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1. 8ll(gG)e| X=X EA

2 B o 9l Bl 5719 immunoglobulin(lg) isotype(lgG, IgM, IgD,
IgA, IgB)o] &AataL o}, A A|EA = [gG7t *]‘%‘54_’ Qlth, IgGolli= 4719
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94*:5‘%"%@.@5 (heavy chain) 5 HA4}e} A2 (light chain) 5 HA}& /“ﬂﬂoi 9]:= tetramer 4%
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Varlable regions

Structural consideration Functional effects

A VL(ble) and VH (green) are rumbered.

Cy2, Cy3, Cyd)o.& 40| ot Fale] EWgee oiA] CH,, H(hinge), CH,, CH, E9|¢!(domain) 2 & &5l
tH2¥ 14), A4 «, A class W& ofu]ieAt o] th 7P g Vi, VAT B G e(Ck, CL) =10 LA H
of qir}, T4 WYY CH, &=l Qlat 74 £91% %2 inter disulfide bondE 538+4] heterodimers F4J8kL UL,
4= hinge region Al0]2] inter disulfide bondZ £3}9) homodimerZ 3 AJStc},

FAL FHAVH 9 (VL) 7P S Qrolli= At} ofo]ieit A Ho] £3] thE 3 7] hypervariable region
o] Z}z} EAsh=t, T AP F o Avtehs F-9jol7] mitel 44 2% 9% (complementarity determining
regions, CDRs)o|2tilte 2013 1B). ZF 7HH e e] QA +25 29 3719 CDRE(CDRL, CDR2, CDR3)
o] 4e] o] 31 (loop) HY¥E 3kat U, 112 ofe] FR(framework region)o] CDR I&|E9] =E 2] 2]8}
3L QITHTE 10). AT AT -2 wAst BE, gAukc ghelate) A% el thEdl, $419) 3 CDRs1
7#12] 3 CDRso| 25 el A A o Agsh= 49 i, AR el Agsh= 4= ok, A =
oA hinge 9]¢] FH-2 3 A% 7152 UER= Fablantibody binding fragment)o| 9131, ot Futofi=
Felerystalizable fragment)”?} St}

4| Feol hinge®}t CH, &=d|Qlofli= W A2E2] Fey receptor(FeyR)H B4 (complement)ol] A3tohH= £-17F 24



3}l effector 7152 UERfn, CH, =vQ19] ofAuelzl 27](1gG1e] 74 Asn297)i= F3HN—glycosylation)7} =
of it} T a2 A & 4, PK ¥ FeyRete] A%kl ¥ak& m|zldh CH,2F CH, =43l Afololli= &4
9] in vivo half lifeS 27| 85== FcRn(neonatal Fc receptor, protection receptor) A% 537 224315 1A),

2. el(gG)el 7Is
2-1) E3l &5

3] 71229 7158 #4 9] F3Hneutralization)o|t}, A= 7Y HLS E3lo] vio]@) A Hie|2|o}e)]

S2 A ARA BB AY o] 50] fHIsh: S48 FIAIT, E3E Al

A7 A7 IAb=8-All (growth factor receptor)ol] At o] 9] 28 Aoz Al F4E AAA
7,

2-2) Effector function

FA7E Aol HEoh= Al EY S5 oA HH FA| 9] Feo]l ¥ A3 macrophage,
dendritic cell (DC), natural killer cell (NK)&] FeyRu @ of| &A= HA7F AgeiA =1 A=t o] 34 A|EE
= SUS IR, o7 FAY effector 7|5oll= NK A|l227F 3 A £E 88 A17]+= ADCC(antibody—dependent
cell-mediated cytotoxicity), macrophagelt} DC7} % A|3%Z phagocytosissh= ADCP(antibody—dependent

IgG1 1gG2
9 9 Properties 1961 1g62 163 Ig64

Structure

Heavy chain vl v2 y3 v
Monomer size (kDa) 146 146 165 146
Oligomeric forms 1 1-2 1 0.5-1
Hinge amino acids 15 12 62 12

HC-HC disulfide bonds 2 4 1 2

N-glycan sites per HC 1 1 1 1
O-glycan sites per HC 0 0 3 0

Biology
Serum level (g/L) 9 3 1 05
Serum hali-life (d) 21 20 7 21
Effector function
Cytorenicity (ADCC) +es - ‘e *
Phagocytosis (ADCP) e - .. +

1963 1964

Complement (CDC) +e + P,

‘Figure 2. Characterisiics of humen IgG subclasses. (A) Siuciure of human IgG subclasses, Disufide bonds are indicated by horizontal
lines. (B) Sructural and biological properties of humen IgG subdasses and their effector funciion degree.




cellular phagocytosis), @Ho] ZAsh= BA|(A WA componentZ} Clg)7} oligomerized(pentamer or hexamer)
FAO| AT & 49 tE EAEY B4HTE ot A= HH A2 FHE AT AEE Fol=
CDC(oomplement—dependent evtotoxicity)7} Itk 3419 effector 7]%5¢] 2late] 4 A|3E7) L= ALt A2 =
o A DO 28 A AN E (antigen—presenting cells)7}F MHC 11 ClagsS £31e] CD4* T A|2S BASHA 7|

5‘;?} MHC I ClassZ 53} CD8* T A|ES ZA A A A Heulkg-0] 228 gk 4= gl

OlAqolli= 6 5] FeyRs(FeyRI, FeyRlla, FeyRIb, FeyRIle, FeyRIlla, FeyRIIb)7} ZA45h=1] o] 59 ¥ha oA}
< WA Erl g 2A el [gGee] A E Zpojzt ok, 9l 9, FeyRIT FeyRIlat= macrophages,
monocytes, DCOJIA] @o] ¥ |0 ADCP|| 3hejstar [gGlate] Ajtgo] &t} ¥Hgl, FeyRIlla= NK Ao wo] W
A= ADCCo] o SHAIE [gG1ote] A7 oFjt Holt), Fe 9jof| o] 48A|50] ARshz H9i= AAH A2,

A W IgGolli= 4 F9] subdlass(IgGl, 1gG2, 1gG3, 1gG4)7F EARTHIE 24A), 1gG1Tt 1gG3= 42 F 12GY
687%, 1%l S|F3IL ADCC, ADCP % CDC] 7555 Uehdl= R, 1gG29} IgGa= F 1gG2| 22%, 4%l 42} 33
31l effector 7150l 79 §ick. T3 CH, =91219] Asn2979] Z3= o] 9= N—glycan® FeyRete] Aol #oqst
i, g Qo] met ADCC, ADCP 50| th2A| Yehdic,

2-3) Neonatal Fc receptor (FcRn) Zgls
IgG Feo] CH2—-CH3 =19l interface of+= 34419 <14 W ¥k7]1E 2474 &= FcRn (protection receptor)]] é
Aol 97 2ARIcHLE 1A), FeRnd 3 fju] A Fojla Wa=n] [gGele] Agee oY o st

4 pHO M= ofsict, mhebd, oo EA5h= IgG7} pinocytosise] 2late] E3hfu]A|E ¢FO. R endosome ’z}EHE
Eolew, oFiHI(pH, 6,0-6.5) AYEl €] lysosomedt §-§8HA =i 1 A3} [gGi= lysosome Wol| £A48H= FeRnat
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Figure 3. Overview o FcRn mediated antibody recydling pethway



A% E2 & lysosome B4E59] EaREE H3E T 9ot o] endosome®] recyelingol] @dhed A|sEetat g3+
5t pH 7,4 Ao k=E5 o] IgGi= FeRnO 25 H FejEo] thA] 3 02 vjE= o], IgGe] Q1A W wHd7]7} i
S ZojZIad 3),

IgG subclass®] 5 WH7|= 20| 7} QU 1gGl, 1gG2, 1gG49) A W WH7)i= Bt 350Iu, 1gG39] ¥7]=
15+ A oloh (g 2B). 22y, Fert gl 37 A A W ¥iz7]4= 2-3A17F Helojoh, whebA], o chald 7]
w2419 wz71E 5971 98l Feet T2 o] Feis ThET

2-4) Htef|2]0ke| Protein A, G, LOil LSt Zgts

ghe|2]o} Staphylococcus aureus?] Protein A%} Streptococcus 9] Protein G $HA-S- 814| 2] Feofl nj9- Eo] 3
o7 Askal, Peptostreptococcus magnus®] Protein L& 3449 « Ao EojF oz A, Mycoplasma
genitalium®] Protein M x, L 7349 71 g0 Bo|H o & Ajsitt, o] 71552 3A|S] FA o] o] 851 9l

2-5) &HIeE2| THYS B I9G subclass2| MEH

3713 vret ol IgGl, 1gG2, 1gG3, 1gG49] EF F&, Al W ¥1z17), effector 7|5, &4°] HE=tH1¥ 2B).
IgGl effector 7152 UERAY P Al +25 2871 9l o1, 1gG23= effector 7]5¢] #19] §121 IgGl K.t} hinge
region®] %3l disulfide bond7} o @ow] S-H@AA ] & A7k, [gG3% effector 715 LYER AT A f ¥H7]
7+ 1gGle] vjgte] #A Bon [gG43= effector 7]%5¢] 79 §1.21 hinge region®] IgGl Bt} ¢ {18} Fab arm
exchange (FAE) @] A Qg4 o] B}, wehA], effector 7]%50] BRF FAX2AY 7] [gGlE A3,
effector 7'50] YASHA] gh& 74 [gG2Ht [2G49] E4& 7iegsto] AR8RItt,

A4 AL, A HollA «k, 19 Bl o 2118 EASHARE FDAS 591& K& IR A=A 9] 79 «, 19 H]
&2 9:10ItH1], o= vk StolHelmu AZF A] g « A4S 2= FISEFAF BAET, o] B L
Hr} o 9-55}7] mitoloH 3,

3. Al 8| 22 7|=(Antibody discovery strategies)

#7 FYo| 54 o Exe] Atsh= BF FLSBIAE AT 4 Sl slo| B2 xuf 7)o 197539 AALEHA
o} a2y, F HUSEIAE A0 WEA R Rojstd HAMA (human anti-mouse antibody) responseS -3
ko] o] - FAsha BARgo] ATk, wehA], X8 FAE L] fElAE AR GUSEFA RN A4
2 34 (chimeric antibody)2+ ¢17}3} 34 (humanized antibody)E A2}, Ei= AF HAS2IAE Az o
L Q7 A =] H22] 9] phage display 71€3 Q17 FA 7349 transgenic miceS 0]-§5t% A FLASEZA
& Rdich ol 840] Eo o] A Ao i3t FA7F EQT AL, FAS Aok Bl xR Y ¥
HAAZE S2dste 7 ThAZF 28| (True HumanTM Monoclonal Antiby)S A &8h= w1 o] 7= gict,



3-1) QZtstEtH| ME7 &

712 S A7 Hdiale oA Aghe] 34 o] digt F GLSEIAE ARk, FEATNA A=
552 Yele IAE AUT o, o] 3AY 7PIQ(VH, Vi) F3AES S8, viraet 1zt 1gG
subclass® EMAG (4, Cyl, Cx) FAAL} AZFAA chimeric FAAE T F L5554 22 human
embryonic kidney (HEK) A|3£4- chinese hamster ovary (CHO) Ao = A|A A1 W AI7Ith 29 44A), o]¥
A Az 71 A= F FA 0 viste QA ff HRERE-o] A EolEo] YA A8 £ YERHITHA,
Rituxan®} Remicadet= t 32 ESHAH FAAEA), 22 71vg FA= J FlS 34 7MY 9L 236t
Ao B2 QAo SRR E 79 HATR-Z I 4 g

7IWE A A F 7P GES A7EA7]7] AAsiA 7R ] Aol sk CDRsE F 7+
AP FARE A EE 2= A7 A framework(FR)]| ©]4|4)7]i= 'CDR—grafting ™ o] AHEH L ATH1H
4B), 13} T3] CDRs TH o] A8 74 Q17H3} 34| 9] Fste7t HojAl= 397 $ 228, CDRY ofv] Al 2k
71 &3 SRIA AT AL FR opv| Al 7155 37 QA7 A FRejl o4 A1A Iztst 3HAle] 7P g S-S Azt
ShaL 11 o] %-9) IF2 7|vle} 3 AL} FUstc AFE 1713 Al Wk o] A= £ €] fa A
9] Blo|Z B3t A3 L A, AF7HA &, AP AL, S0H5F, vhelg A A o, Sk 59 AR
A= 54 F9 UA7s FA7E FDA 591 A |, PA|EfA B3 s = Her2o] tigt Herceptindh 34l
Aolz}ol VEGF (vascular endothelial growth factor)]] digt Avastin® Y2 2A4 24 d)E 4] blockbuster 217+s} &
Al A&k,

o] HAHRS-Z Fato] AR Q17ISt FAl= AT ES HA FHof BYUA Yo EE AFES o83 vigAt
Aol A 3AS] A/dARI AR FaEAE AIESh] oYt 7t FEY A g o Adshs FAE AR
517] 915te Q17F A eto] HajelE o83t 42| ty A& o](phage display) 7]4©] ©]-&-¥It},

A B C D
VHH
WYM
Chimeric Humanized Fully human Humanized
Ab Ab mAb hcAb

Figure 4. Schemalic represeriation of (A) chimeric antbody, (B) humanized aniibody, (C) fully human monodional artioody and (D)
humanized heavy chain antioody (hcAb).
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Q17F Tl Z-E34(fully human monoclonal antibody)i= sto] Ha| &nf 7|%-& o]835t THE7|
A 4= = 9] 71 AgtElo] Jlemg l7k 3K glolHEgle] 5A] tAZd o] 7|41} 9
transgenic miceS o83t F& A XE 1 k(1Y 40),

(D Q17F 34| gtolH ]9l 2] tAEd o] 71&

THA] A& o] 7]42 tiAbatol 71488k M13 Bt 2] 23t A (bacteriophage) ] life cyclesr ©]-83tef 19853 vl
George P, Smithef| 28] A2 119H=91a1, 1990 =+ MRCE] Sir Gregory P, Wintere] 23| ¢17F 314 2] vhto))
A& S&H 3, o] 7]&2 vj$- A 0|1 high throughput screening®] 7Fs3HEE, o2 thE display 7]&(8f
El2jo}, Hio]2]Z, yeast, mammalian surface display)ell |3t 71 @o] AM-E|L Qle}, o] 7]&8 o] &8st 2=
& k5 o)A TNF—oo] thgt 917F 314 (AES Humira):= 20028 FDAS] 4918 drol @A) A AlA| 34| JokE w2
1915 715313 3lom, 80 F2] A7 QAR Al ZdsteieHll, ol=idt 4129l £ A3t 7|& A A =
A|e] /d5HQl 7ol ZA 7]o45tL, o] FEE Ao} 9] F A= 20184 = IS 3 5k

A, A7F A 2ol Haj = Q17 bRt VH ¥ VL §-8AHEE scFv(single chain Fv: VHS} VLZ JARE &
Z3} single chain)t} Fab®] P& 542 3£ Thf A (pllD) ol 834171 FEi 2 phagemid vectore] S2d31 A
213, Q1ZF FA golHejE]e] FRols Al B-HEFERE E3t A R84 AEE RS naive antibody
library, immune library, 327 ¢H/do] 3 tigatolA W] FEl= 7t FA| 7HH 94| FRat 17+ #4419
CDR A9-g& =9ste] §HAISE synthetic antibody library, ¥ naive® synthetic libraryS 283t semi—synthetic
library7} Q1ct, 34 2to|Beje|e] tefido] #25 3 A% =7t 52 AE € F U ER, HF 1009
e thdidE 7= golB e E AR

Q17+ 34| 2ol H )& uA] | dAEH 0] A7]7] a4l A7) scFvl Fab o] Heje| & sk gl v
g 2jofo]] M13 helper SHAIE A E A7 A vioketed mhAlE AR, ojojA mHA] sERof tAEdlo] H A 2
olHg g 57 o] AFAIR] ¥, 3 (panning) - 0|83t FolatA Asks FASE st A A
W= %‘-{:Qﬁ o2 TR, o] AYF ¥A| MHE [gGE A5t E[-FEA| A WRA| 7|2, A4 <
7t FAES LAY, B4, PK, 85 5 BATT A7 ASEFA Y A3} B 173 3hAle] A s
7 FARSH, CDRs % FRs®] 217|158 HojA7]l 3 uf2] A& o] 7|42 o 8317|= jit,

@ Transgenic mice °]& 7|&

A T4 € A FAAES ESAFA 7L A A7 FA {FAAEE ©l43 transgenic
mice(XenoMouse™, HuMab—Mouse®)o]l €& FABHY HASAZ| L B A Z25E 223 o, stolia|=ng
AZSHAY A 522 2ol 2 2 E AlRbste] o] T A& o] B o R Q7 GUSEIAIE TE

o] 7145 o83l 7]& 71| g A X)7A| 2] e2lQl EGFR, TNF—o, CD20°] thet 217+ SHAS-E3A Vectibix,
Simponi, ArzerraZ} 24|t FA &= SA =AW, 2L BACE WY 2589 IL-1pof| T3t Dalis, 74 2| &-§
o] IL-12/IL-23¢] th%t Stelara, Hch5-% | &-8-2] RANKLO| gl Prolia, B4 E4: o8- Raxibacumab &
9] 4 F9 17 FA7E S A1 i

(3 True Human™ monoclonal antibody 7]&



A @ Yo Agke] mAd digt AV w2 FELR AT 4L, o FAE Zvlske B AEE

EBV(Epstein—Barr virus)2 B8 7] & o A S 22 2 U3t Q7 GUS2AAS

&o] T BuEQt d& 5%, MABpl2 IL-1a9] tigt true Human™ monoclonal antibody 24| EH’E}O" i] =
o & 20179 o/ 34 A o Eolz3keH, 2018W o= otE Y] R ABE ] A4 24 il
31, 71 &) o) Agte] sl AR AE7F R E AL QleHA4],
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3-3) VHH 7|8t HX|ZHIQ| M= 7I1&

HEHEE 2huhe A 42 9 AR 729 A Yol AHE 236lA] gt SR =] o
+ SHAIA(VHH)E TH=tH1E 4D). ©] A9 _,_x} 2 80 kDao 2 IgG Xt} =7|7} ¥ 2tal, CDR39| 4ol
G2l 4 CDR3 Xt 71 FAIE0] o] 1gG7t Q14J8HA] Fohe ol 28 o= lom, A AHE 2771 ¢
22 nanobodyE ¥ 4= Slth. VHH 7]5He] FAIE 7Hdstr| HlaiAe e os WA 7] YElZEE B AlZ2&

P thy, oA fagde] WHoR JAE Adsta QS AR Mekgtch 20199@e] vWFol| thgt bivalent
nanobody(bi—nanobody, I3 6A)2l caplacizumab®] A7pH A3 aTTP(acquired thrombotic
thrombocytopenic purpura)?] A &5 9J5}+4] nanobodyZA1= #2202 FDAQ] 591 HigIth

Neu5Ac

® 00 o

O cal
. Man
[ GleNAC
Asn-297
I I Asn-297 Asn-297 > Fuc

Fucosylated  Defucosylated

Fc

MCC linker

Lysine Cysteine Site-specific
conjugation conjugation conjugation

Figure 5. Schematic representation of the biobetter antibody formats. (A) Glyco—engineering (defucosylation). Yellow circles in the CH2
domains indicate N—glycosylation sites at asparagine 297 (Asn297). The Solid lines and dotted lines indicate core structure
and variable structures, respectively, Fuc; Fucose, GIcNAc; N—=Acetylglucosamine, Man; Mannose, Gal; Galactose, NeubAc;
N=Acetylneuraminic acid. Glyco—engineered antibodies that removed fucose are preferred to enhance Fc—mediated
effector functions, (B) Schematic structure of antibody—drug conjugate. (C) Drug conjugation methods for ADC development,



4. Biobetter antibodies

713} 9 Q17 HUASEAA 714 7] AEol= Etsta, 71E FAY B2 o ®ol7| o3 AT EE
o] A& NEE, dE EH, FAY effector 7]5= WIAZIAY AU 8H71E 5217] 3 Fe—engineering,
o] YA AL T 20]7] Y3t antibody—drug conjugate (ADC), 5 7FA] t}2 &) HAlo Ajlsh=
o3 gH9] o]FE |3 (bispecific antibody) ¥ &A1e] F2| o} ero o] AEHS A Z]7] A% FAEH 7]
50| WL AHTH 5, 6).

4-1) Effector 7|5 &2 I8t Fc engineering

4|9 Fei= of ) W N|EEo] ¥rash= FeyR(FeyRI, FeyRIL, FeyRINY HA|9] Clqe} Agtsh=t], A ZE
ZFolA G2 gt ADCC 7152 2 Uetdl= NK Al 2= FeyRIIaS WAk ¢it}, 184 Fe FeyRlIlla 7+
Aol 107 A=& ofsaL oF H9)of| NK A7} FH5381A] foB& Fe engineerings §3t%] Feo] FeyRIlla o of
3 AReE FoEoEmMN FAY ADCC 752 FIANATE 22 A gAE B85S Fo17] H3 83 Ao
E5],

A, 1gG1 Fed Asn2970] £0] 3= N—glycan®] 438 FollA fucoseE AlASNFH Fed FeyRllla of it 235
o] oA ADCC 7159 gF-4to] vhAE o w2}, fucose Zo]&4=¢1 alpha 1-6 fucosyltransferase(FUT8)E knockout
AlZ] CHO Al|2£+(POTELLIGENT®)olA @A 4tsh= 7140 Y+ Kyowa Hakko KirinAle]l 2l 7= ¢ic}
(723 5A), ¢] platform 7]&& o]83t A WA glyco—engineered 342 CCR4E ¥H 8= T leukemia—lymphoma®]
2| 58 FA|(mogamulizumab)7}F 20128 o] L2oflA] QJoREo & 5918 Wokth, ERE, 291249 GlycArtAtoll A B4
T4 GnTlE THFAsHE= CHO A|%E o] 88}ty fucose?} A9 ¢li= 3A1E Wileh= 7142 /tstga, 1 Axt
20139 CD209]| Z%}8K= retuximab(I4] o )2 24| 4|21 obinituzumabe] 73| ¢] CLL(chronic lymphocytic
leukemia)®] | BA| & QI W/FAIE At o] FAl= retuximab] ¥]ste B U2 A &85 YEIIAITE R
&= o Yol fHsh= 2o FEEIHe]. @A 20 452 FAIS] Y4 AL TA o Sl

39, Felle] FeyR 2 7900 9 1~6 719] opn|iAte] #lo]E 3 Fe—FeyR % Clg A¥=E A7 At
ADCC/ADCP ¥ CDC 7|'5°] 3 341 7k Al = B e oH7],

4-2) Pharmacokinetics(PK)2 XZ5}7| 2/t Fc engineering

IgGe] CH2-CH3 =H|Qlolli= FeRnoll Z2&sh= #9107 EA8IL e B &, o] FeRn 27599 op|ieAt AES

B735te] ofitA] 27104 FeRnoll idt A3Hs-2 woi5H A9 9] 71 S7h=]o] 1 A3t A9 f5o] 3
o} 2 EW M252Y/S254T/T256E (YTE)S] Blo]2 zH= 8} pH 66)A4] FeRno| that Agso| oF 108) 278t
AL, 1 A7} A | EF w77 oF 2~44) F7FsHTHS 9], 3, M428L/N434S (LS)9] ¥olg 2= FA = 8
% =7t ol o R Qg 9t a0l F7HEol EaE%lcH10],

dog FA pHe} oMY pHollA 25 FeRnoll tial] 2 33}8E 2= IgG Mol Al endogenous AU 4
o] BllE 7143HA17] 2, 4 pHellA FeRnoll tf 8] & 23HE 2= [gG W ol Al(sweeping antibody)i= lysosome



ADC Format Target Paylaod Linker Lead indications
FDA approved
Brentuximab vedotin (Adcetris®) IgG1 (chimeric) CD30 MMAE Valine-Citrulline Anapl:;?cgll:pggTemhlzm%homa
Ado-trastuzumab emtansine (Kadcyla®) 1gG1 (humanized) HER2 DML SMCC HER2 + breast cancer
?&:}tol:?:gmgl? \o'vZI?hg:rr:\::A? 1gG4 (humanized) CD33 Calicheamicin SS/hydrazone Acute myeloid leukemia
Inotuzumab ozogamicin 1gG4 (humanized) CcD22 Calicheamicin SS/hydrazone Acute lymphoblastic leukemia
Polatuzumab vedotin (DCDS545014) 1gG1 (humanized) CD79b MMAE Valine-Citrulline NHL, diffuse large B cell lymphoma
Phase I
IMMU-132 (hRS7-SN38ADC) IgG1 (human) TROP-2 SN-38 Carbonate Colorectal cancer
Depatuxizumab mafodotin (ABT-414) IgG1 (human) EGFRvII MMAF Maleimidocaproyl Glioblastoma
Phase IT
Enfortumab vedotin (ASG-22ME) IgG1 (human) Mectin-4 MMAE Valine-Citrulline Bladder cancer
Glembatumumab vedotin (CDX-011) IgG2 (human) GPNME MMAE Valine-Citrulline Prostate cancer
Lifastuzumab vedotin (D NIEOG00A) 1gG1 (humanized) MaPi2b MMAE Valine-Citrulline Qvarian cancer
Lomvotuzumab mertansine (IMGN-901) 1gG1 (humanized) CD56 DM1 SPP Hematological malinancies
IMMU-130 (Labetuzumab-SN-38) 1gG1 (humanized) CEACAMS SN-38 Carbonate Colorectal cancer
Milatuximab ravtansine IMMU-110) 1gG1 (humanized) CcD74 Doxorubicin Hydrazone Multiple myeloma
Indatuximab ravtansine (BT-0G2) 1gG1 (humanized) CD138 DM4 SPDE Multiple myeloma
Rovalpituzumab tesirine (SC16LD6.5) Undisclosed DLL3 D65 Undisclosed Small cell lung cancer

Table 1. Overview of ADC developed in recent years and their clinical status, Abbreviations: MMAE = monomethylauristatin, DM =
maytansinoid; PSMA = prostate—specific membrane antigen; GPNMB = transmembrane glycoprotein NMB; NaPi = sodium—
dependent inorganic phosphate; CEACAM = carcinoembryonic antigen—related cell adhesion molecule; EGFR = epidermal
growth fector receptor.

oA &7t ZEo] B e S AAE 7IESAITIE AL HAEIHIL12].

4-3) Antibody—drug conjugate (ADC) 7|&

A Feo effector 7152 ZoHA] o B2 o ARE 9f5to] A4 Al A 27} o] R A1 i, 11
U ARAF FAA S GAEET ohT} WEA FAshs A AEZEE F0|BE B4 ZAIE Ltk wbA o
E°lx—‘l°l Aol F4go] At FAAE ZIAIA AT FAA7E AEH =S She ADC 7] AEH U

S AxsP7] fide dAE FHQ F2o] Adste] YAE HE S0 5 e A= At BHzd &
%WIEE} Al 5/d0] 100-10008 & 73t oFz B oFaS JA|o 2LAA F= B (linker)7} BRSITHIH 5B).



ADCS] Z+g 7172 ADC7} YAl 32 chilZo] A¥3FT ¥ endosome FHERE A|E QFOE Foj7bA aF
(lysosome) T} §315HA| =9 oFiHd SHAof &&=t ofu 2]4Fe Tl Fafjade] osty FF7} 7kaFa)
B, ofEo] A BRE f2|Ho] faFomi g ARFIR §EE L, olojA erEo] Bl ARsto AlZEEE A
M S| E= A= S "ot ofF €4 ¢l FE2 AR o' F-E50] FHA|E 017} by—stander effect®
NEZ 59 5 Sl

HFHA| 3 ADCs, ADCY A7} g3t E5ollA wall=A] o, defie) Aot U3 FY2 2 e,
Azl AR §- 4-5A17F o] ujof] ] Al Y& Foj7he, oFEo] A2 R F fEH olof it @A7HA 5 FY
ADC(Adcetris, Kadeyla, Mylotarg, Besponsa, polatuzumab vedotin)7} @ qotat Hkoke] w42 242 FDA %
Q& ¥k, o] F Mylotargs AlES/d AR APRolA A= don, A4 44 719 ADCY 94 7io] 213 5]
3L QITHGE 1),

ADC A|zof| AMGE] T Q1= oFE, H7, FE-FA| A% 4] € 25712 7 ADC 7S 7HFs) a.ofst
A ohea A

@ &

ADCo]| F& AMEETL 9l oFE-2 auristating A €2] MMAE(monomethyl auristatin E)2} MMAF(monomethyl
auristatin F), maytansinoids (DM1, DM4) % calicheamicin ©]t}, Auristatin® maytansinoidi= A2 WolA Al
9] F¥o] sz tubulind] ZYFro =M W k= AR S Afste Alxo] AHES fE5ta,
calicheamicin & 1j©] DNA| Z35le DNAE AW 2N A 2E 520,

@ 34

FA2} FAAE AZA7]= BA= YolA= HA-SHaL, AlE Qe glaFoM = 48] Fejof s, ADC7L &
A=A GEE polar FloF gHoh= Zlolth, ADC A& of| AMLE= cleavable @72 2|452] cathepsin B f4~9] 2]
3] A2} dipeptide linker(valine—citrulline), 2]4:22] ¢fAr4] pHe| 71718t hydrazone, reducing &710f 1715k
disulfide(SPP, SPDB)7} ¢l+=tl, ©] % valine—citrulline dipeptide linker7} 7F3 da] AREE 2 ITH13,14],
Adcetris= ©] BAE E@dH= ADCO|THIE 1),

Cleavable 874 o= non—cleavable H# S ARESZH ADCE 2 AaZoA EajEo], ofn|iite] EojQli & g
FA7E A ZAR &= o] AlZEAbd ankE 2 Yehdo] 1= i), dlE E9, non—cleavable thioether(SMCC) &
#AE ZH= T-DM1(trastuzumab—DM1)-2- cleavable disulfide reducible E#Z 2= ADC Kt} % otAAlo]l o] &
I off—target %£/do] o W2 AR FEAF A B0l o ¥4 Y A2 HuEirH15,16],

@A} FA-FLA ] conjugation H=F

ADC 7idE Z719= A1) lysine A7)0l FAF A-AIHT 2y 34 EHfl= oF 80709] lysine 2717} le
b okRo] Ajkels K90} 47} heterogeneous FEE (18 50), 3Fet B%ak oFE-9] E=A (of—target activity)S
st A g Ao A3E &9 4x(drug/antibody ratio, DAR)Z} B+ 471 Ei= ADCE £e2l5ty ARA R
Webstelar, A27H4] 3 AlE(gemtuzumab ozogamicin, trastzumab emtansine, inotuzumab ozogamicin)©] FDA
9] Zol& Hholr} T3t lysine 2H7] Qo= dFA|9) F4|-24), £4)-74) 7+9] interchain disulfide bondsZ ZHIA|
# oFE-2 AvtAlZ]|al DARZF oF 491 ADCE Ha|sle] 7uhst 27119) Al#(brentuximab vedotin, polatuzumab
vedotin)©] FDA 4918 g19it},

o]o]A homogeneous? ADCE] AZRE 9|5k t}okst site—specific ADC AR HFSo| 7= QoH17], 9=



9, A T4 Ei= A4 Holl oFES AFAIZ oA A9 Pl Ei= 2709 o)At ZH71E cysteine, non—
canonical or non—natural op| =4k 2 Z|35HAL;, peptide tagS Ao EFHA 7| AL T Asn2979] o]l
N—glycan®] fucose T4l 6—thiofucose® 2| 8slo] oFE-3 ARAIX] DARZE 2 B4 49] ADCE©] NLHU, ol&
& O 2 W9 DARS 254= ADCHT g3 o] | Hat ¢/ o] of wom 34 therapeutic index 9 PKE e
SIEHIS). TFE site-specific ADC Az H2FEo] A4 Mus|m glom, 0w YabAge] gl ket 1 ol
ShL 537} 38 Aol BaE Aoz WY

4~4) &5 =H(Antibody fragment)

gHA AH O & Fab, single—chain antibody fragment(scFv), nanobody(VHH)7} & ARE-EW, nanobody?l 7
$-olli= anti—camel antibody response® WAI517] Hote] QZist AR AR FA HHE-L whole IgGel ]}
o 37|17} &3 Forl gleBn g 220 AEgo] 31, QA e vkr)7 &or, effector function®] §11, ¥e)g]o}h
oA diEgAto] 7hsstct, 3L 3T} monovalent ZA¥E SRR avidity effect”} §lo] IgGoll Hl3] Aol &
o}, w2bA, 34 HH-E effector function©] $Ia FHZAET 8T 499 A& 5H o A FIckgo= 7
Ho}, A AEE A58 502 AMS] 918 vi7IE w4t € dlofli= PEGE £l FeRnoll 2371538
albumin 3= albumin®l] Z2¥5H= A AHS AT, E3t effector 7152 918+ oF ol Agsh= A A
Hi} eytotoxic T A= 2etoh= A H AT} bispecific FAS Aot A=A 2 gt ok, 34 HEs
o] 7tk Al E fofshH ot

(DAntigen—binding fragments (Fabs)

Fab2 °f 50 kDa®] 27]0]3L, i4hE 9184l IgGE papain B4R HEgh & FabihE F2|st7u Bl 2ok
oA Az B2 AR F7HA] vl= FDAS] 5912 ol QA 0= AMSE T Qs 34 Ad2 8au g
hZ ¢l GPIIb/Mao] t3t chimeric Fab(abciximab), VEGFo]| ti3t humanized Fab(ranibizumab), TNF~ao] o
3l PEGylated humanized Fab(certolizumab), dabigatrane] tjglF humanized Fab 5©]c},

(Z)Single—chain variable fragments (ScFvs), diabody

ScFvi= oF 28 kDa®] Z7]|o]at F4je} Z4ie] FvE 10~25 ofn] Al Zo] o] 24 Heo|= AR AAAR] T
Ee|geto]=ol, o] P79 ZojF 5 opn| il Zo| & ¢ ZHA S diabody?] %7} THE0| 71T}, ScFve) T 3
B2 AE-2 oFF] SAEA] ko, Folido] b F scFvE AZT o]F5o] WA (blinatumomab)> Y| &-&
AELE SAIHUY,

(ZNanobody

veht 2R RE feE VHH: 15 kDall 27|24 7F A9l VH Ag3t fARBE, Q17F single domain
antibody Yo} Hhe|2loell A 2] soluble expression B-80] =11 E4Jo] £01 phage display 7|%9)| = 2 #-4-=o}
w2bA] o] 53HA|2] A&t = scFyvit Fab Bt o falsic,

4-5) 0|ZE0|&HH|(Bispecific antibody)

T IAE7Iee) WA oF, HAAA ] it olsli7t AsHUA, F 7HA] o2 ol Al Ao =M 7
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BiTE DART TandAb Bi-nanobody
B
cL
cH1
Knobs-into-holes CLC-1gG CrossMabHi-cL
c D E

DAF-IgG DVD-Ig 1gG-scFv

m&&mmdMMHMMWMMWMW%WTMM
Bi-nanobody, (B) Asymmetric IgG including Knobs—into—holes, CLCHgG and CrossMab®* <, (C—E) Other bispeciic
mmumm(@wm(mmam(am

=+ YA EA = oF2 novel mechanism O E A& B5-F ¢ FFAZ| L ol tiet WAL FaA7|E ol550ld
A5o] 7hut=]o], AA I o2 AR T QIAY AFA -] 2 FolthE 2), 7P A o]F5ol3AY 7
o] disted 7kers| aokstH ok A1 6),

(03] A9 (BiTE, DART, TandAb, bi—nanobody)

BiTE (bispecific T—cell engager)i= ¥A| o] Aok schvel 4452 o] 718 73k T WA £ 2] CD3of A st
L gcFvE dA3E acFv—scFve] bivalent o]FEo|stAo|tH 18 6A)[19], o]& B A|39] CD19T CD3E EAlo A%
3= blinatumomah-2 B—ALL(B cell acute lymphoblastic leukemia)®] X&2A|& FDA 491 dlo} gJAkx oz A}
|E 1 93, A%7|da AP AEg A% of 2 o #2(CEA, PSMA)9)| Ajlsh= BITER 7 =o] 24+ 44
AT 14 Algo] A Folch20], oo = diabody e DART(dual affinity re—tarteting)7} 7= %1,
CD123/CD39l| 943t DARTZ} 94t 14} 71k whAlo ch2d 6A)21], 18l 5 229 diabody® 2%
tetravalent bispecific ¥2+¢1 Tandem diabody(TandAb)%= 7H¥t=le], CD197}F WA E(TS] CD3 Ei= NK&] CDI6)
of) Z¥z+ AjFeH= diabody® L% TandAbo] A 14} 7iEF thAlo] Qith( 18 6A)[22]. T3} hispecific nanobody &



Name Company Targets Antibody type Mode of action Indications
FDA approved
Philadelphia chror
Blinatumomab Blincyto® Amgen CD18/CD3 BiTE T cell recruitment precursor B-cell acute Iymphoblasn
¢ leukemia
Emicizumab/RG6013/ACES10 Roche Factor X/X CLC-IgG Two factor Haemophilia &
Phase I
MT111/MEDI565 Medimmune CEA/CD3 BiTE dmnensation T cel Gastrointestinal cancer
recruitment
Vanucizumab Roche Angiopoietin2/VEGF Crossmab TWO ."ga."d Colorectal cancer
inactivation
RG7716 Roche Angiopoietin2/VEGF Crossmab wo _I;ga_nd Macular degeneration
inactivation
TF2 Ph I-Bc1 I CEA/Hapten DNL Fab3 Payload delivery gmalt ol Jung canoes,
armaceuet:iac: mmunem Colorectal cancer, Thyroid cancer
. Two ligand Head and neck cancer.
i ZUm; nentech hi HER1/HER: AF-1 5 _Th d
Doty Berieflec/Roche ER/HERS DAFRS inactivation Colorectal cancer
" Two ligand Rheumatoid arthritis,
ABT1 Al ratori TNF/IL-1T7 VD-I = e P i
Bz Dotk Eabocatories Lo EVE-as inactivation Psoriatic arthritis
ABT981 Abbott Laboratories L-1a/L-1B DVD-igG Two ligand Ostecarthritis
inactivation
SAR156597 Sanofi-Aventis 1L-4/1L-13 DVD-IgG Two Ygend Idiopathic pulmonary fibrosis
inactivation
Istiratumab/MM 141 Merimack Pharmaceutical IGF1R/HER3 IgG-scFv jrwo .Ilga.nd Pancreatic cancer
s inactivation
IMCgp100 Immunocore MHC peptide z 2./CD3 ImmTAC T cell recruitment Malignant melanoma
AFM13 Affimed Therapeutics CD30/CD16 TandAb MK cell recruitment Hodgkin Lymphoma
BI1034020 Bostiringer Ing_e!hewn Phar gt amyloid 2 epitopes Bi-nanobody Undisclosed Alzheimer's Disease
maceuticals
ALX0781 Merck Sereno IL-17AAIL-1TF Bi-nanobody Two ligand Psoriasis
inactivation
LY2164530 Eli Lilly HER1/cMET orthoFab-IgG Two diganc Metastatic cancer
inactivation
Pasotuxizumab Bayer PSMA/CD3 BiTE T cell recruitment Prostate cancer
MGDO06 Servier CD123/CD3 DART T cell recruitment Acute Myeloid Leukemia
AFM11 Affimed Therapeutics €D18/CO3 TandAb T cell recruitment  AcCUte Lymphoblastic Leukemia, No
n-Hedgkin's Lymphoma
MGD007 Servier GPA33/CD3 DART-FC Tecall sacruitment Colorectal cancer
Fc effector

Tabke 2. Bispecific antibodies developed in recent years and their clinical status. Abbrevidtions: BITE = bispecific T cel engager.
CLC = common light chain: DNL = dock—andHock; Fab = anfigen binding fragment; DAF = dal acting Feb; DVD—HgG =
dual variable domain immunoglobulin scRy = anglechan varigble fragment, ImmTAC = nwmre»rrnbizng menoclorel
TCRs against cancer. TandAb = tandem diabody: DART = dual affinity re-targeting molecule: Fc = fragment of
crystalization; EPCAM = epithelial cell adhesion molecule; CEA = carcinoembryenic antigen; VEGF = vasaular endothelial
growth factor; TNF = tumor necresis factor; IGFR = insulin growth factor receptor, MHC = maijor histocompatioilty complex;

A 14} 7R ©Ao) glh. 28y} BiTE, DART, TandAb, binanobodyoli= Fer}t §17] wj&e]| ¥zt
£ 89 A ARE HeFow su g},
@Asymmetric IgG
[gG 129 o]ZEo|3}H| et asymmetric IgG7F QTHIY 6B), o]&

7 gow g

Wi 42 7t Fell= Triomab o &4 A=



oFE 3ol Z2esks the F el A7 2HE IgGelt), dlF 9, EPCAMO] thgt rat 342} CD3ol thieh mouse
A5 % catumaxomab©] 7= o] 20099 FDA 5912 A9l ou A AQ1 o] f-2 AlollA] A 3= 9},

3] 49 heterodimerization Fgfo] 7= 7P HA AlZ=E Hilo] A& o2 £ A9 F4 CH3 =Y
¢lo] knobs—into—holeso|(3F E4of] T366Y, th= F4o Y40TT)E ANAA T2 £47|2]+= homodimerization
o] & HA| ¥ thE T4 7+ heterodimerization®] B 2 Ei= 7l&o] AWEH L, ojojA F o 4 7+
heterodimerization®] AZ7|AQ1 A3 WA 08 o]Fo|2A dh= Ho|(F F4l= K392D/K409D, tE F4=
E356K/D399K)7} 71| 9l eH23,24,25].

EF, FAA AEE WA g1 o]FEolFAY 7 Fab arm®] F4-74 EHQITHE 224 35k= CrossMab’
71€0| /fEEAY, 53] FabQ] CH,—CL =991 2940o] 7P $2 o & B EQIc}26,27], ) BRAF/EAA:
o] VEGF$} angiopoietin 20] 5-A19] A%sh= asymmetric IgG FE]9] o]FE 0|34 (vanucizumab, RG7716)7} 7}
dreo] tPgerolu SIS S-SR A4 24 e Z3ska ¢IoH20], 123 knobs—into—holes ©OlE 2
+ asymmetric IgGell Y% 74 (common light chain, CLC)7} 23+ ©]5-50|3A|(CLC-1gG) FEi7F L=
o}, o] A (emicizumab)i= Factor IXT Factor Xof| SAl 238k 9189 AwA|l2A FDAS 5912 ¥ttt
[28].

(3 Dual—acting Fab(DAF)-1gG

o FA7L F2A AL 2= F $59 390 23 7Fs3t dual-acting Fab(DAP)—IgG7h = itk
6C)[29]. ¥ &, duligotuzumab Herl(EGFR)Z HER39| A%t 7Ha3t [gGRA FAES] F AZHGHEE A
AF = glom A SRS A RE A8 94 24 A eAl Qi

@Y A =3} 1gGe) §F

DVD(dual variable domain)—lg += tetravalent bispecific antibody®=A] 3t 8}4| 2] =4 9 Ay 7P G g9 N—-2
o 9l o2 5ol A= FA1 4 € A 7R Fo] 53 olFEol@A oltH1H 6D)[30], o= F& F 7N
o] o2 484 AAHd, Aol E7RDol Ak &=2 /EEU, JE S9, ABT122+= TNFue} IL-179] FAl°]
Azteta, ABTO81-S- IL—102} IL—1B0f], SARIS65972 [L—42} [L-130] Ao 2dsh= G5 A ad olFEc|dA=
A, @A A4 278 A gAlel J1TH30l.

1231 scFvi nanobodyE 1gG2l S84 Z 4 N—U¢ -2 C-2Ho] A1 ol5E0l3AERE L= ¢l
tH1¥ 6E). °|& % IGFIRT HER3¢| FAlo]| A#8K= tetravalent bispecific antibody$! istiratumab(MMI141)-2-
IgGoll scFvE §AIZ] Fejolt), A4 Y A &A= 424 7 Ao Sich31,

5. 24

A 2717} 23 B0l 728 27 9] U] DR 24T 9 $4ageregation)e] 4717] 4tk A
ARAZE AEACE ALEy) SN BR) FREQ AskEe} T o] developability (CFO=A HFHY &
74& Zolof Hich, E3) AR AL B ok 2000) §oho] Hob wjgE] whEe] BE 100 mg/ml o] 55
2 3 AR Basie, o] BgelA FR ) Sae] A717] 4ok, Tl gL AN AnEel glom, &
ol dojuim FRN A BAo] AASHT Weuke-L Pkt T, BAS A=Y 0 B4o] Fohm o
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SRR 71 el $ig

7 A scaffold 52 AR, E=3 A7 -S4 E 78 A HE2 protein engineeringS E3to] A7 g}, o]
A9 affinity, o]A W HEAAE o] FHzt= ofof gich, E3H -SRo] ©f A7]A] $EE formulation FHFES
73t 32,33],

6. 2=

Al 3067k QI7HEFEHA, 17F A SERA, FA| FH, Fe engineering, ADC ¥ o]550]344| 9] 34 S3HE 7]
& 7] a3 g, Al gl it %J'*ﬂ%° Nk Qo) &= 7| el Rt FLSHARE 71E 3ok o A8 71 HE
A BAL-S £Yo 2 A& G8o] FAE biohetter A E0] A& AfutElo] gk, o= AW ojof Ak
Sfe gk} YAd—em A HglofeE 7]Nke. s 34| o] B} ofju] B E A7gstar, 73, valency, IgG subclass,
ADC 3= bispecificlor multispecific) 4] A& 52 128 A3k AR 24 7AAdke] Al=ET Qlc}, E3 7|2
FA 2AE] E3]7} rago] bt biosimilar FA) AFE0] FAE] AR 4718 W& = A Ha, g2t o

& A5 Agof AT AMEE 5 9E Ao E 7| E,
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