, resulting in high arthritic paw to blood
ratios. These data indicate that BsDb is endowed with high specificity to inflamed site and low toxicity to normal tissues
and holds great potential for in vivo application for the targeted therapy of RA and other chronic inflammatory diseases.

Keywords: bispecific antibody, tumor necrosis factor o, fibronectin, extra domain B, rheumatoid arthritis
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Bt TNF-a A=Wl py 24k, X RA R HAh B
B in T AR U . AR R 2
iz A R ROk AN [ B AR A, R
bﬂb)ﬁ%%i\_ﬁ‘@iﬂf FTHHL, Kz
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FEFF SRIE B RIET RA A0S RE T A 43 HoAd
F 5 G 1 R 4L gl P U L19 ml A i
IL-10 1 TNFR II BEIEFEMEFR R T/ 2 i O
T, X/ INEIEAY R YT R v T A TL-10
5 TNFR T L19 7E I PR Bk T RA 5%
REEBWS, X BRI, B-FN 28 G YT
RA FIH A 7 S Sy i I R4
AT T HT TNF-o FYPAEERTIA (TNF-scFv)
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H T H R AE A SRR, R
ER, Fl—Bak B NWEE T (HSA) %3 IKTE
K OF B & HT TNF-a 9 B0 8 BT 1K
(TNF-scFv) FI¥it ED-B AYEAEEFIIA L19, Hyg:
THi TNF-o/5it ED-B {9 XU4F S H1K BsDb, HH
MR L19 Fr R PE4s A B-FN AO1E K
TNF-scFv #a] 5 A RA m% HAth B B S5 1 R
E AU, ) g — R R B A iR T
o FATLI T BsDb 78 LR AR EERE 43I0 3
ik, FEXTHAE Y IE AT T M

1 HREFE

1.1 R, EPkFIZERERK

BRI A& pMDI18T/TNF-scFv K Jii ki % 14
pMDI18T/L19 (EMBL Accession No. AJ006113)
AL I ORATF . KB Topl0 M H K
WAEARH (b)) AR E (Tiangen
Biotech), F T4+ sl BRI AORAF; SEaRBE
175 E4NIE Pichia pastoris GS115 (His4) Fl%%
AT B B TR AR pHBMO0SB | )b Kok
ARk 2E e T SR B I 5 /N BUSLET 2 A i
L929 Iy H EE ATCC, SLREMRA, TFEmTRE
=T oA 10%E 4 % (FBS, Hyclone)
RPMI-1640 ¥5553%E, F 37 'C. 5% CO, ¥ =469 -
1.2 iRF

N TNF-o lJ H Peprotech 2y H]; A B-FN Ity
Fl Speed Biosystem; FITC #7ic fHT2H & B bR 2%
(His tag) FRFEFEHIIAIN H Santa Cruz; FREITEN
VI . T4 DNA &4 . pfu DNA 22X
DNA a5 &8 B KiE £ A4 (TaKaRa);
Ni-NTA SEFUZMTEEEA H Pharmacia; 2k
% D I [ Fluka fb2220 Al o HEHTIA TNF-scFv,
L19. CD3-scFv ¥ KHAT B R i 4 25
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P20, IR ARSI BT, R
H His tag. BERTEEMAFIEH Sigma Ar]. B
/NERL (18+2) g, HfEtE, W AIdLA LR s bl
I FIRRAER W 2SSl DL TSR | A A DG SE
5 Sl (AR P 4 ] SRR A A A S5 3
WIS RRACM) (1988 4E 11 J1 14 H 2 54 17,

1.3 W F K BsDb A AMMEREL
LUk pMD18T/TNF-scFy % itk pMD18T/L19

NERHL, 43 5 3 TNF-scFv } L19 194w f% B o
PRSI 1 PR, WEEREARME 1
N fillE R PR IB AR pHBM905B/BsDb, %
LK IAFFTE Topl0, HEATHURLAYY 3 , $EBUTTR
HEAT IR AN, R 7 B A W A 3 3 AU 4 E
. =4k pHBM905B/BsDb fi] Sal [ itk
Ak, LB BRI P. pastoris GS115 (His4),
AT e B AR 0 s SR A b AT
e, PHYESERESE— R BN SE N 4] DNA, Jf
2 PCR AT YEE (5149 P1 Al P4), k4 1~3E
R B s 450400 . 95 CHIAEME S min; 95 C
M 1 min, 55 ‘CiBk 1 min, 72 ‘CZEfH 1min,
MEER 30 Y5 72 ‘CHEAH 5 min.

1.4 BsDb IRIESLE

ek S BHPE AL 7, $BEFh 25 mL
BMGY ;7% (100 mmol/L #fg — & #f ,
pH 6.0, 1% BEEREEU, 2% EAN, 4x10°%
WIV) 1%, 1% (VIV) T, 30 CHEshREFR
2 Asoo N 6-8, 3 000xg #.L> 10 min YL,
HET 250 mL BMMY £ # 3 (BMGY 573
H 0.5% I BERAUTH ), dkZiiE SR 120 h,
B 12 h I AZHR B R 0.5% Y B R i 2 1 1 5
ik, 5 000xg B0, WOAE AN ML R R L,
SDS-PAGE (12%) il 251500 KrEme b
FEHEFN R E 0.45 pm f§EREFYERE (3¢ Pall



AEF F/R TNF-o/iii ED-B WS RRAERBHNS W RESEL ST

Gelman), BUH 5, T 5% B8 24F U5 1xPBS
SEPP (pH 7.4) 4 CEMA K, 1xPBS BEIE
3K, FHR 3 min; BRI T HRP brichidd
FARRARERIAHT (1. 1 000 Fike) A9 1xPBS 2%
Wi (pH 7.4) 1, 37 ‘CH¥H 2 h, 1xPBS YLK
3 ¥, BEK 3 min; HIA DAB & AF], #7865
PIARRIFEE, ARKuPYE, Kb,

1.5 BsDb #i{Lil&

6] 250 mL [ ik FiE A 2218 A S AR
) 100% M A B ER %L (pH 7.0), & F 4 Cik,
gigsh, UMRER T UE, T 4 C.
10 000xg #5.L> 30 min WA UTIEE 1 B AT
20 mL 1xPBS 1, R ABH4E, ET 1 000 mL
2w (20 mmol/L Tris-HCl (pH 8.0) ,
150 mmol/L NaCl) #, 4 CHiFEENT 24 h,
B% 6 h B — BN, e LBREAT
TR B P LA A T . B, 8K 11 o ol [ Ak
() NI SE R 2Tt IMAC). iR iENT G 1 4E
FIVETR FAE T 2850 10 A5 AR AR i) 2 A 22 i -1
Wi NI ERZMAE, W 0.5 mL/min; FA¥
J&, FZw (20 mmol/L Tris-HCI (pH 8.0),

x 1 ATHREIEFHE BsDb #5]4)

500 mmol/L NaCl, 20 mmol/L BKME) yEik 5
28, W N 1 mL/min, Fo0EBRIESEEEN
BT RS M (20 mmol/L Tris-HCl
(pH 8.0), 150 mmol/L NaCl, 500 mmol/L Fﬁlﬁ”%) ViR
B, Wy 1 mL/min, WBEHE AR, #17
SDS-PAGE ¥, 3 100 f5AFf 1xPBS 2%
M (pH 7.4) #17iENT 12 h, B 4 h Bi—K
G, TR SRR AR PP e S A TCHLES o
BTG AR 14 000xg 5.0 20 min, 0.22 pm
TR L UE DA BR A B UTTE R Y
A%y, Bradford 'E i, BT,
1.6 #1JR454E ELISA

100 ng/fL TNF-o M 100 ng/fL B-FN 4351 £1
#F 96 fL ELISA iz, %{LF 100 uL 0.1 mol/L
IR IR R 22 " (pH 9.6) 1, 4 ‘Cid#% . PBST
e 2 Y, FH 100 pL & 5% (W/V) BYBEAS 415
) 1xPBS ZE Kk (pH 7.4) 37 “CEHA] 2 h, PBST
Yet 3 Wk, FREALFIA 100 pL AS[EWEE R
BsDb ol xf FEHiIR (G0 AR IR AY TNF-scFv .
L19 J2 CD3-scFv), fMHiiAukEfy s 24, &
ELISA # T 37 Ci4f ' HEF 1.5 h. PBST ¥tk

Table 1 Primers used for the construction of expression vector of BsDb

Primers

Sequences (5'-3")

P1 Sense: TTCCGGTCCGCAGATCCAGCTGGTTCAGTCC

P2 Anti-sense: GTTTCATCCACTTCCAGCGC
Sense: GCGCTGGAAGTGGATGAAACCTATGTGCCGAAAGAATTTAACGCGGAAACCTTTACCTTTC
ATGCGGATATTGAAATTGTGTTGACGCAGTC

P4 Anti-sense: GGCGCGGCCGCTTAATGATGATGATGATGATGACCCTGGTCACCGTCTCGAGT

Note: Cpo I and a Not [ restriction sites (In italics) were introduced to the P1 and P4, respectively, for cloning purpose. The

P3

sequence encoding the HSA linker that comprises amino residues 490-513 of HSA was added to 5’ terminal of P3 (In
shadow). Primers P2 and P3 have a complementary region of 20 base pairs (Underlined), insuring to perform the
overlapping PCR and to covalently link the gene fragments encoding TNF-scFv, HSA linker and L19. A 6 x histidine (His
tag) (In bold) coding sequence and a stop codon (In shadow) were introduced into primer P4, giving a translation stop and
insuring identification and affinitive purification of BsDb. P1 and P2 is for the amplification of gene encoding TNF-scFv,
and P3 and P4 for the amplification of HSA linker-L19 fusion gene.
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3, TFAESLHmA 100 uL HRP 51 B9FT His
tag FRPL (1 : 1000 #ike), # ELISA #T 37 C
IR E 1 ho PBST ¥eb 3 Wk, T4l
A 100 pL B 7% (1 mmol/L OPD,0.016% (V/V)
H,0,), 37 CHEEHEE 10 min, FEHR{GEEUE AL
490 nm A (1) WS AE

1.7 #0%#) TNF-o BORBRE1ER

EDTA b B K52 0 1929 4Hff, H
RPMI-1640 (10% FBS) % 3% It 8 %% ¥k i
2.5x10°4~/mL, 100 pL/ALIIA 96 FLANMIE:F:T
Hr, 37°C. 5% CO KiFrid . 73— 96 £
TR, T4 3 FLEIEE 12 FLINA 100 uL RPMI-1640
(2% FBS) }i % BA% LA B 1 BURR S+ 47014 BsDb.,
[EIREH i Ab R TNF-scFv & CD3-scFv, %ff
U BERERE M 3 &AL, TIAAIFL 1 FIfL 2 i
A 100 pL f35FR5E; 755 2 L3 12 fLANA 100 puL
RPMI-1640 (2% FBS) 1557 5LM B TNF-a, 2
ZMRIEH 1 ng/mL, FIARMFL 1 HIA 100 uL 1)
Bk, B 37 CIRAETPIE 2 ho Fed2H 13
BT R IRM, 50 2 BRI E Y
% 100 pL 256 1 s tny Al fLh, 5%
LM E E D ZELWE R 1 pg/mL,37 C |
5% CO, }i 9% 24 he THREALPIA 10 uL ¥E R
5 mg/mL ] MTT %, 37 'C . 5% CO, #5%% 3 h,
FrpikE gL, PBS VEAR 3 K, MK 2 min, T4
fLHINA 50 uL DMSO, #EshREFM, {6 40
S5 el AT AR, BEARBE ALY 570 nm I
WAE (Aso), R AR EMPAXT TNF-o
AR P2 (%)

THIZ (%)=[[Asr0, M—As70, T1/[As70, N—As0, T]]
100%.

HA As70, v BITA TNF-o FIHTIAR) 3 &1L
SRR s Asro, oM BT TNF-a 1) 3 &L
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WIRAE s Aszo, N ABEEAIIT TNF-a A IHTIA
) 3 2 LI 2 M

J T HIESE BsDb fE45 4 B-FN (U450 F, 1)
SRAENS A TNF-a A RN, XF iR SL s 7
TR BITE 96 FLANMERE SRR E etk 1 g/l
f) B-FN, 1xPBS Vi J5 F AL M AA I EE Y
BsDb, 25 CH¢# 2h, JH 1xPBS ¥tk 3 1k, 74
EBRAREE A BsDb, AR5 FHEALH A 100 pL
MR, FEIIAZKEE A 1 ng/mL ) TNF-o
ZHRFER 1 pg/mL WA R D, 37 C. 5% CO,
Bid% 24 ho JREEMRIMER 0T 5 Bk

1.8 /NMREFIBIXTR (AIA) BIEL

FE BN R F 45 0.1 mL f#3 [Q 58
AR (A REWE R S mg/mL), T/
W5 R BE R T & VRS 0.1 mL 3l [G 52 7] AIA
R — I ARG 4 d, R 2
PG ST LLI, — 3T R BN AT,
P — A R SR ST W B K AT . /NG
SR 1 7 B AR P 3 o X A N B S TGRE 43 9
APEATIES, T RN . 0=1E% ;5 1=41; 2=
LTIk 5 3=PH Ak 5 4= & AR (R
FAARE . A RN RS AR N 8 4.

1.9 JUFFEHIE BsDb EMZ DT

40 2 ATA /NERBEALSY AL 8 2304 . T4
HUN R # KR B 100 pg FITC 71 A9 BsDb (%
F 50 uL 1xPBS), 435 THFA]& 10 min. 30 min.
lh, 4h, 8h, 12h, 24h, 48h %I 5 H AIA /)\
SRZEA T AR RE SR i I Ab S8 /N B o U /N BRI R
iE JNTF-FIIE & T, FREE, PR AR A T,
WFEE AR S B Fr L A 8N A 15 mL (IR,
R 5K E, #% 1 mL 1xPBS/200 mg HEUH L
il B2, 7843018 ~) , FH Biospec Tissue-Tearor
(Biospec Inc, USA) #175J3, T 4 'C. 1 000xg
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#5015 min, WA B, ¥ EEFRA 1.5 mL 9
Eppendorf 4, 15 000xg &> 15 min, 2%
JEEEE (5 RF-5301PC) 22 448 (1 2 Y6 MH
FE X BRI S A A A bR v i 2631 55 4% 819 BsDb
AR, E— DT 5 e 2 2 A8 0 T A
® (% ID/g).

FEULIE 1, F 4 TR 227 4 7 | 45 2R 3R B BsDb
¥ A IE 6 B4l A R BRI, FiB A dE—
SHEAVEEREAI MY P. pastoris GS115 (His4), %51k
38 2 BRPE G E , PR ECEE K 40 DNA #£17 PCR
Y, WiE pHBMO905SB/BsDb A E i sh# 4
F W REAN M SE R 4, R E RiRm G & O
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1) F 2 o B TR AR A I . HSA JE 4R IR FRAT
M HSA Hhig e i) — BB = BE R YRR 24 Bk,

HHz: HSA M1la S5H 12 5E 6 ATITb 4545k
IRE 1. RATE LUFIE HAS 1G£8 X 1Y)
A, BEMSEPIANEERY scFy AT ST B AR
WA, DUA RO EE &4 B i, e 1

7N, BsDb BEPH( Tl bF H AL (AOX I)
Cpol

1.10 HiEkhe
IR R X + s Fon, FRE ttest 43HT
gH A 2 SEME, DL P<0.05 FoR B RN

2 &R

2.1 BsDb RIXHAFEHWE, REREE
BsDb #ik /A pHBM905B/BsDb (114 At i

BamH 1

Hind Il1

pMD-18T/L19 3'AOX |

Sal 1

p1 | PCR(PLP2)

—

l PCR (P3, P4)

<~ P4

Cpo I /Not 1 Cpo 1 /Not 1
LCp P

Y
Anti-TNF  HSA Anti-ED-B

|5’AOX>| S| vi | vo I vL | VH

Sal |

1 WHEFIE BsDb RIEH AN ERERF

Fig. 1 The construction scheme of the expression vector of BsDb. The gene encoding TNF-scFv and L19 were
obtained by PCR using plasmid vector pMD18T/TNF-scFv and pMD18T/L19 as templates, P1 and P2 for TNF-scFv,
and P3 and P4 for HSA linker-L19 fusion gene, respectively. The gene encoding BsDb was amplified by an
overlapped PCR using a mixture of the above two PCR products as templates, with P1 and P4 as primers. The gene
encoding BsDb was then cloned into pHBM905B via Cpo I /Not I sites, at the downstream of a-factor signal peptide,
resulting in pHBM905B/BsDb and allowing the protein to be successfully secreted into the culture medium.
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B TFERZT, JFS0WEEN oHNTEY
JIR R T AL T W) — Bel 2 HE Y, X AR E S R
76 W 09175 5 T BE 6% 20 06 30 40 Jf %5 R kb
BsDb ] HH 5 A [a] I [ 7E 55 574 EIE 3R
REOLULIE 2, ATLLE 1 BsDb ikt 515 0
[ S TEARDG, RMRINETE 120 h, K25
MRS PIEE AR 30%, HaFaEKRARh
56 kDa, SIS K/N—E(, Western blotting #—
HUE R 56 kDa ST HINER (K 2).
Rl 2 A [ E AR NEETSEFZEHT (IMAC)
— A alifb ik F] 95% LA FI4iE (B 2), M IL
ORGSR B AT LR R R4S 1820 mg Y H 1Y
EA, WEAE 2 mg/mL LI,

2.2 BsDb SHERERRME

FEl4#% ELISA 434 T BsDb 5 Hpi 5%
FER N, WE 3 iR, BsDb SHFEABIA
TNF-scFv } L19 —#f, et a4
TNF-o F1 B-FN, i %} B i 1A CD-scFv X} P Fifi

A 1 2 3 4 5 M kDa
— 100
— 80
— 60
— 50

— 40

2 WAFHRPUE BsDb HIRIE. £EES4ML

JEER A S5 A o W] BsDb R 83 T X Wi Fp it
J P B gss Sy 1, T Bt D0 B HS A 2 422 R 10 3
Wi 32 I B R TNF-scEv F1 L19 (14 #1247
PE, #E—IFSE T HSA 32 IKAE % 78 0 (R UEAH
Y scFv M Yr @ IF A RO A & % AP, &
IR MAERFELE T, BsDb X TNF-a & B-FN
5515 5 AP 2 o T H ORI A T A Tl A 5
P45 19 36 AR BT TNF-scFv Fil L19, 13 B i it
W RE 23 3655, BsDb X BB AY 5 A A T E
— R
2.3 BsDb #l#] TNF-a 894 I2{ER

TNF-o %f/NRBCEF 4N B g detk, I8
115347 1 BsDb %) TNF-a ZHIEE AR dn
& 4 ffi7s, BsDb 5 TNF-scFv —Ff, REMSA RGN
il TNF-o 355 1929 40T #1325 BsDb
J TNF-scFv I IEADG, #14i 1 ng/mL TNF-a
FIZRIEEER , BsDb S0%Mifil MR (1C50) K24
9 4 nmol/L, 100%HilH¥ S 64 nmol/L.

B kba M I Ckba M I

17 100
80— =

) S .-
50—

43— 40— -

34— 30— -

264

| 20— 88
19—

Fig. 2 Expression, identification and purification of BsDb. (A) SDS-PAGE analysis of the expression of BsDb. The
arrows indicating the expected BsDb. 1-5: corresponding to the induction time of 0 h, 24 h, 48 h, 96 h and 120 h; M: the
molecular mass standards (kDa). (B) Identification of BsDb by Western blotting. M: prestained molecular mass standards
(kDa); 1: BsDb. (C) SDS-PAGE showing the results of purification. M: molecular mass standards (kDa); 1: BsDb.
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Fig. 3 Antigen-binding ELISA of BsDb. (A) TNF-a-binding ELISA, data are expressed as X+S (n=5). *P<0.05
versus TNF-scFv. (B) B-FN-binding ELISA, data are expressed as X+sS (n=5). ¥P<0.05 versus L19.

A 00 L —8— TNF-scFv
- @ - BsDb
- _
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S
= 60
S
;’g
240+
E
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0 TAh-A-A--A _, A _, A A
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Fig. 4 Inhibition of TNF-a action. (A) Inhibition of TNF-a cytotoxicity by different concentration of BsDb and
TNF-scFv. (B) BsDb bound to B-FN able to inhibit TNF-o cytotoxicity. Mean values from three independent

experiments are shown by the line.

7T TR AR T ) S AR BT AR TNF-scFv 50%3101 il
B (IC50) KK 16 nmol/L, 100%1 il ¥ B
256 nmol/L,i5¢ ] BsDb 5 TNF-scFv #H kt X}
TNF-a By FIEE WA KiRde T, 7EA At
T, BsDb R RS & RAELH L (%) B-FN,
[ B IR EE Al TNF-a, A 68 & #E MG 7 19
YER. A TR N X FMEIE, RATHELE 96

FLEG M 1% B-FN, $RJ55 BsDb /EM, ¥k
BAREEG 1 BsDb, 7EXFMELL T, HA R 54k
B-FN i BsDb A g r B 18 55 3¢ tle b I 30 il
TNF-o WUZHfIsEME. 251 380], Riffi BsDb 45
B-FN 54, {75 HEF FIl TNF-o0 B4 40 251  HHL I
U5 KBS A9 B-FN 5 BsDb — &2 7 &5 LA
il BsDb S5 ok iy B-FN 454, WIAREW2E
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Fig. 5 Uptake kinetics of BsDb in blood, arthritic
paws, and normal paws of mice after intravenous

injection. Data are expressed as X+S (n=5).
** P<(.01 versus normal paw.
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Fig. 6 Ratios of the % ID/g of BsDb in arthritic paws
to the % ID/g in blood at different time points after
injection. Data are expressed as mean value from five
mice at each time point.
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