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T SURE SR S AN L B R A s oAb —
SEURE SRR SO A 5 Il PRS2 AR B AR, ] LA
I 410 a9 A e 15 5 18 % BCE O A P R 4E
5 LSl SR ANE AU S 25 P I BOSURE ST T L
Porr 2y el EE R PR ANM, 5 B s RIS Y I
AHEE AT DA IR R VS SURE BT IARTE IR YT
WA Z BN, TR IR T 4 Ay 4
FHE W IR A, FE 4 Blinatumomab L[] CD3 %
CD19fiff T 40 i 58 & MG YT B 4 A s 7, 53
Hh—LETE g a7 s R e 5 Sl s, sk
H KN T 1K (epidermal growth factor receptor,
EGFR) x4 Jfd [a] 58 Bt b f %% AL 5 (cellular
mesenchymal-epithelial transition factor, ¢cMET) XX
P, BELT I 20 e ) SR A AT 5 BR T EM
AR SUETE A B SR BRIR Y T AT SR ]
PO TL-17<TL-23 BT AT L TR) B 40 o] P e 12 2% i
T PV AEVRTT IR R B T R AURE S B AT LA S
BIRTEMAORSFRAL, B IR As Sk 2205 55
AMEASERE T @R A, e s
12 (glucose transporter 2, GLUT2) x4 71k
Tk E 4RI Prlii-4 (cytotoxic T lymphocyte antigen-
4, CTLA-4) W4T, SCEMRMIRIT ™. B 1A
YT PG BURE S pTA BE HT T B2 81, 4 Diabody
T EAT BN 23 o R R 5 Y 2H S 5F i g
BT 8 e S 1 L A o e nT B T2 W i
o T, OBURE SR BUARSE A T AL RRAT Fo i SURE R bt
IRFIAA Fe IRURE S hiig ), P 122 54 T Fe
AT UL e A 2 AR5 6 A ST A A A5 1
g0 My 8 Y A (antibody-dependent cell-mediated
cytotoxicity, ADCC) LKt A6 1 4 M 7 Wi
J  (antibody-dependent cellular  phagocytosis,
ADCP), 734k Fe il LAOE AMA, XU ek b
Fe 43 ot LA S AT DL 5 32 4RSS G 52 i AR 2
T RS FE B A R AR T S A
S, XA BT E AL L K i e 27k

1 FefEfEHhE)Thee

HEDSUE R SO T AR Z ARSI, B
By T Z AR A F 2 15 5 A 1gG HU iR Y Fe X 80k
GRS, — IR Fo i 1gG FEXURE ok
T3 — AT Fe AR 1gG FERURE A oo

PUR Fe 7R T BE CumfE X, 7E [ A2 B BT iR
iR RS, LRSI 5 AR S A R e
2 AWy~ g . Fe IX a1 -5 Ho 2 4 i

AR ATV R M 45 G AR RN . B AR SE
FLWGEAH . NK 4 A P 20 S 50 A i, X
BEY B I8 Fe 24Kk (FeR), MBI S5HUIRES & 4T
R Fo 25 R0, X ALl fil & T S g pLl, andy
W FVAH ML EEE . BN, TgG PR S B R A M b
Foy Z K54, 89 IR AR TS RR 1M NK 28 A H
FeyRIlla J3 8 ADCC RN , X 24t s 25 B A A A
B EVR ST B OGP s HUIARRY Fo XBZEHE 1380
PEGRIERAMA RS, SPUIRM) Fab Bt 5 I AR 1H
MIPTRRE R G5, PURR) Fe IXKBUR A SR,
MR SIMA RGP CLESYE G NN, B
B MAMAELE 2,

WAL R SR SRR AR W S
iE— At 1 Fe BO T RE . MR 1L 1Y 1gG 15t
SHEIE R FeyRUb 2R S5 G, DA T4 il Sesie s
X g WK OTE B ) A %% Bk R B (intravenous
immunoglobulin, IVIG) /Y7 H B e s /e
FHALH] =00 A2, A Bemish S 1gG He5m 1T
5 FeyRIlla 2 1AM 454, T K ADCC UV, X —
REPETE B0 8 40 1) B v BT T ik vh A5 3] T
FH B SR SEAR TRME B 2R i T Fe BoAH BLAE
FHAERG B85 SR S 7y T 1) sh A TR FE AL . 1gG
D297 J& B A PRSF RN BESAL A7 5, HE ik
e, ZIREE ARSI M N Hifg, A lIgGl il
IgG3 Bl NBERAL S0 454 FeyRI Fll FeyRIL, 9878
N297 43 52 Wi 470 44 X 2 11 i 0 o R0 b 4 80
gty s

Fe ik 1774 Bl S e sl 2 4h, i A Feditdk
MR HAE RN R GG R ZEE . HLORTHRFE
EWRK, XELRETEAN S84 L Fe Z K
(neonatal Fc receptor, FcRn) 45 HYFHEIRm L4,
Gl s FHIEAMEE )] o FeRn A 310 PO
IHLHIALAE 1gG AN 25 I AR S P b3 ok e e ]
PEAAINE, TERRTENIR T 5 FeRn 454, Bi/ETETD
P pH 2544 T FEIERA R 2 40w . BT HA Fe
PR B B R+ s (W1gG 43 F it & 150
ku) FEMRLHZUSEERE ), JUHIE XN TS i
M A a7 Fe 1y B 4% AT 48 X Jr Bt (single chain
fragment variable, scFv) 73l %y 25 ku 247 B
A EIF R H AR

TERURE ST AR T OB A Fo i Beifs 2R
P LR 6 % 18 . 2R PR R B 7 2 Fe i Bt
I Z ARG . RMARON S5 RN, LA K Fe
XPPUARTENR N AR B R AL U B 52 . 53 b
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KT, %: WEFRAEERIZTSNA 3

Fe Ji Bl 2 %2 XURe S DU R p 4L nalide ,  H Al
K JE () —BEHARXS Fe i Beafb 7o, Heaniseit
FrVE R 23 (e BELAE AT L 25 3 ety Fe 9 XURE
SR IRENIVE IR Y &

2 WFRIgGHENEF F M

W Fo Fr B i SURE SRR AR 41 PR 2% B2 55 Fe i XF
FRAE AT L 43 R 565 04 R A X F 11 TG AR BURE S 4t
T, XFRAGAE A Fe BOBURE S PR Ss & f—Fh o
SCRAERUN Y, FEA R T Fo 1Y 2548 A
[FIAS 25 P I (), DT 7 4k T A B 2l iot
TR, JIANPI AR R K AR Fo S P B e X =z ] w]
DIE i i S B A SRR 4548, [l Fe b 25
TR HE A B 1 2 RARIRAS, AR50 ADCC R4 Fl
A R AR I B 40 B 7 E (complement dependent
cytotoxicity, CDC). HiFMAPLiARn] A8 X% He 7F
] — Sk EAE B e hE, IR BT FR 2 BT B
ERe W OR (TR A RS S TANPSTTRAS - A IR VEE ST REN
IR RTEME . A FEXTFR 1gG BRSSP a0
KR .

21 WAIEXGEKES

XUR] AR X A 95 BRAE H $FR O DVD-Ig™ 3 1,
I Wu S5 B 2007 R A . 51558 1gG —
-, DVD-Ig™53+ H M 2% EHEFI AR . SR
i, 51gGAFAE, DVD-1g™sF i) E 5 fEs 5k
& A — NI AT AR 454 58 (variable domain,
VD), i HA R EYA (monoclonal antibody,
mAb) [ HEHEn[ 4 X (variable heavy chain, VH)
FNE25En] A8 X (variable light chain, VL) f4 N %
B, B, YEEEMREELSS AT, £
JH DVD-Ig™ A5 4 MR s . N2
oy N ¥ ] 28 X R VDI, fe N2 28 X Bl VD2
VD2 53T C ¥ CHI B #2551H 7% X (constant region
of light chain, CL). %77 il i BB T LURE 5
PEHAS A PR TR ECE W) — P PR RO . T
e T8 A PR AR g5 Ry Bk, Ay BT e AR S
1gG R 50 kuZefr, HATEA AR N F I WA bR
i), 7EEr= T2 L, CHO 413Kk DVD-Ig™Y
HHRIE IgGHUMA A, I HBuIARn] LI 3 pL
BRSPS B, X R —JE U DVD-Ig
oA R TR AE PR AR e sliAk . i
A 77 1) DVD-Ig™ 43131 TL-12 F1 TL-18 X 75 Fl 477 J5
WHASEEWEME, DVD-Ig™0 FEPURER FiE
ZIEH P — VDS G — D PUEX I — 1 VD45 &

F—MPURMIEE, PRI R/ NGEE I, RS
BRRYURR VD IEN SENZ, 4558/ MUY
VD 7E 2B SE T C ¥ CHI 8 CL,  HLUnE IL-12 #1
IL-18 B DVD-Ig™53¥H, HTIL-18 A VD 7E N ¥ ik
AT LARRAR VD X IL-12 (45 G e ) 2~5 1% . 8%
P B N i VD 1 C o VD B %542, W AP
W EST S AR IR R, B B R
BRI 24> VDS S BT s R A (R BH, (H 2 %
2 JEGAE I B (A P e M L K R B 5 )
AN

BF 58 M7 B 5 AR A 75 2% 44 (corona virus
discase 2019, COVID-19) &3 sl i Hefh 5 3
BT 9OMBTIAREE T 18 F DVD-Ig ™45 #4 i XU S
Pk, TS — 4 DVD-Ig™ 5 il 5 S1 W HE 454 fiE
JIBR NP [ 8 7 i g M I R 25 A e R B 2
(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) "Btk AT 545G RS, %A
SVEHUARRT LS 2 A 454 X3 (receptor binding
region, RBD) 454, JEBHIE 7 AN Rk R
AL fif 2. (human angiotensin-converting enzyme 2,
hACE2) 5 RBD W44 . %5 5T R IRUR: 4t
KA BT e IR YT NIRRT (ETE#E1E Y SARS-CoV-2
gt 24
2.2 IgGiE#iFab

i AN [E] 2 1gG %45 5 — PR Y Fab A LA
T O FRBURE S oA o He v B3I Fab # g BK 4 1
(FIT-Ig™) S5F5H) T 2017 AFRdliak ' Xl
FEABETT AL T — MO FRAY UMY 1gG A XURR 54
g3, HPZH Rk AT AR X VH/ARREE AT AR X VL X e
EWEE G, Hrh WA Fab i B Asg Uy B #E R
A, KA, W IR L . FIT-Ig™
VR FHBEEA R 3 20K PR ELA 1Y B
SEREDTIARRI TR, TEMGFL AP A0 HA ks
K-, I HAT DA bR v D7 i A Al Ak 28 45 BUIR
&, BT REMA. FIT-Ig™ 40 T RBLH R 47
MRZPERT . (RSMRUA N ZhEE, LLAGE TRl IT
KRR P38 . —A FIT-Ig™ 20 TR E e o) 45 3%
EAYSE], 5T T HT cMetxEGFR (4 FIT-Tg™#i i A
e/ 4 R (NCI-H292) i A=
[A-F (hepatocyte growth factor, HGF) 55
T B (protein kinase B, PKB/AKT) W2k 1Y
AE ST %O TR AL AKT 230 55 K 0 31 il 4
H, HPMER B (1C,) AT W IR K .
A, cMet<xEGFR FIT-Ig™ ] T 80% Y AKT
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i fk, 1 EGFR Al cMet B3 A9 2H A (L T 60%
() AKT B AL 7

g3 — Fh 1gG # # 53 — P K /9 Fab F8 4
REGULGENT™, #&— PR sE [ ] LIFE N sk,
C Ui i+ iE 4 ”*"\WM@E%‘&EWEIZ VH
FMEE X CHL, ZPuiA i A Fab 85 F0 2 5, IF
i T — 4 HeRE . EEE R B T PR, Aok
ERE . BT TR R85, REGULGENT™/Y
BETRIAE PO TR, NS A X FRBURE S e
P LR ERE PR BE AR IO NS . 7R A RS SR AAIG
pH A T BN AL LT i, REGULGENT™ %
hom R R REM . LR,
REGULGENT™/r+ B A KR Er:. R
B PR ILIREE R , REGULGENT ™BEMS [ i)
SEAWIRRPUIR, I EL 3 P AT I R B 5 5
J1. Mz, REGULGENT™ A FR AU ST
KT T H AR RS 1gG Y B AT, R
il LR R R ML T & A A e 2454 2
2.3 Fec b B BEscFvE Bis R a0 K Hifd

T3 A ELAT FHARURT FR 45 4 i B AR ] DAAE Fe I o
B¢ scFv 5 P 44 K Hi 4K (single-domain antibody,
VHH), #4836 H 2R - 22 S R 12k a2 7 o ) B
BEEhAR, scFv Ml VHH B RS, M RERS =4
WRES . RSPk sr . 8 AR R Fe BCXT
X BB ECR AL 5 E R BN BY - iR VHH B
scFv S AT AR AP IFE s R 00, AT LA™ A a4

sSHBUA, EFCR RSP T DU P
JREE AR M N T B RGBT  HZIrE Tk
) R P R T Z AR BL AR 1 (programmed death-
ligand 1, PD-L1) xEGFR X FR % S S o iA
iiﬁ'%'@ﬂl IgG 7S M SRR S HLAR, fiv 44 8 1eTT-

, AEfgFATES & EGFR A PD-L1 B, $ifil
i{(. ¥ (epidermal growth factor, EGF) /rSf9
i O 7 NN S o 5 T A O G O - N |
(programmed death-1, PD-1) /PD-L1 FAHEAEH,
IgTT-1E 7E AP [R] i AR Ak /)N BRABEAY b 34 i s
SRICHIRITRIOCR , g A KA 4], [ CD8+
T 2 A i Llofgi] 5 2538
24 scFvs SRt &§1gG

AW scFv filLe 21 1gG F85E Y C 3t , M FA

— P 1gG-seFv WINEEPUA o 53 Ff BURE S5 1 e

RAEFL S AR h ik, Il AR A S
Mriffraifbls, ERE TR DS A AR
7, BB G e tE, JFHEARN R
H BN TG 1 e L o) P AT IV VS R R o TG Y
BAHER LU — > scFv i 47 2E i, ﬁ'ﬁTE’ M 1gG )
YIRE AR M, X FP scFv 7E 5% 5% C il &%) HE 78
o R N Sl S T A RN F&TEEXX%EJMZIS%
AR ZS AR, Mﬁ'ﬁﬂh)@ E’J?ﬁ%&ii,ﬂjﬁ Rk
o T scFv H % n AR ORI #% 4 v] AR DX O Ik EE
A 3B 2T A R R A H ﬁ — X AH [
B, AAAE B BB A T Ol

‘V ./ \/

DVD-Ig FIT-Ig
1gG-scFv 19G-VHH

REGULGENT REGULGENT
IgG-VHH IgTT-1E

Fig.1 different designs of Symmetrical IgG—like bispecific antibodies

E1 FREEIR

T — PR AR X, SRR,
(single-domain antibody) ,

IgTT-1EMH 544

RIgGHEEXVF R iR
DVD: X A[ZF[X  (dual variable domain), FIT: HiH(Fab (Fabs in tandem), VHH: PRIk
scFv: Hgfnl 48 X BL (single chain Fragment variable)

, Ig: EERE M (immunoglobulin) ; REGULGENT,
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i3 10 > R B 3 1 1 TR S A
VHH fil 5 8 1gG 328 b, AATTE B R Pk 2
KR PP . BFFE T X5 BRI aPD-L1x aHER2 7T
PR T I LTSS I se LA 2 | RENE L 4T
JRZ54 DL 5 CD16a 456, i TR #E R PR
5L R LR B RE T DL R AR X AR R )
ARSI S ERE ARG R O T S R
ARG T IR G 2 1eG n] LIARISBEA
H R B R I HLARE A BRI S AR 54T
TR, TR XU TR R R A5 7

3 EXFRIgGHREN R FIuiE
BERS AN R BURE S AR 73 S R BN ]

(a)

X HURES S PR AL MZEFESRA . AXFRAY
A Fe IOBURE PR 2% Fe BN TR, HAE A4
SEPUARTRBIA R PR SR . AEXTAR [gG R
SYUAREA Fe, LUK Fe R tifg. T4k
XIFR 1gGRERUR TR B — PR S A AT AE XA T
AFEE L, FrlicdtRiE, —Bo S PURrai &
A o (HIRARXSFR 1gG AR UURE ST A FE B ]
SV L EE S RENS G R ZMASIEX, B
T AR AL Al LR i Ml =y, B A
it b 2 R R O (] AL R ERE R E AT
XA, AR R a7 56 o ARRFR 1gG XU 57
PUALSH BTN 2 s

(b)

\VAVAY

CrossMab-Fab CrossMab-CH1-CL CrossMab-VH-VL

\VAVAY,

FAST-Ig Duet-Mab

WuXiBody

Fig.2 The design of asymmetric bispecific antibody
B2 AHRRFFHEIRIT

(a) fRRULEHEERIACOBETT; (b) fREss SRaE B x5t “ﬁﬁ%ﬂ/\?LKjH??:iW , IIgA%ﬂIgG’%ﬁﬁéTﬁ, ‘,\'Tﬁﬁfﬁ , .@ TCRIEE %
¥y3; KIH: JEfi AfL (Knobinto Hole), SEEDbody: #f3c#f T.FEHi{& (strand exchange engineered domain antibody), Quadroma: PUJZ4
A9, FAST: v /1554125 (Four chain Assembly by electrostatic Steering Technology), Duet-Mab:; XmAb. Duobody. CrossMab, Duet-

Mab ., WuXiBody¥ Wik F-54 .

3.1 fRAREHERITAIZIT
PR S5 AN [) 1Y) Fo i 2 2% 07 =0 = APg o, BRIV
FhAH ] B9 Fe 21 2% 7 XOR— oA 5519 Fe 21 2 07 K,
AL = AR Z A0 ] Fe 4L25 R =4, s8m T 4
BURNEEALRIMERE . A3 S AH = Fo 4128 i LE 31
fEFe FARE R ETT, WAl B RN . 2 AL
DL R B AR BEARAR W] Fe ZHAE R ™95 53 4P|
FHRTR WP Fe 45 G 8 1 A TE BRI (8 H bR SURE
Syuikaifh; FIH 1gG4 7746 KSR Fab 55 28 4 fff
DL R Fe 2 %%
3.1 PUIRZRASIR A N R R B SRR B A
T2 AT A M AT A IR —FivRe Sk ) B S

1N %N R N A S v N R NP S 7
VB DU IR 2222 98 5 Quadroma, DUV 4238 IR £ 1Rk
UL 20 6 1) SR BR AR 1 S A RN R Y A
ST R AR PERR B A S ek R . P
AR EE R AR Rl 0 BEALA e, #he bl
VO RPN [E A 43R A, T R — A2 T
RERRURE SRR . TR A ) B DI Re )
MURERPUIAR H ARSI —38 55, Ho™ 380k
DAFSI, 5 HR W0 28 BARSURE bt iR I . i
AlG/NRATR 2 sc i ani &=, AW TG IR
ZACTRTAR . TR BN RS AR EE 2 A A 7R A
KES, PrLAERE AR i A2 REPLY, B
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HYRRR RS, e R T IE R SRR S
PUARR ] = P REPUAEHARE S EAA
s G raife, ARRFPURS A — R/ D RERE, &
A4k n] LATE pHS.8 PRI, 778 P45/ R % (1)
SEARPUATT DATE pH3.S YEM o X — 454 mT LA i 2R
H A JE 7 8 19 gl b SR 5 Bt 1R 7= 9 .
Catumaxomab (EpCAMxCD3) F 2009 4 i A 1~
LT IgG R SRR SRR, FH OB K A Y
JE W INYAYT . Catumaxomab i 13 PO 2= 388 45 A 7=
A, B/ IgG2a AR B IgG2b 41 5,
3.1.2 Feliit2s 45 &4t

Fe 76 [l RS A i AL i o (v a5 5848
Horp— 2% Fe Bt ahty, 5 —4& Fe XN & ik
MR ZER, XA R Fe B8 &= B %, i
S FR T 4% Fe BE U T DA X ARSS & 0 A% 8 Rk
T “Bes AFL” (Knob-into-Holes, KiH) #ifd,
“BEHLAFL” Hewl e v v 7E 1952 A4 H Y, 1R
hy 3 TR ) B A A 408 o MBAE 22 (1) S L g AR A 51
T 4518 3 FH 40 CD4 1Y 1gG 19 CH3 2544 48 19—~
BRI HE R o — > NI IR BRI R A — 1>
“BEAL” 7Sk, B CD4-1gG T366Y . s ik it
48 AN JEST CD3 Hii CH3 Z5F9 58 “fL”, %
PR L7 R BN R Y407T 2 K
FRILT = AR 0 o X PR AN IR Y T 6 S5 4T CD3 #4256
LEFRIE, BURF P RT3k 92% = R %
T A TR R PR S S R, X R
AL R FEFPUFERE, TR T X
JELF S R0 AT L A AR AR R AL 8 B, AR
AL A PRI, A BURE BT A 1) 35 2 A e
TR W ™ A AU S DA AT LATEAS [R) 0 2 1 PR
R FR A=, WIEEEL SRR G, AR R A
ARGV TCR R

gtk — 4 R B R e A FL Fe BRI IR,
i AR, 7F Knob & Fi 5| A S354Y RAE, 7F
Hole T 4% F1 5] A Q347E A5, 4 # W4 H ik,
TERE 1 A 2l 3T CD20xCD3 1 AU SR M 50%
P& = #) 93.8%, PU KPR £ T Fab 1 Fe IX B 1)
b
3.1.3  FfHFabsk s #ikit

A=A N — BB g A T LG 1 Fab 8538 W08 i K
SRIGBURE SR . 1gG4 53 T 45 Fii 1 Fab 22 e JF A,
FARRUFE SEHUAAR 57 Labrijn 25 5% 38 52 20 H7 F1
YER ik, 7E1gGl CH3 4R nT LI A R R A
FETEFIREAR R R A AE M oA s, e —

5EE B ORAFFA0SL, ) —4%HE FRAFK409R, H 5k
7 A CH3 575 R IO 28 25 1) A AN [ A S i 1) 52 3
PSRBT, ZJETEIR RS T il L Fab 28
TS ST o PR i B T BT A J
204 Fab, Fr LA A7 =07 A B BURE SR pL IR AT 1
W BB A . I AMETERE CH3[UH 2
S O E AR B PR T R R AR AR
Genmab A 1] & EIZH A -5 Duobody H T/ 4= i
RSPk o, —SEhiRE 2 BRI RIS 2,
3.1.4 IgGRIMgAREAZ e TR T

M IgGARE T ERERR N L,
CH3 Z53a 73 o i sc i TR E5 #4358
(strand exchange engineered domain, SEED) CH3
SR CRIE, FETRE_RIEFFH, ANlgG
FIgA 1) CH3 25 B0 A7 A= ) A= B AR A SEED
CH3 5 A, i A IgA Fl1gG 1 CH3 JE 91 58
BBtk ) —Xt SEED CH3 45438 7F
T L S P 4l i rh ek L e 45 B T8 B IR R A
T8 2T VR A I ORURR SRR TE NS/0 4 i s 7k
VIR, SEMARA AWML, FEERTDRIR
U o SEBKEE ST A /N, SUE SRR 2513 )
R M I E R, XU Fe
BRI A G 1T HRZ Y AU ARAE (oo
3.1.5  FeHi farelit

XmAb®MUF V-6, HTHASFLSH S
TR Fe DX BUR S P iR I 2 R E 28 Fe filt &
Y. 85 Fo i 78 A8 pAR FLAR L, SRR [R] U5 Fe A
SV Fe RETEMA R SEHE A, witL 124k 7
U8 2R Fe iR alifk 551

T SEX Fe dEAT45 i S it , LI el 2 )5 Fe
TE IR SR AR 5 T0 W IR — SRR S i A W 2
5o PR el AR A5 H S A R Fe R J& Py, T DA #h
VeI 28 nl LU T A RE 0 B 7 5 el Ak )y 58 ok 4l
ko Wit &I Fe 454 FCy %21k . Clq. FeRn
MEEEHEA AR, [R5 R S Z 5 AR
Fo Z5 M Fl a2 e, AEMRSF L S Fe P gl AT
N208D. Q295E. N384D., Q418E FlIN421D, 1
SN Fe AT E357Q,

FESF L S SR b, S — 2P Bl Fe 45 A A
T2 T8 i 5 U R A, FEARAF L AT Fe BRI A
L368D F1K370S, 7E 45 Hi s Fe 5] A E357Q #l
S364K, I ZEAE S T LU RASIEIR T IR R I
RIRZ A3 ER s e 5 | 9 B LA T HL
TR 1, MRS T R R ARAIE I, T 7E S5
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TRIRZ A AR R S | A A IR R
U8 —RIA . Wi rY Fe 5% 78 HEK293E 4fi il & rh 3%
ik, HE AL T 95.1% i Fe F i R ik 17,

FERRE ARSI T TH, 53— SRR X
FASS A S, HA35R G| A —Fe IR T
R ANEE S, TEPUARZIALET, H435RIEM
FIRVE —RIAARZE A A A, MRS EA A
ik, R RIRGEENARIE T, WX
F g A e AR 2 AL S8 — 3R Ik [,
32 MRAREHSRERIIZIT

PO B AR A OO SE A CHI 5355 CL
Z [ S L N VH F VL Z R R m s 4, T
MU SEPUIARE 2 B T 45 AR AR 45 A i A
MR 2E5, IrASIE s FARaE I REHLEC . N
fiff R T B R O G [P) A AN [R]85 . Duetmab 7
CHI1-CL [8]3% AR 5 it 17, Crossmab #2131
VH. VLUK CH1, CLEf#t ", FAST-Ig™7E & 5%
BEERO Bgl AfrER s WuXiBody %11 T
40 i 3Z K (T cell receptor, TCR) #f 4k CHI,
CL 7,
3.21 DuetMab: CHI-CLZZ A fiifd T

DuetMab 75X} LA XURE 53 1gG Pk et &, f#
TR LE A %) B RN B O ) B A M T A 7 A 1
o ZES M ESL (KiH) ARSI 2 & AR &
BSR4k, FRE o TR A CHI1-CL
ST R A DR AR i SHER i 5 ) 5 T B R AR RO X
FR . Fl H Cetuximab #2 $it  ( $ii EGFR) Hil
Trastuzumab H.470 (T HER2) P XTHTAA, LLEPT
CD40 FiHt CD70 Hifde, SEEIER] T DuetMab HifA
AT LALA e B AlAL A PR IE 20 A, i R R
WoBURESE I 1gG AT LATE [ — AL W] 25 5 W Ff T
Jio X —FEEREN T RN AR R RS, IfdE
T E AR A BRI
3.2.2 CrossMab: i it VH, VLU & CH1, CL
H ik

MURE SRR IS K W 2% B RN 2% S B 20 2 1y )
M, BRI R AR T R R A A E ]
A5 X VH R 4% 0] A% X VL 2 8] DL R 5 4% 1H 58 X
CHI FE4%1H 2 X CL 5 3l 2 18] () 43 TS5 i AE it
R AR o iR —28 iR
FERR BRI, (HHUARPIAE A 22 5%, AT
PR R R T ) A

XA PR, fE—3, PRSI
FUREE 1 AAS, (25—, & “&|” BE2 il

Fe ME24E (CL A VL) #Ar4ipl, W#H it m
“HE i 2 WU FH EE AR A5 3R Fab (CH1 FTVH) o
T EE B 7 51 IR A A e A A 4 F 3 2 ]
X, AR 22X SRR Fhas ik ss #e
Il AR “CrossMab” SR iR F T £ AR HT
o AKIH RS Tk AR et i 5 — R 1k 1B
IR EHERSE R, UMY R #E 2 U E
BEZEFIRALAL; B, EAARES R ERE 1 412,
Ti—I7 T, ARAEHE AR FREE 1A RE 5 28 UMY
“HTOBE2MEAER, AU AR A A R A A
SRR, ETAMEER. Hik, 348 T
S PERUAR, 1E I Fab Hh#l B 1 B 10 4%/ S 4%
Ko X, If B 5 R4 1eG JLF %A 2 . X4
“CrossMab-Fab” ", #E2Z h FHF &AW 7
— AL ROE (VH-VL A1 CHI-CL) HIHUAR . R
1M, PR SEEESS G 1) 25 ] DA 5c4x
S S 5 RAKT A — AR SE . VH B VL U,
R ZIR9R, F3 “CrossMab-VH-VL”; CHI Al CL
A2 S 2 “CrossMab-CHI-CL” . EVAYEBL, X
MRS T = FiASE ) CrossMab JE .. X F
Do A, e AT LU FAT AT PR A BT
&, AR 2SR B
3.2.3 FAST-Ig™ . i s BEest oo i ik

Ay fifk R T A SR T A IC OGS [R] A FAST-Tg™ $ AR
FEFHEVH, CHI XL VL, CL XI5 A fir,
I HLfar 5 | A AT DA R R B AR 2 B] f R A/
71, PNITE B S 0 B B AR BE O . AR B
Bl CH1/CL FL1d T FE e AT AR AR R S8 T # i
95% Y IE B AR EE RO 0%, I HEA BRIy
PREEREPERIAT Aotk o SRS TR, X R
THIFAR N Fab (AR ZER

TE Fe X35 A HL fap /5 FH 77 be KiH 2548 7 i P
M FERE, FAST-Ig™W il FH T Tl 2B = i fa
ERHEACEINE (CHO) 41 E, I H AT LU
T2 1gG MBS REERC . Bk, EvfAT
L2 IS T I R E RIS R 1) £ AR S M 77>
3.24 WuXiBody: TCRHUX.CHI1/CL

WuXiBody J& 24 BH A W 1 & (1) —FpoSURE S T
-f o HOCHEFR ST TCREBUR T — 4254
UM CHI/CL X35, 37T B 1k [R5 i Fiz i
Z IR AR R ECRT . IEAh, ZEAXTFRA WuXiBody
b, EAE SRR R AR AT KiH B AR Sk (g
(1o S8 KiH SRR o 7 U5 — SR AT 1 T A
TEREY), BSR4,
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WuXiBody H' TCR 5 1 X H A A X FAIG 1) 45 Ha o5
It Lk WuXiBody ELAT i MPT AR S, 1]
DL3E 3ok 88 38 e 2 AT 43 88 X 4 A TCR B4 (1
FEEPUASCE MR AT ) . BILS A TCRIEE
XA HE AR F T A 4% B OE B BG4 i HL AR 2F 7
alifp,

4 FFIgGRENFrRiniE

AN Fe i BEROBURS S pLiAcRe st B0A Fe B,
(LS 23 e = NS e DA = ] 27 N & 15
HER, ANERGHRIREE HES 5 Fe 2 IR 8

EAMARGE, 0T SCRMOAA TR I 45 5 W e
HFREE ST o AR IgGHEAURE bk FEIE LT
JUFl . a. fb2FiE T4 A A B (fragment antigen
binding, Fab): P/ A[EIHLIA Fab il it fb 2= 75 =X
A b scFv BBERAI G S TS T 5 c.
Diabody: AN[F4T{&R VH-VL 5 B FFAR B X, Al
Diabody 4 i — & £ 15 11 14 X% A1 & 0 H] - (dual
affinity re-targeting, DART) JEX; d. 99 KPrik.
I8 A 3K SE RS R SRR, PT LA T OB S B
ZReIb s FR R AR 1gG AR SUR: S pT A an &l
3N o

HilFab

DART

Diabody

%23:1[33\%

scFv-Fab

FIEVHH

VHH-scFv

Fig.3 = The different design forms of non—-IgG-like bispecific antibodies
B3 AEigtHRARIFgGREN R

IR —APUATTAEIX, 3 IR Y kbifk, Fab: R4S H BE (fragment antigen binding), scFv:
fragment variable), VHH: HuUBifA (single-domain antibody), DART: XCEAIEH[E] (dual affinity Re-targeting),

4.1 FabEXIFRE

Fab i 7 5 fif v] 78 [X. VH H1 51 4 15 & X CH1,
P B il AR X VL AR 4% H 22 X CL,  FabHEEOE
AR S A 5 2 i T R R T ) T, 3
o BT B AR BESS A B ), Rk
THA R AR LS & P A REA 1 25 [ 25 5 254
FURATVER, i 5 B A A i Bl AR 45 5 ST X
A3FF, ARG T B BC IR, i T —Rh
EGFRxCD3 HiHX Fab & 11, HIE X 5 H3K scFv 28
L. PR, 53T scFv A BUR: SR 1L
$LF Fab B BURE S Bt AR EL A58 00 4 iy 28 1 4y 2
PRI 7O
42 scFvEREBANUSSTHES

scFv FRAPUIARBABE AR X B, B T A8 [X.
VH FI§2 55 ] 28 X VLl ok 4 i 2 vk 2 k4%, 76

FEERTAR X B (single chain
Diabody: XUAHTIA,

scFv JER A BURE SPT AR TR AN AT LSS S AN R0y
scFv il & HRERTE—i2 o T scFv Xf b e Kk A
AHR/INAT iR, scFv BN AU PR A 5
e A B s Re S

Horpr—Fp R scFv Xﬂﬁj@r%ﬂﬂiﬁﬁﬁﬂﬂﬂ
Y55 T 40 i 4% & 4% (bispecific T-cell engager,
BiTE), X507 MM scFv 4, it —4~ETm
RGOSR ER . — A scFv S84 i) i eg 48
KPR AE A, Wi —> scFv 5 T 41 L # CD3 %
IREEG, AR PIFR 20 B S AR 5K T 41 i i 4
L [ B MR A 7 2T VR R R
SEPUART Iz N TR VAT R RBIFY 0
4.3 AEHFAEVHEZ VLA DiabodyFIDARTF

i 2o ER IR scFv B B 1 BURE St AR FE AR 2 7 T
WAG D, (HIZRMANAAAE R YE , 424 L) “HER
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SR FAGEE AR IX (VIX) FOFERE 5 s e )
PRI, X2 S 3o U B ) s R ok 2%
WAk, BT scFv IR R By T 0] 42 X 5 HoAth 73+
MAKFE R A “EERAc ", A S L VR &
. MBI DU S FAE DI RE NS5 H 1 SR
FRYE, Diabody J2& Hi W 2 22 IRBEZH LY — SR 1K, 4
FEFE S VHESEL, i — MR SRR A
ARG VL Z5AA 8, 3 240 30 R T e VA AR
A —&% b 25 A 3802 (RT3 E ff VH A1 VL 25
Ptk 5 59— 4B b X R S A sk e X, AT P A L
AWAPURLS GO AU, Tl
KZ)50 ku, 1T Diabody H&5HIE R, H155F
BN, JF HEA RIS Tae . 5 AR5
PUAA L, Diabody A ST . mikEt:. &
i 373 i N TN I R R AR R W SN € 1 |
IRIT AT IZ R T )

P~ Diabody 1] DA3E iz 5 3% 1) k2 3k B BRE A
TandAb, X NHURE G M, KRR T
XTHCIR R R Ty, Hoar Bt i T N R
H, FSE/NIPUIRGHMHE, BAE KRk
B

£ Diabody 2 fili I 7F % T DART *F-5. DART
-2 7 Diabody HEfili F7EHHE 1] 2% X C i ise 114 8]
TmBE, A5HRREE, AREES 7R RN ML A
Z IR AR A () R M Rz ik, AR IFAT EL A rh R
L ER K scFv A TR YRS % i R RURE R 1k 43
FAEAR N YA 88t L B S R A3 e FH 0] o
RiF 245 7, IF HE ik B EA IR R A 8
Pk, HA 20t Wi TR 2 A
ME VA VE B 40 M SR A i I e (acute
lymphoblastic leukemia, = ALL) [ Blinatumomab
(CD19xCD3 BiTE) ¥+,

44 MAMGEREEEXANNSFRRE

IRl stk R EAE A R, RIETIX
SE T UK Y 1 BE AT AR KPR VHH 805 40K ik
YORBUARRAEBUN . FUE TS RS ™ @
RGN KRBT T ATIVE SURE ST, LisE 2 ifFoR
T FIOSURE AR, 2R BRI [ 45
A~ Omicron B AR SZARSEF I 1 24 DX, 1200URE 5+
PEHUIA T8 3 WA 25 25 A R 2% 2 WS, 7E SARS-
CoV-2 J8gy /MU R SR H R AF i vhofn) ™ AR
JPRCR . SR AMRI N B BRI 3% 4 7 7 Hemmi
A OV R T — i AR B2 0 RURE S PR AR B
FRZ HIMASUAR (Clobody), AT RE L HEAR

HATUKAER, RIS R AR A

XU SHUATT DA Z g 775X, FTLLH Fab
5 scFv FHERIE OB S p iR >, gkeiikmT L g
scFv FRIIE SR S 5 2 48 S HUK,  Tapia-Galisteo
Bt T R TR T4 B (colorectal
cancer, CRC) [H7HY ERIK T 405548 =R = PEdT
T o CFP RS B AR B FR A = R SR T 40 B 1 AR
(trispecific T-cell engager, TriTE), H—> CD3 %F
e scFv 2, HPIMAT 32T EGFR AL b 2 4
fits %5 B 7> 7 (epithelial cell adhesion molecule,
EpCAM) [PWBLEEHEPTIA

5 XUEFSRAUEAE RYLHI AR B i

5.1 XHEFRHEERE

WU PR IEA T HE S T LA R 25 5 4~ AR TR
(RS, XS] U AR PR, s AN
[FRRAL, I3 MU b T A5H 17T DL XT
PR 1gG RELE R . AEXTFR 1gG RELE A DL K R 1G RE4S
i, SEFHURMISE S MO LUy, thnl LU
M =, XERFE AR TR R TR K
PR T hRERN N FHTE R

ANTR] 4 SR S AT s AN [l AL & #5373k
W, AR FHEEME T RS AR, H
IR AV G 512 FBILAR 22— 2 T 40 B 1) 21 b
AN R B R IR TR, BUREREBUIARRT LIS T 40
Jifi I CD3 %5 4 [l i 5 g Al SC B i 4 & 9
— P B HL TR LT S SO 1 Y U 538
B AR IR YT T, AR SEPUIR TR BT DL TR
isf L[] PR A AN ) B A2 44 1% 24 R B (receptor
tyrosine kinase , RTK) @ HAECHAR, AT
A I T IR R (T 25 ML Y, ) A — S U S
BUAHILEN g BELIT S e 0, JRiE 20 A ] e e A
SO TFAYE RIS s A i B, SRR PR
A e PR ) ) ol g s e Ao, T AR R AL
PRI R 0 A — OB SR T
REAWIMEAT S FEREARE &Y. Hih—
A F-J& Emicizumab "', B FEBE I S SN
PN TIXa FIX, 76 AR A2 B TR Ry sk IR 7
VI 177 5 35 Xa A X TETASE G 10 FAmBL (2
5 AT Ak e A G R R, BEL LR B AT S A2 A A
R ol AR S A B R A AR e R . VEFAL
il i 22 D Re Pk U S B U RB IS B X T2 IR YT
PR T, ffpR B—i A2 A RS it T BEAN K 1
X 45 TR B A 2 o — S8 XU S HTAARAE FA ML) an
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Fig.4 Action mechanism of bispecific antibodies
B4 XW4EEHEERVLH
(a) ZEGMATTRSFRN; (b)) FEB A [ 500 20 M AR A, XL
AR SRR ] B A0 40 i AR5y 4 L T i, (e S 20 e L
() VTG SAMBIIUE TE B, DU SO IR 255 P54 20 3%
ZAR, GRANNE N AE  E E RTE Sm (d) BRI A
S, R SR ) e 25 6 P A B A 1 07 BELORT T 240 it 5 ok
JEANMIE AN H 55, AP LT Z &1 (programmed death-1,
PD-1. 4 2 M Tibk [ 40 i AH 6 Bt )4 (cytotoxic T lymphocyte-
associated antigen-4, CTLA-4) ., WFELANAETE 3L 3 (lymphocyte
activation gene-3, LAG-3). T RE AR HEH3 (T cell

immunoglobulin and mucin domain-containing protein 3, TIM3) ;

(e) HEPNEABGHLEZ Y.

52 RN EEESREM

KU 5P LR AL AT Y SR AT 2T 2 A
B2 5L P 1 B A 1 e AL
.

AEREREAY T, U SR T AT IR
SN, EL% R RIIRELR ), i T
BRI T AN LA G RN . 34N
KEVSCIRMRRST . GIRI . TR AR C R
LAY L R 5 5
}im 180, 101, 107JO

B TR A, — B R SRR T
EPSEBRIRIT, RUREEX 15 9 H RS ELLE
B, T 56 4 S e
T

AT F TR, IR AR IS
RBEIR RIS 0 e, (AU A 6 2
ISR P AR, AE N JSSAEBHARTE (human

immunodeficiency virus, HIV). SARS-CoV-2J4J7
R R RCR e

FEMRBRAYT 71, AR ST o 88 ) 1 A
K R F-RIG Y7 BT A AP A A DG Y B0 RV PR
P T BB K I A

TE MLV P09 77 1, Emicizumab 75 &€ il 2% B 2
o H R R TXa Rl XORIR YT A0 11 — 2B
FeprikC R4t Bt (R 1),
53 ARGMHIZITFEERAEARRERIGTH
R K o] &

HFAR A R SURE S HURGE F 113258 1gGRERL
FRPUAMEE eGFAVR itk HFTWERET
JETME S Fe 45, i Fo—J7 T v] LS| 2 ADCC &%
o FARMAZION AF B BE 3 —J7 T Fo 4514 i OBURY
SYURTERNE RS, ZREEIK, R L
W RBIR G 2575, DA Fe iRk 10U 5+
PuiRsy i, 2 H A ZUEERR ) . 1gGFEAURE
SEPUARTT LA A X R AN E XS FREH . XK TgG AL
R PRSP sER AR U Y, 7E2E K
A Fo PR 254 AR RS FH 25 TR L IR,
MifAe 7 A gt 72, AR R AR X %
AR — R A a E et , R ER IEPUA
[R5 G e i s Al o7 BEARNE , - PRITTT 2 520 RURE 5
PURB TR R . AKTFR IgG AR S HU AR 5%
Fe AR, A5 1 4 S BT AS [ A9 4 D 1
RKOr, WIFRWE, —B PR EE S A E Y
e o R b ik B B PO ) D % o R T
[RJ 8 A AN [R]SF- 5 F O R E e AT e R A4 . dE
1gG FEXURE BT A Fe B, %A Fe 19 ADCC
BN FRMASE,, ARFRF - F i/, HAT BRI
HAVZEIERE ST, LRSI RR I . AR
AR AR A AR R 253802 a5, AN ]
() 5 9 TR 97 0l 5L A AN [R) B 12 FH 37 5 A [ 9
e

TE ML MR 367 7 T, 3F 1gG A BURE S 4T
Blinatumomab 2014 43¢ [E 24t i 1 TR 97 ik
Y M I, IR BRSSP CD19%CD3 1) scFv
FRIRZEAE , TINS5 R BRI o 8 i 7 I
HBE T AR R SR 3] 360K CD19 A 1 IR 4R i 5%, B
FRARIESR A, RO T 4R R s MR A i . H2
IR AR (292 h) ZR B H A GE
I R AR A TR IR BUR RS bk 1, R
sz 7 RS B Y T e iR R
MIMRIRE, 1gG AR SURE P iA-t oR b Z2 Hb Jo H F 1l
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Table 1 bispecific antibody drugs on market

P i 44 2w L) SEMRE RN AL YERI B T& R FRALL I [ HFR 2 7]
XS FRIgGHE
Removab Catumaxomab CD3xEpCAM ég THH AR ) b g MK 200920173 11 Trion
VRIARATTE, 1+1
AFIgGHE, scFvif
Blincyto  Blinatumomab ~ CD3xCDI19 gﬁ Hs—c] ¥ TEHAREL R R4 i 20143 H Amgen
EXFFRIGGHE, &
Hemlibra ~ Emicizumab XxIXa Gt BREAREY ARMAR 20175 H Roche
BEE, 141
X FRIgGHE, Du-
Rybrevant Amivantamab ~ EGFRxc-Met N dg . Y s /N i s 2021 H Johnson
obody,
4EIghf, scFv-TCR
Kimmusk  Tebentafusp  gplo0xCD3  © 0 U TAMGRANA OBMERE  202% Immunocore
il
e FRIgGHE
Vabysmo  Faricimab Ang-2xVEGFA £ WS PR K 20223 [H Roche
CrossMab, 1+1
) X FRIGHE: e " .
Lunsumio Mosunetuzumab ~ CD3xCD20 GH. 141 TAEEE T g SRR 20223 Roche
iH,
XFRIgGRE, 1gG-
FFHJE  Cadonilimab ~ PD-1xCTLA-4 lg: 2+2g A = ] R E B 20221 R A=)
SCrv,
e FRIgGRf, Du-
Tecvayli  Teclistamab CD3xBCMA ’ dg N 9 THMEM G 2R 2022KKM Johnson
obody,
IFIgGHE, VHHH
Nanozora Ozoralizumab ~ TNFax HSA £ H; - FC A 4] 2B 1T %% 2022 H A Taisho, Ablynx
JEX FRIgGHE, Du- L
Epkinly  Epcoritamab CD3xCD20 N dg . Y T KBk 20233 [H Genmab, AbbVie
obody,
JEXTFRISGRE
Columvi  Glofitamab CD3xCD20 £ TYRRFL ) R KBRS LR 2023%H Roche
CrossMab, 2+1
e FrIgGRE, Du-
Talvey  Talquetamab  CD3xGPRC5D b dg . " THIMEH AR 2 R 20233 H Johnson
obody,
X FRIgGRE, &
Elrexfio  Elranatamab CD3xBCMA ’fﬁ:il(f 14 THEE R AR - 2 KPR 20233 [ Pfizer
G,
AE1gGRE, Feied .
Imdelltra ~ Tarlatamab CD3xDLL3 8 . ljl T4 2 ) fir R N g 20243 [H Amgen
scFv,
X FRIgGHE, 1gG-
fli75  Ivonescimab  PDIXVEGF-A S RESWE MR 202 B
scFv,
Ordspono Odronextamab ~ CD3xCD20  JEXIHRIgGH:, 1+1 TANMREEH AR KBAHIAK IR 2024 FK M Regeneron
ARG,
Ziihera  Zanidatamab ~ HER2XHER2  scFvHUfU1/MFab, X&'  HER2PHMEAHE 20243 ¥ Zymeworks, Jazz
1+1
X PR IgGRE, I .
Bizengri Zenocutuzumab ~HER2xHER3 i ﬁ: 11 PYCEREE L] /N i 20243 Merus
YRR IEFDA/EMA/NMPA, DrugBank (drugbank.com), Drugs (drugs.com), PubChem##ifsE, LA, LUKH247,N vl [k

WO oo B fno, 8 CD20 A CD3 K
Mosunetuzumab Glofitamab /1
Odronextamab, ‘E A JABEAEXIFR 1gGHESTIA, HA
SERE IgG 25, PHATER MLl , il
wbken 2y, ERIE R . RS, a] R
Fe B O R R AR AR R S PO A9 XURS:

Epcoritamab .

SNG4
Bk, AR TgGREG /N T B g A T
BB MR IR, BRI 2R, AR
R B IS B SCBRA T 25 ey R, —
LA T AR A TgG AR A AR b A 2 20
GBI k. FAT_E T i AR 1gG RS H XU
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SEPUI Tebentafusp 45 & gpl00xCD3, 4314544
scFv 5 TCR @A, i T 4t it = 58 ] g R IGB97
M R ZIR . Tarlatamab %545 CD3xDLL3, H
VE RV T 200 o 80 1) e PR VR /N L e, G
ZEH R Fe i scFv, XA~ Fe i Begead 1 ikl ,
ZBR T HRN PIRE (WADCC), AT T AN
B R REV , HME— H A& 58 A L Fe 324k
(FeRn) %56 X P& G AL AT LI Ok 47 Tarlatamab
AP ER, TR HE = I K R 2 1
Ji U 1gG RS HE Fe X0k B HAT B 1 2 5 1
FREME, —2 Fe TR MUGER TR ADCC RN, H
BHAFRK, MR ZE B2, —EIgGHEW
FERPuik O & AE G R A, 45 Amivantamab
Ivonescimab Fll Zenocutuzumab T3 /NI Bt fifi feg 7
J¥, Cadonilimab ] T J7 ¥ £ P15 SUE IR T,
Zanidatamab ] T HER2 [H M IHEERYY , HAEH
BLRIEE R U 3

A SRR, AR SR BAR 21
il Bl T SR B e N, TgG RS i Fe BBt
S0 FeyRIIb Z K255, TR AR X 25 &
B R R B 2 T (AN, BT DAk A
M “ORH” XS R B 4. K X
BRI 08 M B B eseh 2 OCHE S, TEREZ4
A i T i, ADCC 25 R A0 300N A FE A,
I3 75 2 Fe i BaAreas , PAHBR 5 30
Bl Foy ZARMMES G RE ). HET, A Z D4 XTHRE
Wi FRGUELT BRI S0 1 SRR S A i A PR
o

TEAG e M iRYT i, T LAEE X EE (a0
HIV., W EE . il iRmss) 45720 5 099
A, AT AR T[] A 1 A A [ £ S 2 A ) AU S
BrAA, DT 2800 X 1 AR, BT T A £
o AT AT e A0 s PR e 4 i, A
R S PTAAKE NK 2 At 5 T 40 78 55 21 9o 5 i e
ML S, LATE R REE (1 HIV 3R ) 20
ML) o GEARBERE Ty TH X T 2 PR IR YT B IR
IgG HF 45 18 1 K > 52 RN ] B8 09 2 0 D g (n
ADCC) JEA 15 1o X T B 58 8 i d 4 4L 5t i
Canafn i BB ) DATR BR A A 22 RGIR YL 5t
AE 1gGFERY/ N T 25 ml pe s B H

6 ZHIBFREKRE
RURE ST AT B v BT R, 3 id e fA TR

SRR 25 G AR RIS ER AL, X R )R
T YRR TG, AE BT 40U A Ry A5 S
H B RIR A AL YR AT o

MR FPUREE L A, 48 1gG HE R
IgGHER, W THZ5 B A Fo stk 2k Fo MM 5% 1
MURE SR 7 o, SET I SRR A 1 2
fRBh 124 DL R 2950 A AR . VBB, LUK Fe
HA B AMASRY . ADCCRN P . w] LIRS IT
T BT A A B PUIARZE R FE A Fe i RURE S 3T
P, X BRBBURE ST B BUR 25 AR 0
(), HAEMIBEREN, 4" EATRZESEH
ST XS R FE 5 — 2 TgGRE AU S5 4 A 2 X R
(), HEXTFRACRE PR AT R3S, E G
7 SRR i)z, BT T S R A O )
PRI EALFEEATFLES A, LA fapfE A e S
8 Fe BOXT ] . 53 A1 T 4% 0 o B e 6 27 1l 2
LAY, O~ T i bt EAR A BC RS, R T Lt
FHARFH, 4UHE Crossmab AR, 20 He 155 14 X
W, SyAME S A e DL R A R A A A T el
T A4S BC ) A5, WuXiBody 133 5] A TCR
i CHI-CL K ff U LIRS, 53 AMER XK IgG A
PriRalifb 7 A — ek, Hp— AR
IgG A [ FfE A R R A a5, imiglife s HA 5
I8 RARB YT, S AMT TR 1gG 5HE M A4S
B RET R AAL AU BT

A 1gG FE XU S HTUAR 1 F A5 Fe X3k, 1T LA
J& scFv il Fab, VHH % ZFE X p BB, TEE
PRI DU SR

SUREBUAAE LTI R R 2R 2HE0, 246
BREAIMLSEAE . 2GS . SR
EWYIRsR 4G A DL T B A R

S LG i BEBUIARA L, XU SRR BT 210
P, PTLARIRE ) Z R0 pm Ik S 2, 15 5 U]
TRYT IS IR 25 0L o AFEBF 5T A PR AT SR A7
FEPRER, A5G WA Y S SRR R S R 2
Febk 7

JEEEARK, WU HUARSIE A SRR K A A
B, IEEHET MR E T & B s e e
BITHIER, WREHIIGITHLA LA SORY TR s 2
G, WIS AR S By r AR T I8
T ) o DR T AR AR A5 R AL 14 5
TRASRAEAE SR S HUARIRT T I R R, T 2905
PRAEARORIT TR



XXXX; XX (XXO)

KT, %: WEFRAEERIZTSNA

13-

(1

(2]

[3]

(4]

[5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2 %

Liu J K H. The history of monoclonal antibody development -
Progress, remaining challenges and future innovations. Ann Med
Surg (Lond),2014,3(4): 113-116

Baquiran D C, Dantis L, McKerrow J. Monoclonal antibodies:
innovations in diagnosis and therapy. Semin Oncol Nurs, 1996, 12
(2): 130-141

Castelli M S, McGonigle P, Hornby P J. The pharmacology and
therapeutic applications of monoclonal antibodies. Pharmacol Res
Perspect, 2019, 7(6): 00535

Goulet D R, Atkins W M. Considerations for the design of
antibody-based therapeutics. J Pharm Sci, 2020, 109(1): 74-103
Cao W, Ma S, Han L, et al. Bispecific antibodies in
immunotherapy for acute leukemia: latest updates from the 66th
annual meeting of the American society of hematology, 2024.
Front Oncol, 2025,15: 1566202

Brinkmann U, Kontermann R E. The making of bispecific
antibodies. MAbs, 2017,9(2): 182-212

Labrijn A F, Janmaat M L, Reichert J M, et al. Bispecific
antibodies: a mechanistic review of the pipeline. Nat Rev Drug
Discov,2019,18(8): 585-608

MaJ, Mo Y, Tang M, et al. Bispecific antibodies: from research to
clinical application. Front Immunol, 2021, 12: 626616

Nisonoff A, Rivers M M. Recombination of a mixture of univalent
antibody fragments of different specificity. Arch Biochem
Biophys, 1961, 93:460-462

Frampton J E. Catumaxomab: in malignant ascites. Drugs, 2012,
72(10): 1399-1410

Kantarjian H, Stein A, Gokbuget N, ef al. Blinatumomab versus
chemotherapy for advanced acute lymphoblastic leukemia. N Engl
JMed,2017,376(9): 836-847

Wu Z, Cheung N V. T cell engaging bispecific antibody (T-BsAb):
From technology to therapeutics. Pharmacol Ther, 2018, 182:
161-175

Zhang M, Lam K P, Xu S. Natural killer cell engagers (NKCEs): a
new frontier in cancer immunotherapy. Front Immunol, 2023, 14:
1207276

Li T, Niu M, Zhou J, et al. The enhanced antitumor activity of
bispecific antibody targeting PD-1/PD-L1
Commun Signal, 2024,22(1): 179

signaling. Cell

Uliano J, Corvaja C, Curigliano G, et al. Targeting HER3 for
cancer treatment: a new horizon for an old target. ESMO Open,
2023,8(1): 100790

MaY, Huang Y, Zhao Y, et al. BL-BO1D1, a first-in-class EGFR-
HER3 bispecific antibody-drug conjugate, in patients with locally
advanced or metastatic solid tumours: a first-in-human, open-
label, multicentre, phase 1 study. Lancet Oncol, 2024, 25(7):
901-911

Tsuchikama K, Anami Y, Ha S Y Y, et al. Exploring the next
generation of antibody-drug conjugates. Nat Rev Clin Oncol,
2024,21(3):203-223

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

[32]

[33]

[34]

Gu Y, Wang Z, Wang Y. Bispecific antibody drug conjugates:
making 1+1>2. Acta Pharm Sin B, 2024, 14(5): 1965-1986

Burt R, Warcel D, Fielding A K. Blinatumomab, a bispecific B-cell
and T-cell engaging antibody, in the treatment of B-cell
malignancies. Hum Vaccin Immunother, 2019, 15(3): 594-602
Vijayaraghavan S, Lipfert L, Chevalier K, et al. Amivantamab
(JNJ-61186372), an fc enhanced EGFR/cMet bispecific antibody,
induces receptor downmodulation and antitumor activity by
monocyte/macrophage trogocytosis. Mol Cancer Ther, 2020, 19
(10):2044-2056

Wang R, Maksymowych W P. Targeting the interleukin-23/
interleukin-17 inflammatory pathway: successes and failures in
the treatment of axial spondyloarthritis. Front Immunol, 2021, 12:
715510

Li C, Zhan W, Yang Z, et al. Broad neutralization of SARS-CoV-2
variants by an inhalable bispecific single-domain antibody. Cell,
2022,185(8): 1389-1401.¢18

Wang Y, Hao A, Ji P, ef al. A bispecific antibody exhibits broad
neutralization against SARS-CoV-2 Omicron variants XBB.1.16,
BQ.1.1 and sarbecoviruses. Nat Commun, 2024, 15(1): 5127
Nordstrom J L, Ferrari G, Margolis D M. Bispecific antibody-
derived molecules to target persistent HIV infection. J Virus Erad,
2022,8(3): 100083

Moshoette T, Papathanasopoulos M A, Killick M A. HIV-1
bispecific antibody iMab-N6 exhibits enhanced breadth but not
potency over its parental antibodies iMab and N6. Virol J, 2022, 19
(1):143

Bhattacharya P, Fan J, Haddad C, et al. A novel pancreatic f3-cell
targeting bispecific-antibody (BsAb) can prevent the development
of type 1 diabetes in NOD mice. Clin Immunol, 2014, 153(1):
187-198

Girgis M D, Kenanova V, Olafsen T, et al. Anti-CA19-9 diabody as
a PET imaging probe for pancreas cancer. J Surg Res, 2011, 170
(2):169-178

Heyman B. Regulation of antibody responses via antibodies,
complement, and Fc receptors. Annu Rev Immunol, 2000, 18:
709-737

Gunn B M, Bai S. Building a better antibody through the fc:
advances and challenges in harnessing antibody fc effector
functions for antiviral protection. Hum Vaccines Immunother,
2021,17(11):4328-4344

Krah S, Kolmar H, Becker S, et al. Engineering 1gG-like bispecific
antibodies-an overview. Antibodies (Basel), 2018,7(3): 28

Segués A, Huang S, Sijts A, et al. Opportunities and challenges of
bi-specific antibodies. Int Rev Cell Mol Biol, 2022, 369: 45-70
Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allotypes:
from structure to effector functions. Front Immunol, 2014, 5: 520
Tanigaki K, Sacharidou A, Peng J, et al. Hyposialylated 1gG
activates endothelial 1gG receptor FcyRIIB to promote obesity-
induced insulin resistance. J Clin Invest, 2018, 128(1): 309-322
Pereira N A, Chan K F, Lin P C, et al. The "less-is-more" in

therapeutic antibodies: afucosylated anti-cancer antibodies with



«14-

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

enhanced antibody-dependent cellular cytotoxicity. MAbs, 2018,
10(5): 693-711

Peschke B, Keller C W, Weber P, et al. Fc-galactosylation of human
immunoglobulin gamma isotypes improves Clq binding and
enhances complement-dependent cytotoxicity. Front Immunol,
2017,8:646

Aertker K M J, Pilvankar M R, Prass T M, et al. Exploring
molecular determinants and pharmacokinetic properties of IgG1-
scFv bispecific antibodies. MAbs, 2024, 16(1): 2318817

Wu C, Ying H, Grinnell C, et a/. Simultaneous targeting of multiple
disease mediators by a dual-variable-domain immunoglobulin.
Nat Biotechnol, 2007,25(11): 1290-1297

Jakob C G, Edalji R, Judge R A, et al. Structure reveals function of
the dual variable domain immunoglobulin (DVD-Ig™) molecule.
MAbs, 2013,5(3):358-363

Chang F, Wu Q, Hu Y, et al. Engineered bispecific antibodies with
enhanced breadth and potency against SARS-CoV-2 variants and
SARS-related coronaviruses. Med Microbiol Immunol, 2024, 213
(1):24

Gong S, Wu C. Generation of Fabs-in-tandem immunoglobulin
molecules for dual-specific targeting. Methods, 2019, 154: 87-92
Gong S, Ren F, Wu D, et al. Fabs-in-tandem immunoglobulin is a
novel and versatile bispecific design for engaging multiple
therapeutic targets. MAbs, 2017,9(7): 1118-1128

Saito S, Nakayama M, Yamazaki K, er al. Engineering and
physicochemical characterization of a novel, stable, symmetric
bispecific antibody with dual target-binding using a common light
chain. Protein Sci, 2024,33(10): 5121

Rubio-Pérez L, Lazaro-Gorines R, Harwood S L, et al. APD-L1/
EGEFR bispecific antibody combines immune checkpoint blockade
and direct anti-cancer action for an enhanced anti-tumor response.
Oncoimmunology, 2023, 12(1): 2205336

Rubio-Pérez L, Frago S, Compte M, et al. Characterization of a
trispecific PD-L1 blocking antibody that exhibits EGFR-
conditional 4-1BB agonist activity. Antibodies (Basel), 2024, 13
(2):34

Orcutt K D, Ackerman M E, Cieslewicz M, et al. A modular IgG-
scFv bispecific antibody topology. Protein Eng Des Sel, 2010, 23
(4):221-228

Madsen A 'V, Kristensen P, Buell A K, et al. Generation of robust
bispecific antibodies through fusion of single-domain antibodies
on IgG scaffolds: a comprehensive comparison of formats. MAbs,
2023,15(1):2189432

Madsen A 'V, Kristensen P, Goletz S. IgG-VHH bispecific fusion
antibodies: challenges and opportunities as therapeutic agents.
Expert Opin Biol Ther, 2024,24(4): 203-206

Suresh M R, Cuello A C, Milstein C. Bispecific monoclonal
antibodies from hybrid hybridomas. Methods Enzymol, 1986,
121:210-228

Lindhofer H, Mocikat R, Steipe B, et al. Preferential species-
restricted heavy/light chain pairing in rat/mouse quadromas.

Implications for a single-step purification of bispecific antibodies.

[50]

[51]

[52]

[53]

[54]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

JImmunol, 1995, 155(1): 219-225

Linke R, Klein A, Seimetz D. Catumaxomab: clinical development
and future directions. MAbs, 2010,2(2): 129-136

Crick F H C. Is alpha-keratin a coiled coil?. Nature, 1952, 170
(4334):882-883

Ridgway J B, Presta L G, Carter P. 'Knobs-into-holes' engineering
of antibody CH, domains for heavy chain heterodimerization.
Protein Eng, 1996,9(7): 617-621

Spiess C, Merchant M, Huang A, et al. Bispecific antibodies with
natural architecture produced by co-culture of bacteria expressing
two distinct half-antibodies. Nat Biotechnol, 2013,31(8): 753-758
XuY, Lee J, Tran C, et al. Production of bispecific antibodies in
"knobs-into-holes" using a cell-free expression system. MAbs,
2015,7(1):231-242

Wang B, Lin J, Hoag M R, et al. Anovel 1gG Fc by computer-aided
design enhances heavy-chain heterodimerization in Bi- or
trispecific antibodies. Antib Ther, 2022, 5(3): 216-225

van der Neut Kolfschoten M, Schuurman J, Losen M, et al. Anti-
inflammatory activity of human IgG4 antibodies by dynamic Fab
arm exchange. Science,2007,317(5844): 1554-1557

Rispens T, Ooijevaar-de Heer P, Bende O, et al. Mechanism of
immunoglobulin G4 fab-arm exchange. J Am Chem Soc, 2011, 133
(26):10302-10311

Labrijn A F, Meesters J I, Priem P, ef al. Controlled Fab-arm
exchange for the generation of stable bispecific IgG1. Nat Protoc,
2014,9(10):2450-2463

van den Bremer E T J, Labrijn A F, van den Boogaard R, ef al.
Cysteine-SILAC mass spectrometry enabling the identification
and quantitation of scrambled interchain disulfide bonds:
preservation of native heavy-light chain pairing in bispecific IgGs
generated by controlled fab-arm exchange. Anal Chem, 2017, 89
(20): 10873-10882

Gramer M J, van den Bremer E T J, van Kampen M D, et al.
Production of stable bispecific IgGl by controlled Fab-arm
exchange: scalability from bench to large-scale manufacturing by
application of standard approaches. MAbs, 2013, 5(6): 962-973
Neijssen J, Cardoso R M F, Chevalier K M, et al. Discovery of
amivantamab (JNJ-61186372), a bispecific antibody targeting
EGFR and MET. J Biol Chem, 2021, 296: 100641

Engelberts P J, Hiemstra I H, Jong B D, et al. DuoBody-
CD3xCD20 induces potent T-cell-mediated killing of malignant B
cells in preclinical models and provides opportunities for
subcutaneous dosing. EBioMedicine, 2020, 52: 102625

Martens A W J, Rietveld J M, de Boer R, et al. Redirecting T-cell
activity with anti-BCMA/anti-CD3 bispecific antibodies in
chronic lymphocytic leukemia and other B-cell lymphomas.
Cancer Res Commun, 2022, 2(5): 330-341

Bajaj G, Shchelokov D, Demin O, et al. Dose selection for
DuoBody®-CD40x4-1BB (GEN1042/BNT312) using a mPBPK/
RO model leveraging preclinical and clinical data. Clin Pharmacol
Ther,2025,118(2): 418-427

DavisJ H, Aperlo C, LiY, et al. SEEDbodies: fusion proteins based



XXXX; XX (XXO)

KT, %: WEFRAEERIZTSNA

-15-

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

on strand-exchange engineered domain (SEED) CH, heterodimers
in an Fc analogue platform for asymmetric binders or
immunofusions and bispecific antibodies. Protein Eng Des Sel,
2010,23(4): 195-202

Muda M, Gross A W, Dawson J P, ez al. Therapeutic assessment of
SEED: a new engineered antibody platform designed to generate
mono- and bispecific antibodies. Protein Eng Des Sel, 2011, 24(5):
447-454

Moore G L, Bernett M J, Rashid R, et al. A robust heterodimeric Fc
platform engineered for efficient development of bispecific
antibodies of multiple formats. Methods, 2019, 154:38-50

Sasso E H, Silverman G J, Mannik M. Human IgM molecules that
bind staphylococcal protein A contain VHIII H chains. J Immunol,
1989, 142(8):2778-2783

Mazor Y, Oganesyan V, Yang C, et al. Improving target cell
specificity using a novel monovalent bispecific IgG design. MAbs,
2015,7(2):377-389

Schaefer W, Regula J T, Bdhner M, ef al. Immunoglobulin domain
crossover as a generic approach for the production of bispecific
IgG antibodies. Proc Natl Acad Sci USA, 2011, 108(27): 11187-
11192

Koga H, Yamano T, Betancur J, et al. Efficient production of
bispecific antibody by FAST-Ig™ and its application to NXT007
for the treatment of hemophilia A. MAbs, 2023, 15(1): 2222441
Koga H, Kuroi H, Hirano R, er al. Rapid generation of murine
bispecific antibodies using FAST-Ig™ for preclinical screening of
HER2/CD3 T-cell engagers. Antibodies (Basel), 2024, 13(1): 3
Dong W, Li Y. Complementary methods for monitoring hole-hole
homodimer associated with a WuXiBody-based asymmetric
bispecific antibody. Protein Expr Purif, 2023, 210: 106316

Guo G, Han J, Wang Y, et al. A potential downstream platform
approach for WuXiBody-based IgG-like bispecific antibodies.
Protein Expr Purif, 2020, 173: 105647

Lewis S M, Wu X, Pustilnik A, ez al. Generation of bispecific IgG
antibodies by structure-based design of an orthogonal Fab
interface. Nat Biotechnol, 2014, 32(2): 191-198

Wu X, Sereno A J, Huang F, et al. Fab-based bispecific antibody
formats with robust biophysical properties and biological activity.
MAbs, 2015,7(3): 470-482

AhmadZ A, Yeap SK, AliAM, et al. scFv antibody: principles and
clinical application. Clin Dev Immunol, 2012, 2012: 980250
Hornig N, Férber-Schwarz A. Production of bispecific antibodies:
diabodies and tandem scFv. Methods Mol Biol, 2012, 907:
713-727

Einsele H, Borghaei H, Orlowski R Z, et al. The BiTE (bispecific T-
cell engager) platform: Development and future potential of a
targeted immuno-oncology therapy across tumor types. Cancer,
2020,126(14):3192-3201

Ogieuhi I J, Ajekiigbe V O, Oladipo T C, et al. Bispecific T-cell
engagers (BiTE): a review of tarlatamab in small cell lung cancer.
Clin Transl Oncol, 2025

Kitidee K, Amonyingcharoen S, Preedagasamzin S, et al.

[82]

[83]

[84]

(85]

(86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Combining CD3/GD2 bispecific T cell engager with human Vy
9V32 T cells facilitates neuroblastoma cell targeting and killing in
vitro. PLoS One, 2025,20(6): €0325389

Bansal A, Lavoie R R, Lucien F, ez al. Synthesis and evaluation of
anti-PD-L1-B11 antibody fragments for PET imaging of PD-L1 in
breast cancer and melanoma tumor models. Sci Rep, 2024, 14(1):
19561

Eissenberg L G, Ritchey J K, Rettig M P, et al. Control of acute
myeloid leukemia and generation of immune memory in vivo
using AMV564, a bivalent bispecific CD33 x CD3 T cell engager.
PLoS One, 2024,19(5): 0300174

Reusch U, Harrington K H, Gudgeon C J, ef al. Characterization of
CD33/CD3 tetravalent bispecific tandem diabodies (TandAbs) for
the treatment of acute myeloid leukemia. Clin Cancer Res, 2016,
22(23):5829-5838

Moore PA, Zhang W, Rainey G J, et al. Application of dual affinity
retargeting molecules to achieve optimal redirected T-cell killing
of B-cell lymphoma. Blood, 2011, 117(17): 4542-4551

Rader C. DARTS take aim at BiTEs. Blood, 2011, 117(17): 4403-
4404

Chichili G R, Huang L, Li H, ef al. A CD3xCD123 bispecific
DART for redirecting host T cells to myelogenous leukemia:
preclinical activity and safety in nonhuman Primates. Sci Transl
Med, 2015, 7(289): 289ra82

Topp M S, Gokbuget N, Zugmaier G, ef al. Phase 11 trial of the anti-
CD19 bispecific T cell-engager blinatumomab shows hematologic
and molecular remissions in patients with relapsed or refractory B-
precursor acute lymphoblastic leukemia. J Clin Oncol, 2014, 32
(36):4134-4140

Cech P, Skorka K, Dziki L, ez al. T-cell engagers-the structure and
functional
malignancies. Cancers (Basel), 2024, 16(8): 1580

principle and application in hematological
Koch-Nolte F. Nanobody-based heavy chain antibodies and
chimeric antibodies. Immunol Rev, 2024,328(1): 466-472

Hemmi S, Asano R, Kimura K, ez al. Construction of a circularly
connected VHH bispecific antibody (cyclobody) for the desirable
positioning of antigen-binding sites. Biochem Biophys Res
Commun, 2020,523(1): 72-77

Lu D, Jimenez X, Zhang H, et al. Fab-scFv fusion protein: an
efficient approach to production of bispecific antibody fragments.
JImmunol Methods, 2002, 267(2): 213-226

Tapia-Galisteo A, Sanchez Rodriguez I, Aguilar-Sopefia O, et al.
Trispecific T-cell engagers for dual tumor-targeting of colorectal
cancer. Oncoimmunology, 2022, 11(1): 2034355

Chari A, Minnema M C, Berdeja J G, et al. Talquetamab, a T-cell-
redirecting GPRC5D bispecific antibody for multiple myeloma. N
EnglJMed, 2022,387(24):2232-2244

Nitta T, Yagita H, Azuma T, et al. Bispecific F (ab'), monomer
prepared with anti-CD3 and anti-tumor monoclonal antibodies is
most potent in induction of cytolysis of human T cells. Eur J
Immunol, 1989,19(8): 1437-1441

Dong J, Sereno A, Aivazian D, et al. A stable IgG-like bispecific



16

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

antibody targeting the epidermal growth factor receptor and the
type I insulin-like growth factor receptor demonstrates superior
anti-tumor activity. MAbs, 2011, 3(3):273-288

Ma X, Zhang S, Ren X, ef al. Dual blockade of IL-17A and IL-36
pathways via a bispecific antibody exhibits enhanced anti-
inflammatory potency. Front Immunol, 2024, 15: 1434127

Park K, Haura E B, Leighl N B, ef a/. Amivantamab in EGFR exon
20 insertion-mutated non-small-cell lung cancer progressing on
platinum chemotherapy: initial results from the CHRYSALIS
phase I'study. J Clin Oncol,2021,39(30): 3391-3402

Wang R, Zhang C, Cao Y, et al. Blockade of dual immune
checkpoint inhibitory signals with a CD47/PD-L1 bispecific
antibody for cancer treatment. Theranostics, 2023, 13(1): 148-160
Wang C, Huang H, Song Z, et al. A novel bispecific antibody
CVLO006 superior to AK 112 for dual targeting of PD-L1 and VEGF
in cancer therapy. Antib Ther, 2025, 8(3): 189-196

Bielski P, Barczynski J, Mikitiuk M, et al. The bispecific antibody
targeting VISTA and PD-L1 shows enhanced tumor inhibitory
activity in pancreatic, endometrial and breast cancers compared to
mono- and combination immune checkpoint blockade. Front
Immunol, 2025,16: 1486799

Alcedo Andrade P E, Mannucci P M, Kessler C M. Emicizumab:
the hemophilia A game-changer. Haematologica, 2024, 109(5):
1334-1347

Mahlangu J. Emicizumab for the prevention of bleeds in
hemophiliaA. Expert Opin Biol Ther, 2019,19(8): 753-761

Young G, Callaghan M, Dunn A, et al. Emicizumab for hemophilia
A with factor VIII inhibitors. Expert Rev Hematol, 2018, 11(11):
835-846

Kasturirangan S, Rainey G J, Xu L, et al. Targeted fcy receptor
(FeyR)-mediated clearance by a biparatopic bispecific antibody. J
Biol Chem, 2017,292(10):4361-4370

Budde L E, Sehn L H, Matasar M, et al. Safety and efficacy of
mosunetuzumab, a bispecific antibody, in patients with relapsed or

refractory follicular lymphoma: a single-arm, multicentre, phase 2

[107]

[108]
[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

study. Lancet Oncol, 2022,23(8): 1055-1065

Xu J, Wang R, Cheng S, et al. Bispecific targeting of 4-1BB and
CCRS boosts antitumor immunity via Ti-Treg depletion and CD8"
activation. iScience, 2025,28(7): 112829

Keam S J. Ozoralizumab: first approval. Drugs, 2023, 83(1): 87-92
Huang H, Wei X. Therapeutic potential of CD20/CD3 bispecific
antibodies in the treatment of autoimmune diseases. Rheumatol
Immunol Res, 2025, 5(4): 209-216

Board N L, Yuan Z, Wu F, ef al. Bispecific antibodies promote
natural killer cell-mediated elimination of HIV-1 reservoir cells.
NatImmunol, 2024, 25(3): 462-470

Li Z, Li S, Zhang G, et al. An engineered bispecific human
monoclonal antibody against SARS-CoV-2. Nat Immunol, 2022,
23(3):423-430

Penha F M, Masud M, Khanani Z A, et al. Review of real-world
evidence of dual inhibition of VEGF-A and ANG-2 with faricimab
inNAMD and DME. Int ] Retina Vitreous, 2024, 10(1): 5

Kitazawa T, Shima M. Emicizumab, a humanized bispecific
antibody to coagulation factors [Xa and X with a factor VlIlla-
cofactoractivity. Int J Hematol, 2020, 111(1): 20-30

Bumma N, Papadantonakis N, Advani A S. Structure,
development, preclinical and clinical efficacy of blinatumomab in
acute lymphoblastic leukemia. Future Oncol, 2015, 11(12): 1729-
1739

Kong S, Minocha M, Chen P W, et al. Population
pharmacokinetics of tarlatamab, a half-life extended DLL3-
directed bispecific T-cell engager in patients with previously
treated small cell lung cancer. Clin Pharmacokinet, 2025, 64(5):
729-741

Dogra S, Singh S. Assessing the clinical progress of the bispecific
nanobody sonelokimab. Expert Opin Investig Drugs, 2025, 34(4):
253-258

Thakur A, Huang M, Lum L G. Bispecific antibody based
therapeutics: strengths and challenges. Blood Rev, 2018, 32(4):
339-347



XXXX; XX (XX) KT, &: WSRRAELEHRIETENA <17

Structural Design and Application of Bispecific Antibodies”

ZHANG Ding, ZHENG Yue-Ting~", ZHANG Wei™

(Key Laboratory of Veterinary Biotechnology of Henan Province, College of Veterinary Medicine, Henan Agricultural University, Zhengzhou 450046, China)

Graphical abstract

Cancer cell
T cell Dead cancer cell

'v ¥ SN

Double signals control

iN Y N4
WO NN Y

........... \ DV&IQ IgG—scFv lgG-VHH _—/,
....... Symmetric IgG-like bispecific antibodies

%“W hCA i AN AR

S

Linked Fabs DART
y:msmb Fab Due( Mab WuxiBody N Dhbody y
Asymmetric IgG-like bispecific antibodies Non-IgG-like bispecific antibodies

Abstract Bispecific antibodies, engineered to simultaneously bind two distinct antigens or two epitopes on the
same antigen, are now widely utilized in tumor therapy and various other fields. Depending on their mechanisms
of action, bispecific antibodies can be designed into diverse structural formats, including IgG-like bispecific
antibodies containing an Fc region. The Fc region mediates immune effector functions by interacting with
receptors on immune cells or soluble immune components. However, antibodies containing an Fc region have a
relatively high molecular weight, which limits their tissue penetration. They also exhibit slow systemic clearance
in vivo and possess pharmacokinetic characteristics marked by a long terminal elimination half-life. Symmetric
IgG-like bispecific antibodies feature a symmetric structure and are bivalent for each target antigen. During
production, since the two heavy chains carrying the Fc region are identical, issues related to chain mispairing do

not arise, thereby simplifying the manufacturing and purification processes. Moreover, the pairing of two identical
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natural Fc chains allows for correct disulfide bond formation, resulting in a more stable structure. Glycosylation of
the Fc region remains in its natural state, preserving Fc-mediated functions. However, as the variable regions of
the two antigen-binding sites are linked to the same heavy chain, the design must account for potential steric
hindrance when the antibody binds both antigens simultaneously. In contrast, asymmetric IgG-like bispecific
antibodies consist of two different heavy chains, each carrying antigen-binding domains that recognize distinct
antigens or epitopes, offering greater structural design flexibility. Their development, however, requires
addressing challenges related to heavy chain and light chain pairing. Strategies to prevent heavy chain mispairing
include engineering the spatial configuration of the Fc region, facilitating Fab arm exchange, applying IgG-IgA
chain exchange techniques, and introducing charge modifications in the Fc domain. To ensure correct light chain -

heavy chain pairing, approaches such as introducing electrostatic interactions or novel disulfide bonds between
the chains, swapping the CH1 and CL domains, or replacing the CH1-CL module with a T-cell receptor-derived
structure have been employed. Non-IgG-like bispecific antibodies lack an Fc region. They are characterized by
their small size and low molecular weight, which confer enhanced tissue penetration, rapid systemic clearance,
and high structural versatility. Unlike IgG-based formats, they do not bind Fc receptors or activate the
complement system directly. Different bispecific antibodies exert therapeutic effects through distinct mechanisms,
which are largely determined by their structural design and target specificity. Currently recognized mechanisms of
action include T cell redirection, dual signaling pathway blockade, immune checkpoint inhibition, formation of
ternary complexes by binding two molecules, neutralization of soluble ligands, and acting as cofactors to mimic or
enhance biological processes. Bispecific antibodies are extensively applied in cancer therapy. Beyond oncology,
they are also being developed for the treatment of autoimmune diseases, infectious diseases, hematological
disorders, and other conditions. Different structural designs offer unique advantages across therapeutic areas. This
article elaborates on the structural designs of various types of bispecific antibodies and reviews their mechanisms

of action and applications in therapeutics.
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