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Current Status of the Research and Development of Bispecific Antibodies
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A bispecific antibody (BsAb) is an artificial protein containing two kinds of specific antigen binding sites. BsAb can

connect target cells to functional cells or molecules, and thus stimulate a directed immune response. Last several decades
a wide variety of bsAb formats and production technologies have been developed. BsAbs are constructed either chemically
or biologically, exploiting techniques like cell fusion and recombinant DNA technologies. There are over 100 different
formats of bsAb so far developed, but they could be classified into the two main categories such as Fc-based (with a Fc
region) bsAbs and fragment-based (without a Fc region) bsAbs. BsAb has a broad application prospect in tumor

immunotherapy and drug delivery. Here, we present a brief introduction to the structure of antibody, pharmacological
mechanisms of antibodies and the trend in the production technologies of therapeutic antibodies. In addition, we address
areview on the current status of various bsAb format development and their production technologies together with global

situation in the clinical studies of bsAb.
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Fig. 1. Schematic representations of antibody and its derivatives. (a) typical IgG, (b) antibody binding fragment (Fab), (c) F(ab')2, and (d)
single-chain variable fragment (scFv). VH (variable heavy chain), CH (constant heavy chain), VL (variable light chain), CL (constant light

chain).
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Aol QIZtskakA| o] o 3kl X3k o] ofs)
7F A E=H AT-E Fete] Jiado] o] FofHal vt
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Arko] golsh, A fél‘Erﬂ' A ARA 2=
Ask= Ao] ETHCha, 2011).
371l = A ALke] ofe w3, v A
1 5o= Qlsto] 483t 0134'5 1 & }
SAHIE 3k o] 7} sFobA|aL,
St7]zo] s o] A
1% a1 v}, Ala7A4 59l O] f?}iﬂ o|fFow:
, Blincyto™, Hemlibra™2 % 3%o]0 tlg=2
o|FT&A FrI} oml}g@ o= Oﬂ:rLQJ— ATk

B
EY
oW

o
T
]
o

A}

F-Yl
=
N,
o,
N
=)
Ho 4
2 ut
AU L
S ofy E o
o Y, H

i ol

Qo el b

Removab™

8. OIS (2| Mz=LH it A (format)

8-1. O|Z&x| Al
At S 7F o)== A9 1 FreA ATNd B4
= 7AHA olF

A= o] 7HA G2 (format)o] i

00I'

Hs=
=TT
3} %
©

-
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A gHol oJshd A 100747} dE &2le] o]F3dk
A7} =3 2 CKBrinkmann and Kontermann, 2017; Wang
et al,, 2019; Shim 2020; Zhang et al., 2020). ©]ZA] t}F3k
F2lo] olFdA = o 7] Vo R ERE 4 A
Ak A F /AR gEE § ok JA s A gl
= olFHA AFL A 27F4 F2, F 1gG FAF F4
7} H|IgG FAF FA o2 BRECE IgG FAF FA2 A
7] 1gG Fo| o|FIAR Fe& 54 7IWroz 7Bk
(©]8} Fe 7]8Fo] %3 (Fe-based bsAbs)). HlIgG A+ &
212 scFv 59 7PAN-9] @S 7o s b Fe o
Hol gl 739 o]FgA|olvkolst Wi 7|uko| 53|
(fragment-based bsAbs)). T 7o F&A= F 7 &2
1 olake] A v o 7 FAE =T, scPvit Fabtt sdAb

2019; Shim 2020).

8-2. O|ZA| HMIZ=HiHo| wX

ol AFHH o = F= 2 rl(quadroma), 3}t
A AR 9 R Az o] AR 27]dl=
F& sto|Bhnt §R7|solvt 3181 wAAo R o]
THAE A=t o 549 o]e5old dAE
fFo s A= ve ojEgo] Bkt 88t 7)eo
EJE WA A8ty o] Wdste] Aike] BlaA &
o] 3zt

Z71e] AHEE FAErnt 7] AE ol dAlE &7
st F 7] 2] v dEEAE Al sl
velent NEFE ANEFHOR itz PRIt o] &
FAEF ol A 27FA1 9] Ig S eF 27H419 1g 437t
AR Agheto] A5 o] Fo] UFet FA7) L2tk o]
TAIAR EEelA] dske 3o g 7HA] oS EHA
& = wygth

o] AAAo] ol Ao fAA Eow

)

N

T

=

EAWolE frizste] shtel Ig Tz CH3 =
TE2E eI B OE Ig AR CH3

%
Eqgo] F£E WA F o] Iy FAR]

ol o|FAE I T T °] Tes
dah= o551y FAY HTE Bol =Y F Atk
2} o] Af-ol% A WellA 2] e %!
7h AR Adste] 94 B S 5ol vk
o] ZTHCha, 2011). ©] FAIE H317] ¢t adE A
o] Qkel|A] Mg scFvoltt. scFvE 7[R 3l o|5F
A= obefo] drgAd vt FAow wdsglnh

AA olFEA ] A1} Aitell= TholA] T ~E Y
o] M7z, AP AE, A=Er} 7|, KiH 7]E, &
& A4 714, Cross MAb 7]z, Tl A58} 7] 5o AL
|- ¥t Wangetal., 2019).

2ZA9] ZAY diste] A EAT
8-3-1. CHH7|HI0|=&HA|(fragment-based bsAbs)

7ol S A= A1) ZhERgRte 2 S E Q)
om o]FA| FAoA tE ApA| gl YR o= Fe
Z|Rko]| T A Ky A7]7F ZtobA] 7 Ax(clearance) 7} W=
] A A 2] 1 F-Eo] Frh SRk |FE A= 7
7N olde] A wo] Y= (AR AFE teks
A} F-Z(molecular configuration)E 7}x|H -zl wh} T}
& Y3ty 54, A=A S48 7RIt tds o
H7|Rko]58Al 5 tandem scFvs, dual affinity retargeting
(DART) protein, tandem diabodies (TandAbs) 3577} & Al
A A Sl A5 a1 ATHShim, 2020).
8-3-1-1. Tandem scFvs

Tandem scFvs™ 2709] scFvs (Fig. 2-(a))7} A= 14
%o} dE = (tandem) W e o] Ch(Fig. 2-(b)). Tandem
scFvs9] o= HxE 37k dr|Rke|FadA] X 8A4IQ]
Blinatumomab (Blincyto™)©]t}. Blinatumomab- bispecific
T-cell engager (BiTE)Z VLcp1o-(GGGGS);-VHp1o-(GGGGS)-
VHeps-(GGGGS)y-VL0eps T35 7FAH, T Al3E2] CD3%}
B AXE AlE H3xF-2] CD199] &Alell ZA3}tgttt. Blinatu-
momab T M|EE EAMES} JZA|7]|3 CD3E T Al
EE Ao EH, o B Al WEyy) PrFe
S do7]= D19 B B AEE FolA Irti(Wu et al,
2015).

scFvitt Fabol 22 &40 A TS o=
FE sk 9o scFvs/BITE 22 4ol H3-e
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(b) Tandem scFv/BIiTE

Curad) (Vb )N

(c) Disulfide-linked diabody/DART

19 @ﬁéﬁ 49

(d) Tandem diabody

S—S
COO" COO

(e) Typical IgG (f) 1gG-scFv

(j) KiH bslgG
(common LC)

(k) KiH bslgG
(CrossMab®"t

T-Z9t o] 3 witel FE EHEEAEAA At
H ). Tandem scFvs/BiTEE =717} 2Fal(~60 kDa) Fc7t 2
o H ol AA el A vl wEA iéi—‘ﬂﬂr A o
105 ©]/¢2] BITE £A7F A 271474418 Tl 3l
TH(Shim, 2020).
8-3-1-2. DART

DARTE th2 T 7|dbo| F A 24 scFv T+ 717} o]
gAgto 7 AZAH diabodyo| THFig. 2-(c)). H-F diabody
= scFv T W7F HlEFfH o2 AgE o] 3o DART
M= olststAste s AdE o] Stk DARTOIA = VH-

=

(g) 1gG-scFv.
(stars: ABM-binding positions)

(I) cFAE bslgG

(h) DVD-IgG (i) Quadroma

bslgG

Fig. 2. Schematic representations of bispecific (bs)
antibody formats. (a) scFv, (b) tandem scFv / BiTE,
(c) DART, (d) tandem diabody, (e) typical IgG, (f)
IgGs with scFv, (g) X: positions where ABMs can
bind (h) DVD-IgG, (i) quadromab bslgG, (j) KiH
bslgG with a common light chain, (k) KiH-bsIgG
with CrossMabCH1-CL, and (1) cFAE bsIgG (Figures
modified from Shim, 2020).

linker-VL 7-%5 71 5+ )] EZe|E| =7} o3 o]gt ﬂ
£ @8kl & vl Eo] -l AZHIRIS 7

Zh 7HA AL QlofA] o|sksbARts BAdgith BE DART=
TH=7] #1814+ VLA-linker-VHB-tail#} VLB-linker-VHA-
tail 7} 22 7R EFEREIE AIQ) T E2E ST
A 35 (co-expression)A| 71T}, ol B2 Q3 FEHo|
FAE glol7] f1sf ZF C-2dell o] oAl FAES

wahe GNGS Wol Mmool Yol

a

olF sk A=vtEIIY 7| 6)A| A =rlE 1]
2 <297 DART ©94& AA|slo] A=t} DARTE 3
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ZAzto] H diabody©]7] Witoll eHgAdo] w
o] DART A7} @A 7dA1E Tl §
Shim, 2020).
8-3-1-3. Tandem diabodies (TandAbs; &2 diabody)

TandAbsi= VH,-VLg-VHE-VL 9} 22 53 329
ZYPE = 207 ' AT E o R JPAA HlE
AjtE sho] mEellA wEj7bA] 5F-0] 9 Al (head-to-tail
homodimer)E &gt A ©]thFig. 2-(d)). BiTEs®} DARTE
7} targetell shb o] A& 7HA AL sl Wkt
Tandem diabodies= Z} target?}t}h 27018 2] A3tA}e] & 7}
A AL uek ofof wet szl ke avidity) E ol ]l
A 2f¢] %ﬂa(aﬂ'mity)ol U 33137 tHKipriyanov et
%] PAE YA g ZEHEE 2l
- %‘iéi‘:—% WA87] 918 HAjolan, Sk BA=

Z q:]‘ o]

golshl 3

$ Z} g
1CHShi et al., 2019;

R

TandAbs7} Az O‘}‘“\]ﬁ ?O]U}(Shlm, 2020).

8-3-2. Fc 7|9I0|&&tA|(Fc-based bsAbs)

)
£
P,L
Y
&ﬁ
=
o%
40,
i
=l
B
ol
ol
rr
ol
T °
(]
|
o
2
>~
&

(o2
2
i)
X
S
g
2
>
H
2
T
2L
ol
rl
i}

2,
o
&
%
EY
x 2 0

R
Mo r2 md 22 2 rfr

o =
Hek ADCCS} CDC 7] 0% S A 11742%} Fc 99
A 2] A% FeS Fo]A 2] CH2<F CH3 interface
T BT A3 EAIEH= FeRn (Fe neonatal receptor)2} 2}
&5t Ao vV |E Sk webA 1 b}
T Afo]=TY FAITE HA| &= 5-ehd Feg X3Sk
PAE vree Flo] AEHAoE ¢ Us % rh
Fc 7IRbo| S Al 2= 29 A 2ok vt E 7
527]’ UTE HAEE T2 1gG ZHWE|=0] N-Eeto|ut
C-Zehe] Fvit scFv s F718te] oS3l E w0
2 A2l 1IgG (Fig, 2-e) Xt} B AXA HhFig. 2-f)
~(h)). YAl B P F o] 7 Feol ol oljt
Am vl A A 1gGet gt A7t fAkshH,
T ] Fo] Z47] b2 Y-S AEhe oz Aot
(Fig. 2-()~(1)) (Ha et al., 2016; Shim, 2020).

8-3-2-1. & Fc 7[E¥0IF
bsAbs)

A& Fe 7|WrolFa Aol A= + Mo ged5olyd
S 7H1 7PARSI(Fv)7t 1gGel By 419 N-Eo]
L cEwel] i o g3ty 2 schvrF AT
#(antigen-binding moiety, ABM)ZA] =715 o] 4] IgG-scFv
& THETKFig 2-(f). AE A2 1gG (Fig. 2-e))<} vl lsH
scFv 27071 712 B0 k. scFve Aalet 549 4

N-Zeha) cogbele] 4ajEle] iy o R 5 gliFig
2-(g)). scFv A}2]& th4alste] tHE ABMO.E domain anti-
bodies} altemative binding scaffold molecules®] A}-8-% 7]
L= g

HAEA o] IgGoﬂ ABME Eol= #ole H7bE Fvi}
Ao wet Al Ao A stetAl S4S
Al ek whebs] oS g o] RRI A AL do],
M, 5 Fvih 728 scFve] AEF A st o] T2
O}%lMaSl etal., 2019).

scFvE 2ol tial VHS} VLS IgGe] 7247 th& wet
of Ejste] F7HARI Fve FAE = dtk tiaEF<l
o7} DVD-IgG{1Hl VHS} VL& T4k o] N-dto]
Z}zy Agsto] Zb ol AEAR1 F 79 Fvrh ol ol

=35 (symetric Fc-based

|
FTIAE WHEJATK(Fig. 2-(h)) (Wu et al., 2007).

N-Zeh 915 &2 Fvoll A7F Agsbd 24
Aoz Qlate] 9ol U= Fvzb the Aot A%
sh= s WaEld = Qi o] EAE TR YAE A}
g3to] sjAgich

43 Fe 7|9kl @dAll= xRl g7t vlals] 1k
SkaL AR-917F 47)017] wiol Al ek Aghs &
ot to] A E Fe 7IWrolg a3k A 4o AR XAl

3 S-o]tkShim, 2020).
8-3-2-2. H|ILH&ASH Fc 7|EO|=
based bsAbs)

IgG+= C23 2] 3 ("open book geometry", chiral) O &2
Mol FLg S} F UHe TdE AHE R =
A= A Aol olstAow AL CH3 A<
oA Ml ARA] FeAeS vk 4 AH= CL
Al s3] CH1 olgsbAasto s AAE AL 3¢} vl
FARAR] FEAe-S gk F 719 Fab &2 U]
ol & A3 B9= T /o)A Thbivalent) 5]
/42 gk 7}A](monospecific) ] -

HIAE Fe 7Rke|sdA= AB A Gt 4 72
7F 718 0w FASARE, 7 /He] Fab Fo] Fe o] @ o]

&tH| (asymetric Fc-
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SR MZ2 gela] o]FEo] A (bispecificity)©] F-o1 Tl
Z71° v Fe 7ol AE 47 S8l
Mol SAMEE A SIAAA A=ZnE THEIT
(Staerz and Bevan, 1986). T+ 7}X|2] Z}7] t}2 A} F+
7HA1 9] 37} 2] quadroma A|ZEAA] THEEOIA A -
A2 Zgto] Hth WY ks 29 o|F A= oF
12.5%% A= o] o] & AT 2o ojH it
ol#|gt Aot Tl 729 23 A= CH3 Zv|
Ql, A4, Fd A (o] N-Zehol Al of 220709 A& of
v =AE A holn Fab Aol E3HE o] ol5) T s
2o FAste] s Aslth CH3 4195 2kt

Pﬂo

H|Ql Fhell Bk, FHEA, s}, ?ﬁéf& 2 olsshA
For Eitolel iy e 221 KiH FE = vHEo
Al FHAR1 A EAS E P tHFg 2<(). KiH 7%+ ©]
Folgha] HAS 7F3FA A= THRidgway et al,, 1996). ©] =
Al CH3 Z=v|lof] op]icAakS wA|slHA] 3] o] o]

A DA Bl 90% o ek Aae A
F37} ol Fol&dA7} Holx e Eéﬁ(mlsmatch)

7I%5°] $= Fabs WhEolA o|F&A A &5
Jojmyit), g8t &8 AHE AMEshE AFE AL
S Qe Holl F7kE F9-HA X542 Hemlibra™
(emicizumab)7} o371l s|H T}

74 243 T2 32 CrossMab 3 2] o] t(Fig. 2-
(k). P13 1gGe] & Fab 29| CH1¥ CLS A= St
£ Z o]t (CrossMabCHI1-CL) (Schaefer et al., 2011). Cross-
Mab2] 3 o2 Ang-2VEGF CrossMab®] Faricimaba 4148
3 A5 Ayl H A (neovascular age-related macular
degeneration; nAMD)¥} Y3z HAd S HF
edema)e] X 55 93] U3 AlFS sk A TK(Shim,
2020).

B eAs Haistshe ok W 7PHESI(VH:
V)9 B FL)(CHI:CL) =H|219] 3 W(interface)©] )
AARI Mol EARolE Tlsto] 74, 34 AR

I

i) rlo

<(diabetic macular

1, O

e grsle] ni2 A3E f sk Zlolth

Bl Fe 7ol 534S e e ML Fab am
exchange (cFAE) 'gHoltt. o] Wl = F 7je] &5
|4 1gGE 77} wHELL 7l 247 cH3 =ridle] &
Aol & 7hste] FFolFAE BAAA kL et

18o13A7E g4 om FHHA dh= 5 RS
HFofdltt. o] i 7hAle] Edwle] IgGE A4 5HH R
AL AR v o] w5 SeEellA ostAghs
At Wk B2 wE the o)E B Bt AR oY

olRFARE AFYE ] AR ALF gl 1 vl
FRAAIE AASHA olFow At TSt B 119 o]
SJsbAgte]l A= A=A ghekFig 2-1). o] HHES Y
Al Mu|AR % A= $80] 95%0l o2& S
5721 W+ o] U(Creative Biolabs homepage, 2020).

vom A eA%S WL v Fe 7]Wro]FaA|
= I OE S Fsuedlgolth o] WA
S} (half-antibody) & Z}7+9] cell line A A3Aksh=t]
A%} B BHHAE whEolA vl o] & AFATIE= B
2lojt}, o] WA= FAWolE §dte] KiH 7325
date] Apalake] Aol AAHIL A, B A (ko] A

¢

fr o ol
T 2

e

H‘I

% 31850 A ASHB WA wasks 2
srlEg b Bgre ol L1e] A FEuto]

A, B o|Fo|FAR] o]FEAE Akt o] W It
st AYito] golsle] d] AL-8-H UKSpiess et al., 2013;
Shim, 2020).

9. 0|5 ==Y A7 HE

olF&A ] AAA A3 Y Aks AuRT] 918t
o] = STHHEALYWNIH) 2Fel =7 ¢ 2] sk A IH(National
Library of Medicine)°ll X @3t 1741 Hlo[g o]~
Q1 ClinicalTrails.govoll 4] 'bispecific antibody'& ] ez 7
Ak A3 20209 8 169 FA AlHlA F 10471 0]
Z18 %] 31 ) TH(Clinical Trails.gov homepage, 2020).
oAt F o] RchA HE AuE u AAFAMo] 73@
ol dxAto] 5274, AA3Ae] 2R el <
Al Topic'e] A9 Z 226712] th’dZ $H(condition)©]
A= 1031 o8] Al (studies)o] o] Fof A= H ek
B el eSS wEy, ek "Esk sol Sl
AAEEE = 561, 19 347, Sobrof 314, A
Ut} 93, 35 8%, 7IEkA ] 53doltk & AR A

OI:IE 021,

ol

of Fol 104710] WA et Ae AYTAL gAY
A9, o] A2 FREE QPR BA 18
a7 WEow F4A.

10. O|ZEHI2| =L A+ TE

ClinicalTrails.govoll 4] 'bispecific antibody'®} 'Korea's =
ghate] 719=2 A Ayt 20201 8Y 169 A
=3 Fdste] o]FEA ARl F 104do] W=
Ao w Uesth AR SRS 170] 871, 2749]
5703tk AR didd ek 919k, #ek, Aweh
a8 g FolAutk

-
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Tl A o] FEA Aol Foldhe 719 ok,
ofolu|dnte] @ FAlL FE, PEE, 2oluto] o2 A
2, g2 otk

ghf ok o)Al AHAl EAER] MEHEY (penta
amino acid-mutated bispecific antibody)E 7H2-&}33=d], &
A ¥2<] PD-13 AIE <191 HER2E BPIOR 31

o]F A IBB15E E3ste] & 3700 FekAS 17]] At
7had g X8 AE JiEskal 9tk BI315+ PD-1/HER2
oA F AN Aoz Al YTt

(Hanmi Pharma homepage, 2020).

ofolr] o] © &= “1#AnIT)(Grabody)2H= ©] % 3HA]
AE-L /)atsle] Grabody-I, Grabody-T, Grabody-B 50 %
Hget B EdES eploR sk olFdAE A
A L AR Aol A W& Folrt HEg 4-1BB,
CD3, PD-LI, Alo| EFI 02 o|F3A|o] EpAS 3 &
olt}. sfo]ZE}Ql ABL-101-> HAIEe] AlAEH AAFS
AAeH AR E o w ddds & Folth
ABL-3012 52 d¥ s sk IdAE,
e do]e uAlFEY dES A
= 7171 0]5A) o] tHABLBio homepage, 2020).
3P Al dual target antibody & 7]%<] DIG-body,
PIG-body, TIG-bodyS H.r-3}al Urh olzahA] &ehAlQl
EPH|F W& /ekar $vK(Pharmabceine homepage, 2020).

TGS olF A AtA CKD-702= A1 AEES
28l Itk CDK-702% aLg ko] 7hAl A A1) 4=
| A (c-MET)$} 3] A 247212 48 A(EGFR)E &4
o] A3l $FHCKD Pharma homepage, 2020).
PEFE2 Yplusths A 7148 AFE-31aL, AffiMab
g o|T A ZUES ARESte] o]TRAMIkS Tl
st ok EE9] o|F A A=A AMI0STE U
, Aol A-8-F o]t Abclon homepage, 2020).
ofolulo] @ 22 ~= QITF B M2 cDNAZHE -2
¥ naive cDNA #}o]H 2|2 Q] Ymax-ABLS H.{ra}o]
A5 W=kl vk S ALICE (Antibody Like Cell
Engagen)2til &&= o|S8A EAEFS HAste] 7709
olF A A=A TH FHS /et et BF A
A4 eAle lEH(YBiologics homepage, 2020).

FEYALE 41BBE FHOE 3= oA X &A

EU101S 70 5] ti(Eutilex homepage, 2020).

1]

=

9

oo

1. =29

ol @A}t wE 7lwo] WA Fska IRt o]

s Lloka ofe] 7 olfrEe]
3L EAe] #AR G5 ol F AR
2] o]

34 o) shfolek. olo] we

AL Qi) 7 |Rko] S ARl sekv R el 7ol @Al

ERfell whet b vt 22 JFEIOA Afol7k v ¢
B3 ARES 2dshs Ao] BAFAloIt schv ©lF
FAE Ak wolli= sckve] 7], op|adt M, wh

=
EFEUTA, AN TR 5

al7] 918k Az ZHEFSR FAtstar it

o] A= A FAAEAE wEA st QL
o} olT A Fx9] A TRl 7| Rke] S EkA|
&} Fe 7|9kol5 3 o] ool A & AAT vl vt &
g2 @ds] Ytz ok f=o] o]F A= aptamer,
affibody, /g oFE 22 22 ket Adsto] 28]

g2y &2 4 Adti(Wangetal,, 2019).

o]z &A= AAl 1007H417F P P29 theket 3=
2 whAstar 9k Ao R 307147 diE ZSUE V)
2ro] KL% THZhang et al,, 2020). 1 281 9= W
oF Hololl Hsle] 7343 AIDS, FA2% FdHtol &
o= tpFabAl s vrka Qltk

201941 59 dighlsr A= vlo]ed s AkglS H|H|
] vk A, v 2psatet A ApAl) = Ak o
2 F337] 918k ol @ 4k Al e Wit
203011714 wlo] Q@ Akl st} 8 $E Ao
SAste], Al A ARES 20199 @A 2F 2%l A

o)
6% o vy or ZojgArkE AFelt =
W A AAEe] 22 FEOR EE F LS
Zl=/E 1E7E ALl APEEAl SAZEA] A A
F71¢] Y2l AuAE 248 ¢ deF: ZF AdelA
AL 7F3leith= E4]0]tH2019 Pharmaceutical Industry
DATABOOK Statistic Information, 2019; Sung, 2019). =1 &<}
FAREA N =S vlFal2 syt vl Aok
GAS] AEARD e} Ao x|glo] A afFuk

2] gyt AAIKR] EFHE T o]F@A] Aot
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