SRR // R DU - - S ERE SMERERGERRSHENHARHE
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2019, 35(7): 1174-1183
DOI: 10.13345/j.cjb.190040 ©2019 Chin J Biotech, All rights reserved

nER K -

XU S I DU E DLW 55 75 T BRI BF 5 2

BRES BH® BEW® BRAS

1 LIRS Amkleeabe, LI 200234
2 HERFT R AW TR, i 200237
3 bl RaE 252¢BE, L 200240

BOUR, REBE, B, S SURRSIEPUATE DU EE 5 T RO STIE . A T AR AR, 2019, 35(7): 1174-1183.

Zhai GX, LuL, LuHL, et a. Advances in research of bispecific antibodies for antivirus therapy. Chin J Biotech, 2019, 35(7):
1174-1183.

W B MAELARIRRARGRELRE, SAFFRIARE AL B 2 RH, WHFFHAIREG R LSRN ER
Fl69 4R kAL, RGP EABBFOHSE., REFHRARCE 2R TFRESHF WL EEHK. Eaohe
S VA BT %ﬁ%,uﬁkﬁﬁ@%‘ﬁ%ﬁﬂuﬁ%wk FEmE LT RRE, R BRRIRERE SR
%7 7\ M R R AL, P 3t A UK TR RS T TR R AT T iR, AR AR RSN BUREST
%FW,ﬁﬂ%%&ﬁ&@ﬁﬁu%#ﬁhw%%%ﬁﬁﬁ%kAfkﬁé%n

KEIE: WK, FARBLTF, WHEFHRRIK, RBE, LELH

Advancesin resear ch of bispecific antibodiesfor antivirus
therapy

Guanxing Zhai', Lu Lu?, Huili Lu®, and Daijie Chen®

1 College of Life Sciences, Shanghai Normal University, Shanghai 200234, China

2 School of Biological Engineering, East China University of Science and Technology, Shanghai 200237, China

3 School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: With the rapid development of antibody genetic engineering, bispecific antibody technology has been advanced.
They are capable of binding two or more different epitopes simultaneously, thus offering specific advantages over natural
monoclonal antibodies in immunotherapy. Bispecific antibodies have been successfully used in cancer therapy (e.g. melanoma,
Hodgkin's lymphoma, liver cancer, and stomach cancer) and inflammation therapy (e.g. rheumatoid arthritis, psoriasis and
Crohn’s disease), but are still in their early stage for viral immunotherapy. In this study, we reviewed the research progress of
bispecific antibodies for immunotherapy of virus infections, especially those with good effects in vivo and in vitro, to provide
references for the research and development of bispecific antibodies for antivirus treatment.
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1 —&£ERM 106 BENHFRMEMARITAR A: EEFENMNTEAEXMIEXNR 19G6; B: FNEHR
Kappa-lambda 32 #& 2 ALK kh-body 19G; C: BB HINLEH Knobs-into-holes (KIH) HJ 1gG; D: CH1 5
CL #{TE# AL CrossMab (CH1-CL) 19gG; E: CHUCL #TIEX E4MREIRITHFEIREBCH AL Ortho-Fab 1gG;
F: BEAWAEXAE Dual variable domain 1gG (DVD-1gG); G: MEMAEE@MIBFLARZEER R Dual-affinity
re-targeting antibody (DART-1gG); H: B A[Z[X Single-chain variable fragment (ScFv) Bi&F 1gG Ak
ScFv-1gG; |+ M55 14 B g ik Bispecific SdAb; J: WEFRM T MRS BITE; K: BFEMAEERFER
f DART; L: DA R4E R RBEIF R MK TandAbP?)

Fig. 1 Schematic representation of some common bispecific antibody formats. (A) Asymmetric IgG with each arm engages a
different epitope. (B) Fuse two antibodies with light chains (one kappa and one lambda) to form xA-body IgG. (C)
Complementary mutations are made in the CH3 domain to form Knobs-into-holes (KIH) 1gG (D) Exchange CH1 and CL to
construct CrossMab (CH1-CL) IgG. (E) Cross-complementary mutation design of CH1/CL reduces mismatch formation of
Ortho-Fab IgG. (F) A dual-variable domain is fused to HC and LC to form Dual variable domain 1gG (DVD-IgG). (G)
Dual-affinity re-targeting technique to generate Dual-affinity re-targeting antibody (DART-Ig). (H) A single chain variable
fragment (ScFv) can be fused to HC to form scFv-IgG. (1) Bispeific single domain antibody. (J) Bi-specific T-cell engager
antibody. (K) Dual-affinity re-targeting antibody. (L) Bispecific tetravalent TandAb antibody'?-?2.
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Tablel In development of antiviral bispecific antibody

Virus Target Format Result Reference
1) Targeting 2 digtinct viral epitopes
Influenza ~ HA proteins Full-sized 1gG antibodies Retains the activity and stability of the two fusion [26]
fused viatheir C termini antibodies
Head of HA protein DART-1gG Retained activity and efficacy of origina antibodiesin [27]
mice and ferret models
HIV-1 Various neutrdizing Asymmetric IgG Retained binding activity of origind antibodies; [35]
epitopes on Env (CrossMAb) enhanced neutrdization of HIV-1 strains; better
pharmacokinetic parameters compared to origina
antibodies
Two subunits of Env scFv-Fe Preserved the binding specificities of origina [28]

antibodies; enhanced neutralization compared to
origina antibodies
Different epitopeson Asymmetric IgG1 molecule Enhanced therapeutic activity in infected humanized [29]

adjacent GPs with mice compared to origina antibodies and bispecific
1gG3 hinge domain antibody without 1gG3 hinge domain
HepetitisB  Different epitopeson DVD IgG Enhanced neutrdization activity and inhibition of [30]
surface antigen hepetitis B surface-antigen secretion compared to
origina antibodies
Dengue DIl and DIl of E protein  DVD with mutated Retained antigen binding activity of original [31]
Fc-domain antibodies; enhanced neutralization and protection in

mouse model; diminated ADE effect in vitro
DIl and DIl of surface DART-1gG with mutated Retained neutralizing activity and therapeutic capacity [32]

protein Fc-domain inmice as original antibodies; enhanced affinity for
isolated recombinant DENV surface protein
Ebola SUDV and EBOV GP  scFvsof EBOV antibody Exhibit neutralizing activity of original antibodies; [33]
fused to SUDV-IgG high degree post exposure protection of mice from
both viruses
Zika DIl and DIl of E protein  scFv of anti-DIll antibodies  Retained high in vitro and in vivo potencies; robustly [34]
fused to anti-DIl 1gG prevented viral escape
2) Targeting host and viral epitopes
HIV-1 Env and CD4 scFv of anti-Env antibodies  Exhibited exceptiond breadth and potency compared [24]
fused to anti-CD4 1gG to original antibodies; neutraization of strains resistant
to origina antibodies
CD4 and CD4induced  Anti-CD4i singledomain Enhanced neutralizing activity and potency compared [36]
epitope antibody fusedto CD4 1gG  tooriginal antibodies; neutraization of strains resistant
to origina antibodies
Various neutrdizing Asymmetric IgG Enhanced neutralizing activity compared to original [37]
epitopes on Env and (CrossMADb) antibodies; reduction of virusload in infected
CD4 or CCR5 humanized mice; provided complete protection when
administered prior to virus challenge
Ebola Receptor binding Steof DVD IgG Neutraized al known ebolaviruses and conferred [38]
GPand NPC1 postexposure protection againgt multiple ebolaviruses
in mice
3) Recruiting host cell machinery
Dengue Primate CR1 and DENV Thioester Cross-linked IgGs  Facilitated specific and rapid binding of DENV to [39]
GP human and monkey erythrocytes; clearance of DENV
viremiain cynomolgus macagues
Marburg Primate CR1 and Thioester Cross-linked IgGs  Facilitated specific and rapid binding of Marburg GP [40]
Marburg GP to monkey and human erythrocytes
CMV CD3and CMV Thioester Cross-linked IgGs  Redirected specific cytotoxicity to CMV infected cells [41]
HIV CD3and CD4induced  DART-IgG Mediated CD8+ T-cell clearance infected cdlls; [42]
Env reduction of latently infected CD4+ T cellsin vitro; in

vivo safety in ART-treated HIV-infected patients
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— I, EBV $55PE CAR-T 4 AEAL LB
AFE EB JWiEE (EBV) BRYHYANAEL, MAiBs 1k EBV
HISEM B AIEE AT Ak R (NHL) &P m
SREFXTIREENY CAR-T IH5EAZ, FoATT UK Al
KA E BT T ], FF AT AR R BTN BE XL
R SPEBUIAR 2 Y 40 SR

4 Y&

R &a

MURE S PEBT A B B & T8 IR v 7 i ) B
TERBD, WAL BE W S I6 7 7 T i Ak Tk
BB, OBURE S B & 72 A FBL I
R R, REAE y HBUR sE iRy T SR BEAIT TR AR 45
AN, AUCRES BT T A A 2y, L& A
FESBON IR, BEE AR TR . AT
PRSI, B ERAWIR B, CRERLF
b figp Rk S AL, 451 N A AT BACR FHBA B BT 4E 0 fig
YRR 43545 split-intein 58317 BAPTS (Bispecific
antibodies by protein trans-splicing) £ AR & B A]
SRR ST VR I e 4 15 DA 4
MURE S PERURAE BT 8 U A I 58 FR T o

ARSCERAR T I TR EE IR T B 25 B OSURE 5 14
AR A AR SRR G #e, Ay oA G iy it
FAGRME—ENSE, B2, TER AR
SLREBUAZ YA RE S8 2R AR T RCR BT,
XURE ST A4 BB 6% T 2 T 407 %) B T80 R s o [R) L
R, DTG SR BE O SR BEIR T RCR B S
P 55 HABBUR ST IR RS, KAl
R R TR ERNLZ
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