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Forward-Looking Statements

This presentation may include forward-looking statements
pertaining to the business and prospects of Chugai
Pharmaceutical Co., Ltd. (the “Company”). These statements
reflect the Company’s current analysis of existing information
and trends. Actual results may differ from expectations based
on risks and uncertainties that may affect the Company’s
businesses.



Therapeutic antibodies drive growth of
biopharmaceutical market

CHUGAI

Roche Group
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Characteristics of antibodies o~

m High efficacy, less side effect and favorable plasma persistence
> High specificity and affinity to target antigen
> High safety due to naturally derived molecule
> Long duration due to favorable plasma persistence

m Applicability to various drug targets
> Diverse target antigen
> Diverse mode of action

m Industrial manufacturing
> Feasible of engineering and improving by genetic engineering
> Established manufacturing technologies of recombinant proteins

m Applicability of personalized healthcare (PHC)
> Antigen itself as a candidate for biomarker
> Antibody itself as a evaluation tool



m

Mode of action of antibody therapeutics

Therapeutic antibodies
which blocks the function
of the antigen

Therapeutic antibodies which elicits
cytotoxicity against target cell

A

Ligand / receptor
Binding blockade

ntibody Dependent Cellular Cytotoxicity(ADCC)
Complement Dependent Cytotoxicity(CDC)
T-cell Dependent Cellular Cytotoxicity

« tocilizumab

* bevacizumab
 daclizumab

* basiliximab
 abciximab

« efalizumab

* belimumab

* palivizumab
* natalizumab
* ipilimumab

%

» denosumab

« infliximab

* golimumab

» adalimumab
* panitumumab
* omalizumab
 ranibizumab
 ustekinumab
» eculizumab

» canakinumab

Complement ( /
NchI

T cell

e trastuzumab ° rituximab

* pertuzumab
» cetuximab

» ofatumumab

* alemtuzumab

* mogamulizumab
» catumaxomab

Rl-labeled antibody
Antibody Drug Conjugate (ADC)

?RI

Drug

* ibritumomab tiuxetan

* iodine 131 tositumomab
* gemtuzumab ozogamicin
* brentuximab vedotin



Severe competition in the development of @
therapeutic antibodies

m All major pharma companies focusing on therapeutic antibodies due to
the expansion of the market of therapeutic antibodies

m More than 400 antibodies currently under clinical development

m 174 antibodies being developed against 34 promising antigens
20

18 - M Phasel
16 - i Phase2
12 L M Phase3

M Launch

N
|

Products
e
o

6 I
-
II'IIII‘II'I,I, ‘ e B R R R R R EEEEEEERE
SRRy |
O_
O I xaN O O LWL oOanANOEExEENOWMNONODOS CL onaull o0 Ww 3 ¢ d<g N < 2 o
g._.'_'-w'-5-&,_'.LD%nglirﬂu?gibﬁ\—liozgﬁx—!wgng"ao'gC:,'\—,'nc
2 = w O O 9 T @ =
SEBESTE50°845=2=20" 229812228872 32"35848
> = o o o O
e 5 © — Q
< 2 .QQD
C
<

Source: Thomson Reuters, Citeline, Springer (2012.07)



Difficult to achieve competitiveness only ¢
by conventional technologies

m Technologies for generating therapeutic antibody are fast-
improving, and rapidly diffuse and become common

> High affinity antibody technologies :
many technologies such as phage display etc.

> ADCC enhancing technologies :
many technologies such as Potelligent™, Glycomab™, Xmab™ etc.

> Half life extending technologies :
many technologies such as Xtend™, albumin binding, PEGylation etc.

> Many other technologies are widely used

m Difficult to differentiate by generating antibody drugs utilizing
commonly used technologies

m Limited number of targetable antigens utilizing commonly used
technologies

=

B \We need to continuously develop proprietary technologies to
ensure competitiveness




Effect of innovating technologies
m By developing only one or number one proprietary
technologies and ensuring intellectual properties and

know-hows, Chugai will create therapeutic antibodies that
competitors cannot create

Target antigen space for therapeutic antibodies

Antigens that can be
targeted only by using
proprietary technologies
>First-in-class strategy

-
-
-
-

Antigens in which enough Antigens in which proprietary

therapeutic value can be delivered technology can provide therapeutic
by conventional technologies value that cannot be achieved by
> Difficult to differentiate conventional technologies

=Best-in-class strategy 8



Importance of multidimensional
technologies

m Chugai Pharmaceutical will provide therapeutic antibodies with
highest quality regarding efficacy, safety and convenience

> Despite single superior property, unmet needs would not be
satisfied in case issues remain in other properties

> We maintain and reinforce technologies to a highest level
required to create therapeutic antibodies

Controlling antigen binding

€ Optimizing affinity

€ pH dependent antigen
binding (recycling
antibody technology)

Improving properties of

antibody molecule

@ Bispecific antibody

€ Controlling pharmacokinetics

€ Optimizing physicochemical
properties

€ Minimizing immunogenicity

Controlling Fc receptor binding

€ Controlling activating Fcy
receptor binding

€ Controlling inhibitory Fcy
receptor binding

€ Controlling neonatal Fc
receptor binding



Chugai’s proprietary antibody technologles CCCCCC
introduced today -

SMART-1g (Sequential Monoclonal Antibody Recycling Technology -

Immunoglobulin)
» Recycling antibody technology and sweeping antibody technology

ART-1g (Asymmetric Re-engineering Technology - Immunoglobulin)
> Bispecific antibody technology

ART-Fc (Asymmetric Re-engineering Technology - FC domain)
> Enhancing binding selectively to activating Fcyreceptor (ADCC
enhancing technology)

TRAB (T cell Redirecting AntiBody)

> T-cell redirecting antibody technology

TwoB-1g (FcyRIIB selective binding technology - Immunoglobulin)
» Enhancing binding selectively to inhibitory Fcyreceptor

ACT-1g (Antibody Charge engineering Technology - Immunoglobulin)
> Antibody half life extending technology

10



Technology Introduction of
SMART-1g and its Application to
Actemra

CHUGAI PHARMACEUTICAL CO., LTD.
Research Division, Discovery Research Dept.
Team leader, Technology development
Tomoyuki Igawa

2012.12.18




Summary of characteristic of SMART-1g  =-

m Conventional antibody derived from known technology,
although how high the affinity is,
» can bind to the antigen only once
> only binds to the antigen, and cannot eliminate the antigen

therefore the limitation existed.

m SMART-Ig overcomes this limitation and,
> can bind to the antigen repeatedly (recycling antibody)
> can eliminate antigen from plasma (sweeping antibody)

therefore enables targeting of target antigen and
achieving product profile that could not be previously
achieved.

12



SMART-Ig

Sequential Monoclonal Antibody Recycling Technology
Immunoglobulin

Recycling Antibody



Limitation of known technology -

CCCCCC

(conventional antibody)

Conventional |
antibody Antigen . ove

TIOXL ....) - .:o

v'Antibody can bind to the antigen only once

v Antibody-antigen complex is eventually degraded by lysosome
v'Even antibody with infinite affinity can bind to the antigen only once
v'Even antibody with infinite half life can bind to the antigen only once

Limitation of conventional antibody

14



Limitation of conventional antibody against D

CCCCCC

soluble antigen and membrane-bound antigen =~

Conventional antibody Conventional antibody
against membrane-bound against soluble antigen
antigen (receptor, etc.) (cytokine, etc.)

membrane-
pH7.4 bound antigen

soluble
antigen

Conventional antibody can bind to the antigen in both case
whether the antigen is membrane-bound or soluble

15



Concept of recycling antibody =

Recycling antibody o ozo

ALRVIN

v'Antigen is selectively degraded, while antibody is not
v'Single antibody molecule binds to the antigen multiple times

~

Can overcome the limitation
of conventional antibody

16



Issues and limitation of conventional antibody

CCCCCC

against membrane-bound antigen

Conventional antibody

antibody

pH7.4

membrane-
bound antigen

lysosome

Antibody can bind to the membrane-
bound antigen only once
\ 4
Antibody bound to antigen is transferred
to lysosome and degraded by protease
\ 4
Antibody bound to membrane-bound
antigen is taken up by cells and cleared
from plasma
\ 4
In case target antigen is present in large
amount in the body, administered
antibody will be degraded very rapidly

17



Issues of conventional antibody
targeting membrane-bound antigen

CHUGAI

®

Roche Group

*Pharmacokinetics of antibodies targeting membrane-bound antigen

Anti-IL6 receptor antibody  Anti-EGFR antibody Anti-a,, integrin antibody

(Actemra) (cetuximab)
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(internal data) J Clin Oncol 22:3003-3015. 2004 Clin Cancer Res 2007,13.2128-2135.

Conventional antibody binds to membrane-bound antigen, internalized into
cells and rapidly cleared from plasma

=» Requires large amount of antibody to block the function of antigen for a
long term

=» Can be overcome by recycling antibody technology
18



Effect of recycling antibody against -

CCCCCC

membrane-bound antigen

Conventional antibody

Engineer antibody
to dissociate from
the antigen pH-
dependently
v'Antibody can bind to the antigen v Antibody can bind to the antigen
only once multiple times
v Antibody binds to the antigen and v'Can reduce the antibody
rapidly cleared clearance

Nature Biotechnology. 28, 1203-7, 2010 19



Product concept of recycling antibody SA237

m Actemra
Bind to IL-6 receptor only once and rapidly cleared from plasma
“Once monthly intravenous injection (approved)”

“Once weekly or biweekly subcutaneous injection (filed NDA in Japan,
and preparing to file overseas)”

Generated SA237 from

Actemra by antibody
a SA237 v engineering technologies
Bind to IL-6 receptor multiple times and slowly cleared from plasma
“Once monthly or less subcutaneous injection”

Improvement of patient’s convenience by once monthly or less dosing
subcutaneous formulation

20



Generation of SA237 by engineering Actemra =~

IL-6 recept
__ ep " Actemra

Complex crystal
> structure of Actemra
and IL-6 receptor

pH-dependent IL-6 receptor binding
SA237

utation of tyrosine in

Q\Q'\g CDR into histidine by 4 %
oot enetic engineerin
Neutral @ 9 9 9, @ 2

(pH7.4)

Tyrosine Repulsion with IL-6 Histidine
receptor by being

5 * T
o ‘P\Q\gg positively charged <€' ‘
Acidic within acidic A j\f(
(pHE.0) @ condition @/7 S

21



Generation of pH-dependent IL-6 receptor D

CCCCCC

binding recycling antibody SA237

Actemra

(conventional antibody)
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SA237
(recycling antibody)

pH 7.4—pH 7.4
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\\.-.

" Bind at neutral (pH7.4) and
L dissociate at acidic (pH6.0)

Time (sec)

In house data

22



SA237 shows significantly longer plasma e

persistence and efficacy compared to Actemra =~

*Antibody plasma concentration time-profile

25

Antibody plasma
concentration (pg/mL)

- 'y N
m o »u O

o

O:Actemra 2 mg/kg (sc)
+:SA237 2 mg/kg (sc)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (d)

*C-reactive protein plasma concentration time-profile

5

CRP plasma concentration
(mg/dL)

4 +

; R %
; ' g R . R e §
x:placebo
K O:Actemra 2 mg/kg (sc)
+:SA237 2 mg/kg (sc)

0] 2 4 6 8 10 12 14 16 18 20 22 24 26 28

In house data
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CCCCCC

Phase 1 clinical study in healthy volunteer : SA237 gy
exhibits longer plasma persistence than Actemra

100

== tocilizumab
162mg/body

‘l T ——SA237
- 9 120mg/body

plasma antibody concentration {pg/mlL)

0 7 14 21 28 35 42

time (day)

Recycling antibody SA237 120 mg (~2.0 mg/kg) exhibited significant
improved duration compared to tocilizumab 162 mg (~2.9 mg/kg)
=» Clinical proof of concept of recycling antibody technology

In house data
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Issues and limitation of conventional antibody @
against soluble antigen

Antigen (no antibody) Conventional antibody

An antibody can bind to the antigen only once
» Antigen persist in plasma without being degraded as an antibody bound form

» Administration of antibodies results in accumulation of antigen, thus increasing
the concentration of antigen in the plasma

25



Issues of conventional antibody
targeting soluble antigen

Antigen concentration time-profile after administration of antibody against
soluble antigen

Anti-amyloid beta antibody Anti-MCP1 antibody Anti-hepcidin antibody

10%

v SC 300 morkg g.w.

MCP-1 [nM]
a3
Total H25, nM

0 168 336 504 672 ¢ N 4 % % 10 R R R R L R LR SR
Time (hr) Time, h

_ ARTHRITIS & RHEUMATISM
mAbs, 2010, 2:5, 1-13 2006, 54,2387-92 AAPS J. 2010, 4, 646-57.

By administering conventional antibody, antigen persists in plasma as an
antibody bound form, and antigen concentration increases (accumulates) by
more than 1000-fold

= Requires large amount of antibody to block highly accumulated antigen

=» Can be overcome by recycling and sweeping antibody technology

26



CCCCCC

Effect of recycling antibody against soluble -
antigen in plasma

Conventional antibody

Engineer antibody
to dissociate from
the antigen pH-
dependently

v Antibody can bind to the antigen

v Anti : :
Antibody can bind to the antigen only once multiple times

v Antigen persist in plasma as an antibody bound

form, and antigen accumulates in plasma v'Prevents from antigen accumulation,
by discarding the antigen within the

cell
Nature Biotechnology. 28, 1203-7, 2010 27



SMART-Ig

Seqguential Monoclonal Antibody Recycling Technology
Immunoglobulin

Sweeping antibody



Concept of sweeping antibody cE

*Recycling antibody oo

AL

Turnover rate of antigen
degradation is slow

Slow

Recycle O O

*Sweeping antibody

0 0
VAIRN

Accelerate the turnover rate of
antigen degradation
29



Effect of recycling antibody against soluble g5

antigen in plasma

Recycling antibody

Engineer antibody
to bind to FcRn at
neutral pH

Sweeping antibody

30



Differences between conventional
antibody and sweeping antibody

CHUGAI

®
:

Conventional antibody Sweeping antibody

_ _ _ v'Antibody can bind to the antigen multiple times
v'Antibody can bind to the antigen only once v'Antibody can actively degrades antigen

v"Antigen persist in plasma as an antibody bound v Antibody can eliminate or sweep antigen from
form, and antigen accumulates in plasma plasma

31



Various types of sweeping antibody can be 6

CCCCCC

generated by controlling binding affinity to FcRn =~

1000

Plasma antigen
o
o

concentration (ng/mL)
o

—

0.1

time profile

“Antigen” plasma concentration

_JJ- j_ J_ .

t%aseline (no administration)
I

Time(Days)

21

In house data

B : Conventional antibody
@ : Recycling antibody

HMO®A: \aious sweeping
antibody

=

By modulating the binding
affinity to FcRn, sweeping
antibody having appropriate
property depending on the
antigen or disease to which
it targets

32



Long-acting sweeping antibody selectively reduces

CCCCCC

plasma antigen concentration 50-fold in mice model =~

“Antigen” plasma concentration “Antibody” plasma concentration
time-profile time-profile

1000 100
: "
< IApproximater £
S 100 - fold S 10 -
8 50-fo g Comparable
$ reduction 8
5 —- —* 3
g 10 | a4 T c
2 3

1 . . 0.1
0 7 14 21 0 7 12 21
Time (d) Time (d)
® : placebo

® : conventional antibody
® : [ong-acting sweeping antibody

In house data
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Rapid-acting sweeping antibody rapidly and transiently
reduces plasma antigen concentration in mice model

“Antigen” plasma concentration

Plasma total antigen conc. (ng/mL)

1000

100

10

time-profile

|

7 14

® : placebo

m : conventional antibody
¢ : rapid-acting sweeping antibody

21

“Antibody” plasma concentration
time-profile

100

10

0.1

Plasma antibody conc. {(ug/mL)

0.01

Approximate
& four-fold

Time (d)

In house data

Ll
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SMART-Ig

Seqguential Monoclonal Antibody Recycling Technology
Immunoglobulin

Application to drug discovery



CCCCCC

Sweeping antibody enables low dosage which -
can never be achieved by conventional antibody =~

Comparison of dosage between conventional and sweeping antibody

Simulation of antibody dosage required for inhibiting the function of
antigen X by 90% with once a month dosing

1000

Sweeping antibody can overcome
the theoretical limitation of the
100 ™ dosage of conventional antibody

\ —+— Conventional antibody
10 \\’_. —&-. Sweeping antibody

1 _
Subcutaneously injectable
— ot | dosagerange

Dosage of antibody (mg/kg)

0.1 | . . .
10 1 0.1 0.01 0.001

Binding affinity (KD) to the antigen (nM)

In house data
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Sweeping antibody enables long dosing interval -
which can never be achieved by conventional antibody =~

Comparison of dosing interval between conventional and sweeping antibody

Simulation of the duration (dosing interval) for inhibiting the function of
antigen Y by 90% at a dose of 2 mg/kg

S0

40 s —+- Conventional antibody

>
;8/ 20 / -8~ Sweeping antibody
g
£ 20 Sweeping antibody can
> /’/4—0 overcome the theoretical
2 1 limitation of the dosing interval
Q / of conventional antibody

0 . . .

1 0.1 0.01  0.001

Binding affinity (KD) to the antigen (nM)

In house data




Sweeping antibody can block antigen present o B
in large amount in the plasma

Conventional antibody Sweeping antibody

Azt s
Q > o e
' ( reduce

Cannot block the antigen Can block the antigen by
present in large amount in reducing antigen concentration

plasma at a realistic dosage at a realistic dosage

38



Sweeping antibody can block antigen o

CCCCCC

having multiple functional domain S

Conventional antibody Sweeping antibody

Receptor A binding site
Receptor C binding site
‘t ( not blocked )

Receptor B binding site D're_Ctly
( not blocked ) eliminate

from plasma

39



CCCCCC

toxic antigen by directly eliminating from plasma =~

Sweeping antibody can be effective against -

Conventional antibody Sweeping antibody

No functional e,

epitope to Directly
neutralize its eliminate from
toxicity

plasma

40



Market opportunity of SMART-1g in the -

CCCCCC

field of therapeutic antibody

B Second generation of the marketed products

IL-6R (tocilizumab), TNF (adalimumab), IgE (omalizumab),

VEGF (bevacizumab), EGFR (cetuximab), a41 integrin (natalizumab),
RSV (pavilizumab), C5 (eculizumab), IL-1 (anakinra),

IL-12/23 (ustekinumab), Blys (belimumab), RANKL (denosumab), etc

B Best-in-class against well validated antigens

PSCK9 (hypercholesterolemia), IL-13 (asthma), sclerostin (osteoporosis),
INFa (SLE), GM-CSF (autoimmune disease), IL-17 (psoriasis),

DKK1 (osteoporosis), a4[37 integerin (Crohn disease, ulcerative colitis),
IL-20 (psoriasis), IL-5 (asthma), etc

B First-in-class against difficult to target antigens by conventional mabs

tau protein (Alzheimer disease), oxLDL (atherosclerosis),
GM-CSFR (autoimmune disease), MCP-1 (cancer etc),
hepcidin (anemia), CD4 (autoimmune disease), CD23 (asthma), etc

41



Introduction of ART-1g and
application to hemophilia A
treatment

Chugai Pharmaceutical Co., Ltd

Research Division,

Department Manager, Discovery Research Dept.
Kunihiro Hattori

2012.12.18




What is bispecific antibody (BiAb) ?

m Bispecific antibody (BiAb), consist of 2 different heavy chains and 2 different light
chains, has two different antigen binding sites which can respectively bind two

different antigens.
m BiAb could provide new mode of action to therapeutic antibodies.

Conventional Asymmetric

IgG antibody bispecific IgG antibody
(BiAb)

Antigen

Antigen

.| Heavy |
-1 chain-~{

/| Light chain

Light chain [

43



What is hemophilia A?

m Definition
- Hemophilia A is an inherited deficiency in clotting factor VIII (FVIII) , which
causes increased bleeding (bleeding disorder)

m Causes
- X-linked recessive trait (about 105 in one million males)

m Symptoms

- Difficult hemostasis of hemorrhages caused by bruise or burden on joint results
in large hematoma; difficult hemostasis in case of trauma, surgery and tooth

extraction
- Arthritis as complication reduces QOL of hemophilia patients

Severe Moderate Mild%
% of normal FVIII <1l% 1~5% 5~50 %
Rate of patients 60% 15% 25%
Bleeding frequency 30 times / year Several times/year | One or twice / year

Joint bleeds ( left knee ) Muscle hemorrhages

44




Treatment and problems of hemophilia A =~

m Treatments
> Replacement therapy with concentrates of FVIII
v' Hemostatis for on-going bleeding (on-demand treatment)

v Routine supplementation (prevent bleeding and effectively leads to better joint
status)

m Issues of current therapy
» Developing inhibitory antibodies against FVIII (called inhibitors)
v" Inhibitors make it difficult to control hemorrhaging

v’ Alternative treatment with bypass agents and immune tolerance therapy is not
always effective

> Frequent iv injections in routine supplementation (3 times a week)
v Although home treatment for prophylaxis has become
common, technical difficulty of venous access especially
for infants, forces both physically and psychologically burden

-] =

m  New drugs having long-acting hemostatic effect even in the presence of inhibitors
with subcutaneous delivery

45



A bispecific antibody (BiAb) mimicking -

FVIII function

Roche Group

Provide innovative drug which improves QOL of hemophilia patients
by bispecific antibody simultaneously recognizing activated FIX and FX

and promote FlXa-catalyzed FX activation like FVIII

FVilla

Blood coagulation cascade

Contact system: Cellular injury:
HhWL PR F XN F lla, Kallikrein Tizsue Factar (TF)
™ .
F F Xla FWlla F il
S T
F I F I¥a
......... X TFFI
CFVIEE FVilar— FX  Fxa "4 Antithrambin
........ . T
Frathrornbin (F 1)
V-
F%  FWa

‘/ Thrombhin {F lla)
Activated Protein C

Fibrinogen Fibrin monomer
Pratein S

Pratein © + Thrombormodulin

Crosslinked fibrin Fibrin rmultirner

Factor ¥llla Factar ¥
|

Bispecific antibody

Characteristics of BiAb

v' Convenient injection (SC)

v Long acting (durable action)
v No induction of inhibitors

v Not affected by inhibitors

Nature Medicine 18, 1570-1574 (2012)

46



Generation of lead BiAb with FVIlla activity =--

% Anti-F.IXa Anti-F X
- ~200 clones ~200 clones
VH genes VL genes VH genes VL genes
\ \ \ \
Expression vectors/ Expression vectors/ Expression vectors/ Expression vectors/
human Ig 4 human Ig k/A human Ig /4 human Ig k/A
\ ¥ \ \

Bispecific IgG (~40,000 combinations)
Transient expression in HEK293 cells

\

Chromogenic assay with activated FIX and FX

¥
Lead antibody

47



Multidimensional optimization of BiAb
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/n vitro FVIIlI-mimetic cofactor activity of BiAb =~
m ACE910 is improved version of hBS23 (Nature Medicine 18, 2012) with
regard to these properties
v FVIll-mimetic cofactor activity = ¥ pharmacokinetics v Immunogenicity
v Physicochemical properties (solubility, viscosity)
v Manufacturability (productivity, purification)
m Effects of BiAb on APTT of hemophilia patient plasma
> ACE910 dose-dependently shortened the APTT similar to FVIII
> Effective even in the presence of inhibitors (anti-FVIII antibodies)
120
O
100
Patients plasma
0 80 (with inhibitors)
|_
= 60
o
< 40 \
20 4 Patients plasma
0 (without inhibitors) In house data
O NDHYO VOO LD N NN

ACE910 [nM] recombinant human FVIII [U/mL]

CHUGAI
e Group
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/In vivo activity and plasma concentration of gy
BiAb

m Hemostatic effect in cynomolgus monkey hemophilia A model (Left)
- ACE910 exhibited an in vivo hemostatic action similar to FVIII

m  Pharmacokinetic of ACE910 after iv and sc injection in monkey (Right)
- Bioavailability after subcutaneous injection was nearly 100%
- Plasma half life of ACE910 was about 3 weeks

In house data

100 o 100
[=Ren <
53 80 ACE910 | 5
o g 3 mg/kg IV bolus __§ :
S5 60 - £3510
5 g2
== 40 -
3 * p<0.05 %
20 1 1 1 E 1 || || || | | | | | | | | | |
0 1 2 3 O 10 20 30 40 50 60 70 80
Time [day] Time [day]

ACE910 is expected to be an innovative treatment for hemophilia A having superior in vivo
duration and effectiveness even for inhibitor patients.
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Issue of BiAb is manufacturability

Target BiAb

i1/4 % N
RS
% %

Expression of two heavy production of
chains and two light 10 different
chains results in antibodies

m If two heavy chains and two light chains are expressed, 10 heavy and light
combinations would occur.

m Incorrect 9 combinations are not merely impurities, but also inhibit the action of
BiAb.

m Because these 10 different antibodies have similar physicochemical properties,
purification of the target BiAb from other species is nearly impossible.
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ART-1g: facilitating manufacturing of BiAb by @
protein engineering

Manufacturing
not feasible

(Didentification of common light chain
v" Commonizing light chain by CDR shuffling
®@Facilitate purification of BiAb
v Introducing difference in the charges of two heavy chains
®@Facilitate expression of BiAb
v Eomoting heterodimerization by electrostatic steering

Offers highly efficient
manufacturing of BiAb by
conventional 1gG
production platform
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ART-1g @: .
Common light chain for two heavy chain

Target BiAb
Expression of two production of V V 3
heavy chains and ten different
two light chains antibodies
results in

Using common light chain for two heavy chains, combinations becomes only three.

f” - % % N

Target BiAb
53



ART-1g @: .
Identification of common light chain

Two different light chains
have 3 CDRs, respectively

LCDR1 N
LCDR2
LCDR3 \\
— 3 CDRs from each
light chain

Generate CDR shuffled
light chain variants

Screen by functional
activity
(eg binding to 2 antigens)

Identify common
light chain

Pa
f

Bispecific antibody with
common light chain
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ART-1g @:facilitating purification of BiAb

Lead antibody

No separation by ion
v exchange chromatography

(IEC)

High pl
(—) (+)
+ pl engineering r| v '

Engineered each heavy
|

: chain variable region to
Q ’ ||I\/I|ddle p! V have different charges
I

||| Lowpl || |I High pl Complete separation of
;, (=) |\ k\_ (+) bispecific antibody

In house data
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ART-1g @:facilitating heterodimerization of 5 .
two heavy chains

Theoretical efficiency of BiAb
pl engineered BiAb I ~50% expression if 50% of the whole

|| antibody
| V | A

il

| |||I ~25%
|
i

V \ |'~v
_.z"ll II'\_ I _.J'Il L_F__,-J

——

+ Fc engineering  ~99%

Engineered heavy chain interface
|

(CH3) to promote
‘ll heterodimerization
| | promoted highly selective
|
1% | ¥ ~1%

bispecific expression

In house data

ART-Ig (D+@2+®) enabled achievement of 2500 liter scale manufacturing of

bispecific antibody with high productivity and purity similar to conventional
antibody.
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Application of ART-1g for therapeutics

m Bispecific antibody contributes to providing new mode of action and
expansion of the target antigen space

> Enhancing the efficacy by binding two soluble factors

v" Blockade of two different disease mediating antigens (left)
« Combination of two tumor growth factors or immune related factors etc

v" Blockade of two different epitopes on same antigen

> Providing new pharmacology by bridging two antigens
v" Bridging two different cells for new mode of action (center)
v" Bridging two antigens on same cell for new mode of action (right)
v" Bridging two different protein for new action (FVIII-mimicking BiAb)
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Antibody technology for application to
Oncology area

ART-FcC

(Asymmetric Re-engineering Technology-Fc region)

TRAB

(T cell Redirecting AntiBody)



CCCCCC

of tumor-specific antigen expression is required

Different antibody technology for different numbers 0

Number of tumor-specific antigen expressed on single tumor cell

103 104 10° 106

{ Conventional antibody }

[ Antibody-drug conjugate }

[ ADCC enhancing technology }
ART-Fc
{ T cell redirecting antibody technology ]

TRAB
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Structure and expression profile of -
human Fcy receptors

Activating Fcy receptor Inhibitory Fcy receptor

A A
| I | 1

Irnirnun c:-gﬂ:bulin
dormain

Commeon y-chain

Ce” bbb d b
Membrane GPl anchor
FcyR IA FcyR IIA FcyR IIC FcyR IIA FcyR 1lIB FcyR 1IB
(CD64) (CD32A) (CD32C)  (CD16A) (CD16B) (CD32B)
Expressing Macrophage, Monocyte ~ Macrophage, NK cell NK cell Eosinophile, B cell, Plasma cell
cells Eosinophile, Neutrophil Platelet, Neutrophil Macrophage, Neutrophil  Macrophage, Monocyte
Dendritic cell Monocyte, Dendritic cell Monocyte, Dendritic cell Mast cell Eosinophile, Neutrophil

Dendritic cell , Mast cell
FcyRIIIA$.0 - ‘
o Nkl © 2 Acti_vat_ion of NK cell by
® g ' binding to antibody

\ 4

Cytotoxicity against target cell
Cytotoxicity against tumor cell (Antibody-Dependent Cellular
Cytotoxicity : ADCC)

Nat. Rev. Immunol. (2010)
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Previous ADCC enhancing technology by e

CCCCCC

increasing binding affinity to FCyRIIIA

m Engineering of glycosylation in the Fc region (removing fucose)
» Roche / Glycart : Glycomab™
» Kyowa Hakko Kirin/ BioWa : Potelligent™

Fc
region

m Engineering of amino acid in the Fc region

> Xencor : XmAb™
‘ } Fc region

> MacroGenics
Development of more potent ADCC enhancing
technology by applying ART-1g
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Chugai’s ADCC enhancing technology -

CCCCCC

by ART-Ig

m Focusing on binding pattern of FcyRIIIA to IgG Fc region

> Symmetric Fc recognizes FcyR asymmetrically or differently from both side

®» Engineering Fc asymmetrically, instead of symmetrically, is preferable to
optimize asymmetric FcyRIIIA binding (Use of ART-Ig)

> Interface between FcyRIIIA and Fc was comprehensively mutated

®» Over 1000 mutants were analyzed regarding binding affinity to FcyRs and
stability

FcyRIIIA
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ART-Fc : FcyRIIIA binding affinity =

m ART-Fc* achieved stronger binding affinity to both
FcyRIIIA F and V type than afucosylated I1gG

* ART-Fc: Asymmetric Re-engineering Technology-Fc

High

Binding affinity to FcyRIIIA
KD (mol/L)

Low

1.0E-10

1.0E-09 -

1.0E-08 -

1.0E-07 -

1.0E-06 -

® Conventional IgG1

Afucosylated IgG1
® ART-Fc

ART-Fc demonstrated
strong binding affinity
against even FcylllA F type

Potential to induce strong
anti-tumor effect regardless
of allotype of FcylllA

In house data
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-
ART-Fc : in vitro ADCC activity

Cytotoxicity (%)

ADCC activity using human PBMC (E/T=50) | In house data

Donor A Donor B Donor C
120 ® ART-Fc ® ART-Fc ® ART-Fc
@ Afucosylater IgG1 70 B Afucosylater IgG1 707 @ Afucosylater IgG1
100 -| A Conventional IgG1 60 - A Conventional IgG1 60 - A Conventional IgG1
80 - g0 1 S
240 - 2 40 -
60 - 2 2
x x
S 30 - g 30~
40 - = 2
320 - S 20
20 - _ 10 A
o 10
0 T T T T T 1 0 T T T T T ! 0 MI I I
0. 0.001 0.01 01 1
O & & &> &> O & & & O _
S 090 NS 900 Q.Q S © (10)
o Q
Antibody concentration(ug/ml) Antibody concentration(ug/ml) Antibody concentration(ug/ml)

We generated Fc region with highly potent ADCC activity by drastically
increasing affinity to FcyRIIl compared to previous technology.
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TRAB: T cell redirecting antibody technology

Number of tumor-specific antigen expressed on single tumor cell
10° 10* 10° 106
C I o
ART-Fc ¢ \

[ ADCC enhancing technology }

T cell redirecting antibody technology ]

TRAB binds tumor cell specific antigen by one
arm, and CD3 on T cell by the other arm, and
thereby induce cytotoxicity against tumor cell
by bridging these two cells

CCCCCC

using ART-Ig
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TRAB : in vitro cytotoxicity activity

m
Roche Group

Tumor cytotoxicity activity using human PBMC

Number of tumor antigen expressed
on single tumor cell (103 order)

TRAB

140 -
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g

g 8
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)
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S
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Antibody concentration(nM)

In house data

Number of tumor antigen expressed
on single tumor cell (104 order)

TRAB

Afucosylated IgG

40 -
20 -
0 - .
20> >SS D NS
RPN A

Antibody concentration (nM)

TRAB demonstrated stronger anti-tumor efficacy than afucosylated IgG,
and was efficacious even in tumor cell with low antigen expression

67



TRAB : in vivo anti-tumor efficacy

Tumor volume (mm?3)

Conventional antibody TRAB In house data
3000 3000
2500 1 1 1 2500 1 1 1
2000 Vehicle 2000
1500 1500 vehicle [
1000 1000
0 . . . 0
10 20 30 40 10 20 30 40 50 60 70 80 90
Days after tumor inoculation Days after tumor inoculation

TRAB showed remarkable efficacy even at lower dosage than
conventional antibody, completely eliminating the xenografted tumor
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Chugai’s next generation antibody technology o B
for oncology area

Number of tumor-specific antigen expressed on single tumor cell
103 104 105 106
N High

[ Antibody drug conjugate ]

[ Low fucose antibody (ADCC enhancing) }

N
[ ART-Fc (ADCC enhancing) }
[ TRADB (T cell redirecting antibody) ]

Established novel antibody technologies demonstrating cytotoxicity even
against tumor cells with low antigen expression using proprietary ART-1g.
Enables generating therapeutic antibodies with strong anti-tumor efficacy
against antigens which were previously unable to target.
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Antibody technology for application to
Autoimmune diseases

TwoB-Ig

(FcyRI1 1B selective binding technology-Immunoglobulin)



Structure and expression profile of e
human Fcy receptors

Activating Fcy receptor Inhibitory Fcy receptor

A A
| I | 1

Irnirnun c:-gﬂ:bulin
dormain

Commeon y-chain

Ce” bbb d b
Membrane GPl anchor
FcyR IA FcyR IIA FcyR IIC FcyR IIA FcyR 1lIB FcyR 1IB
(CD64) (CD32A) (CD32C)  (CD16A) (CD16B) (CD32B)
Expressing Macrophage, Monocyte ~ Macrophage, NK cell NK cell Eosinophile, B cell, Plasma cell
cells Eosinophile, Neutrophil Platelet, Neutrophil Macrophage, Neutrophil  Macrophage, Monocyte
Dendritic cell Monocyte, Dendritic cell Monocyte, Dendritic cell Mast cell Eosinophile, Neutrophil

Dendritic cell , Mast cell

¥

Induction of inhibitory signals into
immune cells (FcyRIIB-expressing
cells) by antibody binding

Activating

Immune cells

Nat. Rev. Immunol. (2010)
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Fc engineering to selectively enhance
FcyRIIB binding has not been reported

B Due to high homology between inhibitory FcyRIIB and activating
FcyRIIA, no successful Fc engineering to selectively enhance
FcyRIIB binding has been reported.

® Since FcyRIIA is expressed on platelet, antibody could cross-

link platelets by binding to FcyRIIA expressed on platelet, and
has a risk of inducing thrombosis

FcyRIIA FcyRIIB
> Activating inhibitory
(s

’ TIM
§
Expressing | Macrophage. Masrophage, Monsoyte
cells Platelet, Neutrophil phage, y

Eosinophile, Neutrophil

Monocyte, Dendritic cell Dendritic cell , Mast cell
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Generation of novel Fc variant (TwoB-1g) with g

selective enhancement of FcyRIIB binding

L

Relative FcyRIIA (R)
type binding

More than 1000 variants were evaluated, and successfully
identified TwoB-Ilg having selectively increased binding affinity to
FcyRIIB

* TwoB-1g: FcyRIIB selective binding technology-Immunoglobulin

Human IgG1

TwoB-Ig 0.1 1.6 130

Successfully generated Fc with selectively
! B S - increased binding to inhibitory FcyRIIB while

> not increasing binding to FcyRIIA
Relative FcyRIIB binding

In house data

73



TwoB-I1g is an antibody technology e

CCCCCC

applicable for autoimmune disease area

m Autoimmune diseases |
Cytokine and

> Systemic lupus erythematosus immune-activating
receptor

> Type 1 diabetes

> Ulcerative colitis

»> Rheumatoid arthritis
» Myasthenia gravis
> Crohn's disease

> Psoriasis TwoB-Ig could increase efficacy by
> Pemphigus inducing inhibitory signal into
Immune cell with strong FcyRIIB

binding, in addition to neutralization
of Immune-activating antigen
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Antibody technologies available for
licensing opportunities o~

ART-1g (Asymmetric Re-engineering Technology - ImmunoQlobulin)
> Bispecific antibody technology

TwoB-1g (FcyRIIB selective binding technology - ImmunoQlobulin)
» Enhancing binding selectively to inhibitory Fcy receptor

[ACT— Ig (Antibody Charge engineering Technology -Immunoglobulin) ]

> Antibody half life extending technology
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ACT-1g: Antibody half-life extending technology

Antibody Charge engineering Technology-Immunoglobulin

CCCCCC

Roche Grou

m pl lowering engineering of the variable region improves
antibody PK by repulsion with negatively-charged vascular

endothelial cell surface
e Half-life extension of antibody

e Confirmed to be generally applicable to IgG antibodies

Pharmacokinetic study in

Lead antibody Engineered antibody

-
o
o

cynomolgus monkey

—_
o

Engineered

-

antibody

Engineering to lower the pl of

o
-

Lead antib;N.

variable regions without loss of
binding affinity and stability

o

10 20

Antibody concentration in plasma(ug/mL)

Time (days)

30 40

In house data
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Chugai will create innovative antibody drug o
using competitive proprietary technology

Chugai will create innovative antibody drug for the benefit of the
medical community and human health around the world by using
proprietary only one and number one technologies

SMART-Ig ART-1g
(Recycling and sweeping) @ (Bispecific antibody)

TRAB
(T cell redlrectlng)

TwoB-I1g
(Inhibitory FcyR selective binding)

ACT-1g ART-Fc
(half life extending) ‘ ( ADCC enhancing)
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