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Hh—BERURR SRS 15 508 B 32 R B
AL [ 1 ot 4 B0 5 T80 5 8 T > P )
55 " b, midhtiR S 2RI DT
PRAT LI HE 25yl i R 2R A, 5 e ik
25 IAE L T DA D R e SRR R BT
WIS S 2 BN o FEIPIRE G YT i
EARC A Lo N T el L e T GO B 1
Blinatumomab #![i] CD3xCD 19 {i T 41 itd 8 5 [7)33
57 B UM LG ) FOBURE SR T AR 1] {5 53
B (bt A K I F 32 K (epidermal growth
factor receptor, EGFR) x4 fifd[a] 755t b iz A A+
(cellular mesenchymal-epithelial transition factor,
cMET) B4t , PBH W7 i 9 48 f iy 3 A4 K
) o BRT MR R L, XU R PESUIATE B
B LAY T T AT WEFE RIS, L An IL-17%
IL-23 AT ] LA R Bl PR 2 55 P 25 7EiR
SPGB, RN SRR T LSS B
PIANMORSFROL, B IR A8 kit 225 Sk, 1E
AR 7 T RS, LA 2L iz i 2
(glucose transporter 2, GLUT2) x4 ifd 7 M T#HREL
41 Bfd bt /L 4 (cytotoxic T lymphocyte antigen-4,
CTLA-4) XL, BEERRIITRL * BR TIRITHE
e, BURRSEMEPTIAL B T T2 181, 4N Diabody
T BA BN A 1 i i R SR Y 2H 2 5 A e

1 T4 [ Jif 98 A0 A% i Diabody BT DA H F i g 12
Wr 27 SRR S PEBUIARZE AL 3 B Fo 1Y SRR 5
PEHUAFIANH Fe BOBUR S PEBTIA ), IR 22 7
fET: Ferl LS REEMMIZIRES G, iR
A0 A S AR B #EE ] (antibody-dependent cell-
mediated cytotoxicity, ADCC) AR Hi A AK &6 40
e & WE /E H (antibody-dependent cellular
phagocytosis, ADCP), Jj4bFc A] LG #MA, L
R MEBUARH T Fe 40+ B it DL ST DL 5 32 R 25
G IS HAE AR g ) 252 AR N
AR AR AL, X SR S P AAE
BLHRI A RS FH A 72534

1 FefEiniEEThae

U SEPERU B T TR 2 R R
FI A AR 4R JE45 M J2 75 547 19G B ) Fe X1,
RIS R R Fo ) 1gG HERUR S BT
T 53 SR 4 4 Fo ) 3F LG B XURS 5
ol

ol Fo 76T C oK. E RSB IK

rhR RS, IR P AR S 1 A
b sgm A Y22 UIRE . Fo X380 -5 90 % 41 i
ARSI R N 5 5 7 A RN . B SR
ELIE AR . NK 40 A AT bR 20 i S5 2000 A, 3X
LA F ik Fe 2K (FeR), B S5HTR LG PT
TRBY) Fe 25 M5, XM fil A T e Bl gy
WE AN RN . B an, 1gGPoik S B mEgn i iy
Foy Z K254, YEuRm IRAAR T BRAE T, 1 NK 41
FIFH FeyRlIlla Ji 8l ADCC AN, 3K &40 27 B A A1
I SRR YT B AL, PUIARY Fo IXBEHE T
MR MAMA R G, UBURMIBESS & R B
(fragment antigen binding, Fab) 5 ¥ JF {4 3% I )
PURRE S 4G5, PUARM Fo XS8R A i 5 el 2y
i MBS AMA R G C1 E B4 A s, A
B drMAERRE B

WAL SR Z AR SRR R RIS S =
2P0k T Fe Be W ThBE . MEWE PR 1k 1Y 1gG it ot
SHHIPER) FeyRIIb SZARZE A, DIl G e s
X ER OBk VE S % % Bk R 1 (intravenous
immunoglobulin, IVIG) A¥7 H B S g i1
FHALH 0 AHHZS, A e g 1) 1gG 3G 08 1
5§ FeyRlIlla Z K454, BUK ADCC RN, X —
R A T 98 A1 AR Y B s BE AT vk R AR B T
FH B s S T SRR RS 2 T Fe BoAl BAE
FHAERG B A5 S92 S 0y 7 TR S A TRHEE LS . 1gG
D297 J& B AT R SF I NSO 05, HA R mbi ik
FaEE . ZIREEG R AN IIRE, A 1gGl Al
1gG3 it/ N BEEAL 0 454 FeyRI Fll FeyRIL, 98758
N297 23 52 Wi 470 VR X 25 1 1 S0 U5 P P A A 3800
fie)

bR TP B RN 2 A, ai A Fe Bk
SRR HIERN N RGO RENE, HLRMRR
WK, X FEWETEANSH 4L Fe 2 ik
(neonatal Fc receptor, FcRn) /A RHEM 154,
Bt IR R EE T o FeRn A1 3 1 PO
IHLHIALAE 1gG R B AR S bl 3 o e e A
AN, TERRTENIR T 5 FeRn 454, Bi/ETES
PE pH 4508 T PR ER R R A1 . T HA Fe
BRI BT K (A0 1gG 43 F it 150 ku) 5%
M AR RE Sy, JUHIEXT TR, A
Fc (%) B &% A] 12 X [ Bt (single chain fragment
variable, scFv) [43F B2 25 ku, HAHEIHY
HAZFIERET] -

TERURE S EHUAR B2 57 A Fe b Beil 2
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WA R I8 . AR S PR DA R 75 75 2 Fe
Fr B SIS RO . AMARRLN S UL, LA
Fo X AAE A P Ok B R IR 220 g 1 32 . )
bb Fe i Bt 22 52 mi XURE S MDA g 413 A aifk
F R S B — S5 R XS Fe i BoiffATels , i
TR AR L 2 )7 BELAR T AT DL 35 48 i Fe i
KRS SRR AL AR

2 XFRIgGHRENEF F IR

5 Fo i B i SURE S M PL IAAR 91 W 2% 4% Fe 1Y
XERRME AT LA 23 A XS R AR T E X R ) Tg G AR SURR S
Yok, XHFRIGA A Fe ISR S PLIAR S, & B —Fh
PURBLRAZERU 1, FEARL T4 Fe P 5%
FEARR, AP EAEICR S, NI e T A porn 2k
R fE, 53 AN WA AR R R SR Fo TR i X =2
[ AT DO S b, B AR E A, [ Fe
AR R R R ARVIRAS, AR ADCC
BRL A RS AR K A B 4l e 5 M (complement
dependent cytotoxicity, CDC). TP ik n] 4R
IR — A E B B R, IREIHR L% &
BUUARIRI 25 G050 25 AL RHALN , PR 23 52 10 XL
FER PRI R . AFIXTFR [gG AU R
PEFUAR N L RTR
21 WAIEZERGEEKEH

XUR] A% [X A 958 BK 86 1 4% R 2 DVD-Ig™ 43 F,
Rl Wu dE 7 F 2007 AR IR . SIS 1gG —
FE, DVD-Ig™ 43 i W 2% 25 4 1 25 e B 2 A o
SR, 5 1gG ARFIAYE, DVD-Ig™ o mkEFIE
HER S A — RSN AT AE 254 5% (variable domain,
VD), it EA R ESA (monoclonal antibody,
mAb) [ HEHER[ZZ X (variable heavy chain, VH)
2 4%n] 25 X (variable light chain, VL) AY N i
B FYER: . i, YEEEMRES G, E
BHY DVD-1g™ 43 FAL & 4 A PURIRBI 8. fedb
JZ 8 N ¥ 0] A8 X FR A VDL, B N2 ] A8 X R R
VD2; VD2 % it C ¥ 8 #% {H %2 X (heavy chain
constant domain, CH) 1 B{%: %% H & X (constant
region of light chain, CL). 1%J7 ¥ il3E B4k nT L
RSP EHLES G AR B R PR R AL,
FHERE T8 A PUIR T AR g s, Hor1 i AL
Hi1gG R 50 kuZedy, EABAK AN 2 I FE
BRita], fEAEF= T4 |, CHO B4l 3k DVD-Ig™
HEMARIE IgGHUMA A, I Hbrikn] Lig3
BRI SRR PSS IR, X R —IE X1 DVD-

Ig™ oA A TR A = F0 R ialifh . @iy
WA PR AP IL-12 FTIL-18 DVD-Ig™ 43X M Fh 4t
R EA G 1E M. DVD-Ig™ o FAEPTRE S T
e B EH T — A VD 5 G — PR X 5 — VD
GG — PRI, PURRR/NRR LR,
WES ARSI VD FE N ol /NS, 4568/t
JEL VD 7E A 2 85 T C o CHL 8 CL,  FLAn7E IL-
12 F1IL-18 () DVD-Ig™ /¥, $HTIL-18 i) VD 7
N 3 AT LS VD AT TL-12 (25 4 RE 77 AR 2R
KA 20%~50%. T E% JE N ¥ VD Hl C i VD
A, 38R TR TR W A S 08 2 I ok %
e, EEREE R B AR 2 1 VD 45 SR
(728 [EERH, AR 22 R A A 4 P fe e i
APV NG T SN S e R U N S

WF 5% DN 3B #9568 AR i B2 S ¢ (corona virus
disease 2019, COVID-19) JE&E # ol i 0 # ik
WArES T 9OR B, @ T 18 Fh DVD-Ig™ 4544 1y
MRS, fiiiEs]—> DVD-1g™ 5% S11
BahGne g, MARFE R E 2T ZE A AR IR
J #F 2 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) ARtk EA ) {454
fE T, Z AR R EPUIAR AT DL 32 IR 25 A X8k
(receptor binding region, RBD) %54, JiRHIE T A
I % 9 & F # B 2 (human angiotensin-
converting enzyme 2, hACE2) 5 RBD 454 . %
T T R R SR BRI R IR YT AT 1E
TEHEILIY SARS-CoV-2 AU 251
2.2 IgGiE#Fab

LA T 2 TG i H2 5) — PR IR Fab v] LA
TE SRRV e iR o o BRI Fab S sk 82
(FIT-Ig™) Z5A95cH) T 2017 ARtk 00 X Fpl
RO TTHRAL T — XS BRI PO TgG A SRR S
¥, HPIAH VH/VL X REIE# 45 G, H P4 Fab
R BT X ERER S, TR, Wt
T IRk o FIT-Ig™ ] DLA| AR 1 0+ 4 )
LR, PRI S RERUAT A T AL, FE
A b BA SRk, I Ea] LA bR
FkEma bR TR, THRHEITRE.
FIT-Ig™ 7> F I RAF 22y Me T . ARSI Y
Uig, DGE TR IR E 0% . —A>FIT-
Ig™ 7r F 0 8 S w0 20 RAE B 5L, 5T T 9L
cMetxEGFR [ FIT-Ig™ il A AR/ N2 it i 4 e 2
(NCI-H292) i JIiF 40 it 4= &K [+  (hepatocyte
growth factor, HGF) % S M HE H#EE B (protein



<178 EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (D

kinase B, PKB/AKT) BEFRICHIRE ST . 15+ X
TR Ak AKT 30 H 5 R Ml /L p o e
H (ICy,) AT IANEE/RKF. A, cMetxEGFR
FIT-Ig™ ] T 80% B AKT B2 1k , ifif EGFR Al
cMet AL AT T 60% ) AKT BEFRfL 4.

gy — P 1gG # 2 9 — YUK B9 Fab K A
REGULGENT™, fE— 2R EsE -] LITE N ol
C 1@1%@3%%_%“ —ANBUARR VHFICHL, 1%
PUIAR H PIAS Fab S5 3R 0, I T — 2538 5
W, AR BAD T hURSS G e, T T
FHE A %8S, REGULGENT™ [R5 312k P4 faf
L RS EURREFRBURE S BT 8 UL ) SR AN
REEAETCIL G . AEAN R TR IS pH A5 T BN 3
A PR FR T, REGULGENT™ B 5 23k F I 5
LR, S5 EP, REGULGENT™ /> T HA K
A SR . AR A B T AR IR B R
REGULGENT™f ﬁ?ﬂﬂ]‘éﬁ%ﬂﬁﬁﬁ)ﬁ, I HXFI%
PR R R = R L) . B2, REGULGENT™
PR X R AU S @mﬁ:ﬁmm% T HBAH A2 1eG
AP A PE BT, DRI I A Rl o 2 i A
B
2.3 Fc L BEkscFval B B 20 K f s

FHN, EAG AL FRESE R B HTAR AT LLAE Fe |
1 B¢ scFv o B 48 K $T /K (single-domain

antibody, VHH), 3T H 2 MR- 22 2 R 4%k %
PR BB Al AR, scFv A VHH B R4, M
M RERE ™ AR vk . =R mtEpiiisr+, @Al
[F] ) Fe Xt , %A s i 45 G2 S iy
TSR VHH 55 scFv 4 S5t AR U AR Rl 9t i 55 % 407,
G DS =Y 1 e 710 N = N VA O 71K 2 N
DIRR A o S B S 45 5 26 N W75 2 s e
fiff % 7 Bk JF KRR Y R AR T 22 IR LA 1
(programmed death-ligand 1, PD-L1) xEGFR X f§
RURURE DA, X R 1gG A 7S HBURE S Mt
K, i 0 1gTT-1E, AEfS IR 254 EGFR #1 PD-
L1 4t , #0l% AK H+F (epidermal growth
factor, EGF) A4 MO3G 58, A7 R BH W A% 5 14
BET-% 1K1 (programmed death-1, PD-1) /PD-LI
MR EAEH], T1gTT-1E 78 PR AN [ 9 A 546 /) B
RUrh 4 R SRR IR YT RCR MR AR KA B4
i, [RIEE CD8+ T 4 AL Ay L] db 2 1
2.4 scFvE BigiErmEIgG

I scF Rl 2 1gG F4E /) Cuii, M IMTH4 2t
tH—Fh IgG-scFv I REHTIA . X FoSURE S P BT A
TEMFLEh YA rh 2k, Jhlat— Pk E H AR
HATAAL)E, EORE T RS G A R AR R
71, IR G e rE, JF HAER R
K ABA TgG B I 8 o) P A0 00T BR AR o 1gG YR

%ﬁ%f\/ {

DVD-Ig FIT-Ig
1gG-scFv IgG-VHH

REGULGENT REGULGENT
lgG VHH IgTT-1E

Fig. 1 Different designs of symmetrical IgG-like bispecific antibodies
Bl AEETHFRIgGHE M R

= BAPukn AR X, I Ak EUA, DVD: MA[ZSIX (dual variable domain); FIT:
HEETTAS X Bt (single chain fragment variable); Ig: %% BRE A (immunoglobulin) ; REGULGENT,

& (single-domain antibody) ; scFv:
IgTT-1E MR- 544

HiHkFab (Fabs in tandem); VHH: Hlsidr



2026; 53 (D

KT, %: WFRERENERIZTSNA <179+

FENT DA —> scFv A TIEA, AN 1gG A D) HE
MRCEME, S EaE R EE N bl G A LG, X
scFv TEREHE C ol AT A S5 AR XU S P Eb A4
YRS B, AP s &3 A R
1P, T scFv VH A VL i i ks i 32, @i
T R AR AR A — XA R e, AN
FEE R AR TG 0L

I 10 AN S I R 1) 2 1 % 8 S b Ak
VHH filt & 3] 1gG 28 1, DITIE Bl = w2 i
MR SR . BHF A BUBESE T X RS aPD-L1x
oHER2 HL A4 43 JUA] 25 44 T An] 52 g 470 4K 14 A 7
RoEtE . bRgs &Ll kS CDl6a 4 &, N T2
HERAFIOIE | Bm AR D PR 1 A S AR R
PRI A E S, ST S R R R GE H
T SRS . W R RL A 2] 1gG,
AT LASRAHSOA SR AR IO FARE I S4B X
XTFRBURE A, ATVE AU PRI & A R

\ VA VAN

KIH SEEDbody

(2)

i

XmAb

ﬁ'_"ﬁ N Iéj\ [46-47]O
3 IEXFFRIgGHEEIVF RIETE

B AN [ 9 XU S PSR 7 0 5 A AR
], HXPURES S UM L METZORANR . A%
PREVAEA Fe BOBURF S PEUAPIAS Fe BEAN IR, HA%
Al B S IUAR RIS R R D A . AR PR 1gG
FERURE D UAEA Fe, T RLUASE Fe R DIRE
M T AR PR 1gG BV DR B — B A n]
XA TANEEE b, B RAsct s, — o st
JRES G A EFE o (EIEARXTFR 1gG XS 571
U E R 45 & A EE SR R4S & HA ZFh
HIE, BT BFRUERESUR, IS LUE s i
A8, TR L 5 S E A O TR AL
HEEFIAREE RO R, DARC R palife T ge. ARRE
PRIgG REXURE TR F BN P 2 s

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

WuXiBody

FAST-Ig Duet-Mab

Fig. 2 The design of asymmetric bispecific antibody
E2 AXFRIEFREREIEIT

(a) fRPCEFEFEON B (b) fMRUEESE S R4k H FO A 50T “: BEA AFLKIHES#4 I: IgAFIgGHERE e 5 O: L RLFEAE 5 .@ :
TCRYHE & #5493 ; KIH: Jie 4l A fL (knob into hole) ; SEEDbody: %34t T.## 4L & (strand exchange engineered domain antibody) ;
Quadroma: PUJRZ4%3ZIE ; FAST: il J1sEZH%% (four chain assembly by electrostatic steering technology) ; Duet-Mab: XUH! 15 B o B Hii {4
(duet monoclonal antibody); XmAb, Duobody. CrossMab, Duet-Mab, WuXiBody4 HHUIAT-544 .

3.1 fRREHEETEBAIE T

PR Fe B4 T 0AT 3 RIE O, RI2Fh
FHTR ) Fe 2127 2UF 1 FhAR S 1 Fe 41360750, X
e A AR Z A R Fe < BRI 1, 38m 1 A= 0
ARG PRXESE o O 4R = A 57 Fe 215 7= ) i He 491
15 Fe EA AR BB, mmAHEAER] 25 a7 B
DA K B AROR B AR AH 7] Fe 426 R 7™ 5 53 4h,
MR FD Fe 255 8 H AT OUARTE, T8 H AR

MRS EPUAR4Ef ;. I 18G4 7778 K SR (1) Fab 4%
MRS Fe 2256
301 VYIS A AN R R B AR S A
T ZR 2SI AR M T L FRE — iRy S ) B s
1% % A R A S v N R NP S 7
VE DU R 2222 98 5 Quadroma, PUIR 4238 TR £ 1Ak
UL 200 0 %) S R BR AR 1 S A RN R Y i A
BT E R AR R PEER A R BR & . PIRp
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AN RN AR R EE Y REALA %, BIS bl =
A 10 PRI 2 FA AL, i Herp HAT —Fh 2 )
RERISURE IR . FR TR B A B A ThRem)
SRR SEEUIA H AR FEISUARERIG—T 55, =3
MELATIGI , I B U532 B AR SURE S PE BT RIE
RGN BRSO A AR, TR TG
PRSI A . PR /NRE RS B 17
FERR K ZE S, BT LLEE B RN R e 6] 7 O 2 Rl L
), HAYARGIERLS, e T IER R
XU S PEDUR P LB . B TR RPUAR E s AGE
HEA AL G Al SRR S A — %/
FERE, SEH A4ifLrT A7E pHS. 8 UEML, AW
/NS B A SR AU AT LATE pH3.5 PRI . X — 451k
AT DL o 25 A SRR (i b Sl A BURE S B AA ™
¥), Catumaxomab (EpCAMxCD3) T 20094Fk K
A LT 1gG RERURE S bEpTIAR, TR K R
HHINEIE NIEYT o Catumaxomab 1 15 PUR AL AS g 1
ArEas, /b IgG2a Flk BLIgG2b 41T
3.1.2  BTFeaE A as [a) 25t

Fo 7E [R5 — SRR Sh5 G 0 Bt I L 3d 407 i 2848
Horp— 25 Fe B as iy, 5 —4& Fe XN & i
ML, XA R Fe B8 &= B %, i
S 2% Fe B U AT LB AT AR GS & 0 R % R Ik
1T “HEFAFL” (knob-into-holes, KiH) A,
“BEHLAFL” el v LS 7E 1952 4R Y, A
hy e TR ) B 7 A 408 o MBATE 22 0] S L g A A (51
T el i FHHT CD4 1Y 1gG (1) CH3 25 ¥4 4s i) — A4~
BRI IR e — /N R AR ARAT —A e
7 AR, B CDA4-1gG T366Y . ZHEEN w3t H T
i ANIEST CD3 Hifk CH3 254y L7, %3k
(AL Sl AN AR Y407 T B i R gk ok
TP o 3 FPAS W] 1) 55 5 Bt CD3 #2443 [A]
Fik, BURE MDA F0 8 92% = FIHZ T
B BUAGHREAPURZE A RN, X Rk
A RFEFURIRE, TR FEIR T XS R
(RSB R DIV AE AR AR ALl 2L i, TR T
PLZS A PRI, A BURE ST AR 9385 3 R
TSR ME = A (R KU S PR T AR AN ) i 26 1
FRRR DA, WL RS . R
KRGS TeAuAR R

it — 24 e LA AL Fe R R Ik =R,
ik AR, 7E Knob & Fi 5| A S354Y RAE, 7F
Hole EHE 5] A Q347E RAE, FEAUR; DA,
TEFE 11 A 446 (94T CD20xCD3 4 RUR: S BT AR DA

50% & = 2] 93.8%, HUALREE T Fab Fl Fe X 1)
TEPE
3.1.3  FlfHFabfsc ikt

AR N —BE B AR AT LG i Fab 8838 008 i K
SRIBUEE SRR AR . 1G4 43 T-45#1 3of Fab A2 #JE
R IRAURF DU 57, Labrijn 55 =% il i 40 Hr
MG )7, fE1gGl CH3 4k LU F IR R
BRETERBEILFIRR GRE M =6 i, B
rh— 254 78 FA0SL, Y5 — 454k |9 7F K409R
TS A CH3 #55 AH N 28 728 1 PR AN AN [R) 4R S 1)
TR DA T, ZJR TR IR AR i T Fab
B SN R R S S TIRL N e RPPS S U R
IR TG Fab, T LA Fhor =0 A 1 BUR S bt
TR EA EW B R BERCN . I AMEESE CH3
A 24 GRS, ZITE T A U T 4223 KRBT
A 90 Genmab 2 1] & 1% K- £ Duobody H
TP SRR RO Y, — SR 2 T A
PRIFSE oo,
3.1.4 IgGHIgAREAS e TR

T 1gG MR T E AR AR R Ak, T
CH3 453N TR A . Wl B [ se i T ARSI
(strand exchange engineered domain, SEED) CH3
SR _RBIE, HFETRE_RIEKFF&. NG
FlIgA 1y CH3 259 5 147 A= 0 A= AN N SEED
CH3 5 54, i A IgA Fl1gG 14 CH3 JE 9 58
R B, Htr=AE ) —Xt SEED CH3 45+ 7E
Wi L 20 Py At i b eIk B L Se 45 B T8 B R 3R A
T S A SRR S MDA TE NS/0 2 B v
KPR, fEMAEHAWIRAIL, TEREHRHR
RAfo YERKES /NI, SURES TR 254
1R B PG A, OREE
Fe FE il A A 1gG 1 X REZH ) L ARVRRAE oe)
3.1.5 FcHifargkik

XmAb® WAV, T HBOT R EH 5
TIRR Fe X BURE S B R 2 A X Fe il
G, L Fofl 58 A8 e AR HAE L AT, X FE[R] IR Fe
SRR Fe BATE AR5, Wit 14ifk
SR 3R Fe itk 4408

BEX Fe AT 45 H oo i, P E 2 5
58 R TR IR R AR A, Fe B iy SR — R 14
A A5 H S AT B I 25 55 o DRI kg ol A0 4 FL SR 2 Fe 1
ASEFv, BTl & nT DUH T RIFE R B+
At T ok it BT kT Fe 454 FCy
ZM . Clq. FeRoFIZSGEH AKX, [FI5IAZ
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AR 152 S5 RSN Fe S50 A vk, 7 IR 55 r A
Fc 5] A T N208D., Q295E. N384D. Q418E #il
N421D, FE % 5 Fe F5] A T E357Q.

TS R S M SR 1, g — Pl Fe 45 A
I, FEUEIE RS 2R AR, RS A Fe L9l A
L368D F1K370S, 7E 55 Hi s Fe 5] A E357Q Fil
S364K, It AT R, XEEGEARREIR TR
AR SRR 2 8] ) o [l R SR L e 5 | 39 HB LA
THUEFR T, MRS T R SRR, TidE
SR RRZ A5 | AR e 5 | ) A R TR
SR BB, B Y Fe fE 7 HEK293E 4 il 2
FKik, EH ALK T 95.1% 1Y Fe i —
ik,

FERURE SRR Sl AL T T, 535 SRR XT
EHALEANERAE, HA35R 5| A—A Fe 554 45
TIZEERTER T AZE S, FEPUARLifLET, HA435RIE
AR RIS G A, M ERZE S E A
ARE e, SRR RIS G EA AR IE S,
FIFIXT R A 5B R8T 1Y 22 S aliAb S R Ik
32 RREBEHESEMERX EIAIZIT

PUIAR B FE IR IO SE CHL 5 CL Z (Al g At
1 AR VH ML VL Z [ R4S G, o FOARE S
PR PR R0 I S5 S AR A P a8 B e 22
S, PRSI B AR AE A BELEC G . R e
Bl 5Bl B X () AU AN [R) A5 3T . Duetmab 7E CHI-
CL (A& AR A — w5k ' Crossmab 11 VH.
VL DA K CH1, CL H. 3 ™5 FAST-1g™7E 55k 5
fiexd Egl A ER 77 WuXiBody #Ei1 T 4
ZHK (T cell receptor, TCR) e CH1, CL ™7™,
3.2.1 DuetMab: CHI-CLZZ[A]AY ik T2

DuetMab 2 Ay ff# D B4 SURE S TG B A B
RN BE I A FOXH ) S T R AL . R R
fEHRESL (KiH) ARSI 2 S A Tk i) 55—
b, Fad A TR R U CHI-CL 341 b i R
SR R g [ Y EE A AR B O R . A
Cetuximab P37 ($T EGFR) HI Trastuzumab HL T
(PLHER2) BXTHLIAR, DL LT CD40 Filfi CD70 4t
A, SZEGIER] T DuetMab AR DL s B 4l 4k F1 i 2
PB4, JFE RER I SRR S 1gG Pl A TR
] — 20 L [R5 5 PRI . X —FRPETRAN T 20
N P WA N 3 = W O = B 7)) Xz b
PEPE 0,

322 CrossMab: VH, VLLIKCHI1, CLH#
WU SRR RS K W S5 B RN SR S B 2 e 1

[, AR IO & AR T S RS A VH
MVLZ[a], LK CH1 M CL 25438k 2 (8] /) 43145
FTEBTAR I A AR A . PR —2kE I
FHEEEE IR RE LA, TR SR P A 25 5
AT B 2 e At . )

i I X AT AR OB PR, 1,
PREAESE | MRsE 1 AN, 25—, Bt
“HL” B2 Fe fliREE (CLAIVL) #B4r4HRL, i
Bty BT gk 2 WA A 45 A8 3 1Y) Fab
(CH1 MIVH) . T A B 6% 15 51 BL7E 78 2 A
T Z A, AR 327 ki
bR s e, FHE AR IE “CrossMab” ik
BT AU, FHKIH S T 53X M 4 EAERY
SRk, VR EHER AL, S8 SUMET Y
IR BRI BRI , i, BARES
JRUREAE 2. S5 — Ty, ARB R 1
REES 2 XMAgH “H” 4E2MEAER, B0y
#B & A M B iR e S R AL, BT A EAE
o B, 35488 T RSPEPUAR, 74> Fab &R
BAEM W R/ERER X, I H5EG eG LT
W2 FFiX> “CrossMab-Fab” 1, HE28 h H
TEAMADFIE R4 (VH-VL #l CHI-CL)
MPTIRTSsy . SR, MR REE S EAELS A 12 R
AL D3 e S 4 ok 2 S Y B AR g — S SR S EEL
VH# VLEUL, ZIRME, $E “CrossMab-VH-
VL”; CHI #1 CL i) &2 ##t 3 3 “CrossMab-CH1-
CL”, BV, sk i ita45 T 3 R IRl Y
CrossMab JE X . XA ik 2@, &l LA A
FAEM IR ELA UM, w2 E A
JEFH
3.2.3 FAST-Ig™: 7EiEHE 554855 Affristit

“hy i P T e R B LB O X [A)T,  FAST-Ig™
ARAEFEHE VH, CHI1 XL VL, CL XI5 A g
far , A HL AT S | AT DAY B Eh A R B 2 [ 114 L A
YEFIST, DT AR S i s AR e X . % Bk
/N, XA CHI/CL FUif TR B PR A AR S ol T
ML 95% M F AR IE R ECXT, JF H BA R
PR RN AT I Rt o SRIREE A HT R, X Fh
BT IF AR Fab (AR ZER

TE Fe X35 | A HL g /5 FH 77 be KiH 254 76 i 1
ST HERAE, FAST-Ig™MUE T Tl A= 1k
ERHEAA RS (CHO) 4%, JFHE AT
TR 1gG MEFEREERO . L, EvlAT
12 I FH I R HRIIG R ) A5 R oRUCRe S i 77



-182- EMUFESEYIRHR

Prog. Biochem. Biophys. 2026; 53 (D

3.24 WuXiBody: TCREUTCHI1/CL

WuXiBody J2& 25 W £ ) 5 K 1) —FoSURE S e
V-6 o HOCHRR RE T HI TCR U T — AR
U CHI/CL IXHR, 33 /] 7 1k 3 [m] 6 4% F iz %
ZIE R HEAR R o b, FEAXTFRE) WuXiBody
rFr, EHE SR R AR i KiH £ AR ORI i
(o SRS KiH SRS 7E B8 i 5 U5 SR A 1 T s
TERES, B2 A KT R R AR A4
WuXiBody H' TCR H 1 X H A A FAI 1) 45 H o5
It Lk WuXiBody ELAT L BUPTIAREARA G A, 7]
DL i B 55 )2 B o 2 X 4R TCR B2 (2
FEEPUARECE MRG0 F) . S A TCRH &
X AN{E A 9F 55 R 5 IE B EC XE, T ELAE R
afiff,

4 FFIgGHEIVFREPLE

ANHF Fe i B i UR S ML RE U . A Fe
FB, RGN, iﬁﬁﬂﬁﬁ%/ﬁﬁ%’ﬁ%, N
B EHEM VS B . A SR IeG IR B2 5 Fe
TR BIEAMA RS, BT RO AT R 255
PR BUARRE ] o 5”E IgG AR DA =240
FELLUTFIUMIES. a. fbofiE 4z Fab: PIASAIRIBTIR
Fab il id fb 22 G+ 5 b, scFv BB FIRURE S E T
MIFES T c. Diabody: A[EIPLIA VH-VL & 5Bk F
FAEBCXS, i Diabody 3§ i — A i i A BGE MIE
48 17 (dual affinity re-targeting, DART) J& = ;
d. GORPTR: I B IRIERF S s TR, ATRAR
TR P E s 2 R B, &Rt Ak 1gG
FEXURE S PEBUA AN 3 IR .

Vet

S—=S
([
HifFab DART
Diabody
scFv-Fab HBEVHH VHH-scFv

Fig. 3 The different design forms of non-IgG-like bispecific antibodies

B3 AREEIHTH B IRgGRER St HE
E: B APURTTAEX ; 3 1. BRIk Fab: HUFLES HBL (fragment antigen binding) ; scFv:
FISHTA (single-domain antibody) ;

FEE T AR X B (single chain

fragment variable) ; VHH: DART: XGEMTEHLA (dual affinity re-targeting) ; Diabody: XUAHTIA,

4.1 FabERiERMEHME
Fabfl{ VHFICHI, LIJ VLAICL, FabHEk
T 2 ) WU S P R 1 7 2 e e o % 0 e s L ]
R, HOR T E A AR LS A S Y, iR
FOFR T B B R R4S 5 P A A 25 ) 2
GE MRV E R, (L5 B AR B E B R e 2
FUE XA, kG T SRR RS BC ). B
AN Giiil4& 7 —F EGFRxCD3 Hi X Fab 2 [, HIEF
S5 scFv 2. AR5 R, 53T scFv ) XNUER
SEPEPUAM G, T Fab (XU S EDUIA BA AR
R AR R I O

42 scFvEREMMEFRUETHRZEST

scFv FR M Piik sgd n] AR X /B, H VH HI VL
W R 2 IR, TE scFv SRRl OBURE S 14

U P T] LLZE S AN [ T Y scFy il 3 HR IR
—i. T scFv Xl KUK B A BN o i
i, seFv B AU S P U ELAT Bl (9 b g Fn 2
Lepine )

Hrp— ﬁ‘ﬁiﬁ!ﬂ"] scFv RURE SEPEPUIR 1T FR A
MRS PE T 4l e $2 &5 4% (bispecific T-cell engager,

BiTE), X501 MM scFv 4, i ad—A~ e
RGBS B A scEv S 40 MO % by A
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KHREES, H—"1scFv 5 T4 A9 CD3 3744 Omicron ZR A2 (R ZE #3882 S IX 8k, 12 AU S
455, ARRZ R OSSR IR T 40 M pY 20 g U AR AT GE o WA 25 25 Ak 6 2 AR, FE

BEPE A () B R AN 7 27 R TT R R S
PEBUIART 32 o e i6 97 G RBIF ST
4.3 AEMAEVHEZE VLA DiabodyFIDARTH X

i o BB scFv B A XU S EBUIRTEAR 207
AR, HZRISA AR R, AL “9E
FIR” Ty AR X (VIX) A28 i ok
BRI, X 25 T 8T IR B RE 1 AR AR sk ek
A5 BEAR, T scFv IR A iy T 0] A8 X5 HA
SRR SRS, AR LR
SR NRPLBA WU S FAE DI BERNSSF4 1Y
JRBR P, K Diabody 1531 A 1 W 4% 22 RS2 A —
BIK, FAHAE—A VHESE, @ — Rk
B AANFBUARAY VL S5 038, 3% P05 K
1 G AE ) — 5% T A2 sk 2 [l X . 3366 VH
FIVL 58385 55— Z588 b A% &5 R i X, M
M= A BA BRSSO AU k5,
IR K250 ku, Diabody HI45 FFE g H A1
AR/, I HEARIM:, BTaish. SHAUE
SPEHUARAE e, Diabody BA m R F S . EfasE
PE. mBEE . IR RS S B, T
ZWTRNGYT 7 EAT T2 N R e

Wi Diabody 7T A3 iz 7 % ) k43K H3 BB Bl
TandAb, XFERENPURLE AN M, RARHW T
XTHURGERM Ty, HoorF a1 s bR
B, WtSH/NPiRg AL, BaE KAk
R

DART -5 7£ Diabody Al 753 LA & . 1% F
H 76 VH Coiiic b Mk —mi, 25050, JEWiE
B TE A0 RN R AN =2 ) T R R A 40 i ] 2%
filk, FEIRAT L R BN HE H B scFv A T R A%
J3 Rl 3 MR S 43 AR AR N A ROR) i
AT REPUIRE H RS 2 Y, R AR
WEB BT IR A ke, oA Az e 4
PE, ANHEHAE TR & Kk SR 1 B 40 S ek e
A 9% (acute lymphoblastic leukemia, ALL)
f¥) Blinatumomab (CD19xCD3 BiTE) %/,
44 WMEAMEREMERHNSERERE

GRSk R AR A e, RIET X
SRR VHFRON VHH 805 90K BTk, gkeiik
HARBUN, RoetEmmes o il Rk
Ui LLIVE SR PR, Li%s 2 B 1 —Fb
RURE SR G OR PR, ZPUIRBE NS [F] 1 45 5 s A

SARS-CoV-2 JEJe/INF A A i 2 L R Hh
JERNARTT AR . 534, RN & IRMEE R T
7 Hemmi 55 Y MY EE T — IR IE B2 10 WU S PR )
KPtlk, FRZNIMAPUA (Clobody), ZIMASLIA
REASHRAN R SR ERT,  [RIESHOR B OBURE Sk

MR PR 2R 5427750, AT LA Fab 5
scFv HRIIE JOBURE S MBI 2, GokBiiR T LIS
scFv B IRIE JOBURE S5 M 5 2 FE S M Tk, Tapia-
Galisteo 55 ™ & it T — B0 H TI6 97 45 B W o
(colorectal cancer, CRC) 1’87 R 1K T 41 g 25 4E
SRR . SRR AR RO — R S T Ah
fedEas (trispecific T-cell engager, TriTE), H—>
CD3 F§ 51 scFv 4 A, Hifl 73512 5t EGFR At
B g0 M & B 4> T (epithelial cell adhesion
molecule, EpCAM) RS EEEPTIA

5 XUERSREHUECE RYLH AR A S

5.1 MERMEREERTLEH

SRS EBUAR  FEA D) B2 7T AR 455 A~
AR AT, X7 ] LU R R TR el &
AFIRRAL, FIIMURE SR T A5 rT L
JERFR IgG AL | AEXTFR 1gG FEAS# LU KR 1gG
FEEEH, X TR G M DUE A, drT L
R EE M, X BT R TR LA
RRH T D se A R s

AN R A RURE S B A R HE IR T7 B8R I AL AS
], AAE FHAM BT AL AR . B
FN,FHAIESE S5 )32 AL 22— T 40 1) 21
AR R A PR, SRR SR AT LS T
YA - CD3 454, RIS R A SCHT RS &
Iy — B A AL 2 BEL T B i J i AU 5
B 0T FEFREIRYT Y, OBURR SR TR T LA R s
A o) P FPAS [ (4) 52 A 1 SR VW (receptor tyrosine
kinase , RTK) LR, Ml e A= K 9 v
JIR ez T 25 ML 8 S A — B R S TR L
il Jhy LT S e R A A, TR 20 3 L 5 e A e A
S G e A, SR AR
[i] WP AN [] %) ol g S e A 5o, P LA AILAA
(AT IR SR o A U AR R T
REAWMEAT ST, BREARE &Y. L
— M5 FJ& Emicizumab ", ‘ETEBE IS S H
BRI 7 IXa M X, 16 A BRI A0 Hd IR A e sk [A)
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T VI 38 [ Xa F X TCvkgs A o, HABAL
{35, ATEERCARR A, BHIEE ]S Z A E AR
FH s AR Sk B R AU A e AR . AR L
il 1) 22 D REVE BV S PR DU RERS AT X 32 (1367

BB TR, PR — AR Y T T it n] A 2
ARS8 TG B R 2t . — 80U SR PR
PR 4 ffr 7

pravat)iol

Fig. 4 Action mechanism of bispecific antibodies
E4 R ETEERLE
(a) SEEPFPUREERN; (b) FOHUE 50N A R0, U S VBT R [ o 2355 50 200 BR800 A0 A 2 T 70 6, (02050 7 200 L i
(c) WTREANHIBUE S WEE, BURESESUR RIS S5 G A RS2 R, 540N A5 S@ B AR Sl (d) DUk A Sl
XS S PEUAR [R) B 45 5 P A SR A A mi 50, WVRR P SE T2 4K 1 (programmed death-1, PD-1) . 4f i 25 P4 Tk E2 40 Jfg A1 3G Bt )5t 4
(cytotoxic T lymphocyte-associated antigen-4, CTLA-4) . #kELANALIG L 23 (lymphocyte activation gene-3, LAG-3). THIMI SR EE H 5
3 (T cell immunoglobulin and mucin domain-containing protein 3, TIM3), PFHBITAINM S MR 40 el s S (e) SZ5&MANE H BT

&Y.

52 WHERMRGCHNEZEEZENA

MURE S PE B TE S A VR 9T S & T2 I N
L BRIEZ MR FH T F S ey . 155w fL
B

FEFRREIRTT H, RURESEPEDUIASE TR 7 IR
RGEAERRRE , ALHE s Ak ELR e i
FHE ) T AR 4. 534k, N FH &
ALY R BN AR RTINS
AR, E AT ARE ) R Ry S RO R R
JEE RN [0 1on 1071

e =2 e SEPAE R 2 71N NI
T B B RBERIRTT, WSS AR 2 4 )
R S G AN A TR AR P A PR IR R 2T R
MARGMELL B 1010

PRI AL Y S, S S AR AN [l Bt

JEOR AR R S AL F) S e i, - ]I XSHE i UK
A VR 3G 53R T RO, 8 N 2 G B ik I i 7R
(human immunodeficiency virus, HIV) . SARS-
CoV-23A77 [ i /s BUFAORICR o

TENRBHGT 7T, XU S AT A i ) i A
A DR RIBY 3 A LA 1 A AT A DG B B R M
PRI B BEK B S

TE ML 9% J5 T, Emicizumab 7 5E Il 2% 5K )2
JO7 AT PR IXa L XORIGIT ILACHG 1 — 2B
etk 2Et Bl (1),
53 ARG RIEREERR KRBT
LB R iE)E

T AR08 W I (B NEIPYEE R R R AR
1gG HEXURE S MEBUIR AR 1G A SURE SRR . TR
A E R AL T RS Fe 454, i Fe—J7 1
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Table 1 Bispecific antibody drugs on market
F1 2KELE FHHIERESEEGY
[EliE 2w L=y SERLES R B AL YEFIBLI & RE PRALTAIAE S XD BFERAF
Removab Catumaxomab CD3xEpCAM ﬂFXﬂj‘fij\,(j(jﬁ*— DUy T A e e geq Joei MR K 2009HKHH (20173117 Trion
Blincyto  Blinatumomab ~ CD3xCD19 AEIgGHE, scFvAl  TAMMLEEI R Ik CE 4 AR 1 20143 Amgen
B, 141
Hemlibra ~ Emicizumab XxIXa AEXFFRIgGHE, L8 BREAEEY AR A 20173 [H Roche
B, 141
Rybrevant Amivantamab  EGFRxc-Met AEXFFRIgGHE ERegiikl /N i f e 20213 [ Johnson
Duobody, 1+1
Kimmtrak ~ Tebentafusp gpl00xCD3  FEIghf, scFv-TCR THHAEHE R I 4 L 208 20223 [F Immunocore
A, 1+1
Vabysmo  Faricimab Ang-2xVEGFA  JEXFRIgGEE, WECAAE] AR, K 20223 [H Roche
CrossMab, 1+1
Lunsumio Mosunetuzumab ~ CD3xCD20 X FRIgGRE TAUMEEE bR DV 20223 H Roche
KiH, 1+1
JFHJE  Cadonilimab  PD-1xCTLA-4  Xf#RIgGHE, IgG- PCEREE L] RS S 20227 [F R
scFv, 2+2
Tecvayli  Teclistamab CD3xBCMA X FRIgGH: TA M 2 R B 2022KK Johnson
Duobody, 1+1
Nanozora Ozoralizumab ~ TNFaxHSA  3EIgGHf, VHHE JC A4t FRIBETTT % 2022 F A& Taisho,
B, 2+1 Ablynx
Epkinly  Epcoritamab CD3xCD20 X FRIgGRE TEMAL I KB IR R 20233 H Genmab,
Duobody, 1+1 AbbVie
Columvi  Glofitamab CD3%CD20 X FRIgGHE, TAIMSE IR KBk R 20233 [ Roche
CrossMab, 2+1
Talvey  Talquetamab ~ CD3xGPRCSD  JEXTFRIgGHE, TH MR 2 R B 20233 [H Johnson
Duobody, 1+1
Elrexfio  Elranatamab CD3xBCMA  HEXFRIgGHE, &1 TAfREEmME 2R E b 20233 H Pfizer
IgG, 1+1
Imdelltra  Tarlatamab CD3xDLL3 dElgGHRE, Foiedk TN M iR /NG it 20243 [H Amgen
scFv, 1+1
#ikJ5  Tvonescimab ~ PDIXVEGF-A  Xt#IgGFE, IgG- PCEREE ] E| N ol 2024+ 5 RETT )
scFv, 2+2
Ordspono Odronextamab ~ CD3xCD20  dEXf#RIgGHE, 1+1 TG KBYH M ELR 2024 K%M Regeneron
Ziihera  Zanidatamab ~ HER2xHER2 AEXf#RIgGHE, scFv RS540 HER2PHMAHE 20243 [H Zymeworks,
BAR1A4Fab, 1+1 Jazz
Bizengri Zenocutuzumab HER2xHER3 AEXIHRIgGHE, It XUE S0 A/ IN 20 P it 20243 Merus
BE, 1+1
PRk HFDA/EMA/NMPA, DrugBank (drugbank.com), Drugs (drugs.com), PubChem##&/%, LH, PIRHIZ528 ®RuY .
AL ADCC RN MAMARN S5 fke, 73— BEMEAS S AR, AmifEifk 1 A= simnstift
[ Fe S5H SRR S PUIR AR N G bR g2, 26 23R, W FRADPuRnT 28 X e Al — S ik ol
AR, TEIRYT B AARBON G250 E,  RiE, RO R IEBUARIN 25 S HU R ) 25 8]
TIHNFC R T AR R i, Semada] i PHALN, DR R SRR S R B T R
MBS . TG RERUAFSPERC T AR . TR APR 1gG R SURESPE HLAT 4 Fe BE R
FEXIFREE Y . PR IgGRERURE e bR LS G —Fh HIEW AR bt AR i h s ek fr, Bt R

PURSRALE RN B, AR R L o1 T Fe P 4%

%, — BRI YURRIST A EAE

. B LA
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TR e JCOG) [) AT LA R o e 5 A B X ) A ) AN [
B RCLERHNSARN A . IF [gG AU FE
PUAREA Fe B, AT Fe i) ADCC 2808, FTAMA R
N, REURI SN, BRI A S S e
71, 2R JIEEE R, AR R SR S
PUABAARFE 2802 R A, EAEA R0
7 U EA AN R B S s RO Rl 3
FEIMIE NIRRT 71, E 1gG SRR S B iR
Blinatumomab 2014 4F 7 36 [& 284t _E 117 1 31697
0 20 B 1 0l . i bt AR 25 4 Bt CD19<CD3 /Y
scFv FRIREER , X BUARI /N TS5 M R e I rh
R RCHICKS: T 4R FH 5523255 CD19 1% LS A RS
TR e S M, Ry R T 2R MR s b Rg A i . H
EZARANSRE N (Z92h), BOREFH LI
I OB R A TR IR BRI R LR Dk e,
KHsZm 7GR Y T ek
FERIR T, TG FERURE S oAt AR Bk 22 b vy
F o W P . B an, $E [a) CD20 A CD3
Mosunetuzumab,  Epcoritamab,  Glofitamab #/I
Odronextamab, ‘EATAEIEXIFR 1gG FEPLIA, HA
SR IgG 451, PIA TR, Aairala:
wIKER 25, (BRI VE 2 Pt . [T, AT DLAE S )
Fo Fr Bt 1 s >R AR E AR S 0 XU o
TESARIEIRY Y I, A —A (Al
JAMBENE, AR IgG RGN+ B A T
T2 SO R B o, Bk AR, SR,
PR RV o SRR ) T 2 W A i g R AL 1Y 3R
H, — SO T AR o el AR TgG A28 e el A8 L
NS I RE . HET LT AR IgG HE4S
Fa) B S5 P B4R Tebentafusp 45 & gp100xCD3, 43
T-25H 0 scFv 5 TCRERAG, il T 24t it 5 408 ) Ji g
FRAGIT # Z N B {5 28] . Tarlatamab 455 CD3x
DLL3, fdf T 4 g S #E ) g FHRAG YT /N AR il s
Tarlatamab A% 45 #4 "~ Fe 1% 3% scFv, X Fc iy B4
o TRRR G, RBR T HAUV YR (41 ADCC) ,
PN 3k B T AN A8 () B e TG, Fo v B le s (1) ifle
— BB RESHEJLFeZ K (FcRn) 4546 . XFhgs
A HLH AT LR S Tarlatamab A EEHUA TR E R, M
MR A R R 2 1 1 TG REZSH IR R
Fe DX E AT EA B K B AR ErE, —2£Fc
TR ek P35 ADCC RN, fH Tg FF 4548 BURE 5+
PR D FARBE R, R Fim AR i 2s . —dk
IgG FEXURF S PL iR E /e m IR N, W §E

Amivantamab . Ivonescimab fll Zenocutuzumab T

A5 /N B 85 697, Cadonilimab JH TIA Y7 # 1E
‘B & IRYT , Zanidatamab F T HER2 BH 4 IH 4 98
RIT . VEFIBLEIE R AU A

1A B e thpomh, SRS B AR
R S I R, 1gG AR T Fe
BES IR FoyRIIb 2 AARZE A, [RIAs Tg R4S Fa BUER
SEPEBUAR T AR X254 1 B NP B Ak 2 T )
AL, TR RIS, DI “OCH” XA E
BN, K W TR Z K2 e B e
PER B E L, FERZHA RPIRIAITH, ADCC
SRR A E R, R T B Fe A Bealk
Frokas, DAY BRIL S 305 8 Foy 2RSS B RE ST .
Hil, A2 RRER . RGP PR S
I A RURE S DA TE A G RBFZT [ B 10 e

FEAG Y e TR YT T, P LAEE X B (40
HIV. i3 . SARS-CoV-2) %55} 728 S (1) i
A, TBET ) A i) PR S [ S 7 8 XU S B
A, NI RN R R 2848, SR s i i P
AT DABET T2 S RE AN B BRI e A, R AU
SEVEPUACKE NK 20 M B T 40 17 55 20 9l 2 8L 1Y
s, LATEBRREEERE (AN HIV RS A A1)
FE S5 BT 0T, X T APk IR A ¥R T BB
TgG 45 1 1) K 2F: 22 30 e B8 (9 & 0 D g (4
ADCC) JEA M. Xt T 75 B 55 B w41 4
(o ot fi B s ) LAY B R AR b 48 R BRIk G 11 37 5%
A 1gG BRI /INoF 4574 P RE T LA

6 SEMERE

XURFSPEST AT E B T BT IR R Rl B i HTiAR T
PRSI R4 AN RIBEIEER AL, XD hE
JE TR R TFE FEL, AE E7 0U A I H  455
SE A B RS L AL YR HITR)T o

MUFRPETUARLT LR, A4 1gG A=A
FETgG R, i TS BAT Fe sk Fe AT
WU S PR 735 e, Mo XU S T
RGN I AR 2R A . B EE, LU
Je Fe BA BAMASRSN, . ADCC &N ' w] LA 4
I Z BT AFRPTARIER . 12 HA Fe YRR
SR, XFRESURESETUA BEAPURES S
S, B TEAIINSRAN, R AN
IR HBERCX A, 5 —2 1gG RS SR PTLA 2
AEXIFRA AR BRSSP R A BT R
i, BRIz, it R R R
BCXS TR, AR A AR e A FLASHY , DL R
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Y D S 5 Fe B R8T, bl 4 A o B e 0
SRR, A T R RSN, LR
T Y R4, fU4E Crossmab £ A, A f 5%
REEXIR, Sy AME IS R L R RS A
AT A TR SR A R C )8, WuXiBody 5] A
TCR &4t CHI-CL R fif A L 0], TEARXIHR IgG
FEFUIRAIAE T A — 2Pk, Horp— AR R
T IeG A ERE HA AR &R A, Nimigifkh A
SR BARMPUAR . S5k, AR IgG SE A AL
BRI Al AU SR

3k IgG HEBURE S PE BT T A7 Fe X3, AT
PLJE: scFv o Fab, VHH % ZFIEXAG R BE, AL
LRI LA

MRS HETUARLE FALE R R 2R 2R,
FERPEAMI SR . ZFE 5@ B BT . Ao
AR 4 A LA T s P A A A

EEg i BRI L, SRR PEBUIA B £
TRHA, Al AR ) 2Rk s R 3R, 1550
[FRYT I e IR AL o (FRBFFE RN R A%
FETERRER, ARV AE Y Sy S vk A s i AR 1 &R
Feb

JRERAK, BRSPS SR LL A
B, IEFESEATRORISE N EE T & HAG R e v
MRITBIE . RIS LA BB T s
e, WFRAEE RS HA PRI IRy TR
RG] o PO T AR HEAL R B
(IR A B SESA U R BURIRIT R R S,
2P SORIT T E

z £ x

[1]  LiuJ K H. The history of monoclonal antibody development -
progress, remaining challenges and future innovations. Ann Med
Surg (Lond),2014,3(4): 113-116

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

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

[4] Goulet D R, Atkins W M. Considerations for the design of
antibody-based therapeutics. J Pharm Sci, 2020, 109(1): 74-103

[5] 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

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

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

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, et 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

Uliano J, Corvaja C, Curigliano G, et al. Targeting HER3 for

signaling. Cell

cancer treatment: a new horizon for an old target. ESMO Open,
2023,8(1): 100790

Ma'Y, Huang Y, Zhao Y, ef al. BL-BO1D1, a first-in-class EGFR-
HERS3 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

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

LiC, 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, et 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



188+

EMUFESEYIRHR

Prog. Biochem. Biophys.

2026; 53 (1)

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

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 -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, e 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, ef al. Engineering IgG-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 IgG
activates endothelial IgG 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
enhanced antibody-dependent cellular cytotoxicity. MAbs, 2018,
10(5): 693-711

Peschke B, Keller C W, Weber P, e 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
WuC,Ying H, Grinnell C, et al. 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

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

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): e5121

Rubio-Pérez L, Lazaro-Gorines R, Harwood S L, ef al. APD-L1/
EGFR 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, ef 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, er al. Preferential species-
restricted heavy/light chain pairing in rat/mouse quadromas.
Implications for a single-step purification of bispecific antibodies.
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
Xu'Y, Lee J, Tran C, ef al. Production of bispecific antibodies in
“knobs-into-holes” using a cell-free expression system. MADbs,
2015,7(1):231-242

Wang B, Lin J, Hoag M R, et al. Anovel IgG 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, ef 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. ] Am Chem Soc, 2011,



2026; 53 (D

KT, %: WFRERENERIZTSNA

+189-

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

133(26):10302-10311

Labrijn A F, Meesters J I, Priem P, et 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, et 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 IgG1 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, ef 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, ef 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

Davis JH, Aperlo C,LiY, et al. SEEDbodies: fusion proteins based
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, Béhner M, ef a/. 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

[72]

(73]

[74]

[75]

(76l

[77]

(78]

[79]

[80]

[81]

(82]

[83]

(84]

[85]

[86]

(87]

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

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

Einsele H, Borghaei H, Orlowski R Z, et al. The BiTE (bispecific

and tandem scFv.

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. DOI: 10.1007/s12094-025-03980-4
Kitidee K, Amonyingcharoen S, Preedagasamzin S, et al.
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, et 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, et 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



<190~

EMUFESEYIRHR

Prog. Biochem. Biophys.

2026; 53 (1)

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

Topp M S, Gokbuget N, Zugmaier G, et al. Phase I 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, et al. T-cell engagers-the structure and
and

functional  principle

malignancies. Cancers (Basel), 2024, 16(8): 1580

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, et 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.
J Immunol 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 1gG-like bispecific
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, et 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 al. 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 AK112 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

[102]

[103]

[104]

[105]

[106]

[107]

[108]
[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

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

Xu J, Wang R, Cheng S, et al. Bispecific targeting of 4-1BB and
CCRS8 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, et al. Bispecific antibodies promote
natural killer cell-mediated elimination of HIV-1 reservoir cells.
Nat Immunol, 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. IntJ Retina Vitreous, 2024, 10(1): 5

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

N, Advani
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, er al
pharmacokinetics of tarlatamab, a half-life extended DLL3-

Bumma N, Papadantonakis A S. Structure,

Population

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



2026; 53 (D KT, &F: WHERERENERLTERA <191~

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

8

® Teo
. )
T cell retarget Double signals control
DVD-Ig 1gG-scFv 1gG-VHH

Symmetric IgG-like bispecific antibodies

/et
A

CrossMab-Fab Duet-Mab WuXiBody Linked Fabs Dishysdy DART

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
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receptors on immune cells or soluble immune components. However, antibodies containing an Fc region have a
relatively high molecular mass, 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 1gG-
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
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 CHI 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 mass, 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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