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x High qualified staf{30 employees includingPhD and 7 engineers)

x 2000 n% facility (Apprieu- RhoneAlpes)
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BIOTEMActivity Overview& Applications

_ Ultimate Humanizatiod™
) Therapeutic Therapeutic Antibodies
/A I' Antibody 4th Generation

Fully Human Antibodies

Immunoassay EBVimmortalization
Development

Humanized Antibodiesi il s = ¥\ 2 = S R B [07s
CDRgrafting

Rabbit Monoclonal

Antibody ELISA & Lateral Flo
Assay Development
Validation
Mouse & Rat Monoclonal Production
D | Antibody WIAGNOS J6C

‘ ChimericAntibodieﬂ

Polyclonal
¥ Antibody

1y
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Therapeutiantibodies Are thelatestgenerationdully satisfactory

st i nd i
Antibodies Antibodies (CDR grafting) Fully HumahAntibodies

*Most commercialized therapeutic antibodies to date

0 70% 90% 100%

Proportionof human sequences

x Qverallsuccess ratefrom pre-clinical studies to market phase: <10%

e Immunogenicity

« Efficacy
 Toxicity :Crossreactivity o aff target interactiong 0 Abwith sideeffects

* Other factors...
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Therapeuticantibodies What shouldbe the next4th generation?

Ultimate HumanizatiodM Platform

x . L h ¢ Stat€py tooptimizesuccess rate

x Recombinant antibodies derived from active immunization of macaques

/ Technology Overview \

Phasd Phasdl Phasdll PhaseaV PhaseV
Macaque Library Phage Display Germinalization Reformatting
Immunization Construction Ab Characterization & Sequencéptimization (Optional)

i =m O m s = o - N

Sckv Germinalized _
andoptimizedscFV Final lead

K 3-4 months 1 week 3weeks 1-1,5month 1-1,5month /
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Advantage #1High affinity antibodies

Target

MacaqueOrganism ﬁ
4

Highaffinity

- /

x Active Immunization allows the generationlufih affinity antibodiesagainst virtually
any type of targetd @A NHz& X o F OGSNA I T KdzYly LINRPGOGSAY&EaZIXOU
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Advantage #1High affinity antibodies

o Carrier protein

(Heterologous Fpitopes )

MacaqueOrganism / Human Organisnﬂ
% Therapeutic I

0 Target
kil 09 00

Highaffinity Macaqueantigens Human antigens

- NS /

x Active Immunization allows the generationlufih affinity antibodiesagainst virtually
any type of targetd0 A NHzA S oOF OUSNALF T KdzYly LINRPUSAYEAIXO

Highlyconserved proteinsimmunizations are performed with conjugates containing heterologeus T
cellepitopes to avoid immune tolerance
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Advantage #ZLow predicteccrossreactive antibodies

o Carrier protein

(Heterologous Fpitopes )

MacaqueOrganism Human Organisnﬂ
Safeguard ( Therapeutic I

mechanisms o Target
(Tolerance) 0 High o |
“ 0 o — homology — o <> Low predicted

~950%% Crossreactivity

Highaffinity Macaqueantigens j K Human antigens

xMacaque immunization should produce antibodies waw predicted crosgreactivity
I Al Ay ad KdzYdfhrgdt iidraktdrEyda o a

x Minimizetoxicity risksat early stageof development
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Advantaget3: Extensivegerminalization

BIOTEM

A & 92%
0,1 oranee B2 Human IgG
Germinalization Max (99%)
0,08 / —
0.06 / Lama |gG

Frequency

7 X
0.04 // \\ Mice IgG
0,02 / / L Lowgerminalization
i N
90

potential
1

60 70 80

—» Gl (%)
100

x Macaques naturally produce antibodiesth high homologyo human germliné/-regions
(quantified by theGerminality Indey

x  This unique property allowsxtensivegerminalization Mutationsin FRand CDR regions
to increasethe Gl (without altering antibodyaffinity and specificity)

x Minimizeimmunogenicityrisks(and potentiate efficiency)
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Case studyGerminalizatiorof a macagque monoclonal antibody

1 T cell epitope

x Germinalization(FR+ CDR)

x 100%target affinity preserved

x Efficientremoval of allT cell
epitopesin the germinalizeccandidate

Germinalized VH

Gl 95,6 %

/— T cell epitopes methodology—\
3 T cell epitopes

CD4
(
HCII TCR
Peptide

Binding of peptides to MHCII

CD4
A
(
MHCII TCR
Peptide

Germinalized VL K T-cell activation (proliferation)
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Ultimate Humanizatio®™Platform :/ 2 YLI NRA a2y G A 0K LINBC

, e Gl ADA Risks | ToxicityRisks
Technology Generation | Affinity (Vregion) | (mmunogenicity) (off targe?) Comments
Sl Low No Claims
Ultimate Humanization™ 4 High o Low . No royalties
Y > 92% Probability No followup rights
n T : StrongIP
% Transgenidice Possible Ltsansin:
o
2 | HumanB-cellcloning
= . . High High Low
< | (EBV, singleell strategles)Y J Low R e
S i 3 Probabilit restrictedtechnologies
£ | Phage Display Y y 9
2 (Humanimmunelibrarieg
> _ :
= | Phage Display High ? ? Possible Affinity maturation
L | (Humannaivelibrarieg Low High Low required
HumanizedAntibody Y 5 Low High Low Possible Balancebetween affinity
(Rodent CDRBrafting) High Medium Medium and germinality Index
ChimericAntibodies : : :
1 High Low High Possible
(Human/ Roden) Y g g
RodentAntibodies Y High Low VeryHigh Possible

x  The UltimateHumanizationM Platform offers significant advantages over

the 2"d generation and some of the®generation technologies
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Ultimate Humanization¥Platform

Thankyou for your attention }‘

BIOTEM }*

Parc d'Activités Bievre Dauphine

885, rue Alphonsé&ourju

38140APPRIEU }f
WWW.biotem.fr

info@biotem.fr
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Risks to consider during antibodgvelopmentimmunogenicity

Therapeutic
Antibody
" ——————— > Therapeutic ¢ Therapeutic effect
Target

IMMUNOGENICITY ~ ™a ADA

Anti-Drug Antibody Y Efficacy reduction

iInduction Y- Risks-of anaphylactic shock
Y Y. Tolerance issues

x Anti-Drug AntibodieADA) may reduce botfficacyandsafety

x Many factorsdescribed to date leading to a multitude of sequence
optimization strategies
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Risks to consider during antibody developmetrtossreactivity

Therapeutic
Antibody
Y ——————— > Therapeutic ¢ Therapeutic effect
Target
CROSKEACTIVITY ™. T
Off target interactions * 32 e lEl
(impaired cellular functions
o Human
Antigens

x Crossreactive antibodies may impaired important cellular functions and
causetoxicity

x Most availablestrategiesfor antibody developmentdo not addressat all this
crucialissue
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Risks to consider during antibody developmetrtossreactivity

Therapeutic
Antibody
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Therapeuticantibodies Factors impactingmmunogenicity

G1 dzY | vy S & 8BesR&Gildabbh USing theerminality Indey

t 240 OGONXyatlraaAzy Y2RATFTAOI 0A2Yya 6 dzy dza dz
« Denaturation eamidatio® 2EARI GA 2y S XOF

* Formation of aggregates*

 Human Igallotypes

* Method and frequency of administrations

* Antibody dosage |

- tFOASY(iaQ RA&SIAS |-y|fe|§<2NJ AYYdzyS adal Gdza

« tFGASYyGaQ al/ KIFLX 20815 (i eatedio

« Celtsurface or soluble antigen? antibodysequence

* |C Formation with antigen

« Complement activation by antibody
* Fc receptor binding by antibody

* Inflammation and cytokine release

*Factorimpactingefficacity
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Therapeutiantibodies Germinality Index (Gl)

Germinality Index (GH Proportion of amino acids in V
domain which are identical to humagerminal sequences

Gldistribution of 100 random humangG

GermlineDNA
L) UDZall) 014
Immunologic Self 0,08 / \
0,06
IgM Isotype fo]€ / \
switching 0,04 / \
______ > 0,02 \
Affinity /
maturation 0 I —» Gl
100 % Human 100 % Human 80 90 100
Gl =~100% x  Average GK92%

x  80% of human IgG exhibit@ >88%

(Thullier P,ChahbounsS,PelatT. MAbs. 2010 SefOct;2(5)528-38)
(PelatTet al. J MolBiol. 2008Dec31;384(5)1400-7)
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Therapeutic antibodieg2and 3¢ Generations) Sde effects, ADA and G

Antibody (INN) Target Strategy ADA Gl
Briakinumab (ABT-874) IL12/1L23 . _ Unknown 90

. Human (Naive Library) _
Ramucirumab, 1121B,IMC-112 1B ( CYRA M2\VAE®F R2 None Described 92
Ustekinumab( STEL ARA ™) IL12/IL23 YES 94
Canakinumab (ILARIS) IL1 Human (Tg mice) None Described 83
Figitumumab, CP-751871 IGF1R Unknown 96
Tocilizumab (Actemra) IL 6R YES 88
Alemtuzumab, CAMPATH-1H, MABCAMPATH® CD52 YES 82
Teplizumab, humanized OKT3 CD3 YES 79
Vedolizumab A4B7 integrin YES 87
Omalizumab, XOLAIR® IgE _ YES 85
Efalizumab, hul124, RAPTIVA® CD1la Humanized YES 85
Bevacizumab, rhuMAb-VEGF, AVASTIN® VEGF None Described 85
Trastuzumab, HERCEPTIN® HER2 YES 85
Pertuzumab, OMNI T AlRIBAB,2C4 ERBB2 (HER2) None Described 84
Farletuzumab, M3, MORAb-003 FOLR1 Unknown 80

x  AverageGl forhumanized antibodiess substantially lom(~84%) with a high proportion of ADA
x Large Gl amplitude fdully human antibodieq83%96%)
x Rationat Gl should be kept as high as possible to best mimic endogenous hum#&2¥gB600%)
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