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The blockbusters

Top ten brands, global sales, 2004, Sbn

Lipitor (chelestersl-lower ng)
Focor {cholesteral-lowering)
Plavix {anti-clatting)
Mesxdum (anti-ulserant)
Lyprexa (anti-psychotic)
Morvasc (anti-hypertensive)
Seretide/Advair (anti-asthma)
Erypo (blood-cell booster)
Prevacid (anti-ulcerant)
Effexar (anti-depressant)
Source: 145 Health
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Hi# N8 2019FTSEEE ( {Z385T )
1 Humira BER R4E 196.04
2 Revlimid =3 R 109.18
3 Keytruda CIES BDIR 98.01
4 Eliquis R BMS 76.66
5 Opdivo ERIKGE BMS 7341
6 Avastin TUET T 61.51
7 Stelara BEiLE SR4E 58.74
8 Prevnar 13 | ji)L13 30 58.06
9 Herceptin HET T 55.99
10 Rituxan L iped DK 53.58
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1900
Paul Ehrlich proposed

side-chain theory, & 1959

models for Gerald Edelman & 1990
antibody-antigen binding & Rodney Porter published Antibody 2004*
complement activation :
the molecular structure engineering Bevacizumab 5t
of antibodies technol 2 2014
e (VEGE-A) Ramucirumab
1798 1948 1973 (VEGFR2)
Ed dJ Astrid Fagraeus 2
demonstrates first | - described rolle of plasma | LSO e | 1998 2009"
smallpox vaccination B cells in antibody of an antibody {;'%ségfumab Ofatumumab
generation fragment published L (CD20)
A ER A | sl ot &

1972 4

1774 1901 Gerald Edelman & ¥* 2005 *
Lady Mary Emil von Behring Rodney Porter 199‘7 Cetuximab 2015
Wortley, Emanuel received Nobel awarded Nobel Rituximab (EGFR) Secukinumab
Timoni, & James Prize Prize (CD20) (IL-17a)
Pylarini pioneered 2001"‘
concept of 1957 Alemtuzumab *
:‘.mallg')o';( Frank Burnet & David (CD52) 2012
nocuaron Talmage developed 1975 psg%’;“mab

the clonal selection Georges Kohler & { )

thea César Milstein

1890 4 invent hybridoma

Emil von Behring & technology
Shibasabura Kitasato show

serum transfer from

immunized animals could

cure diptheria

5t
approved mAbs
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iR (antibody) , XN#r%E&EIkEH (immunoglobulin, E#Rlg) , 2=—ME
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FETEELL LS

TH*EFEE,JEI,%*TLMS* JAZ_ IgG IgA (dimer) IgM (pentamer) igD IgE
, BRERFLEIF, FEM
%EF’*”, alZTgA, IgD, TgB. IgG
LAR I, TeGASERTUAR,
FTEREEN. EYFHEN
MAIEFEINRERYN B EHNARE.
By IgG Tgh (Z5RHF) IgM (RER{F) IgD IgB
EHERT y (gamma) o (alpha) u (mu) & (delta) € (epsilon)
EHEER K 8¢ A K B2 A KA K BG A K BE A
MIRAIGEE IR 2 4 10 2 2
BFE 150 KDa 385 KDa 900 KDa 180 KDa 200 KDa
iR LL 80% 13% 6% <1% <1%
FRRiEigEENn AL - ae TaE -
MR B =] 7c 7 7c
FeR BRI ERZmpE ilayaetiiliarinl= i)
FERE RPN, BEEIFA. FRPAUIRRMN | RHPF. EEEE(ER. BZRRRAYSZ{K Bl ERC A RS
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IgG1 56/29, IgG2
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lytical and Bioanalytical Chemistry volume 407, pages79-94(2015)
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Fab | X1a;
X1 =
- L
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Fc _ X1s;
X1a;

TUAEIUIRIIERR, 23IEMSEERNEEMRFEREREME. EN10MEEE, Sl EBITXEREM
HEERNEEE—R., BRSO NTRXMETX, AIEXKINREES, ERXKAETNEEIEE.

B] AR X 13 (ERIer
Variable Region Constant Region

Light Chain 125% EHEEK-type 1 A-typeFIFf

= 110 amino acids

Heavy Chain EiEay1, y2, y3, yA DR
otk

ariable Region BJZN[X I Constant Region [BXEXI,
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H # B
Heavy chain Light chain
1, Y,0.0, or €

KoraA

[
// Antigen
binding

(%K)
Biological
activity
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(EEX)
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(Single Chain Fragment Variable)
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mAb

Trends Biotechnol. 2013 Nov;31(11):612-20.  TRENDS in Blotechnology
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VH QVQLQQSGPELVRPGASVKVSCKASGYAFTTYNIYWLSRGIGRSFRGIGYFDPYIGGTNTNQNFKDKATLTVDKSSSAAYMHLDSLTSEDSAVYFCARSAGLADWGQGTLVTVSA

L1 |

7 1
\'} g'ene D gene Jgene

FW-L1 CDR:-L1 FW-L2 - FW-L :
_ A M L3 CDR-L3  FW-L4

V L DIQLTQSPSSLSASLGERVSITCRASQDIGSNLNWLQQKPDGTIKRLIYATSSLDSGVPKRFSGSRSGSDYSLTISSLESEDFVDYYCLOQYASSPPTFGGGTKLEIK

CDR-H3 FW-H4

T | | =
V gene J gene
FW: Framework region, fEZEX BRERINFWKE, — TERECDRIGEMISHEIER
CDR: Complementarity determining region, B¥MNREX BRUEINORKE,  IRESSHNEEXI

V gene, D gene and J gene: AJZX (Variable, V) BEETER. SHMX (diversity, D) BEETER. #SKX (Joining,
J) EETER

AR ERFSHERE TERTRIERE, BT TR EREEINEZIA05FER,;
B EXFERBT=AERETER (VD)) , HEFEERRAMINVTER, 27 DTERFI6 NI T ERERFTR,
RBTEXFERETHIERTER (VF1J)) , HEEEFERZRRISONTIERAIS N T ERERHTE;
RO a RN AV EY, FRLAD BB MEHERERE ( «F ) |, «EERERIVERE
(BOMVADSN) |, A\EREEASZR, BRERHBEENERE.
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VH domain V| domain
e iy CDR1  CDR2 CDR3 FIER BT
150 150 - =] T [
Fi8
120
100 * AN AR AN
£ £ sof-
K] Qo
8 )
3 3 FE FERME
7t NEEig
" 30l FR1 FR2 FR3 FR4 9, A
0 CDRFHIZ3E, FHEMEIERMERN,

. = Re:i%ue poi(i)lion nﬁ?nber Sl : = Residuesgosition nﬁ?nber - {%E?EFET_H: ’A]{%'IEEEI‘J F RJ:fEF' H:II E’J:*E??E ' {Eﬁgﬁﬁ
BIERR.
IFPEINATARRY AT T X FHIRTEE -

Vi CDR Determination

Bavacizumakb prgempspastaasveorvTI T - oor roxa rxv Lyl o P RescecscToRTLT IS LOrED FAT Y Y Cl I rooo TRVE IR
Trastuzumab DIOMTOSPSSLEASVGDEVTITCRASODV=- -~ - ~HTAVARY OOR PGRAPKLL I TSASFLY 3GV PSRFSGSREGTDFTLT ISSLOPEDFATY YCOURY TTPPTFSOGTEVE IR
Al entuzumab ERFEGEGECTDFTFTISSLOPEDIATY

Omalizumab VPSRFSGAGEGTDETLT ISSLOPEDFATY

Efalizumab SRFSGSG5GTOFTLT ISSLOPEDFATYY

Ranibizumab VESRFSGSGSGTDFTLT ISSLOPEDFATY

Daclixumah FARFSGSGSGTEFTLT ISSLOPODFATY

Cartolizumab CIQMTOSPSSLEASVEDREVTIT SGEGSGTOFTLTISSLOPEDFATYY)

Pexelizumab DIQMTQS PE=~LEASVGDRVTIT SRFEG3GS6TDY TLT ISSLOPEDFATYY

Oportuzumah DIgMTQSPSSLEASVGDRVTIT SRFS55G5GTOFTLTISSLOPEDFATY

Hatalizumab DIQMTQSFSSLEASVGDRVIIT 1FSAFSGSGSGRDY TET ISSLOFEDIATY

Partuzumab DIMPMMITW— === -BIWPGKEEKLL [YBASYRY TCVFERFEGECEGTDFTLT ISSLOPEDFATY YCOQE Y ITFY TROOGTEVE LK

AR -EAREE AR FAARE R o & . EEFEN - W . Wl RERE & RS - cF-EFEEAEEW oW AR ER - R oW

A3 min n

Omal isunab EVQLVESCCELVOPECSLRL S C A S - T oA PR LE W e 1 =T I £ ROD S KN TFY LOMHE LRAEC T AV ¥ R 11 0 T LV TV 2 &
Trastuzumab BV LVESGEGLVOPGE S LA SCARSGEHIK-DTY THWVROA PGS LENVART - PTHGY TRYAD SVE-GRET I SADT SN TAY LOMHS LRAEDTAVY YCSRNGG-D- -GF T AMDYWGOGTLVIVES
Efalizumab EVQLVESGGELVOPGEELRLE ISVDRERNTLY LOMHSLRAEDTAVY
Cartolizumab EVQLVESGEGELV)PGESLRLS FTFPSLDTSKESTAY LOMNS LRAEDTAVY
Partuzumak EVGLVESGEELYIPGESLRL SCARSGETET- mmmamf-ﬂmmlm GREFTLSVDRSKNTLY LOMNS LRAED TAVY Y CARNLG=- P~ -m -mmqr;'rr..w.rss

LR R RN E R I O R, R W BEE - @ @ WEEWRRTRRER AR e L e e AR R RN R
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PLIEIM 408 — $dt

(a) 1gG

\ Hinge

region

U w ca‘ L W IR RY S Evard Sia
P e Gt BT ARSI AR
S(219)C-D-KT-H-T-C-P-P-C-P-AP-ELL-G-G(237) SRR AFREESS

1 Plasmin
2 Human Neutrophil Elastase (HNE)
: 3 Papain
4 MMP-3, MMP-12
5 GluV8, Cathepsin G
6 Pepsin, MMP-7
7 ideS
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TeGIAR T B RN EE X BT B REXATAE

antigen-bilnding sites

! !

O

variable
region \ .
9 hinge
Ll region
constant
region
glon 1561 IgG2 IgG3
Upper hinge Core hinge Lower hinge Disulfide bonds
Papain Pepsin
! ¥
EFESCDETHT CPPCP AFELLGGP 2
ERE CCVECFPPCP APPVA-CGP

ESKYGPP cpsce iLPE!LGGiP 2
| I
218 226 231 238
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REXEHHERE N,
Free-floating

I A £ A immune complex

Ch2

REEEY)

antibody agglutination

SRR ()7 BE A 0° SRR 188 B H60°

FLRAYEEEERUNL



R 41 — 5% R

W4 o i R B RAE

% koA
Fab Fab
R kL P.
Pac
Free Antibody Antibody + AB

Antibody + FcyRI Antibody + FcyRI + AB
MABS, 2019, VOL.11,NO. 1,58-74
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PLIEIM 408 — $dt

RyEXBPapainfPepsinBIESTIIA,

Papain digestion

AN 4 B

Light chain Fab region

KorA

Heavy chain

O Fc region
determines isotype 9

Fc

V = variable domain
C = constant domain
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PFLORFc X FOF 3

LM 4 H — FcX

Fc: Fragment crystallizable region

FeR] SFe-ganma REGFUUREBDIMIEEOES, BIERERSE. A 8 Al g
. . nm

a: Architecture of an IgG Antibody

Antigen Binding Antigen Binding
Site Site

FcRL4/5

Fab
Region

Fc Receptor

Binding Site
-

Carbohydrate

Fc Receptor
Binding Site
Fc

FefEFRRI R R R AIFEE(E)

,‘.;'Q ﬂﬁ%E%EE’JCHZiEEZ[Eﬂ Antibody Fc Region
S Y CHzdomain  HIEFBIIREE, (XA

B4 E FENEZ [BIRVES =R
; F.

Fc Receptor

CH3 domain
Effector Cell
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LM 4 H — FcX

CH25CH3M B R

Hinge/upper CH2

« flebiity

« stability by interchain disulfide bonds
* Fc/R and complement binding site

Asn297-linked glycan

« sialylation: anti-inflammatory efect

« de-fucosylation: enhanced ADCC

« aglycosylation: reduced effector function

CH2-CH3 interface
* binding site for FcRn, Protein A

* mobility of CH2 domain

CH3 dimer
* stability of Fc
« heterodimeric modifications
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FeSHUARIMARAEIR, LARARIARRT
HLFBEERRAKREAR.

TUARIEEBERTLARIFcRnZE S, L
HEE.

AR (1g6) MAPFEEA21K
INRFUR (1g61) IMAP3ERHEAG-8K
HEBMHEAFREFA20K
BURIVIATEARERERLX

B Ag) FREEI AL N Teen A0S
\ A * \ rancytosis
& y

\

¥

Exocytosis

Y

Endosomes

Recycling

FARZTHE E 78 #

pH gradient

J Control Release. 2015 Aug 10;211:144-62

Albumin 1gG FcRn

‘U’YF
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FURSFcRIZREGRI=ANEIRFR: ZFdfai (V). FURZBIRIR (B) SIIKIEIAINEE (©).

Maternal circulation / Syncytiotrophoblast Fetal circulation

4 do
1

o

Y
EX
<
%y%a{

Neonate \

Neonate circulation

gut lumen

<o

A
Circulation > @
Yo <7
<
2

LY, €3
(VR
. )

(O Plasma protein
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MR B — FcX

The neonatal Fc receptor (FCRn)N"SHuAZFREGRIT ) LIAB X 5%
RUZThEE.

22 Uiz B RE 2L TRl RTINS AR 2R

a Neonatal intestinal lumen (acidic pH)

 x Y “M‘

Maternal blood
U @ (physiological pH)

S’\ m (U Syncytiotrophoblast
Internalization
* Enterocyte =
JL Early
o endosome
a "=§
Acidified

FcRn

endosome

FcRn Neonatal blood Fetal circulation

Iregases (physiological pH) (physiological pH)
g

Nat Rev Immunol. 2007 Sep;7(9):715-25
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V= Asn-X-Ser or Asn-X-Thr  XZ<&&%Proline

N297 N297

# R AE R

Q)¢
69 97 A —
;

"

. = GlcNAc . =Man O= Gal ’= NeuAc o = heterogeneous sugars
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AR B0 B = 2 RO AL 2 1 A R Y

> e B 454
> 2 5 MR
> Xt P~ CH21sk 4 {1 — e BIAH E AR I /)

FURRIRER SR

- BEEMRERRN, BEEFIETEESHEN
« IRIBEWIXIART S mHﬂﬂ#Eﬁ: SHAINZRE
- BERER—ATNEELST, Heoid
- AEFHEEZEAEEWX, ﬁwm*ﬁiﬁtﬁ‘@@ﬁﬁﬁﬁ*ﬁﬁ
o KO EEREIREADCCRIN,
- SHERERTUAMNPEARE =G L
- BEEENSFEE. FNFITANRERIEEREEX

N-glycan types

ab ab
B4

Bl N-Acetylglucosamine

— B2 B2 @ Mannose
06 O Galactose
o p4 < Fucose
S B4 @ N-Acetylneuraminic acid
B 3 B
Asn AsSn AsSn
SHERR =Pt ZeRz Y

High Mannose Complex Hybrid  Eur J Pharm Biopharm. 2016 Mar;100:94-100
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© ORNIARERY15-20%, FERFPEEFE TS (REHENZ)
- ERARXIREETERS A ORER
- ARSERERIETT

7 4
A. PR EIEETR B. &&6— RS C. SEIRHARINFZ=HA D. IR=faEt, Bl/R
a8 IBZTES—NE

RE, FETRXZE
B SEESD

A AN

decreased enhanced extend antibody

H g half-life
o
Q :
hinder S aggregation and
antigen binding protein-protein interaction days immune complex formation

J Immunol
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- AR EIHNDMERE, REUSTIAEARE

o RMERET, N #HB-eliminationai#EL3E,

. FERXEREELCHE BN SRS E

o EEERERET, REHEENFETLSIER (RIVARERIM

Antigen

Binding Site—l

= Light Chains
Table 1. Level of free sulfhydryl in IgG = Heavy Chains
Mole of free SH/Mole of IgG Variable Region
Type of IgG Reference F(ab’), Fragment
% F(ab) Fragment
Native Denatured M Fc Fragment
Human IgG, 0.24 ND* 28,29
Human IgG1 0.1-1.1 0.6-4.0 30 e
S
AN
Human 19G, 19G, and ND* 0.9-2.2 31 e "
recombinant IgG, s y s—=r R
Recombinant IgG,, IgG N N - {
ecembinantlgs, (08, = 507-0,08°  0.08-0.09 32 o ; cr i
andlgG4 L-cysteine u v - Mo v
g X—HN/ e X—HN/ e
Recombinant IgG ND* 0.64 33 i I |
1 gf ‘//‘ﬁ; o o
Recombinant IgG, 0.06 0.59 34 Nex
H & .
Recombinant IgG, 0.158 0.379 35 X_HN"}CL\C o oit-thioether
ND¥*, not determined. L'

MABSs. 2012 Jan-Feb; 4(1): 17-23 vopsteie
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LOEE 2 8 — 4 X 5l

IgNAR

Avian IgY
hclgG

Y*

« REARNYMERERFS, =MiER BRI =451

Conventional 1gG Camelid HcAb



LRI 20 — 90 X

MR — W i

cattle-derived EGFR x NKp30 bispecific ultralong
CDR-H3 common light chain SEED

BLV1H12 BLV5B8

BLV1H12

1-4,2-6,3-5 1-3,2-4,56

—

r 1 —

CIENCE IMMUNOLOGY Vol 1, Issue 1 « p. aaf7962v
ont Immunol . 2018 Jun 4;9:1262

BLV1H12/ BLV1H12 BLV5B8
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A Complex Glycoprotein has Many Sites of Potential Instability

*  Aggregation from favorable
intermolecular interactions

* Deamidation of Asparagine &
Glutamine

* Oxidation of Methionine, Cystine
& Tryptophan from oxygen & Light Chain
peroxides

* Truncation of labile C-terminal
Lysine

*  Cyclization of N-terminal
glutamine to form pyroglutamate _ _, Glycosylation

* Peptide-bond cleavage due to runcation site
residual protease impurity

Pyroglutamate

oad to the Biological IND - From Discovery to Product Production
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LM LT RS o e

B (isotype) :E—IMHRENMAERIEGRII RS FIELEA.
t4elgG, IgA, IgM% 2 i ¢ E 3lstof AA A
BEFFE (allotype) : E—MHEARNMAENATEEXRERFESSHER
ANARAGAFZLORBAELABAITRTRAR, AAARBETE, st A FA ik

JREFE (idiotype) : E—MARAEBARENNIAEREXZEBFRFHINER
e, BRIV EES- 6 MM RIERIRERR S, FR/VIRIFAL (idiotope)

BA—ANAKRA, REGBaMZE A+ HAATEEALARAI THTHRAR, EANARAR—2ACDREA
# i CDRL, <T4 7 CDRmt#, .<T 4% $CDR

LIGHT CHAIN

HEAVY CHAIN

I F %4 [ Ff 5 A Ay Y

-
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ﬁ-—li HS H{] J_IJ /I\ E 1% 1]% JI:;\ eptitope, idiotope a

Epitope: HIRFM, TURRER
Paratope: B#Mi, FLiRRERR
Idiotope: M4FRMA ((IFoIEXA, FHARIREFEIRIZRNAL)

idiotopes

FURIFRIR

Anti-idiotype antibody

H-chain

Anti-idiotype Antibody

antigen

Antibody Drug



N YR SRR

Blocking

Ligand
antagonist

Receptor antagonist

Signaling

ADCC

Antibody-Dependent Cell-
mediated Cytotoxicity

Targeting

Toxin/radiation

|

Complement-Dependent Cytotoxicity

antibody dependent cell mediated cytotoxicity (ADCC) and antibody
dependent cell mediated phagocytosis (ADCP). J Toxicol P



N YRR

7 I

Direct ADCC/ADCP
Fc-dependent

Signaling:
Induction of apoptosis
Fc-independent

Signaling inhibition:
ligand blockade
Fc-independent

FcyRIlb
o

= TCostimulation

Immunomodulation:
Agonistic mAbs

anti-CD20 mAb Fc-dependent

Therapeutic antibodies with FcyR-dependent and FcyR-independent mechanisms of action

TMHC

TAg presentation

f Anti-CTLA-4, -GITR, -OX40:
\ Fc-dependent Treg depletion
: &
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Antibody-based
humoral) immunity
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Intact Antigens engulfed and Antigens displayed
| displayed by phagocytes by infected cells
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Cell mediated
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https://www.kyowakirin.com/antibody/a
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