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1. REREARNEARS

Ltninn terminal end (Fab or paratope)

Hirgze Region |

Disulfide bridge

Heawrr chain

Carboxyl Tertninal end

i

_ Licht Chain
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290 arpino acids

Heavwar chain
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Structure of an IgG Antibody
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2. EEERHE
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3. SREREH KRB

« KR HE (papain) /KR1gG: B 2IB A FFIFab
Byl —ANFe B




N

aba|

F (ab’), BUFIETA M2 R (pFe’)

58 (pepsin) BM#1g6: BE|—AEA MM IEH:




4. HETREDIAE

Monoclonal Antibody Production

Immunization of mouse

to stimulate antibody Tumor cells are
production grown in tissue
culture

Antibody-forming
cells isolated
from spleen

_._@\ /

Antibody-forming cells are fused with
cultivated tumor cells to form hybridomas

/. NS-1and SP2/0 Antigen

N\

- MR DR
- RFET— B4
- B—i, RAHMERTURRAL

Hybidromas screened for

antibody production 3
Antibody-producing
hybridomas cloned

Monoclonal antibodies
isolated for cultivation



5. ZWEHE

@ Inject antigen @ Antigen activates @ Plasma B cells @ Obtain antiserum
into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.
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ANTIGEN
H1 ® 1 V

Fc —
REGION

6. JLIE%INEEX HIE

DISULFIDE
BOND

Fab
REGION
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CH2
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Direct MoA

Fab

- Growth inhibition

- Induction of apoptosis

- Prevention of receptor dimerization
- Neutralization of soluble factors

- Blockade of receptors

/ - Cross-linking of surface antigens

Indirect MoA

- Complement binding (CDC)
- Effector cell recruitment (ADCC, ADCP)

Pharmacokinetics

- FcRn binding site
- Plasma retention half-life

Carbohydrate attached to N297



@ Secreted IgG

Heavy
chain

Light
chain /

Fc receptor/
complement
binding sites

Tail piece

Hinge

CcC C

Antigen-
binding site

Fab
region

—Fc

region

Disulfide bond

Ig domain ’

CDOR loops

Nature Reviews Drug Discovery 2, 52-62 (January 2003)



YV domain ¥, domain

CDR1 CDR2 CDR3
B CDRI CIR2 CDR3
150 — 150 —
120 =
100 - == AR AR &
= = 6o
] =
= R
- -
30 -
30~
0 . L . ' . ' 0 I I | |
0 20 40 Gl bl 10 120 i 25 50 75 L0
Residue position mumber Residue position number
Wariability of amino acid residues in the ¥ and ¥, do- light-chain % domain are brought into proximity in the folded struc-
mains of human antibodies with different specificities. Three hyper- ture. The same is true of the heavy-chain V domain. [Based on E. A.
variable (HY) regions, also called complementarity-determining Kabat et al, 1977, Sequence of Immunoglobulin Chains, U.5 Degt.
regions (COHs), are present in both heavy- and light-chain V do- aof Health, Education, and Welfare |

mains. As shown in Figure 4.7 jright), the three HY regions in the

?fTM‘E’\JCDR(comp ementarity determlnlng reglons) ST SR ER T =,
SR AMEBEENEX




Antibody has a higher specificity and affinity to bind
to target protein.

ANTIBODY SPECIFICITY

3 heavy chain
\ -
antigsn ‘q light chain

=

=

o=

An individual animal
can make billions of
different antibody
molecules, each with a
distinct antigen-binding
site. Each antibody
recognizes its antigen
with great specificity.

/

A (Ab drug):
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ERNTENERNTR (1D

1L ANBRBOETIF

(1) ER&#I{E (chimeric antibody)

(2) NEInE (humanized antibody)
(3) £ AiE$HtE (fully human antibody)

Murine IgG Human/Murine Humanized IgG Human IgG
Chimeric IgG

/Y 4

B Murine Structure

Human Structure



R NRILEUE

Study of:
O Marked = >15% patients displayed AAR Mouse — 44 Abs
B Tolerable = 2-15% patients displayed AAR Chimeric = 15 Abs
O igi = 0 i i
Negligible = <2% patients displayed AAR Hamoniced = 23 Abe

100% ¢
90% |
80% F
70% F
60%
50% |
40% F
30% F o
20% f —

A

0%
? Mouse Chimaeric Humanised

HAMA HACA

% of Antibody

Hwang & Foote (2005)

To reduce HAMA(Human-anti-mouse antibody) or

HACA(Human-anti-chimeric antiboy)reaction.

AR AT BRIk At A TR BB

(]

Types of mAbs
Murine Entirely murine amino acids ‘0’ = mouse
e.g. muromonab
Chimeric Human constant (C) i’ = chimeric

+ murine variable (V) regions  e.g. rituximab

Humanized Murine complementarity ‘zu’ = humanized
determining regions (CDRs)  e.g. alemtuzumab

Human Entirely human amino acids ~ ‘u’ = human
e.g. adalimumab

¥ LEBR S L AN

FARG Y RIR RS 4 A

- BN TR X

- FRERHBIK, BRER IR
H YRR ARG IR P Fo,
LACRIE ¢

Nature Reviews Drug Discovery 2, 52-62 (January 2003)



ERETENERNTER (2)

2. Ny FEHUF

(1) FabFEZ

(2) B (single chain antibody, scFv) &R, =HEHUIK
(3) MBI (minibody, N scFvSiACH3XERE)

(4) BEfefeXints (@pAims. Eieiis. REERE. &I
S8

(5) Nanobody: BeZE/~=4 gy B fEHTiK




N T EIFRI R

Monovalent

Diabodies
Intact IgG fragments (~60 kDa)
4 0
g " ol
Fab Fv scky Bivalent Bispecific

(~55 kDa) (30 kDa)

- O Triabodies 90 kDa)

WV Domain C Domain
(~15 kDa) {(~15 kDa)

Fab conjugates: dimers and trimers

Trivalent
a Tetrabodies 120k
i .

: Chemical
Adhes_we conjugate:
domains : ;
trimeric Fab
or
helices: ’
dimeric Tetravalent

Fal

Single-chain I1gG



Nanobody: Single-Chain 1gG from Llama

* A typical single-chain IgG antibody produced in camelid
family (e.g. llama) a-

Conventional Camelidae V,H fragment
Antibody - 150 kDa Antibody

Retain high affinity for antigen without light chain

* Antigen binding domain can be cloned and expressed
to make “Nanobodies”:

— Extremely Cheap & Unlimited Amounts

— Tiny (T15 kDa) , Fold well & Stable in Solution
— Easily Engineered for Special Needs: cross

the blood - brain barrier, stable.

*CAR-T



3. WK R PR (Bispecific antibody)

- IR 45 SR ASFE R PTE - GERD

- N v T Bt
TRIT VA X 25 Wi ik 2

Tumor cell

Tumor antigen & . . ': :':_‘ Ay
Gyrtotuxlc HE
l:g.rtﬂklnes

f Gyl klnes Gushmulatﬂr,r \
ADCC .* receptors W§8 ~ ‘ L o O
\ o : - Costimulation hb A L QU Y
" :'._-: I bispecific F(mab"), 4
ettt 4
mab bispecific (mab), guadroma
FC receptor ok

Accessory cell
Examples: NK cells, Macrophages e {‘]ﬁ W R Q)ﬁ "ﬂ

scFv scBsDb scBs TaFv BIiTE bssdAb
DNL-F(ab),



4. B2 P BB
(ADCs, Antibody-drug conjugates)

Antibody
Targets cancer cells

- ADCE Hoile 5 BF A YiEH i 4
R (PLIE) A HHERLH R B 2
gAma

— ADCH AR FE /- 4L ) A0 P, 2
R PEA PRI R IE T Al A

Cytotoxic drug
Destroys cancer cells

— Kadcyla : anti—HERZ +DMI1




PR GED

R B N A Y a) R

» AT BRI &R P, WHTERIEERDL, DRAREN, £
I PR w2l e R 1 B I 5 RS S R R AR P 24 A B 7 A LAY

JIIVEg @

* RIRDUAEANTRIL)S, DUABO W RE A B B R .
s ERTBEY T TERK, HARN. FIEERFREGENE

AR R HEAE

AT AE 4 2R

s BRI FBERERNTERGER) , MHEEY RN S| EPUE.

TOEEYIRIBER REF A B, ERIVELN B .




EHRTEEER:

> NN B/ RIBERAT, RETUEKTURS S8, K

HAMAJZ ™ C(human anti mouse antibody reaction).
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1. ANB#%&¥Hi4k (Chimeric Antibodies)

- JREE. FFEE
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(HAMAZ ™., human against mouse antibody reaction).
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Chimeric antibodies

[ S R b J

RT-PCR
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= Mouse/human
Chimeric Mab

(66% human)
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Until 2003,7, 8437 people have been infected with SARS over the 32 countries,
in which 813 patients were died form disease. The disease incidence is about

10.5%. There are many unresolved questions about disease pathogenesis,
treatment and diagnosis.

Coronavirus organization. & model of the coronavirus
structure showing the organization of the spike (5), mem-
brane (M), and ervelope (E) glycoproteins. The RMA is pro-
tected by a helical capsid of N protein monomers.
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SARS virus

Nat.Med. (2004)

Amino acid
iclentity

[ ]o-30%

[]31-40%
] 41-50%
BW:i-s0%
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The global spread of SARS

Cases; 251
Deaths: 43
| 23 Feb 2003

United States
Cases: 27
Deaths: O
24 Feb 2003

ﬂl} S
.~ Russia and i E ot
o i Mongolia Korea
Cases: 10 Cases: 3
= Deaths: 0 Deaths: 0
31 Mar 2003 25 Apr 2003

Mainland China
2| Cases: 33 Cases: 5327
y Deaths: 1 Deaths: 249
27 Feb 2003 16 Nov 2002
e T L o —
. | India " 4l
Cases: 3
Deaths: 0
’5 25 Apr 2003

Hang Kong
and Macau
Cases: 1756
4 Deaths; 299
15 Feb 20032

Talwan
Cases: 246
Deaths; 37
25 Feb 2003

Philippines,
Thailand,
Malaysia and
Indonesia
Cases: 30
Deaths: 6

25 Feb 2003

South Africa Vietnam

Cases: 1 5 Cases: 63

Deaths: 1 Deaths: 5

3 Apr 2003 {7 *1 23 Feb 2003

o
U Singapore

Cases: 238
Deaths: 33
25 Feb 2003

Feplicase region

Australia and
New Zealand
Cases: 7
Deaths: 0

26 Feb 2003

L
a ;

7

Structural region

13,323 ribosomal

T
i frame-shift @
o L
& ORF1a 1 CRF1b ™~
? | !
H1 1
E Nsp1 Nsp3 K 4Nspﬁ MNsp8  Nspl2  Nspl3 Nspl4 N_sp‘lﬁ = DE M
Nsp2 P2 | Nsps Nspo Nsp15 b
Nsp7 Nsp10
PLpra MNsp11 Helicase Spike
3CLpro RNA polymerass Envelope

Stadler, K. et al. Nat. Rev. Micro. 2003 Vol 1 p210

LI
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UL | Poyiay
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Nucleccapsid



The structure of SARS Spike protein

51 subunit 52 subunit
e QR m—

R LHRZ] T™] cP |
679 770 788892 1013 1145 1195 12151,255

\
Spike protein especially the receptor-

binding domain (RBD) is the main
target of neutralizing antibodies.

\_ Nat. Rev. Microb. (2009) doi:10.1038 J
Spike
prodmn
M
[ - Acn
= e - R
- i
g J f-
2V
Husman el f‘- ‘C‘

SARS viras enters cell via Ace? receplor.

Science (2005) 309: 1864-1868



SARS F

ORI NGl TR

Immunize mice
with a SARS vaccine
(vaccinia virus ankara
expressing the spike
glycoprotein of SARS-CoV,
J. Virol. (2005) 79: 2678-2688)

Cell-fusion and screening of
hybridomas using RBD-Fc
protein to generate mAbs targeting
the receptor-binding
domain of SARS-CoV

4

Epitope identification of the
neutralizing monoclonal antibody
dot-blot
bioinformatic analysis
site-directed mutageneisis

Evaluating neutralizing effect
of the monoclonal antibodies
syncytia inhibition assay
pseudovirus infection assay
SARS-CoV neutralization assay




Il £ PUSARS FE BRI B 7

TRIEFT

Balb/c Mice i.m. injection

HRIE B B 50 FEPTAA

| | | L R
| | | | >
ow 3W oW oW OW + 3D
A mh &
PEG Method

Hbeidomas

Immunized Mouse Spleen cells

Fusion Partner Cell Lines: NS-1 and SP2/0



RBD-specific Ab were tested using ELISA in sera
collected after immunization of the SARS vaccine

A —e—A
0.9
0.8 —m—B
g 0.7
= (.6 —hk— C
L {]i
O 0.3
0.2
0.1
I} 1 | | [
. 2 N ) o
\Q@ -..9@ l.f?] ﬁi“ @éi &
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N \



Monoclonal antibody generation

Two hybridoma clones were selected and tested by ELISA

Titer of SARS mab ascites

9 —— S-9-11 ascites

—®—N-176-15 ascites

0D450nm
(@]

anti—mouse CD4 mab

1 '\\\\.\\\\‘ ‘\.\\ ascites

0.5 ~\'\‘\\-
\\’\A
0 L L L L L L L
0 © ©® ©® & & & 9 ®
ST FTLFPFFLSFSSFLLFHF &S
LRI BN S S PN
N N N N \\ \ \ \\x \\% \% x\\Q

dilution rate

The titer of ascites can reach 1:512,000



In vitro evaluation of SARS mAb’s neutralizing effect

1. Syncytia Inhibition Assay

2. SARS Virus Neutralization Assay



Syncytia Inhibition Assay.

HEK293T cell

14
S protein  ACE2
l l 12 |
PUHDIS-I(SV40) | ——, )) | pUHD 10-3(Luc) o
QO 10}
c
QO
Q 8
b )
mA o
s 6
= 4
pUHD15-1(SV40) -
pUHD 10-3(Luc) Luciferase Assay 2t
0

- + . Neutralizing

FEBS Letters 2005, 579: 2130-2136

Syncytia Formation assay has been developed in the Lab. The
system 1s valuable in detecting the interaction between ACE2
receptor and spike protein of SARS. The anti-SARS neutralizing
mouse mADb 1s being engineered into mouse-human chimeric

mADb which has a therapeutic activity in human.



Syncytia Inhibition Assay: Mouse antiserum after the second
Immunization

120

100

80

60

40

Lucferase Ratio

20

5.712

no ACE2




Syncytia Inhibition Assay:S-9-11 mab ascites

S-9-11 Luciferase Assay

ratio

+ no ACE2 antiserum comparative S-9-11 S-9-11 S-9-11
40ul ascites 40ul ascites 10ul ascites 20ul ascites 40ul




Syncytia Inhibition Assay: N-176-15 mab ascites

N-176-15 Luciferase Assay

ratio

+ antiserum comparative N-176-15 N-176-15 N-176-15 N 20ul+S
40ul ascites 40ul ascites 10ul ascites 20ul ascites 40ul 20ul ascites




SARS Virus Neutralization Assay

b &
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The typical early cytopathic effect was observed in
SARS-CoV infected cultured-cells in P3 lab of Hong

Kong University



Special amino acids (423W and 424 N) are essential to be
recognized by the neutralizing mAbs. The two residues are
conserved 1n all strains 1solated from human. (Virology, 2008)

Spatial location of the epitope predicted using a
computer-analysis model

epitope:
aa. 343-367,373-390,411-428
W423,N424: crucial site
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Virology 383 {2009) 39-46

Contents lists available at ScienceDirect

Virology

journal homepage: www.elsevier.com/locate/yviro

Conserved amino acids W423 and N424 in receptor-bind
potential targets for therapeutic monoclonal antibody

ing domain of SARS-CoV are

Chao Bian*!, Xiugin Zhang *!, Xingfeng Cai®!, Linqi Zhang ¢, Zhiwei Chen ¢, Ye Zha?, Ying Xu?, Ke Xu?,
Wei Lu?, Linchen Yan?, Jianwei Yuan ?, Jiannan Feng 9, Pei Hao ¢, Qidi Wang f, Guoping Zhao ¢, Gang Liu ,

Xueliang Zhu ?, Hao Shen ", Bojian Zheng ', Beifen Shen ¢, Bing Sun *P3

K

* Laboratory of Molecular Cell Biology. Institute of Biochemistry and Cell Biology. Shanghai Institutes for Biological Sciences. Chinese Academy of Sciences, 320 Yueyang Road,

Shanghai 200031, China

b Institut Pasteur of Shanghai, Chinese Academy of Sdences, Shanghai 200025, China

¢ Aaron Diamond AIDS Research Center, The Rockefeller University, New York, NY 10016, USA
* Beijing Institute of Basic Medical Sciences, Beijing 100850, China

¢ Chinese National Human Genome Center at Shanghai, Shanghai 201203, China

[ Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beifing 100050, China

& Department of Microbiology, University of Pennsylvania School of Medicine, Philadelphia, PA 19104, USA

" Shanghai Institute of Medical Genetics, Shanghai Children’s Hospiral, Shanghai Jiao Tong University School of Medicine, Shanghai 200040, China

! The University of Hong Kong Hong Kong
) E-institutes of Shanghai Universities immunology Division, Shanghai, China
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2. NJEALHT4E Humanized antibodies

|

* "Humanization" or "reshaping"” of murine
antibodies is an attempt to transfer the full
antigen specificity and binding avidity of
murine monoclonal antibodies to a human

antibody by grafting the murine Humanized Mab
complementarity determining regions (90% human)
(CDRs) onto a human variable region

framework

% BL.CDR
1) NJEALAD



A AL K 88 CDR-grafting ;

e,
// Mouse

Y

Blast against human VH&VL regions

Y

} &VL
\ VH

e —

Y

Identify FRs & CDRs
canonical structures

Rank order based on sequences
similarity and canonical structure of
CDR1-3of VLand CDR 1, 2 of VH

Identify human VH&VL region

—

o

£

Align FR4 against human JH &
Jx or, JL sequences

v
e
"

Human adaptem
VH&VL: FRs1-4
\mouse CDRs

R

Homology modeling

T

to identify key

A 4

Select human JH & Jx or
J). Sequences

e

murine residues /

FIG. 1. Flowchart of antibody humanization using CDR-grafting method.




A4k & 9% CDR&SDR-grafting

Human
FR-1
pra-
Denerem|

Human |
FR-2

< _Human CDR
M residues

i

SDRs —_,

T

il BRETEVHRBARD
—N B ok R 35 3T AR R
e EEEE, Pk

Murine Ab CDR-grafted “Abbreviated” SDR-grafted
Humanized Ab CDR'g."af“’-‘d Humanized Ab
Humanized Ab

T

T

Murine constant regions I SDRs of murine CDRs

sy Murine framework regions Human framework regions

- Non-SDRs of murine CDRs [ i) Human CDR residues lojl\fr.fj\lﬁ.'ﬂﬁf?‘ﬁj

VS.

100-200 A JBAL /3|
Specificity-determining residues (SDRs).



3. & A#ifk Fully human mAbs

. Karpas 707H 2m A

g (human myoloma cell

i line) :
Antibody Per. Karpas, Cambridge

: Universty :

§ phage display
. library

1980 1997 2001 2008 2010

- HEAR R
. Xenomouse
:  (Human Ig gene)
§ Abgenix, US

ESingle cell




1) BEAEIUEERAR
(Phage antibody library technique)

o SN Ig H A HE A] AL X B K] A BB s PE A Tl 4R R D, 2 A4 2

o S I IR AT B B R B B R RUARAR G, B AT o T e B A
PSEZ (=

o« PUAFERPRIREC e 45 R (R MIER N .
W E e S PUR S G PUE, HARM K.




A Naive Library B Immune Library

donor display library display library immune donor

N, @
AR,

S

}

L")
3.9
Og‘.

geneticinformation B-cells

synthesis geneticinformation ' geneticinformation B-cells

.
— 9%
@o

design display library display library design

C Synthetic Library D Semi-Synthetic Library

PR E R SRR

- R
- R
L
B



* Display of antibody fragments on bacteriophage

- the favored format of antibody fragment is single-chain F,, (scF,)

antigen Fab
binding ™ (50 kD)
site
whole Ab == . L—|
(150 kD) | || [Cre Fy (25 kD) scFy (27 kD)

Schematic representation of different antibody formats



« Construction of antibody libraries

- DNA sequences encoding V, and V. domains are amplified by PCR

- V4 and V|, domains are paired randomly, increasing functional diversity in the library

- The scF, sequences are amplified by PCR using primers incorporating restriction sites
- cloning into the phagemid vector

H.R. Hoogenboom et al. - Immmunotechnology 4 (1995) 120

Apall Xhol  Ascl  Sfii  BstEl  Noti

Jy VL .L GL ¢
PlacZ *-., : :
msg cxk ™S g CHi ?"?g-e’)%ﬂ

Display of Fab fragments o
n filamentous phage.

Col E1 ori )— AMPT —(M13 intergenic region

Phagemid vector pCEST



- transformed into E. coli by electroporation

Antibody display library



+ Selection of specific antibodies from a phage library

IAntibody library
on phage

Antigen
column




* Library size and diversity

- Specificity and affinity are desirable qualities in any antibody $F 74 f13¢
iy

- The larger the library, the greater the likelihood that it will contain an
antibody of very high affinity having the desired specificity F 2 & Ak
A 7] BEIH I B I FIPLAE
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SAN

a Library
(billions of different
antibody genes)

B cell repertoire i

antibody ,’
gene «

antlgen
binding
domains of
an antibody

. wash away .

il

Panning
(selection by affinity)

controlled biochemical milieu

4
L4
. non-bound i
S phage L

. V /BN

|
specific
O antibody
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A. Chain shuffling

Light chain shuffling Obtainment of clone B —
with improved affinity Q /J\ ) }jl:l
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Toxins 2018, 10, 236; doi:10.3390/ toxins10060236
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Tabla 2

Antigen-specific monocionat antibodies from mice with human Ig transloci.

Human
Translocus Antigen ig chains™ Adfinity Retfterence
HulgH Phenyloxazclone T 80 and 160 nM [10]
Fhycoerythrin
Lysazyme
Human mphoma cells
HulgHCoes Phenyloxazoione 1 [t0}
Lysozyme
Human lymphoma cells
yH1 /yK 1 Tetanus toxin H+x [12}
HC2/KCo4 - Human CD4 ¥+ x 12nM [8]
HC2/K Cos Human CD4 ¥+ x 0030 4 nhd [7=]
yHZ /K2 Human L8 T2+ K 0.16—0.9 nM [a==]
Human EGFR 0.03—-0.4 nM
Hurman TNFx 03.2-3.8 nM

*The HulgH and HulgHCes transgenes were analysed in mice with disrupted
endogenous IgH locus but capable of producing endogenous Igx chains. The other
mouse lines contained transloci enceding both human igH and Igx on mouse
backgrounds disrupted for the corresponding endogenous loci. The mice that produce
human igG also produce human Igh but only the reaults for the specitic 1gG antibodies

are shown. Cos, cosmid; EGFR, epidermal growth factor receptor; H, heavy chain; Hu,
human; I, intedeukin.

- BB AYIT R AFIEL I, RAARS
- RIGL AR




3)

I A& BiefE 40 A B 1l 2 2 A i

s KR BRI ASHEEAR.

- BEMERMEERS.

Development of a fusion partner cell line for
efficient production of human monoclonal
antibodies from peripheral blood lymphocytes

(Human antibodies 2002, 11:85-96)

Isolation of Native Human Monoclonal Autoantibodies
to Breast Cancer

HYBRIDOMA AND HY RRIDOMICS
Violume 21, NMomber &, 2062



Construction of B6B11 and MFP-2
Fusion Partner Cell Lines

RPMI B226
HGPRT HGPRET
Human i Aechaim s — A-chain
peaitive siepative
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Sezven for & Cefls

Human Lymps . WGPRT Iz

Node B Cefl X
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(41
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CHGRRT: I

ABI.653
HGPRT g o
:_":-AIEE & HGERT™ Iy

HAT?

HAT® T

SWINeo ransTechos

Mouse
myeloma

Double selecting markers
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l B-Ag-sclectian

EsB11 Bbowse-Human
Heteromyeloma

MEP-2 Trioma
HGPRT Ig
= G4lEr

Acreem far g
HGPRET- Cells

HAT® .

T
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Fig. 1. Flow chant for the construcizon of the ESB1] and MEP-2 cell lines



27.K10

Panel A

Breast cancer tissue

27.B1

Panel B

Breast cancer cells

We work on HCV/E2 mAb and Rabbis virus S protein by using FMP2 cells.



4) BZHPEKAELIIAN:

* FHEB

A YA )
e X—

- [HEFEL

7

R A Bk
PR R

AL A] pEE

Uk O B L T

AR RERIGS, BT B




5) HAMBARGHFEN BT EDUE
Platform for the development of
human mAbs using

single-cell technology



Dynamics of the GC reaction and selection of high-
affinity antibody mutants

Antigen-activated
GC precursor B cell

0 ¥ s
_/ Plasmablast
” s -
“J

Differentiation

Memory B cell
precursor cell

i ‘, Light zone—
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~ ~_ |Proliferation =" /7| recirculation .
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Germinal centre

Nature Reviews Immunology 15, 137 - 148 (2015)



Peripheral B cells for separating Ig genes

B1 cell or marginal

* BACH2
o IRF4"
* PAXS
* BACH2 * PU.1-IRF8
* PAXS
* PU.1-IRF8

zone B cell
* Self-renewing
e Poised
* BACH2
® |[RF4'*
* PAXS
* BACH2 ¢ PU.1-IRF8
* PAXS
* PU.1-IRF8

Follicular B cell
* Long-lived
* Quiescent

Activated B cell
* Short-lived
* Cycling

* BLIMP1™*¢
* [RF4"

¢ Short-lived
* Cycling

* BACH2
* BCL-6
* PAXS

GCBecell
* Short-lived
¢ Rapidly cycling

Nature Reviews Immunology 15,

* BLIMP1™
* IRF4"
* XBP1

Plasma cell
® Long-lived
* Quiescent

* BACH2
* PAX5
* PU.1-IRF8

Memory B cell
¢ Long-lived
* Quiescent

137 - 148 (2015)



Phenotypic characterization of mouse and human peripheral B-cell
subsets

Table 1 Phenotypic characterization of mouse and human peripheral B-cell subsets

Subsets Mouse phenotype Human phenotype Ascribed function

Transitional CD19+B220+CD93+IgMhiAA4 .1+ CD19+CD20+CD27-CD10+CD24high Precursor to mature naive
CD24hiHSAhighCD21-BR3+TACI+ CD38high IgD+CD5+BR3+

Mature naive CD19+B220+IgDhilgMlow CD21 CD19+CD20+CD27 CD24intCD38int Precursor to germinal center, memory and
+CD23hiCD1dlow HSAlowCD62L+(FO) CD21+CD10-1gD+IgM- antibody-secreting cells

CD19+B220+IgDlowlgMhi CD21hiC-
D23lowCD1dhi HSA+(MZ)

Germinal Center CD19+B220+CD38GL7+FAS+ CD19+CD10+CD20+CD27+CD38+ Rapidly proliferate and are precursors to
PNA+IgD-IgM FAS+IgDBR3+ memory B cells or antibody-secreting cells
Memory CD19+B220+CD38+CD73+ CD19+CD20+CD27+CD38 Recall responses and provide humoral
CD80+PD-L2+ immunity
Antibody- CD19low/- B220+CD38CD138+CD93 CD19+CD20CD27+CD38high IgDCD138- Antibody secretion
secreting cells  +MHCII+Ki67+(plasmablasts) (plasmablasts)
CD19IowB220 - ID-TACI+CD38 - CD19+CD20-1gDCD27highCD38highCD2
CD138highCD93+ (Plasma cells) 410CD138high TACI+ (plasma cells)

Major surface marker differences between pre-immune and antigen experienced B-cell subsets. Adapted from refs 4-11.

Cellular & Molecular Immunology advance online publication 19 June 2017



Single cell technology for generating human
monoclonal antibodies

Select donors
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Single cell RT-PCR for generating
human monoclonal antibodies

Screening of
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Timeline of the key events of the COVID-19 outbreak

8 December 2019
Onset of the first recorded case in
Wuhan

28 February 2020
WHO risk assessment increased to
very high on the global level

31 December 2019
First report of 27 cases of pneumonia
with unknown cause in Wuhan, China

11 February 2020
ICTV named virus SARS-CoV-2 and
WHO named disease COVID-19

December

=L T TET Y

2 October 2020
>34,000,000 cases and
>1,000,000 deaths

9 January 2020

China announced the identification of
a novel coronavirus as the causative
agent of the pneumonia outbreak

11 March 2020
WHO defined COVID-19
as a pandemic

13 January 2020
Case of a traveler from
Wuhan was confirmed

in Thailand

20 January 2020
Human-to-human 23 January 2020
transmission was | Wuhan city was

confirmed locked down

29 January 2020
The coronavirus

spread to all 34 30 January 2020
provinces across — WHO declared a
China PHEIC alert

Confidential

Nature Reviews | Microbiology
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Cumulative confirmed COVID-19 cases Our World

WHO Coronavirus Disease (COV]D-19) Dashboard The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited
Data last updated: 2020/9/12, 3:59pm CEST

in Data

testing.

LOG O Add country

World

25 million

20 million

Cases - Count

287,968

new cases

I 300,000+ 15 million

50,000 - 300,000

\

28,329,790

confirmed cases

T

United States
India
5 million European Union

1-100 Some EU countries changed
methodolog)
country-by-country series.

0 = Russia

p——ee

I 10,000 — 50,000 10 million
I 100 — 10,000

911,877 No Reported Data 0 =T 7 china
deaths ' Dec 31,2019 Mar 11 Apr 30 Jun 19 Sep 13,2020
Not Applicable
Source: European CDC - Situation Update Worldwide - Last updated 13 September, 10:35 (London time) CCBY
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SARS-CoV-2 BT TS5

the authentic SARS-CoV-2 virus

RNP hexon
the “Eggs-in-a-nest”

RNP tetrahedron
the “Pyramid”

RNP

Postfusion S
the “Needle”

m T
/\ ey

Yao et al., 2020, Cell 183, 1—a
October 29, 2020 % 2020 Elsevier Inc.

Confidential
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Smaleox H1N1 (2009)

Avian H7N9
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Table 1. Clinical Features of COVID-19, SARS, and MERS

Symptom

Fever

Cough

Dyspnea

Myalgia

Panting
Headache

Sore throat
Nausea/vomiting
Diarrhea
Rhinorrhea

Abdominal pain

COVID-19

Study®

1 2 3
(n=162) (n=1099) (h=138)
[91] 6] [92]
77.4 88.7 98.6
80.6 67.8 59.4

= — 31.2
51.6 14.9 34.8
3.2 - -

34.4 13.6 6.5

= 13.9 17.4

— 5.0 6.3-10
4.8 3.8 10.1

- - 2.2

4 5

(n = 140) (h=41)
(] [7]
91.7 97.6
75.0 75.6
36.7 55.0
- 43.9
- 29.3
- 7.9
22.3 -
12.9 2.6
5.8 -

(n =99
[10]

82.8

81.8

31.3

8.1
5.1
10
2.0
4.0

Range
(average)

77.4-98.6
(89.5)

67.8-86.2
(73.4)

31.2-55.0
(38.5)

11.1-51.6
(31.9)

3.2-29.3 (16.2)
6.5-34.4 (14.1)
5.1-17.4 (12.1)
2.0-22.3 (9.4)
2.0-12.9 (6.1)
4.0(4.0)
2.2-5.8 (4.0)

“Percentage of study subjects that experienced the indicated symptom; for fields without values, this symptom was not evaluated.

Trends in Microbiology, August 2020, Vol. 28, No.

8

FHARFA BN B R G AR A R A/ TR R -

SARS MERS
7 8
Range Range
(93] [94]
99-100 98
62-100 83
45-61 32
20-56 11
13-25 14
20-35 21
20-25 26
2-24 6
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SARS-CoV 3b b0 orfl4
ORF1a ORF1b S N
Nucleocapsid
SARS-CoV-2 3b 7b orfl4

ORF1a ORF1b S

Membrane protein (M)

Envelope (E)

RNA

Hemagglutinin
esterase-dimer

” ‘:I) NATURE NANOTECHNOLOGY | VOL15 | AUGUST 2020 | 630-645 |
PDB:WQC PDB: 6YB7 PD: 6WB PDB: 6VWW PDB: 6W4H PDB: 6VSB PDB: GSM
Virus strain ORF1ab S E M N
SARS-CoV AAP13442 .1 AAP13441 1 QHD43418.1 QHD43419.1 QHD43423.2
Urbani
Protein ID
SARS-CoV-2 QHD43415.1 QHD43416.1 AAP13443.1 AAP13444 1 AAP13445.1
Wuhan-Hu-1
Protein ID
% ldentity 86.46 77 .46 96.00 89.59 89.74
(a.a.)

Trends in Microbiology



i 7 ANSARS—CoV i 3244 35 NACE2

Unique residues in Conserved
SARS-CoV-2 S residues
| [ [ .
(C) 4 . ‘Hidden’
¥ 3 RBD
ot

‘Closed’ conformation

SARS-CoV-2 RBD
SARS-CoV RBD

‘Exposed’
RBD

‘Opened’ conformation
Trends In Microblology

Trends in Microbiology, August 2020, Vol. 28, No.
8



SARS-CoV MIPihk TGk MF ik =

SARS-C0V RED-WACES SARS-CoV-2 RBD-hACE2
® 80R 80R
159 & $230 SARS HFIfLiA 5230
-4 m396 ma396
+ CR3022 CR3022
+ N-176-15 N-176-15
~ HAQO1 HAoo1 | F7iEH MLk
@ Isotype control Isotype control
e S Yz 3§ 1 2
Log Conc (ug/ml) Log Conc (ug/ml)
1 588 o A LA T0 15 BELBTSARS - SARS—CoV et FIi 4 T HEL W
CoV S R 2 T e T TN
mAbs SARS-CoV ICsg (Ug/ml) SARS-CoV-2 ICsp (ug/ml)
80R 04 >50
5230 0.016 >50
m396 0.08 ~50
N-176-15 0.07 >50
CR3022 20 >50
HA001 =50 0.016
SARS—-CoV FH HIPLATCIE A A HT R = Cellular & Molecular Immunology (2020)

17:621-630;
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A 425 426 427 428 429 430 431 432 433 434 435 436 437 438 433 440 441 447 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460
SARS-CoV REM TEEIN | DATSTGHNRENY KERIEEBERHGKLRPFERDISNVYPF
SARSCoV-2ZREM S N NLDSKVGGNYNYLYRLFRKSNLKPFERDISTEI!IY

438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 456 456 457 458 409 460 461 462 463 464 460 466 467 468 469 4TO 471 472 473
. * . * . * ok K R Rk o P [ T S T T I TR S .

461 462 463 464 465 466 467 468 469 470 471 472 AT3 474 475 476 477 478 479 480 481 482 483 4B4 485 486 487 488 489 490 491 492 493 494
SARS-CoV RBM SIEEDGKPCTP -P AN CHIWP LINDESGIF TR SINGENG QP Y
SARS-CoV2RBEBM Q A G S TPCNGVEGFNCYT FPLQSYGFQPTNGVGYOQPY

AT4 4TS5 AT6 ATT ATE 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 485 496 497 458 498 500 501 502 503 504 505 506 507 508
L I T L I

SARS-CoV-2 RBD-hACE2
B SARS-CoV-2/SARS-CoV
L455/Y4424

gfi - I - w-.ﬁf G sge-
SARS-CoV-2 2 X -
: (SARS-CaV) £

P499/T48540

N439/R4261 3~
L452/K439
T470/N457-
E484/P47
Q49 8

Y4T73/F46
S477/G4
5494/D4|

SR TR R S
Binding relative to WT (%)

SARS-CoV RBD-hACE2
E SARS-CoV/SARS-CoV-2
R426/N439 [
Kkasonas2| H
Nas7Ta7
P470fE484D
Y4s4fo498
T487/N501
H (R426) |4
i Region1 . : N
! ; H & L & P

Binding relative to WT (%)

Cellular & Molecular Immunology (2020)
17:621—-630:;
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\(/ Antibody ##  Vaccine
\ Therapy g[rjﬁjf,zk Vv

: A non-infectious virus and/or
érﬁ'&c’*eeﬁﬂgﬁggé ?/:?S: ———————— ————— piece of virus your immune
e 2 3 e R 25 407 system will recognize
Za AR 1978 7 A1 /Bl mT A5 G2 2 SR B Bl o

Train a healthy immune

Directly treat
someone infected - JALUEIICRULILEIVGEE s system to protect from a
with SARS-CoV-2 future SARS-CoV-2 infection

oy < \ ey ‘ﬂ‘t\EA_\L‘ 1, \}—[_\\//v‘_@\ W - \}E:Jl(‘;“h
B BEA T TR I 75 P AR ORI G 5 L AN 7 B RS

P R How quickly 1-2 weeks
mmEsEey after vaccination

HILDE
VT G 9% J5 1-2
____________ How | ill _________ Years to lifetime

(sometimes need boosters)
Vanderbilt Vaccine Center | Vanderbilt Institute for Infection, Immunology and Inflammation
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SARS—CoV-2 spike FHHZPFMPifkr) EELIR

L

Viral membrane

A,B: Structure of 2019-nCoV S in the prefusion
conformation.
C: A S'.ngle monowmer OF t”\e 201Q—nCOV S. Daniel Wrapp 2020
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Development of neutralizing antibodies for treating COVID-19
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Article
A human neutralizing antibody targets the
receptor-binding site of SARS-CoV-2

ExEYIEPRHINEIS0165EREIHIERFIXIEZXEANE

http s:/fdoi.arg/101038/541586-020-2381-y Rui Shi**", Chao Shan®", Xiaomin Duan'**, Zhihai Chen*", Pepe i Liu®", Jinwen Song®"”,
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Antibody cocktail to SARS-CoV-2 spike protein
prevents rapid mutational escape seen with
individual antibodies
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Stephanie Giordano, Kathryn Lanza, Nicole Negron, Min Ni, Yi Wei, Gurinder S. Atwal,
Andrew J. Murphy, Neil Stahl, George D. Yancopoulos, Christos A. Kyratsous*
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yield a SARS-CoV-2 antibody cocktail
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Phylogenetic tree of coronaviruses
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Questions

— Neutralizing antibodies against S27

— Structure, function and mechanism?

1. Aid vaccine design;
2. Resistant to RBD antibody-resistant

strains;
3. Broad spectrum (mutated SARS—-CoV-2 and

other coronaviruses).
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1. Isolation of 76E1 from convalescent patients of SARS-CoV-2

511 RS = A R I R SRR AISARS-CoV-2 Spike (S) K E M2 APk

Human antibodies against full-length SARS-CoV-2 spike (S) were obtained from 5
convalescent patients

Abs binding
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Ligand blockade

Signalling induction

Therapeutic antibody
Fab fragment

Infliximab”

] Adalimumab”
Therapeutic | Golimumab
s antibody Certolizumab pegol
Canakinumab
Briakinumab
Ustekinumab
Omalizumak™

Belimumab
Eculizumab
Mepolizumab
Reslizumab
Etanercept!
Atacicept!
Alefacept?

Tocilizumab
Efalizurmab”
MNatalizumab
Vedeolizumab
Abatacept?

Efalizurnab”
Omalizumab”
Otelixizumab”
Teplizumab”
Epratuzumab”

Complement
components

Rituximab®
Ofatumumab
Ocrelizumab
GAI0T"
Alemtuzumab
Muramenab”
Epratuzumab”

TCR-CD3
complex Otelixizumab”
Teplizumab”
Muromonab”
GAI0T"
Inflixirak™
Adalimumab”
Rituximab®

DU ZYIKI/E AL

Nat. Rev. Immunol. 2010. Vol.
10. 301-316



. TRAGNRRES




SRR S YT R — N E [
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ratigen @® Nivolumab (Opdivo);

T-cell receptor|
é ; ® Fully Human antibody;

® anti-PD-1;
@® Bristol-Myers Squibb, 2014.

T-cell

@® Pembrolizumab (Keytruda);

PD-LI @® Humanized antibody,/humanized by MRCT;
T-cell receptor Antigen ® anti—PD-1;
f ® MSD, 2014.
T-cell Zex%, Flmiehiz, ZMIURESF R
m@ i SEARA BATF ST 2. D amiehi iz (NSCLC)
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Nobelforsamlingen

The Nobel Assembly at Karolinska Institutet

has today decided to award

the 2018 Nobel Prize in Physiology or Medicine -

jointly to

James P. Allison and Tasuku Honjo

for their discovery of cancer therapy by inhibition of negative immune regulation

[P Aliggn, P4D
Maie, Pmunslagy

Tasuku Honjo was born in 1942 in
Kyoto, Japan. In 1966 he became an
MD, and from 1971-1974 he was a
research fellow in USA at Carnegie
Institution of Washington, Baltimore and
at the National Institutes of Health,
Bethesda, Maryland. He received his
PhD in 1975 at Kyoto University. From
1974-1979 he was a faculty member at
Tokyo University and from 1979-1984 at
Osaka University. Since 1984 he has
been Professor at Kyoto University. He
was a Faculty Dean from 1996-2000 and
from 2002-2004 at Kyoto University.

James P. Allison was born 1948 in
Alice, Texas, USA. He received his PhD
in 1973 at the University of Texas,
Austin. From 1974-1977 he was a
postdoctoral fellow at the Scripps Clinic
and Research Foundation, La Jolla,
California. From 1977-1984 he was a
faculty member at University of Texas
System Cancer Center, Smithville,
Texas; from 1985-2004 at University of
California, Berkeley and from 2004-2012
at Memorial Sloan-Kettering Cancer
Center, New York. From 1997-2012 he
was an Investigator at the Howard
Hughes Medical Institute. Since 2012 he
has been Professor at University of
Texas MD Anderson Cancer Center,
Houston, Texas and is affiliated with the
Parker Institute for Cancer
Immunotherapy.

Can our immune defense be engaged for cancer treatment?
Accelerators and brakes in our immune system
A new principle for immune therapy: CTLA-4, 1990s; PD-1, 1992.

Immunotherapy for cancer today and in the future



- Can our immune defense be engaged for cancer treatment?

Tumor Immunotherapy started 129 years ago !

Coley — ploneer of vaccine therapy.

Nature Reviews Cancer 9 , 361-371

A patient with round cell sarcoma of the jaw and abdominal metastases seen by Coley in 1899

Coley’s toxins: a mixture consisting of killed bacteria of species Streptococcus
pyogenes and Serratia marcescens, named after William Coley, a surgical oncologist at the Hospital for

Special Surgery who developed the mixture in the late 19th century as a treatment for cancer.

Endotoxins and TNF




- Can our immune defense be engaged for cancer treatment?

1893
1899

1915

1943
1953

1957

1971

1986
1988

1992
1996

2010
20m

2014

Significant Events in the History of Cancer Inmunotherapy®5-*

Dr. William B. Coley invents Coley’s toxins

Parke-Davis & Company manufactures Coley's toxins

) Memorial Hospital (now Memorial Sloan Kettering)
bans Coley’s toxins, preferring radiation treatments

Chemotherapy use begins for cancer treatment

Helen Coley Nauts (Dr. Coley’s daughter) founds
the Cancer Research Institute in New York City

Dr. E. Donnall Thomas has success treating patients
with advanced leukemia with allo-HSCT

President Richard Nixon declares a war on cancer

Recombinant IFN-o. approved by FDA for hairy cell leukemia

Dr. Steven A Rosenberg publishes work regarding curative treatment
of melanoma patients with activated immune cells and cytokines

rhiL-2 approved by FDA for RCC

First mAB approved by FDA for select Bcell malignancies

First DC-based cancer vaccine approved by FDA for prostate cancer
First CTLA-4 ICB FDA approval for melanoma

First PD-1ICBs FDA approved for metastatic melanoma

allo-HSCT = allogeneic hematopoietic stem cell transplantation; CTLA-4 = cytotoxic
T-lymphocyte—associated antigen 4; DC = dendiritic cell; FDA = Food and Drug
Administration; ICB = immune checkpoint blocker; IFN-a = interferon alpha;

mAb =monoclonal antibody; PD-1= programmed death-1; RCC =renal cell carcinoma;
rhiL-2 = recombinant interleukin-2

- INVESTIGATIO)

AACR 2016
5 yr survival on anti-PD1
therapy = 34%, double the
historical rate

Hodi FS, et al. Abstract CTOOL. Presented at: American Association for Cancer
Research Annual Meeting; April 16-20, 2016; New Orleans.



- Can our immune defense be engaged for cancer treatment?

The adaptive immune system: an “ideal” anti-cancer agent

Diversity:

T cells - 1018
Antibodies - 1022

Specificity:

Can distinguish minute alterations

Memory:
After effective antigen priming, immunity

can last for decades



- Can our immune defense be engaged for cancer treatment?

Cancer Immunity

Pre-malignant
lesion

Elimination Immunosuveillance

Immunity and Tumor Progression

Equilibrium .
Oncogenesis Immunoselection

Disruptive Thinking in Cancer Therapy:
ErmnncE i Targeting the Immune system, not the Tumor

Tumor growth

Cancer Inmunoediting : 3E

Transformed cells Normal tissue Immune suppressive cells

\

Monoclonal Immuno-
Antibody Modulation

BREAK THE
Mutagenesis, 2015, 30, 205-211 TOLERANCE

Elimination Equilibrium Escape
(Cancer immunosurveillance)

I %%%% @ : highly immunogenic transformed cell
= . : poorly immunogenic transformed cell
@E Protection

2013 Koichi Sakakura and Kazuaki



Can our immune defense be engaged for cancer treatment?

¥ Biolegend®
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- A new principle for immune therapy: anti-PD-1/anti-CTLA-4

1996 Science 271:1734

—
n
[¢)]

—e— Control
—e— Anti-CTLA-4, day 0
—— Anti-CTLA-4, day 7

8

Enhancement of Antitumor Immunity
by CTLA-4 Blockade

Dana R. Leach, Matthew F. Krummel, James P. Allison*

~l
18]

[\*}
42}

U R
0 5 10 15 20 25 30 35
t 1 1 1 Days after tumor injection

Average tumor size (mm?)
41
j=]
E

o

i

Dr. James Allison

Preclinical science : Clinical science
| * Primary endpoints of two

Treatment of Phase lll trials changed to OS
B7-1 and B7-2 are mouse tuUmours ® No OS interim analyses
CTLA4 ligands with CTLA4
: Phase II:
Immune-regula- ' * Novel responses Phase lll || Regulatory
Cloning of tory role of First patient * Delayed separation positive | | approval in
CTLA4 gene CTLA4 in mice treated of KM curves for OS on OS the USA

30 years of efforts!

1985 1990 1995 1997 2000 2002 2004 2005 2006 2008 2009 2010 2011 2015

CIC founded to solve
methodological
problems of the
immunotherapy field

CIC workshop showing || CIC and BMS:

delayed separation of immune-related
curves for Phase Il response critria
immunotherapy trials

i CVCTWG workshop suggesting — - -
NATURE REVIEWS I DRUG DISCOVERY VOLUME 15 | new response kinetics and criteria O Pre—cllm(.:al sclence |n|lgstones
APRIL 2016 I ; [ Conventional clinical milestones
[0 Novel clinical science milestones
[0 CIC workshops driving changes in clinical science




- A new principle for immune therapy: anti-PD-1/anti-CTLA-4

PD-1 /P D-L1 (programed cell death -1)
— another key co-inhibitory pathway
of Immune checkpoints

Tasuku Honjo, MD Ph.D

| - '.? £ R 4
' «
4

Gordon Freeman, PhD  Arlene Sharpe, MD PhD  Lieping Chen, MD PhD

s
r,

Discovering the PD-1 Checkpoint: Winners of the 2014 William B.
Coley Award for Tumor Immunology



- Immunotherapy for cancer today and in the future

Survival and Response Rates Improved
%

Activation Phase Effector Phase

! Survival
APC T cell : T cell
\ I 1
' o [ pe—
e = @ ummim) (@
3 H IO Combo Therapy
| i
i
i
i
1
i
APC T cell : T cell Tumor cell
i
1
MHC -h TCR i TCR _(- MHC
]
1 IO Monctherapy
B7 + CD28 E
B7 i ey Y DL Genomically
-~y CTLA-4
)—’Y ! -'k Targeted Therapy
Ipifimurmab i Pembrolizumab/Nivolumab Chem Otherap Yy
1
Ann Transl Med 2016;4(14):261 )
Time from Treatment
Schematic representation of important Immunoregulatory Therapy in
signals mediating T cell, APC and tumor Oncology:

cell interactions. Bending the Survival Curve?



- Immunotherapy for cancer today and in the future

Tumor
antigen

@ apitope salaction

Optimization of <
target - antigen

{l

Boost _—
immune responses

g

co-stimulatory molecules, PRR agonists,
Immunomodulators/adjuvants, glycollpids,
cytokines, chemokines ...

PULL

9¢

block negative regulation
fe.g. antf-CTLA-4, anti-PD-T,
ant-TGFB, anti-IL-10 ...)

Ann Transl Med 2016;4(14):261

The PUSH and PULL approach could optimize anti-cancer immunity.
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Antibody

* Maintains characteristics when
linked to the requisite number
of cytotoxic molecules via linker

¢ Targeted at a well-
characterized antigen

* Targeted at an antigen found
only on target cells

* Targeted at an antigen that
is not downregulated on Ab
binding

* Minimal non-specific binding

\%% gfff/

Cytotoxic agent

* Non-immunogenic

* Non-toxic (dormant or inactive)
during circulation in the blood

= Highly potent in small quantities
such that two to four molecules
are sufficient

Linker

# Stable to ensure ADC remains intact until it reaches target
= Does not alter the Ab characteristics (pharmacokinetics)

* Ensures that the cytotoxic agent is functional once at target site

Figure 1| Antibody-drug conjugate structure and desired characteristics. An antibody—drug
conjugate (ADC) comprises three main structural units: the antibody (Ab) targeting a particular cell,
the linker and the cytotoxic drug that will be used to kill the targeted cell.

NATURE REVIEWS DRUG DISCOVERY
Vol 12 2013 259-260




Chimeric Antigen Receptor (CAR)-T cells

Blood from a vein in the patient’s arm flows through a tube to
an apheresis machine (not shown), which removes the white

blood cells, including the T cells, and sends the rest of the

blood back to the patient. KEBEMM: BN, o
B4, Foth gy B4

Then, the gene for a special receptor called a chimeric antigen

receptor (CAR) is inserted into the T cells in the laboratory.

SEIS PR IR S PR (CAR)FE AT, R
ACAR-T 4 ;

Millions of the CAR-T cells are grown in the laboratory and
then given to the patient by infusion. CAR-T 41 i 7E S2 %6
=2 P ATY B I B HR A

The CAR T cells are able to bind to an antigen on the cancer

cells and kill them. CAR-T ZHHI 889 45 & i Jes 40 i )F:

Remove blood from
patient to get T cells

CAR T-cell Therapy

" Tcell

¥ - - -
G N

cells and kill them

CAR T cells bind to cancer

¥

. 3 > -
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e
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Antigen binding
domain

Hinge region

4-1BB
costimulatory
domain
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signaling domain

‘Antigens
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¥

infuse CAR T cells
into patient

Make CAR T cells in the lab

Insert gene for CAR
!
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= receptor (CAR)
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Aducanumab (Biogen/Eisai A EIHFK&)

FELEMEER, a8 IE

BEZETEEFADENE AR RERKE

2002F £ RN LM E

Generation of antibodies specific for -amyloid by

vaccination of patients with Alzheimer disease

CHrisTorH Hock, UwE KONIETZKO, ANDREAS PAPASSOTIROPOULOS, AXEL WOLLMER,
JoHANNES STREFFER, RUTH C. voN ROTZ, GABRIELA Davey, Eva MoriTz & ROGER M. NITSCH

Division of Pspchiatry Research,
C.H.and UK. ¢
Comrespondence should be addressed to RMN.; o

cmail: nitsch@bli.unizh.ch

NATURE MEDIGINE « VOLUME 8 « NUMBER 11 « NOVEMBER 2002

20165 % 3 IblaRIANIL AR E

The antibody aducanumab reduces A3
plaques in Alzhelmer s dlsease

INATURE|VOL537|September2016

High light:

Baseline One year

T0.2
MARKET REACTION
Biogen’s share prices have risen sharply since it announced plans to seek
regulatory approval for its Alzheimer’s disease drug aducanumab.
Lah 350 .
R
! Aducanumab
s RO F """ shelved after
‘;} ial failure
8 ¥ “
-0.2 & Biogen
E 150 e P LT i T LT e announces
: 20194 BiogenfRINEEL  Poninon™
8> ‘IOO L e a  w B S E e  a  TS R BR SE a aR approval .........
2
e O T I I T 1 T ] I 1 I
Oct Jan Mar May Jul Sep
2019
= -
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