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Proc. Natl. Acad. Sci. USA
Vol. 89, pp. 4285-4289, May 1992
Immunology

Humanization of an anti-p18
cancer therapy
(antibody engineering /site-directed mutagenesis/c-erbB-2 / neu)

5HER2 antibody for human

PAauL CARTER*, LEN PRESTA*, CORNELIA M. GOrRMANT, JOoHN B. B. RipGwAYT, DENNIS HENNERT,
Wai1 LEe T. WonGE, ANN M. RowLaNnD?, CLAIRE KoTtTst, MONIQUE E. CARVER¥,

AND H. MICHAEL SHEPARD$

Departments of *Protein Engineering, 'Cell Genetics, tMedicinal and Analytical Chemistry, and $Cell Biology, Genentech Inc., 460 Point San Bruno

Boulevard, South San Francisco, CA 94080

Communicated by Hilary Koprowski, January 16, 1992 (received for review February 15, 1991)

ABSTRACT The murine monocional antibody mumAb4D5,
directed against

(p185F%2) specifically inhibits proliferation of human tumor
cells overexpressing p1859ERZ, However, the efficacy of
mumAb4DS in human cancer therapy is likely to be limited by a
human anti-mouse antibody response and lack of effector func-
tions. A ‘“‘humanized”’ antibody, humAb4D5-1, containing only
the antigen binding loops from mumAb4DS and human variable
region framework residues plus IgGl constant domains was
constructed. Light- and heavy-chain variable regions were simul-
taneously humanized in one step by ‘‘gene conversion mutagen-
esis’’ using 311-mer and 361-mer preassembled oligonucleotides,
respectively. The humAb4D5-1 variant does not block the pro-
liferation of human breast carcinoma SK-BR-3 cells, which

n1QEHER2 o nite #Hinht antimon hindine (K. — 28

cytotoxicity (ADCC) and complement-dependent cytotoxic-
ity (CDC) (15). Such chimeric antibody molecules are still
=30% rodent in sequence and are capable of eliciting a
significant anti-globulin response.

Winter and coworkers (16-18) pioneered the ‘‘humaniza-
tion’’ of antibody V domains by transplanting the comple-
mentarity determining regions (CDRs), which are the hyper-
variable loops involved in antigen binding, from rodent
antibodies into human V domains. The validity of this ap-
proach is supported by the clinical efficacy of a humanized
antibody specific for the CAMPATH-1 antigen with two
non-Hodgkin lymphoma patients, one of whom had previ-
ously developed an anti-globulin response to the parental rat
antibody (17, 19). In some cases, transplanting hypervariable

lanne fram radant antihadiac inta hinma
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mouse chimeric humanized human

mABs, 2017, 9(6), 898-906
-omab -ximab -zumab -umab

TABLE. SOURCE INFIXES OF MONOCLONAL ANTIBODIES

SOURCE INFIX DEFINITION .
Humanized Approved therapeutic
- o antibodies

-Xi- Chimeric

-XiZU- Mixed chimeric and human

Note: Source infixes for antibodies prior to 2010. Revised nomen-
clature can be found in the revised International Nonproprietary
Names for Pharmaceuticals.

Monoclonal Antibodies Names [RiESIEESaEt y, | HUMANIZED
D) E”\/" /T\ N N { - * Sada o synagis
BEVA Cl 22U i S Herceptin
CE TU X .
P il )b CHIMERIC Myelotarg
PAN TUM U Wy Rituxan C;"‘IP'-]'“‘

A 3 Remicade olair
RE TU Al MOUSE Reopro Raptiva
P
,,,,, e o OKT3 Simulect Avastin
REME LIM U BEXXAR Bebsltu Tsyabri

Zevalin (Actemra-Japan)

fu/Tum = Tumor, Zu= humanized, Xi =Chimeric, U = fully human
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Generic naming formula: lE % i1 ﬂgll ﬁ = % I
Name = prefix + substem(s) + stem—| .mab  monoclonal antibody
-ib small molecule with -ﬂ_’,ﬁ% :
variable inhibitory properties

B4 : Trastuzumab

= . :
Monoclonal antibodies #{KZ54) .ﬁ””% : Herceptm
Target Source
-Ci(r)-  circulatory system -Ximab chimeric human-mouse
-lilm)-  immune system -zumab humanized mouse
-t(u)-  tumor -mumab fully human
Small molecules /1521 B Amafnmimat. HaMmaH

-tinib tyrosine kinase inhibitor

-zomib proteasome inhibitor eszopiclone

—ciclib  cyclin-dependent kinase inhibitor dedyorotaiory,  hyphetic/tranguiiizer
: . L S-enantiomer antiviral
-parib  poly ADP-ribose polymerase inhibitor (s
oseltamivir
neuraminidase inhibitor
antiviral

ﬁ L) éﬁ R H‘T]' A E telapreVﬁ

Prefix Original application Species source

serine protease inhibitor

Individual — -vilr)- viral -0- moLss -mak monoclonal antibody
-balc)- bacteral -a- rat .
-fun(g)- fungal -U- human tras_ . zumab
_"[:m:ll[;]l immulne -i- prr:'_matt_a targets atumor humanized monoclonal antibody
-neulr)- neura -Xi- chimeric ;
-muifly- musculoskeletal  -zu- humanized ) s monoclonal antibody
-tufm)- tumor |nf17';X|mab

15“ %: ~€ilr)- circulatory acts on immune system chimeric monoclonal antibod

mAbs. 2016;8(1):1-9

ce: Expert Rev Meurother & 2

)8 Future Drugs Lid
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Oligosaccharide
Fof binding — ADCC
Clq binding —» CDC

FcRn binding — Half-life

Key: l Light chain I Heavy chain

TRENDS in Pharmacological Sciences

@ PFEEEHPRFCRUNL

Increased FcRn binding at pH Aglycosylated
6.0 Reduced FcyR and C1qg binding

M252Y/S254T/T256E N297A or N297Q or N297G

L235E
M428L/N434S IgG1: L234A/L235A; IgG4:F234A/L235A
1gG2/lgG4 cross isotype
1gG2: H268Q/N309L/A330S/P331S

1gG2: V234A/G237A/P238S/H268A/
V309L/
A330S/P331S
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Figure 1. The Fc domain of human IgG1 is shown (PDBID:3AVE). The positions of amino acids described in Table 1 are shown.
Key sequence motifs for FcRn interactions are shown in green (L251-S254; L309-Q311; N434-H435) (Oganesyan et al., 2014).
Amino acids 5 angstroms proximal to the FcyR:Fc interface for FcyRI (PDBID:4W40) (Kiyoshi et al., 2015), FcyRlla (PDBID:3RY6)
(Ramsland et al., 2011), FcyRIIb (PDBID:3WJJ) (Mimoto et al., 2013b), and FcyRlIllb (PDBID:1E4K) (Sondermann et al., 2000) as
determined with PyMOL are shown in red (P232-S239; D265-D270; Y296-T299; N325-1332). The amino acids that are critical for
interactions with C1q are shown in blue (D270, K322, P329, P331) (Idusogie et al., 2000). Amino acids depicted in black were not . .

identified as critical for interactions with FyRs, FcRn, or C1q. Figure 1 was generated with PyMOL. PrOte’n Ce“ 2018’ 9(1) ° 63_73
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© 2013 American Association for Cancer Research
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Cancer Res. 2013 Sep 15;73(18):5613-7
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e HBUWNERMDFRIMKT KGR Bispecific T-cell engagers (BiTEs)
Name Format Target Cancer type Stage Ref. n .
MDX-210 {Fab')2 HER2 x CDé4 Breastfovarian Phase | 13 \&9 ()
MDX-H210 {Fab')2 HER2 x CDé4 Breast/ovarian Phase | 9 b
MDX-447 {Fab')2 EGFR x CDé4 Lung, colorectal... Phase | 12
HRS-3/A9 (Fab')2 CD30 x CDIé Hodgkin Disease Phase | 14, 15 \
Her2Bi Cross-linked |gGs HER2 x CD3 Breast/prostate Phase 1/2 19 bsAb (quadroma)  Tri-Fab (DNL method)
CD20Bi Cross-linked lgGs CD20 x CD3 Multiple myeloma Phase | -
Catumaxomab Triomab EpCAM x CD3 Malignant ascites EMEA appr. 27
Ertumaxomab Triomab HER2 x CD3 Metastatic breast Phase 2 29 &I\QJ \{\/ )
Bi20 Triomab CD20 xCD3 B-cell mali i Phase | 32 ; g
= s sl b s Tandem scFv (BiTEs) Bispecific Fab’
rM28 Dimeric TaFv NG2 x CD28 Melanoma Phase /2 40 Sy
(chemical link)
Blinatumomab BIiTE CDI19 x CD3 MNHL and B-ALL Phase | and 2 54 y
MTII0 BIiTE EpCAM x CD3 Lung, colorectal... Phase | 55 ‘. ’ 6@
TF2 DML triFab CEA x HSG Colorectal Phase | (] oi b d Single chain Diabod
Ingle chain Diabo
*“ClinicalTrials.gov Identifier, NCT00938626. mAbs 2009 1(6):539-47 Raey 8 Y

mAb 1 BiTE mAb 2

18 3 Stk Rt Atk R AL R S %

I, MBIiTE (Bispecific T cell engager) ,,’

XN
Amgen % fl N

SHK F904 I H
$2019F F31 L mcatumaxomab. blinatumomab fll caplacizumab
%M WHFHHEEH S M, BFSHLHR

BT ERBHEYER, WMEREN. AMRE. KER
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1. Llimmue cell engagerBigitRIE (HEL£960%)
BHREREENEEMAEAE, (EHREMRXEmRaIRIGIER.

—MER A IEHERENR,

518, aRAERENES,
SNERIBETHNE, $AELUNCD3. 4-1BB. B7-H3, CD3&EMN.
NERIBENKIARE, #Eaa]FICD30FICD16A. (Affirmed Therapeutics)

WA St 41k 5 CAR-TS 40 i 97 ¥ 1 I &

Cell surface targets

: BISPECIFIC TCR
RECRUITS AND ACTIVATES
T CELLS VIA CD3 BINDING
INITIATES TUMOR KILLING

Cancer cell
Target \Q
Target binding o A
) — oy
¢ - YTOTOXIC
- o ‘ = “m TIC GRANULES i -

Costimulatory .\

R\ Cytolytic activity

domain S,y;lo;im e y )/
il b < eration Endogenous CD3 ), ACTIVATED
sential v X signaling chains PP TCR a and TCR B chains e
%% ¥ = b-;;,
% y o *“34(, L croicsctiviy

CAR engineered }%’,‘.‘.‘“"""’“

E— http://www.biopharma-excellence.com/ newslzu19/1/13/harnessmg the-power-of-the-immune- system W




WA M 3 18 18 F L ARRZHE B A

XA F TR RIS E T TS

2. NMNE R BlEE R 2R ke _EAR PN AR SZR
B2 (EH B MIEAYEL S & e gAY SIS,
ELINIMGD-01 335 1KEB @ PD-1FILAG-3; MGDOO9%1{ARéE@mB7-H3F1CD3, MimaJL AR T4

3. B MNERD B9 fEE4EiE EEAYATNER
B BRI A F RS E E R

HAR R ERR A c-metFIEGFRZS/MAK, BIERLRAILY3164530, BAATINI-6118637:
FERTEGFR T ERYS S @B ISHIIHIEGFRY c-met S SEESHIEIER, LR RIE TR n R

4. EREAREREE—NRENARRA, &iF "1+1>2" RUDHEER

x,:-EfEEI’JEE',5 HER2/neuE T NMURRIRERAIAVNHIAIN AV SRR H fa Lt 2 D E R
. HBXRIMEAR T
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« WMP ¥ (Quadromas) , HI % 7%-%% WAL A (Hybrid-hybridoma Technology )
PUZ35feE (Quadroma) FEAREETF 19835, RS 2FhZ4 A BMAEal HIB T IR,

somatic
hybrldlzatlon Q ) ’
D | A
- I

\—?v'
hybrndoma A hybridoma B Quadroma bispecific IgG

o MR RAE D WM kA a8

X POz AT AL A A
FLRAB G CHEsEF NN ERE) , 2
\\:" \\:" \\:" \:," \:" BleMalgeRYAREREI(. HPHofp
BEEN, SEHENNUERIER
______ ok, FRLUSEE OFaTEE, BT
v \\:" v v;v; PREGEAF=ERE12. 5% (6. 25%x2) .
! | FrEHFEEIPNE BirAmEax
ol e
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« Knob in Hole i A mES

‘HH L
i KD

mAbs 2012, 4:6, 653-663

=
4
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« CrossMab #; K 1As iR

CrossMabfARZRoche AF] (FEHIZ) E2010F G RKIIXUSRIENAEETTE, EXITF1997FHIAIKNOD in
holefszR, CrossMabfARR—PNEFARIA, BRXAMIASENS, —RAUEENA, BFAEETUISSIETIFR.

CrossMab

S

Dual light-chain bi ifi
2 Heavy-chains CrossMabFa® CrossMabVhVL CrossMab®H'-CL
2 Light-chains Biopharmaceutical Processing, Chapter 41 - Process Design for Bispecific Antibodies
Knob in hoIefﬂCrossMabEl’] Sasiesdda
ﬁk |-|_-_| . a Intact Molecule Byproducts
JAN .

— AN TR BRSOt IR e ﬁf\/\/\ y
SRR BB AT G S RIAIX S \ﬁ§$ﬂt»ﬂ jmfﬁﬁ?\WMWK

A A R TR M o E S - \WV\W?\Mf

Al ‘W(’%Hfﬁxmg/
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B FRAARGHR ¥ E Tk
(a) TriomAb Knobs-into-Hole (b) BiTE

<y

lgG2a mouse

IgG2b rat
heavy chain

heavy chain

CH3 with
a hole

CH3 with DART

a knob i*i

Dock-and-Lock

CrossmAb Two-in-One

L\N \..—-1"J
CH1 and CL CH1 and CL dual- dual-
switched normal specificity specificity

Med. Chem.
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FREAAFERAR (nAb) B SREAHENESHRSIEFY)
B (Frygsesk) Hpk, MIXEEEREAERSMERND FEYIRIREMERL
A, BEETAbEEIEEME, REMIIBRIRIANIIIFRHE.

TUA-ZOYMBERE =1 EERMHER: BRmlEniR. EEFII

Antibody ; Linker Drug ?.E%gﬁ%
. 5 2 ==3-=Y o
i E%?Eﬁﬁ- D AR, R R — MBI,
| e
R THETSY), AESEIEE, (TSRS

- UESEREUNRIRMEMERNER, FHEFestNay
, REZERIFEMIEER.

TmEt smE

it % FOAE St &M WKW B 254, F B0 I K B

Name Ingredients Company | Target | Indications Approval date
Mylotarg | Gemtuzumab Pfizer CD33 | Acute myeloid leukemia May 2000
Ozogamicin September 2017
Adcetris | Brentuximab Seattle CD30 | Hodgkin's Lymphoma, August 2011
Vedotin Genetics anaplastic large cell
lymphoma
Kadcyla Ado-Trastuzumab | Roche HER-2 | Breast cancer February 2013
Emstansine
Besponsa | Inotuzumab Pfizer CD-22 | Acute lymphoblastic August 2017

Ozogamicin leukemia
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AWER T

J—i—: 37 — JE =7
F—REET Eﬁ 50 W&m% F_REET
e
J\./'\/
aCD33 mAb
>/_<:>_/ OMe
Meﬂ OH
Gemtuzumab ozogamicin (Mylotarg®) Trastuzumab emtansine (Kadcyla®)
for CD33-positive acute myelogenous leukemia treatment for Her2-positive breast cancer treatment
FDA-approved in 2000; withdrawn in 2010 FDA-approved in 2013
FE=RiEET PN SERST e I e
o\ ,@I}uxj;ﬁg]YHﬁ
—qmjx I“, \)I\ ©/\ OMe O OMe O
aCD30 mab
N H Brentuximab vedotin (Adcetris®)
A for CD30-positive relapsed or refractory Hodgkin's lymphoma treatment
07 "NH, FDA-approved in 2011
EEF:
4N A

ERYIIMT

BRI

-EgtMT

TRETEIM
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ERTOEEHFERER

# 2 FH

drug linker Trastuzumab (Tmab)
\\ 4

- -
SPDP  y
DM Lme S H— Tmab-SPDP-DM1
W

°Y\uhe—; i if:;,\iﬁ(’ Tmab-SPP-DMA

MeO

SSNPP \\ r/
i N o H Tmab-SSNPP-DM3
MeO OH' 2 L\TS'SJV\{N_

Drug Maytansinoid

(DM) o SSNPP \\(/
pMI~css *’\ru_ Tmab-SSNPP-DM4
o

[o]
DM A~
o]
\\(/ Tmab-MCC-DM1
smcc N

Cancer Res



maleimidocaproyl valineciguline  Para-amino benzyl

| ‘ w 'j |:}I I|E ;I \ 5 ;‘; P onomethy! auri
(o]
o]
3N

Val-Cit-PABH AR

Cytotoxin release after
protease cleavage

{Cathepsin B)

OH

?i’ﬁj;(“i;g\rglr‘\rr“
olal? ™ 1§ A

OMe O OMe O

HoN
Spontaneous
1,6-elimination

) = of PABC

Murine

anti-CD30

lysosomal
proteases
p-amino-benzylcarbamate spacer
(PABC)
Human lgG1
scaffold

Brentuximab vedotin Maleimido  Valine citrulline Monomethyl Auristatin E
caproyl spacer linker (MMAE)
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HER2 HER2 HER2
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HER2
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TIOCRO

BLT
(=~ & | '
" sgk Signal g

' Proteolysis Xtrtinssggtﬁn |
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CCR Drug Updates AR
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MMAE
DM1/DM4

DNAKEA5T]

Calicheamicin
Anthracylines
Duocarmycins

Pyrrolobenzodiazepines

N SETRIN R R N AR

1:4 (magic ratio)

B ST FIBIK2-41M A DT

2, =
=
|'I'JJ41’KT )

ARARZHE 2 %

Acid-labile hydrazide

W\ o
/%\ e 0 ) }‘ LMHMO%ducible disulfide
S Ao

s N, -om
Me O g Sip— :\\;f)r z )
| o Me e~ Me O
s 0. o iTSS Me i _
om?/ HFQ\\’O ! S’tf\,u.n o
HO=ZZ 20 OMe 3 OMe OH H%
MeO 0 NW Me7~o OMe -
o Y meo HO -2 °TN M}W
N-acetyl-y-calicheamicin o

y-calicheamicin ADC

\ , Non-cleavable

%& TEA T o

OMe O OMe O -

OMe O OMe O

dolastatin 10 )

/
_j__<
zT
&O
=
=
» ZI

MC-MMAF ADC \©

\ / Protease cleavable
\L self |mmoEat|ng VC-MMAE ADC
Non- cleavable
= N\~
7] AT’W”“/‘§7iI:Tk
. MCC-DM1ADC
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1gG mAb

B cieNac O Man

¥V Fuc O Gal
O GalNAcor Sia

* = cytotoxic drug

FARZTHE E 78 #

1. glycan remodelling
2. azide tagging

el
x

SPAAC drug conjugation
y

e ey
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« THIOMAB™# K (Roche, % & 4|%)
e ERtRC. BERCHIZAY) . BEIfRE
e EEESEMNARERZRTNCYs

Reductlon
TCEP {10 eq.)
pH 8
N

H;

Reoxidation

mAb

s—Q = _>\~R mAb—SH j—R
mAb— s
Br mAb-S
0
MBM 1 or 2

c 0
0
H (o] H 0 /@/\O/U\R!
N
| NTY \(\/\OMHN Ny
0 12 o) = H
Br o)
0 U
MBM 1, R! = MMAE HN™ "NH,
MBM 2, R! = HNCH,C=CH

X f %’ 5-8 \si %!/ :SS
Q-
dhAA (20 eq.) MBMs 1 or 2 (4 eq.)
pH7.4 pH 8,20 °C

Conjugation

o oo

krr\)a shad

TDC 3 R = HN-PEG;,-vc-PABC-MMAE
TAC4 R = HN-PEG;-vc-PABC-HNCH,C=CH
TFC5 R = HN-PEG;,vc-PABC-R?

NH2

co2 SO,

R? = % \M—NH

SO,
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Therapeutic

EENNRERSHEERARENFFc EE, BIFcRIaER. i s

%% B H:

Therapeutic Fc-Fusion Proteins
Steven M. Chamow (Editor) ISBN: 978-3-527-33317-2 March 2014 Wiley-Blackwell

400 Pages
1 LS H 1 W lackwell
AR D TNF-o. Inhibitors o
= disulfide bonq

Adalimumab Infliximab Etanercept C constant region

<222 variable region
~  TNF receptor

__human p75
Fab- TNF receptor

Fc = kC

" I‘
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Palivizumab m

Daclizumab m20
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Belatacept o 10

Rilonacept e
Aflibercept @ s
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Aloctate @ o

-
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aysm Omalizumab

® Adalimumab
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e Alefacept
Days

®m Trastuzumab
Days
e Etanercept
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Days

w

Abatacept e

Belatacept @

Daclizumab m
Palivizumab m
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m Adalimumab
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\
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In vivo mouse PK

100000 -
' N\
10000 "G mw— o _ o Y
. o —— —
) -
£ 1000 . —a— mADb Total Fc assay
2 —e— mADb fusion /ntact drug assay
S 100 —a— mAb fusion Total Fc assay
c
o
o 10 \ \ \N
E o M M g
- 720 el
7 .
0.1- O O
e 7
0.01 % T T T 1 T 1 T 1 T T
0 100 200 300 400 500
Time (hr)

Conner_lecture.2018 Monoclonal Antibody (mAb) Disposition & Pharm
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MG IR - mankmanznnh

Soluble TNF receptor, |
normally involved in
down regulating

inflammatory responses

CTLA4 IgG1 i Dulaglutide

Abatar;ept ® , ~
Em m El ® f Circulates as GLP-1., ..,
- or GLP-1,, , amide
domaln \ »
"
i a Heavy-chain S ' \
. constant ODODDOOR &> €D
External ﬂ' region 0
Set Two copies C-terminally fused to the Fc fragment wt S
I ys'Ala Ala Gin <) Glu Lou, Tyr Ser of synthetic human IgG4 via 16-amino acid linkers. -
CEI membrana ) Confer DPP-4 resistance and long circulating half-life
internal ! a Three substitutions (ala8 > gly; Human
gly22 —» glu; arg36 —» gly) Fm

2 Rilonacept
go . e |

‘ v LRI IL-1R-AcP
Alefacept
IL-1RI \ /
Hurman LFA-3

higG, Fc

Fc region only present
for stability in serum

\ L\ A
scFv-toxin fusion

Construction of Recombinant Immunotoxin

Lumoxiti
(Moxetumomab Pasudotox)

Human IgG,Fc

Fv disulfide
stabilized

Binding ADP-ribosylation

Processing
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conventional antibody heavy-chain antibodies

P
Py kesmm P

TR EY

5 FCORIN—MRAICDRS
A1 b

I&IEAIHCADHLIAR VHH h
IgNARFL{K e
Medical Microbiology and Immunology 198(3):157-74
shark
Conventional HCAD in
antibody Camelidae

Antigen-binding

canonical disulfide bond

JlhcAb %) & 3 4t #k ( nanobody ) \

Alpaca Conventional antibody Alpaca heavy- Nanobody/

chain antibody V H

RBAREEEFOHE |
RBR SR — &
sdAb

AR FIERE S

EMFRE
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CDR1
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V-NAR type |

VH domain

scFv

Canonical IgG
Camel HCAbs
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% peas®

Received NIH funding to carry out a

research and development project Moved into a new two story facility in

exploring alternative VHH antibody San Diego with ; dedic:ﬁted antibody -nAb™

development and isolation technology. screening area drastically increasing our

P i internal research and custom service GFP-nAb™
capacity.
Began exploring product development Allele Biotech
oppurtunties with single variable "
domain (VHH) antibodies. launches nAb
product line.

2012 2013
2008 2009 2011

Introduced GFP-trap along with other
VHH products to the US market through
our distribution deal with Chromotek.

Received investment to develop
MNano Antibodies against popular
targets for release into the market.

B We introduced our custom camelid
B antibody service harnessing the latest
- technology and technigues to generate
‘. ’ unique single domain antibodies for our
§ customers.

15
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CDRL, CDR2FIHBHCDR3

=ANEHFICDR

1L g:lﬂl:é
RKEEX IgG1

chimeric mAb chimeric Nb-hcAb  human humanized camelizec
mouse-human llama-human hcAb Nb-hcAb Nb-hcAb

a

#&{BhcAb%Eg, FIFAAIRIQG
FrHiE(RRIZ AiRhcAD,

human mAb

Ab: nanobody-based (human) heavy chain antibody
Front Immunol. 2018 Nov 6;9:2559. doi: 10.3389/fimmu.2018.02559.
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heavy chain antibody
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30 kD

scFv
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~(

CDR1
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150 kD

FR1 CDR1 FR2 CDR2 FR3

human mAb
conventional antibody
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APC - Antigen-Presenting Cell

AARZH & 72

i el e Nobel Prize in Physiology or Medicine 2018 20181 IN/REIREZFIZ q""x

TCR - T-Cell Receptor op_ g :

b N Cancer Therapy by Inhibition of e
\Negative Immune Regulation (CTLA4, PD1

@

APC Containing TAA
Migrates to Lymph Node

APC in Tumor Tissue
(e.g. Melanoma)

AP C/REIRE TR APCHERRIHE
~ B oRE I R

| PD-L1 . PD1

ménellj[ne_,\>~——"

T-Cell Migrates to
,___J PD1 " Tumor Tissue
Tumor PD-L1 3 / \\ aE TR N\ BiEEZER
ek Anti-PD1 = _

Tumor Microenvironment

,\

% /
/.?

WEBRAPCEIE TG
, Lym ph Node

T ER AL o

W
MHC TAA TCR
= esen
APC . P T-Cell

T-Cell Priming
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CTLA-4/B7 binding inhibits Blocking CTLA-4 allows
T cell activation T cell killing of tumor cell
[ —ANi-CTLA-4 YIS _AES
Anﬂgen-presentlng ( & ) \ antibody JEQCTLA 4;}1’{¢§H$
coll ‘ 4 CTLA4
\ { —_—

BER2: WA e %R

Active T cell
PD-L1 binds to PD-1 and inhibits Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell T cell killing of tumor cell
e Tumor cell
Inactive T cell death
> < Tumor cell Tumor cell

death

L ‘\ >‘; 5 5
Tumor cell X ‘/ iy
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Without
Immunotherapy

Tumor escape

With
Immunotherapy

Elimination of
tumor cells

&

Without With
Immunotherapy Immunotherapy

Tumor escape Elimination of
tumor cells

Gut. 2018 Nov;67(11):2056-2067
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Innate resistance  Tumor specific Adaptive resistance

B Oncogenic gene i Cell type and:f' IFNGR1
> = AL mutation or genotype-specific
AT e, %a /] ?LJ amplification signaling |FNG32.

Bt b 4a £ 4% S >
& S

v N ®

*IFN
dF 1

Co-stimulatory molecules
A cp4oL A ox40 A4-1BB
A cos A GITR AcD27

A cp2s

O LAG3 O TIM3 O CTLA4
O PD-1 O BTLA O TIGIT




RREE RN

100mg/4ml
(25 mg/n
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Brand Name

Keytruda
Opdivo
Tecentriq
Imfinzi
Bavencio

Yervoy

¥17918.00

I?n}ecﬂon

Generic Name

pembrolizumab
nivolumab
atezolizumab
durvalumab
avelumab

Ipilimumab

KEYm DA O (T3] T b

Y 100meg/4ml
HiEE: 100mg/dml*13E

Immune Checkpoint Inhibitors Market Share (%}

By Drug Class (2017)

83.4%
PD-1

N N
N AT

Source: Persistence Market Research, 2018

Target

PD-1
PD-1

PD-L1
PD-L1
PD-L1

CTLA-4

CAGR of 14.6%
(2018-2028)

XXX%

2014

2014

2016

2017

2017

2011

2 .y ,j . = . Ay
Note: Market shares are not depicted as per the actual scale and MSMEM purposes.

Approved

Sponsor

MRK

BMY
Roche

AZN

MRK KGaA

BMY

PERSISTENCE
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Dermatological

O & Typically faintly erythematous, reticular
' and maculopapular rash
« Commaon irAE

4 Topical corticosteroids and antipruritios,
@ followed by oral corticostercids
{pradnisolons Img/kg or equivalant)
for more severe cases

---------------------- .

« Elevations in aspartate
transaminase, alanine
transaminase and occasionally
balirubin. Often asymptomatic

« Commonly disocoversd
through fraquent liver function
test monitoring, which is a
requirament of therapy

= Important: Bule out other
causes before treating {e.g. virall
other drug induced)

Oral corticostarads. If inaffective,
oral mycophanclate 500mg
twice daily (BD) may be effective.
#Avoid inflidmal owing to
hepatotoxicity risk

29

Gastrointestinal

Q « Colitis
« Diarrhcaa
« Abdominal pain
« Endoscopig/radiological evidenca of inflammation
« Comman irAE
« Impertant: Fule out other causes (a.g infection)

Mild symptoms can be managed with
loparamicde followed by oral of intravenous
(V) corticosterceds. More sevare cases may
regquire infliximab (Smg/kgh

ad

i ’
KEY: a— Prosontation & Managomont

Endocrine

D « Often difficult diagnosis

« Mon-specific (e.g fatigue, nausea or
headache)

« Thyroid function tests maonitored
frequuently during treatment may
diagnose issues before patients are
symplomatic

« Hypothyroidism far more common
than hyperthyroidism

4 -+ Typical management of
hypothyrasdismfhyparthyrosdism
« Hypophysitis will ikely raguire

[ang-tarm levothyraxine andfor oral
hydrocortisone supplamentation

e R Respiratory

_D « Preumonits
« Relativaly rare but potentially life
threatening
« Shortness of breath, cough, chest
infection
« Bronchoscopy may be reqguired to rule
out other infectious causes

&« Mild: May reguire withholding
&  treatment, followed by oral or IV
corticosteroids
« Sevare: Typacally involves high-dose
IV carticasteroids andfor infliximab
« More severe cases: Wil likely resdlt in
Ireatment cassation

Toxicity grade

4

AARAXRZHEE 2 H

e iaE AR LUEId 1S
5B SRR R GERY S IEM 5 [ AER)
1B, XERERESIRARE
BERAREM. REHIRER
FER e RSN, (BREER
FREHEEREREFE. A%
WER. RERFORTAE. APHXMREER
FAOMERSE. B, JAFER
RAURMBRFLAIZER, B
SRS == S iy
. IBERNREHEIFRSBMITE
Bl iz, BESNERRZERIE
IPARHITZZRMERE.

} — Rash, pruritis

~ Liver toxicity

— Diarrhoea, colitis
— Hypophysitis

0 2 4 6 8

v

10 12 14

Time (weeks)

[ . - P
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[ Light (L) chain
O Heavy (H) chain
= Disulfide bond

Joining (J) chain secretory
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(e) IgM (pentamer)

IgMERERFAN STUREENE— M LSS TR
- HMBEFHUARERNS-10%);

-EBAARE_FEIARMKREIIEIT, MAZSRK;
ARAEARIIGMEB R WK, GEMIGHUA—E,;
QMY A RS EBITHEE LAY chainRFRE—HEM;
igMIAE 101 Fab (BDIONMEENR) | MIRESEEIRE,
I gMASAMA B EBES I R R R AT VAT B R ER3ERT;

“RIgA—1F, IgMIBERT LA W EIRZAEIEZRE (mucosal surface

FARZTHE E 78 #

IgMAYFT A :




> AAARZHEE EA
IgM ¥ 1K 1 % ¥

JEat=] 7 IgM A
(A)IgG (B) IgM (;f’ft)é% sM e IgMAJER{RZE T

E1iElgG

(C) IgM (hexamer)

~150 kDa

IMAYJRF IR R

Mouse IgM-Fc without J chain
Pentamer

Hexamer

Relative
frequency 100
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EREGWFFRIMUFRINE], ZFINHAIIGM Biosciences (IGMS) FENASDAQLETS, TPORITHIAI163ETT
, B8 7523, EHEHEXKIKSL. 88%, BRinik24. 3565T, ™HIE/96. 26{23TT.

[eMAREL I eCEBLITRIEYF IS -
1. SMERXBOKUEYIEENERSEMEILRNESER, IR FEELRATT
2. REXMAREREZANBENER, LR EIERMRES AT RIVEMEERIETE,
3. RATERAMAMIEEARIESIE (CDC) RIVEARMAFTERRARIFE.

AR BEGURS. E5867058. AREFNEER, CDCHNERSF—
EACGICARBRING, AIFESFCHELISCIIRIENZ RN, BEMAESE
leGZHNar AR E R T,

/:32- El 4}ﬁ\ *ék‘ Legend

W’i#" A 1GM-2323
1. YHEEMEIR (T cellengagers) RESMIELESEES] ﬁ Zzzo

® W= = = T cell degranulation
Lytic granule

_ Cell death induction

1GM-23234%5 1 0N CD20RILE S NLRAN L NCDIE G, L -

EILEE I ZRIACD20AY A E AL E T 1oGRICD205TIR EEIERY O peririn pore
FEEEN, MTHRREAREARBEEEEERIRITER, .

2. RARSZEREENF

Ligand IgG IgM

BRI A S AEEREE (INFrSF) SA—REE
EANHENZEEEERERREIURES TR, REEF MY
LTSS R IUEEBRE, 1GM BiosciencesFIFBIgMEBZ NG
BRI, BURINFrSFRMER, RIEFEFMIRTES R
JEELRRE, MR eCHELUBCETNFrSFEAAK,

Apoptosis, Weak Apoptosis, Strong Apoptosis,
Cell Death Cell Death Cell Death
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+«——— +/-disulfide —
| B bridge
'-2\ ‘ I L1 CR3 or MUT4
~mutation sets
in CH1 + CL— %
domains '
\ Hinge 1 /

BsAb BsAb
WT hinge2 cysteine-free hinge 2

: LY Mab2

> Anti-HLADR

Incorrect pairing Correct pairin

b uisulnue 1u ’
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A Monospecific and monovalent antibodies

--------------------------------------------------------------

VHFe/VL-Fe  FefFabFe  HCypcm-FULC-Fe | amm vy emme VLI emmw CH3A

! & vH @e=» V12 e CH3B

VH3 @ VL3 C— CL/CHI/CH2}

--------------------------------------------------------------

B  IgG-like formats with appendages of scFv and scFab

Fab-Fc/scFab-Fc
(OAscFab-Fc) scFab-Fc/scFab-Fe-scFv

Yy

Fab-Fc-VH/Fab-Fc-VL Fv-/Fv-
scFab-Fe-scFv/scFab-Fe-scFv & c( mAb-;?/) ¢ CrossM;bCH\;-C'- IeG Fab-CrossMabCH!-CL [gG

scFv-Fc/scFv-F¢  Fe/scFv,-Fe Fab-Fc/scFv-Fe

¢ Intact IgG formats with correct LC association

Four-in-One
CrossMab®H!-CL [oG

CrossMab®H1-CL oG Common LC-IgG ~ Ortho-Fab 1gG

WPt NP %o




Ny

AN EDD L0

S E RPD- 18 HECIRPD-LTRIINE I /ER T8y SHIRHELE, A,
EZHINERE T RAYAR20%IBEEM. HRAREAINTGF-BEEEREEE
RIPHFIRSN—ERRE. B, EIVBERHEAEHRITGE-f (BRUCERKETF) &
ETETHE (Tregs) AETAIFEE(EA. FEREEETEATregiRiE, HHKX
M=ESTEAREYEX.

M7824H 5TGF-BR{R2E QMRS MEIIEERAYNPD-L1 B ER, AIERTEE
FEXEENNEARESER. A3ERESRI80%LLL.

A M7824 structure B Computer generated model
PD-L1 PD-L1
binding region binding region

{ A
-

GF-BRII . ' TGF-BRII

TGF-B trap

Merck—EBIIEAR
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il 5L F ( Antibody mimetic )

BRARR N R L, AL H 2 R EAEMTE 4 GA
R Btk F L. BT CRAZGKAAECR, BRAENTFI220

A Human IgG (~150 kDa) B scFv (~28kDa) C Camelid HcAB D Nanobody

(~96 kDa) (~12-15 kDa)
ﬁéf

CDR3 CDR1

CDR2

E Designed ankyrin repeat proteins F Monobody G Anticalin H Affibody
(~14-21 kDa) (~10 kDa) (~20 kDa) (~7 kDa)

N

Ankyrm repeats

C-cap
C

Development 2018 145: dev14887
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Variable Lymphocyte Fibronectin
Receptor Type lll

v

Knottin miniprotein DARPin Kringle domain Gp2 Pyrazinamidase

A Adnectin B Anticalin c Avimer
D Fynomer E Kunitz domain F  Knottin
N
: £ < :
) " -
|
Adnectin Affibodi Anticalin Bicyeli
‘ ibodies peptide DARPin
G Affibody H DARPIn

et
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MR

]
Affibodies Affilins Anticalins Atrimers Bicyclie
o s . 7R PDB: 2KZI (y-B-crystallin) PDB: 4GH7 PDB: 3L9J PDB: 1AJJ peptides
éb( éfn 4*\#5] XE]' T éfn 4*\ *1}6 PDB: 2JDF PDB: 3QN7
, BEHELA ZHFGRHM {
ﬂd\ﬂ'kﬂbﬂ i&%ﬁl“\ L
ﬁiﬁkﬁﬁiﬁ ¥4 B_4a
. . 1~
> 3 A 53( $ éy d % Cys-knots DARPins FN3 Fynomers Kunitz OBodies
Xj- K)fﬁ‘ ﬁj i F ° )( U PDB: 1HYK PDB: 1SVX (Adnectin) PDB: 4AFS domains PDB: 4GLV
. . . - o2 PDB: 1FNF PDB: 4BQD
FHALATETHE FH
gﬁ‘ —L Scaffold Parental protein Structure Randomization MW (kDa)
Affibodies Z domain (protein A) a-helical Helix randomization 6
y-B-crystallin B-sheet Beta-strand randomization 20
Affilins
Ubiquitin o/p Beta-strand randomization 10
heet Loop ran izati
o Ay 45 . i Anticalins Lipocalin Frafom < oD KOs 20
T X0 PA I FS ﬁa U a-helical terminus Beta-strand randomization
@ 3E- '{’2 ff] B j % é-:l: Atrimers C-type loctn /B Loop randomization 3x20
~ a 2 (tetranectin)
) ﬁ‘ a *ﬁ o ——
Avimers A-domain Ca®™ binding Loop randomization 4
Disulfide constrained
Bicyclic peptides Peptide Chemically constrained Loop randomization 2
Cys-knots Peptide P-sheet Loop randomization 4
Disulfide constrained
) . a-helical + Helix randomization
DARPIns Ankyrin repeats o 14-21
B-turn Beta-turn randomization
e Fibronectin (type II1) B-sheet Loop randomization 10
A ; i
(Adnectins, Centyrins, Beta-strand randomization
Pronectins, Tn3) .
Fynomers SH3 domain (fyn f-sheet Loop randomization 7
kinase)
Kunitz domains Serine protease ofp Loop randomization 7
inhibitor Disulfide constrained
OBodies OB-fold p-sheet Loop randomiization 12
Beta-strand randomization
Drug Discovery Today
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A Immunoglobulins

( 1
1 hcAb
1 VHH / Nanobody (3G9A)
i ,
: N
1
1
1
1
1
1
1
1
| C
1

S : =

(B Non-Immunoglobulin Binder Scaffolds

4 £

Natural Binder Scaffolds Designed Repeat Binder Scaffolds

N

C

DARPIn (3HGO)

c
Monobody (3QWQ) Anticalin (4GH7) Affibody (2KZI)
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https://www.roche.com/research_and_development/what_we_are_working_on/research_technologies/protein-r
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https://en.wikipedia.org/wiki/N-linked glycosylation



https://en.wikipedia.org/wiki/N-linked_glycosylation

