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MS T a global challenge

APrototypic autoimmune disease of the central nervous system

AAffects young adults (20-40 years) /

AFemale to male ratio 3: 1 !
APrevalence 100-200/100.000
ASocioeconomically very important
u Direct treatment costs
) Autoreactive T cells
u Indirect costs of care
i Other factors (emp | oy ment ¢€)

Considered a T cell-mediated autoimmune disease.
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Existing MS therapies T unsolved issues

Treatment Efficacy Important side effects
Autologous Very High Treatment-related mortality due
hematopoietic stem to infections immediately post- - X - .
cell transplantation transplantation approximately Preclinical | Relapsing-Remitting MS | Secondary Progressive MS
(aHSCT) 0.5-1%; only suited for very
active patients. Not approved yet.
Anti-VLA4 High Very well tolerated, but > 600 .
Brain Vol
(natalizumab) cases of PML (> 20% with fatal e
outcome); without major risks in measures
JCV- individuals s
Anti-CD52 High 30-40% of patients develop i
(alemtuzumab) secondary autoimmune diseases; | st
. . . oad T2
acute infusion reactions due to H
cell lysis. T1 Gad
Anti-CD20* High Acute infusion reactions; drug Time
(rituximab, sensitization; PML (but so far
ocrelizumab, only in other autoimmune
ofatumumab) diseases), others.
Anti-CD25* High Skin reactions; liver enzyme
(daclizumab-Hyp) elevation; upper respiratory
infections.
Fingolimod Moderate Lymphopenia, macular edema,
(unspecific S1P-R pre-cancerous skin lesions, drop Pathology
agonist/functional in blood pressure and heart rate;
antagonist) lymphopenia, PML (rare), others.
Dimethylfumarate Moderate Gastrointestinal side effects,
flush, in some patients long-
lasting lymphopenia, elevation of
liver enzymes, PML (rare),
others.
MRI
IFN-B Low/Moderate Very well tolerated; skin
reactions, flu-like symptoms
transient liver enzyme increase
Glatiramer-acetate Low/Moderate Very well tolerated; flush;
lipoatrophy at injection sites
Teriflunomide Low/Moderate | Nausea, diarrhea, alopecia, low
neutrophils, liver enzyme
elevation, hypertension; Anti
A ‘ ntiinflammatory/ 5 :
teratogenic. -
g Therapies immunomodulatory Myelin/neural repair

4

Develop treatments that specifically address the underlying immunological process
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Autoreactive T cells

AEffective
AMinimal side effects
ACould be applied (very) early

Preclinical | Relapsing-Remitting MS | Secondary Progressive MS
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A Effective tolerization strategy
A Relevant autoantigens in humans
A Clinical trial design

Autoreactive T cells
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Roadmap

Phasd (a & b) Phasdla Phasdlb MARKET

Effective tolerization strategy
Relevant autoantigens in humans

Clinical trial design
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Roadmap

1990

Phasd (a & b) Phasdla Phasdlb MARKET

Public funding 5mu

A Effective tolerization strategy
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Tolerization with antigen-coupled,
fixed cells; > 30 years experience in
several autoimmune disease, allergy,

transplantation models
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Miller 5D et al., JEM 1979: Braley-Mullen et al., Cell Immunol 1980; Gregorian et al., Cell
Immunol 1993; Fife et al,, JEM 2006; Luo et al., PNAS 2008, Karpus et al.; Int Immunol
1994; Kennedy et al., ) Immunol 1990, Tan et al., J Immunol 1991 and 1992 Vanderlugt et
al., J Immunol 2000, Smith et al., | Autoimmun 2006; 5u et al.,, ) Neuroimmunol 1931,
Vandenbark et al,, ] Neurosci Res 1996, Smarr et al., Turley et al. J Immunol 2007, Getts
et al,, ) Immunol 2011, Smarr et al., ] Immunaol 2011
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Anergic
T cell

Direct tolerance

Antigen-
coupled cell Degradation and

endocytosis

‘ Anergy or activation-induced cell death

’ Indirect tolerance ‘

\ 4

Regulatory APC-

T2 or regulatory T cells induced anergy

Regulatory CD4*T cell
cytokines

L. k- O k- -
) e

Bystander suppression

Generation and/or expansion ‘ Immune deviation ‘
of T,;2 or regulatory T cells

Miller et al. Nature Reviews. 2007
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Roadmap

Time to market
1990

Phasd (a & b) Phasdla Phasdlb MARKET

Public funding 5mu

A Effective tolerization strategy

A Relevant autoantigens in humans
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MYELIN

Autoreactive T cells
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Animals

Experimental autoimmune encephalomyelitis (EAE) can be induced by

induction of myelin protein/-peptide specific T cell response or by transfer of
myelin peptide-specific CD4+ T cells.

Experimental autoimmune encephalo-
myelitis
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Immunodominant/encephalitogenic regions of MBP - MS and EAE

P - -
HLA-Class Il MBP 170 Amino acids
I ———
13-32 83-99 111-129 145-170
N_D_l: H H l C’ Human
DRB1*1501 DRB1*1501 DRB170401 DRB50101
DRB5*0101 DRB5*0101 DRB1*1301
DRB1*0401 DRB1*0401
Others Others 153-170 Rh
esus
N’ ﬂ C’
monkeys
17-27 84-104 DR
N’ m— - C’  SJL mice
I-AZ I-A%
Ac1-11
n PL mice
N’ C’ .
B10.PL mice
I-AY 68-86 87-99
. - N’ » C'  Lewis rats
Myelin -specific T cells ~
RT1.B RTiD 110-129
N’* (o4 Lou/M rats
RT-1%
114123

N’ D o G_uinea
Pig

I A
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IL-7PP - # of positive TCL per subject # of long-term TCL per subject

that confirmed Ag-specificity

Bielekova B. et al, J. Immunol.; (2004)
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Autoagressivd cell clones (TCC)

/\

Identification of Characterization of
antigen specificity phenotype

BrainderivedcDNAlibrary

Positional scanning synthetic
combinatorial peptide libraries
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Symptoms Therapy EDSS 10 Samples

8 | Dizziness, gait disturbance and
8 hemihypesthesian the face

— —# i.v. Methylprednisolone . -
S | Unsteady gait, double vision, fatigue
S B Restricted walking distance (5a®00 m) —

MS Diagnosis

“Im Deterioration of gait, aphasia, blurred vision] " — 7
8
o
AN

-{ Fatigue, walking distance 500 m, cerebellar + -
© ataxia
S Deterioration of gait an@culomotorsystem Mitoxantrone
N Mitoxantrone
5 |, Deterioration of ataxia, gait and new tremor I
Q| of right hand 26/5/2008 . _-wss Serum

| | =™ PBMCs
© 2/6/2008 MSCT 30/5/2008 T CSF
§ = Elég?er deterioration, dysphagia, dysarthria ‘16/6/2008 Cyclophosphamic1€ — — P Lo A Fluid

21/6/2008 G-CSF : R cells
Preparation for HSCT

Brain tissue - mirror blocks
A 4% paraformaldehyde - histopathology
Planas et al., Ann Clin Transl Neurol. 2015 A Frozen - DNA/RNA extractions
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Lesion | Lesion|

Lesion IlI

Brain tissue - mirror blocks
A 4% paraformaldehyde - histopathology

Lesion Il MBP
‘ -

Active

PLP e

Inactive
L# Demyelinating CD3+ CD4+ CD3+ CD20+ IgG+ CD138+
Activity cellsimm’ | cellsimm’ | cellsimm’ | cells/fmm’ | cellsimm’ | cells/mm?’
| | Lesion edge | Late active 42 .4 15.4 25.6 0 16.9 9.6
Lesion center | Inactive 36.8 11.2 24 0 16.8 15.2
I | Lesion Inactive 22.1 4.2 20 1.8 n.a. 51.2
[ll | Lesion edge | Early active 63.2 17.2 35.2 0 n.a. 11.2
Lesion center | Late active 31.2 20.0 24.8 1.6 n.a. 26.4

Planas et al., Ann Clin Transl Neurol. 2015



Brain tissue - mirror blocks TCR Sequencing Lesion Il

[ [ Total Reads [ Productive Total [ Productive Uniques | Max Frequency |
[ Lesion 11l | 1,651,419 | 758,989 | 312 | 30.67% |

A Frozeni DNA/RNA extractions

50 most frequent T cell clones in lesion Il

RANK | CDR3? COUNTS | TCRBV® | TCRBD TCRBJ

1 | CSASEGVYEQYF* 493497 | 20 01-01*01 | 02-07*01
2 | CASSSGPGEAF* 356183 | 05-06*01 | 02-01*02 | 02-03*01

3 | CSVEISKGTGNYGYTF* 252110 | 29-01*01 | 01-01*01 | T01-02*01
4 | CSVFQDRGSSGELFF* 169488 | 29-01*01 | 01-01*01 | 02-02*01
5 | CSAQGLAGGHVDEQFF* | 111505 | 20 02-01*01 | 02-01*01
6 | CASSLSGTGVYEQYF* 81616 | 12 01-01*01 | 02-07*01
7 | CASSEGGYNSPLHF* 25295 | 02-01*01 | 02-01*01 | 01-06*01
8 | CASSLGQGEQYF* 25076 | 05-04*01 | 01-01*01 | 02-07*01
9 | CASSLQGWATEAFF* 24987 | 05-06*01 | 01-01*01 | 01-01*01
10 | CASSLYRGGTQYF* 13291 | 05-06*01 | 01-01*01 | 02-03*01
11 | CASSLGRVSWGYTF* 8219 | 05-06*01 | 01-01*01 | 01-02*01
12 | CASSELAGFYEQYF* 6936 | 06-01*01 | 02-01*01 | 02-07*01
: . : 13 | CASSLVLPTSTDTQYF* 6748 | 12 02-01 02-03*01
Late Active/inactive Lesions 14 | CASTPSGVGTDTQYF 5836 | 12 02-01*02 | 02-03*01
15 | CASSYSFEPAQETQYF* 5200 | 06-05*01 | 01-01*01 | 02-05*01
16 | CASSPSMGDGYTF* 4790 | 12 01-0101 | 01-02*01
17 | CASSLVLPTSTDRQYF* 2394 | 12 02-01 02-03+01
CSF Cells BV families in the 50 most represented TCCs 18 | CASSSGPGEAF 2070 | 05-04*01 | 02:01*02 | 02-03*01
19 | CASSSKQVSNEQFF 1847 | 12 02-01 02-01*01
T 20 | CASASGTRDVGEQFF 1429 | 12 02-01*02 | 02-01*01
‘ BV2 21 | CASSQGQGNQPQHF 1259 | 06-06 01-01*01 | 01-05*01
| BV4 22 | CASSQDGEAIGGKNIQYF 1202 | 04-01*01 | 02-01*02 02-04*01
BV5.2 23 | CASSEAGWPQHF 997 | 19-01 02-01*02 01-05*01
! BVS —> CSF 24 | CSVI AFGSPYGYTF 984 | 29-01*01 | 01-01*01 | 01-02*01
BV22 25 | CSAGTIDLNTEAFF 639 | 29-01*01 | unresolved | 01-01*01
26 | CASSQDGEAIGGKNIQYL 621 | 04-01*01 | unresolved | 02-04*01
/ Bv13.1 PHA-expanded 27 | CASRAGNTEAFF 583 | 19-01 01-01*01 | 01-01*01
/ BV7 p 28 | CSASEGVYEQYF* 395 | 29-01*01 | 01-01*01 | 02-07*01
BV17 29 | CASSLVLLTDTQYF 303 | TCRBV12 | unresolved | 02-03*01
BV21.3 30 | CASSLVLLTGTQYF 301 | TCRBV12 | 01-01*01 02-03*01
31 | CASSTLGGKYQPQHF 190 | 19-01 01-01*01 | 01-05*01
32 | CSAQGLAGGHVDEQYF 159 | 20 02-01%01 | 02-07*01
cell sorting of T cells @) 33 | CASSLQGWATEAFF* 143 | 05-04*01 | 01-01*01 | 01-01*01
expressing Speciﬁc o 34 | CASSQALWGYEQYF 140 | 04-01*01 01-01*01 02-07*01
BV families 35 | CASSNSGSYEQYF 116 | 06-05*01 | 02-01 02-07*01
36 | CASSRRQGHTEAFF 114 | 04-01*01 | 01-01*01 | 01-01*01
37 | CASSNSGPYEQYF 101 | 06-05%01 | 02-01 02-07*01
38 | CASSSGPGQAF 98 | 05-06*01 | 01-01*01 | 02-03*01
Cloning by 39 | CASSLYRGGTQYF* 94 | 05-04*01 | 01-01*01 | 02-03*01
. 2 40 | CASSQEGPRETQYF 94 | 04-01*01 | 02-01 02-05*01
limiting dilution 41 | CSASEGGHVDEQFF 70 | TCRBV20 | 02-01*01 | 02-01*01
> 42 | CASSGRGPSYGYTF 64 | 11-02*02 | 01-01*01 | 01-02*01
43 | CASSLRQGGGEQYF 62 | 05-05*01 | unresolved | 02-07*01
44 | CASSFQLAGDVYNEQFF 59 | 11-02*02 | 02-01%02 | 02-01*01
45 | CASSQERGSGANVLTF 45 | 04-02*01 | 02-01%02 | 02-06*01
; 46 | CASSQVQAIDTQYF 45 | 04-01*01 | 02-01 02-03*01
. . . 47 | CASSLGRVSWGYTF* 45 | 05-04*01 | 01-01*01 | 01-02*01
CDR3 sequencing to identify the TCCs 48 | CASSRRQGHTEAFS 37 | 040101 | 01-01*01 | 01-01°01
49 | CSAQGLAGGHVDEQFF* 31 | 29-01*01 | 02-01*01 | 02-01*01
('s) 50 | CSVEISKGTGNYGYTF* 29 | 20 01-01*01 | 01-02+01

Expansion .
Planas et al., Ann Clin Transl Neurol. 2015
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POSITIONAL SCANNING
SYNTHETIC
COMBINATORIAL PEPTIDE
LIBRARIES
(PS-SCL)

Torrey Pines Institute, San Diego
ClemenciaPinilla

Richard Houghten

Radleigh Santos
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POSITION 1 2 3 Alanine A N
D]j Arginine R W
ART - Threonine T
Tryptophan W
BN Appn B EATA BN RAA B ERTA W TAA B TTA Wl wAA & B WTA
BN A2AR B EATR EEE RAR B ERTR EE TAR B TTR WEE wWwAR W HWTR
B AaT B ATT B RAT EH RTT N TAT TTT Wl WAT WTT
BN AAw ENATYW BN RAW BN RTW BN TAW Nrrw M wAW ¥ R uTw
BEN ARA EE AWA BN RRA EMERwA EETRA M™ETWA WEE wRA Wl wWA
BN ARR B AWR B RRR BB RWR EETRR '™ TwR WEE wRR Wl WWR
Bl ART| @™ AWwT B RRT B RWwT H TRT ™ TWT &N WRT & WWT
BE® ARw B Aww BN RRW B Ryw N TRW ™ Tyw  PEN WRW B WWW

64 peptides



00X X X 0X X XO0

axx WS s xax THME 9 xxa oM

rxx [ 6 xrx THE 10 xxr Lol

T X X 7 X T X 11 X X T

—— — — ———

Wxx w8 xwx LN 12 XX W L
12 mixtures
RXX TZXX WXX XAaAX xTx XWX XXA XXR mx:{w

—— p— p— ——

E E = EE 2 2 tt 2 = =1 = =2
AMA N RAA N TAA HE  WAA LN AAR I ARA HEE ATAE N AwAPS A2A AAREEE  AAT EH ARW IS
AARMEE RAR HEE TAR BE  WAR R AAR N ARR NN ATREM B AWE BUE R EE RAREEE RATHH RAW HlS
BAT BE RAT W TAT W WAT Wl ART I ART HH ATT B AWT B TEA @ TAR BE TAT W TAW | B
BAWEE® RWEET TAW B WAWMPE® AAWEE ARWEE ATWHEH B AWWEAMM WAAPEE  WAR PEE WAT PH WAW W
ARANES RRANEN TRA NN WRAMEN RAAMEN RRAMEN RTANE RVANPE ARA BEN  ARR NEE ARW E
ARR NN RER TRR IH WER il RAR HEE RRR N RTEH R RWER I"H RRA IR RRR I RRT IR REW IS
ART HE RRT IH TRT N WRT Wl RAT HE RRT N RTT B RWT B TRA'H TRR EE TRT N TRW | W
ARWHEE™ RRWH™ TRW ™ WRWPE® RaWEBS RRVWEES FRTWH B RWHEA WRAPEE WRRPEE WRT PH WRW PE™
ATAM N RTAENE TTA B WAW N TAAR B TRA/EM T2 M TWA " ATAMME ATRE N ATTH ATH H &
ATREE RTEEE TTR B WIRWHE TAR B TRE B TR/ B T™R PA RTAEE RTREEE RTTH RTW H W
ATT W RTT W TTT WTT TAT | W TRT | W TTT TWT W ™A M TR W TTT W | M
ATWE ™ ZRTWE® TTW B WIWE W TaW B® TRY/BE TTW @ TWW P® WTA®M E WIREM E WTTH WTW m ™
AWA BPE RWA BPE TWA PH @ WWAMME WAARMEE WRAMEE WTAFE wWWA RME AVvANE AWREPE  AWT BM aww IS
AWRIPE RVRE™™ TWR PE WWREME waARWEE “RREUEE WRP EH WwRigE rRvAEM RVREE RWT EP RWW B
AWT W™ RWT @™ TWT ~ W WWT WAT Wl WRT Wl WTT W WWT TWa @ TWR PH @ TWT W TWW |
BAWIEP RWWEP TWW P WHW e VAW A WRY AR WITWE R WWW W WWAPPE  WWR PPE WWT P W
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POSITION B ] e peptide conc. at 10 mg/ml library: 10-10uM
12345678910 L B
AXXXXXXXXX | .
I — N

| J N HE
! L
Randomized AA [ D |

Defined AA ‘| a
|
|
I
| I
|
|
I
| [
|
|
|
|
|
]
- I
2 é
|

# peptides/mixture = 192 (300 billion)



Alanine
Cysteine
Aspartic acid
Glutamic acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Tryptophan
Tyrosine

X<s<-0nwaxpUovZzzIr XTIT6OTMmOOD?>>»

POSITION

1 2 3 4 5 6 8 9 10
semimeisd M e he lesen s med sees seses snes sid esmems e s e |
Tasimias i s i s el semansan el i
mdsmmas b mesmmats G Gssssen e mmass S Sdes Ssems e Memdses b masman o Sbasens
NSl U AMSdiid W Nemad 4R Sdmin Masd s heasn e e
Tamsmen s o e i e mesmesen acmneas s
Cmniman ® s e e dnoe s aans do i W
mdmed b ddmmadee G Gasade Men ebess Ads b e e Meetes et o dsmaiens
e N mseein e smnees b demied heen aed henes s Semen o e o e
B s s i miman o mmeee
R e R e el e
[ i e e e | e o |
Memen K Mamemsn M Mesie e mnen s e e o e o s
SmMiaih § Sassasan e ssmsie WA Masaa Mass Swmn Hini e nasasan o s
e
e il st EORREY SRR o |
mdimen 4 MMemis M deseded M emsia es diasd bedss deed nesame e
Mmabmie d Mimds M i s el Gaie s ha des oo s
B e e e
i b memas s Gsades Gs maies M Sased Messm dems nesmans o s
msima W Medsmaia e dadden dee i b i S e s

200 mixtures (20 aa x 10 positions)

Total # peptides 60 trillion
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Biometrical Analysis Strategy

Screen PS-SCL for biological activity

Planas et al. Unpublished

GM-CSF (pg/ml)
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Biometrical Analysis Strategy

Clone X
AAI Pj
| Exp 1 Exp 2 Exp 3
Create a scoring matrix from screening results pg/mll pg/mi2  pg/mll pg/ml2  pg/mil pg/mi2

Median = (pg/ml exp 1 + pg/ml exp 2 + pg/ml exp 3)

Matrix (Log10 Median)

1 | 2 [ 3 ] 4 ] 5 | 6 [ 7 | 8 [ 9 [ 10

0.63 0.00 0.00 0.00 0.00 0.78 0.44 0.00 0.08 1.50
0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.62
0.30 0.00 0.00 0.00 0.00 0.06 0.00 2.36 2.32 1.35
1.15 0.48 0.00 0.00 0.00 0.00 2.36 1.74 0.00 1.09
0.73 0.00 0.00 0.00 0.00 0.99 1.47 0.00 0.80 1.00
0.81 1.22 1.07 2.60 249 1.44 0.00 0.00 0.00 0.00
1.35 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.17
210 2.51 2.54 1.87 0.23 0.00 0.00 0.00 0.64 1.28
1.44 0.156 212 2.07 1.21 0.00 0.00 0.00 0.68 1.42
1.22 1.23 1.36 1.17 0.00 0.00 0.27 0.00 0.00 0.00
0.89 0.00 0.00 0.00 0.00 0.67 0.69 0.00 0.73 1.03
0.00 0.58 0.00 1.40 0.00 0.00 0.00 0.00 0.00 0.92
1.38 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 1.00
210 1.49 1.39 0.96 0.41 0.73 0.00 0.00 0.00 0.51
1.13 0.00 0.00 0.00 2.09 0.97 0.00 0.00 0.09 1.33
0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 1.04
0.94 0.00 0.00 1.34 1.41 0.00 0.00 0.00 1.75 2.06
0.76 0.96 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.93
0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 1.37

<[s|<|H|o|x|o|w|z|=[r|x|~|x|e|m[mo|o|>

Planas et al. unpublished




Biometrical Analysis Strategy

|

Score decapeptides of all proteins in a given database

Matrix (Log10 Median)

1 [ 2 | 3 | 4 5 6 7 8 9 10
A 0.63 0.00 0.00 0.00 0.00 0.78 0.44 0.00 0.08 1.50
C 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
D 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.62
E 0.30 0.00 0.00 0.00 0.00 0.06 0.00 2.36 2.32 1.35
F 1.15 0.48 0.00 0.00 0.00 0.00 2.36 1.74 0.00 1.09
G 0.73 0.00 0.00 0.00 0.00 0.99 1.47 0.00 0.80 1.00
H 0.81 1.22 1.07 2.60 2.49 1.44 0.00 0.00 0.00 0.00
| 1.35 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.17
K | [210] [251] [254] 187 023 000 000 000 064 1.28
L 1.44 0.15 212 2.07 1.21 0.00 0.00 0.00 0.68 1.42
M 1.22 1.23 1.36 117 0.00 0.00 0.27 0.00 0.00 0.00
N 0.89 0.00 0.00 0.00 0.00 0.67 0.69 0.00 0.73 1.03
P 0.00 0.58 0.00 1.40 0.00 0.00 0.00 0.00 0.00 0.92
Q 1.38 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00 1.00
R |2.1 0| 1.49 1.39 0.96 0.41 0.73 0.00 0.00 0.00 0.51
S 1.13 0.00 0.00 0.00 2.09 0.97 0.00 0.00 0.09 1.33
T 0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 1.04
\' 0.94 0.00 0.00 1.34 1.41 0.00 0.00 0.00 1.75 2.06
w 0.76 0.96 0.00 0.00 0.00 0.44 0.00 0.00 0.00 0.93
Y 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 1.37
KKKLHHFEEV Theoretical peptide with highest
RKKLHHFEEV | score (22.25)

Assumption - each amino acid of a peptide contributes to T cell peptide recognition in an additive
way (Hemmer et al J. Immunol. 2000)

Score

Human database P1 |P2 |P3 | P4 |P5 |P6 |P7 |P8|P9 P10
A K P K Y |V |K|Q|N|T L K| L A
0.34|0.00|{2.54|0.17|0.00{0.00|0.00|0.00|0.68|1.50

Planas et al. unpublished
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Matrix (Log10 Median)

Biometrical Analysis Strategy

1 [ 2 [ 3 [ a4 5 6 7 8 9 10|
063 000 000 000 000 078 044 000 008 150
045 000 000 000 000 000 000 000 000 000
000 000 000 000 000 018 000 000 000 062
030 000 000 000 000 006 000 236 232 135
115 048 000 000 000 000 236 174 000 109
073 000 000 000 000 099 147 000 080  1.00
081 122 107 260 249 144 000 000 000  0.00
135 000 000 000 065 000 000 000 000 017
210 251 254 187 023 000 000 000 064 128
144 015 212 207 121 000 000 000 068 142
122 123 136 117 000 000 027 000 000 0.0
089 000 000 000 000 067 069 000 073 103
000 058 000 140 000 000 000 000 000 092
138 000 000 017 000 000 000 000 000  1.00
210 149 139 096 041 073 000 000 000 051
113 000 000 000 209 097 000 000 009 133
061 000 000 000 000 000 000 000 080 104
094 000 000 134 141 000 000 000 175 206
076 096 000 000 000 044 000 000 000 093
034 000 000 000 000 000 000 038 000 137

|

Score decapeptides of all proteins in a given database

NBEEEEEIEREHEEEE LR LERE

Lesion Il

Brain tissue- mirror blocks

DATABASE
Planas et al. unpubnshe/é Frozeni DNA/RNA extractions ———> RNAseqTranscriptomeAnalysis of Brain Lesions
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Biometrical Analysis Strategy

Analyze sequence information and select peptides

Synthesize and test peptides for activity

Planas et al. unpublished

Score
3142
29.53
28.40
28.28
28.22
28.12
2799
27.89
27.86
2772
27.63
27.27
27.19
27.17
27.08
27.07
27.04
27.01
26,98
2698
2695
26.89
26.80
26.75
26.69
26,61
26.57
26.45
2645
2642
26.40
26.40
26.30
26.28
26.25
26.25
26.23
2%6.14
2594
2594
25.90
2583
2579
25.74
2573
572
2567
2567
2558
2550
2537

Percentiax 10mer

69.7%
69.4%

NVLHSAFEVG
RELHSFYEVE
LELHSRFYEL
QRKHSGFEDE
LALHSVFEGL
LSLHRMFEVYV
ORLHLEFERL
QRLHLHFEKV
LLLHSIFELN
NGLHSHSEVL
RRLHLEFERV
VELHSHSEVP
LSLHSLFELR
FTPHSRFEVL
VMLLSLFEEE
FALHSLFEAK
KALHSDFTVE
FELRSSFESS
RKCHSSGEVQ
RELLSDFPVY
KERHSYFEEP
EALLSGFEVI

EKLFSQFEVD
GDLKSGFEEV
KGLHSKKEVP
EFLASSFEVS
GVLHSKFHVV
RLLSSGFEEV
QMLHPIFEER
RRLHSTHEEL
RKLHWLFELL
VELHSDMEVT
SKLVSNKEVV
RKLDSVFEER
RFKHSSTEVL
QSVHHGFEWV
HLLNSGFEVP
KEKHVRFEVR
RPLASAFEES
RSLLSVFEED
LGLHHHGEER
KELHSEFSEV
FPLKSNFELV
EKLHSVAEEV
VELKSAFEET
SDLLSIFEEN
APLHPEFEEV
VHLHSGEELV
QHLHSSKEFV
TRLHSOGENN
KHLHSGQEAR

Protein
1Q13630| FCL_HUMAN GDP-L-fucose synthase O5=Homo sapiens GN=TSTA3 PE=1 SV=1

1Q5VST9| OBSCN_HUMAN Obiscurin O5=Homo sapiens GN=0BSCN PE=1 SV=3

1075838 CIB2_HUMAN Calcium and integrin-binding family member 2 0S=Homo saplens GN=CIB2 PE=1 S¥=1
|P10845 | CMGA_HUMAN Chromogranin-A 05=Homo sapiens GN=CHGA PE=1 SV=
|Q9NY26|533A1_HUMAN Zinc transporter 2IP1 OS=Homo sapiens GN=5LC39A1 PE=1 5V=1

|QBWXF8| DEDD2_HUMAN DNA-binding death effector domain-containing protein 2 05=Homao sapiens GN=DEDD2 PE=1 Sv=1
|Q8BYH1|SEBL1_HUMAN Seizure 6-like protein OS=Hamo sapiens GN=SEZ6L PE=1 SW=1

|Q53EL9| SEZ6_HUMAN Seizure protein 6 homelog OS=Hom sapiens GN=SEZ6 PE=1 SV=2

|H7C3KI|H7C3KI_HUMAN Melanophilin (Fragment) O5=Homo sapiens GN=MLPH PE=2 Sv=1

|QSHCHS | SYTL2_HUMAN Synaptotagmin-like protein 2 0S=Homa sapiens GN=SYTL2 PE=1 §V=3

|QEUXDS5 | SE6L2_HUMAN Seizure 6-like pratein 2 0S=Homo sapiens GN=SEZ6L2 PE=1 SV=2

1092551 |1PEKL_HUMAN Insitol hexakisphosphate kinase 1 05=Homo sapiens GN=IPEK1 PE=1 SV=3
|Q6UB41|54A10_HUMAN Sadium-driven chloride bicarbonate exchanger 05=Homo sapiens GN=5LC4A10 PE=2 Sv=1
|Q8P2ES| CHPF2_HUMAN Chondroitin sulfate glucuronyltransferase OS=Homo sapiens GN=CHPF2 PE=2 SV=2

1Q3P2P5| HECW2_HUMAN E3 ubiquitin-protein ligase HECW2 0S=Homo sapiens GN=HECW2 PE=1 Sy=2
|Q36PN7 | TREF1_HUMAN Transcriptional-regulating factor 1 05=Homo sapiens GN=TRERF1 PE=1 5
1P52333]JAKI_HUMAN Tyrosine-protein kinase JAK3 OS=Homo sapiens GN=JAK3 PE=1 $V=2
|QSITI3|COAB_HUMAN Cytochrome ¢ oxidase assembly factor 6 hemolog 0S=Homo sapiens GN=COAS PE=1 SV=1

1Q8N5D0| WDTCL_HUMAN WD and tetratricopeptide repeats protein 1 05=Homo sapiens GN=WDTC1 PE=1 5V=2

|Q4LDES | SVEPT_HUMAN Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1 05=Homo sapiens GN=SVEP1 PE=1 5V=3
1013123 | RED_HUMAN Protein Red 05=Homo sapiens GN=IK PE=1 5V=3

|060503| ADCYS_HUMAN Adenylate cyclase type 9 OS=Homa sapiens GN=ADCYS PE=1 SV=4

| QINXBO| MKS1_HUMAN Meckel syndrame type 1 protein O5=Hamo sapiens GN=MKS1 PE=1 Sv=2

|Q1XH10|SKDAL_HUMAN SKIfDACH domain-containing protein 1 05=Homo sapiens GN=SKIDAL PE=2 V=1

|Q7KZF4|SND1_HUMAN Staphylococeal nuclease domain-cantaining pratein 1 0S=Homo sapiens GN=SND1 PE=1 5V=1

1Q15269| PWP2_HUMAN Periadic tryptophan protein 2 homolog O5=Homo sapiens GN=PWP2 PE=1 5V=2

|Q56B24| PLD4_HUMAN Phospholipase D4 O5=Homa sapiens GN=PLD4 PE=2 SV=2

|080518| RNBP6_HUMAN Ran-binding protein 6 05=Homo sapiens GN=RANBPE PE=1 SV=2

Q98526 | ERP44_HUMAN Endoplasmic reticulum resident protein 44 05=Homo sapiens GN=ERP44 PE=1 5V=1

Q03001 | DYST_HUMAN Dystanin 05=Homo sapiens GN=D5T PE=1 5V
1014397 | PSME4_HUMAN Proteasome activator complex subunit 4 0S=Homa sapiens GN=PSME4 PE=1 5V=2
|P04275| VWF_HUMAN von Willebrand factor 0S=Homo sapiens GN=VWF PE=15V=4
|Q15751|HERCI_HUMAN Probable E3 ubiquitin-protein ligase HERC1 DS=Homo sapiens GN=HERC1 PE=1 SV=2
|P14780| MMPI_HUMAN Matrix metalloproteinase-9 OS=Homo sapiens GN=MMPS PE=15V=3

|ATKAXS |RHG32_HUMAN Rho GTP: g protein 32 O P32 PE=1 SV=1 EXP=0.271770
|015198] SMADS_HUMAN Mothers against decapentaplegic homolog 9 OS=Homo sapiens GN=SMADS PE=1 SV=1
|A7KAXS |[RHG32_HUMAN Rho g protein 32 O P PE=15V=1 EXP=0.271770

|Q96CWS|NTNG2_HUMAN Netrin-G2 05=Homo sapiens GN=NTNG2 PE=1 V=2 EXP=-0.201790

|FBYVBE| FBVVBS_HUMAN Meiosis arrest female protein 1 05=Homa sapiens GN=KIAAG430 PE=2 SV=1 EXP=0,739850

|QBNEUS| DP138_HUMAN DCC-interacting protein 13-beta 0S=Homa sapiens GN=APPL2 PE=1 V=3 EXP=0.057430

| Q29BWHE | RPAPL_HUMAN RNA polymerase Il-associated protein L OS=Homo sapiens GN=RPAP1 PE=15V=3 EXP=0.276310
|P40939| ECHA_HUMAN alpha, OS=Homa saplens GN=HADHA PE=15V=2 EXP=0.153140
|09P109( GENTA_HUMAN Beta-1,3-galactosyl-O-glycosyl-glycoprotein beta-1,6-N- 4 GM=GCNTA PE=2 SYal EXP=0.625540
|QSUHYS | RPGFL_HUMAN Rap guanine nucleotide exchange factor-like 1 05=Homo sapiens GN=RAPGEFL1 PE=1 5V=2 EXP=0.791020
|Q9BT09| CNPY3_HUMAN Protein canogy homalog 3 O5=Homa sapiens GN=CNPY3 PE=1 SV=1 EXP=0.717190

| 06085 | BRDA_HUMAN protein 4 GN=BRD4 PE=1 SV=2 EXP=0.310760

1Q53HCO| CCDY2_HUMAN Coiled-coil domain-containing protein 92 OS=Hemo sapiens GN=CCDC92 PE=1 $V=2 EXP=0,398370
1092519 TRIB2_HUMAN Tribbles homelog 2 0S=Homo sapiens GN=TRIB2 PE=2 V=1 EXP=0.337520

1Q9C0AG|SETDS_HUMAN SET domain-containing protein 5 OS=Homao sapiens GN=SETDS PE=1 SV=2 EXP=0.446890

|Q9MRAB| ASHIL_HUMAN Histane-fysine N-methyltransferase ASH1L OS=Homa sapiens GN=ASH1L PE=1 SV=2 EXP=0.388330
|QSITDO| TJAP1_HUMAN Tight j i 1 05=Homo sapiens GN=TJAP1 PE=15V=1 EXP=0.661250

BRAIN PROTEINS
150001

@® Positive peptide

7500+

GM-CSF (pg /mL)

PEPTIDES
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Phase Ib trial: ETIMS

Published in final edited form as:
Sci Transl Med. 2013 June 5; 5(188): 188ra75. doi:10.1126/scitranslmed.3006168.

Antigen-Specific Tolerance by Autologous Myelin Peptide—
Coupled Cells: A Phase 1 Trial in Multiple Sclerosis

Andreas Lutterotti'-2, Sara Yousef!, Andreas Sputtek3, Klarissa H. Stiirner!, Jan-Patrick
Stellmann’, Petra Breiden', Stefanie Reinhardt', Christian Schulze*, Maxim Bester>,
Christoph Heesen', Sven Schippling':€, Stephen D. Miller”:", Mireia Sospedra-6.", and
Roland Martin?6.".t

'Institute for Neuroimmunology and Clinical MS Research, Center for Molecular Neurobiology,
20251 Hamburg, Germany 2Clinical Department of Neurology, Innsbruck Medical University,
6020 Innsbruck, Austria 3Institute of Transfusion Medicine, Center for Diagnostics, University
Medical Center Hamburg-Eppendorf, 20246 Hamburg, Germany *Systems Biology and Protein-
Protein Interaction, Center for Molecular Neurobiology, 20251 Hamburg, Germany *Department
of Diagnostic and Interventional Neuroradiology, University Medical Center Hamburg-Eppendorf,
20246 Hamburg, Germany 5Neuroimmunology and MS Research, Department of Neurology,
University Hospital Ziirich, 8091 Ziirich, Switzerland ’Department of Microbiology-Immunology,
Northwestern University Feinberg School of Medicine, Chicago, IL 60611, USA

ETIMS trial is registered at the European Clinical Trials Database
EUDRA-CT No: 2008-004408-29
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Phase Ib trial: ETIMS

i Established trial design for early phase (l/l1a) clinical trials.

Treatment onset

3 months baseline 6 monthstreatment

e i o R s =~ MRIs

Rationale to use Gd-contrasting MRI lesions as main outcome measure for efficacy and safety

NumberGd-contr. 4
MRI lesions
- EDSS 3

. 0
Clinicarelapses A~
Courtesy of H.F. McFarland

12 24 36 48 Months
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Study drug administration

Safety assessments

MRI ‘ @
Clinical and
Iatla?;:;ato:; safety X o x K . X X X
- +
D-1 Iin 2h 4-5h 2h 0.5h 24h D+1
! Leukapheresis Manufacture process Quality " Infusion Observation
control

GMP Conditions

Lysis of RBC Coupling Resuspension

PBMC PBIVIC PBMC Ag cells

Qc

Lysis buffer
7 peptides .

Lutterotti et al., Science Transl. Med. 2013
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Phase Ib trial: ETIMS

i Established trial design for early phase (I/lla) clinical trials.

i Careful dose escalation study to ensure maximum of safety.

i 6 patients with relapsing-remitting MS (RRMS) and secondary
progressive MS (SPMS) with low disease activity i Phase la

i 3 RRMS patients with high disease activity T Phase 1b
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Patients
Patient Dosage! Age? sex MS Disease Relapse MRIs EDSS HLA DR15
Type? Duration? 12/24 mo? T1Gd + T2

inims-01 1% 108 49 f SP 5 0/1 0 10 3.5 positive

inims-02 1= 10 38 f RR 5 1/1 0 12 1,5 negative

inims-03 1= 107 27 f RR 2 1/2 1 2 1 negative
la

inims-04 1% 108 42 f RR 2 071 0 4 1,5 negative

inims-05 5x 108 44 f RR 16 o/0 0 8 4 negative

inims-06 1x 108 43 f 5P 13 0/0 0 27 4.5 negative

inims-07 1= 10 34 f RR 1,5 4 /na 0 36 1,5 positive
1b inims-08 2.5 =108 42 f RR 3.5 2/4 1 23 1,5 positive

inims-10 3 x10¢ 42 m RR 2.5 1/1 0 40 2 negative

labsolute number of antigen-coupled cells infused; 2SP, secondary progressive MS, RR, relapsing remitting MS; Yyears: ‘number of relapses in the previous 12 months / 24
months; number of lesions on brain MRL

Lutterotti et al., Science Transl. Med. 2013



FA4%) Universitit UniversitatsSpital
ey Zurich™ Ziirich

Phase la trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Phase la trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Patient ID Adverse drug reaction Severity Relation to study procedure Time-interval
1 Vaginal infection mild not related -1 day
Diarrhea mild not related 2 days
Headache mild not related 11 days
Diverticulitis of sigma severe not related 42 days
2 Backpain mild not related -28 days
Metallic flavor mild reasonable possible 1 day
Irritation of punctured vein mild not related 1 day
Migraine mild not related 22 days
3 Neck pain mild not related 26 days
Vision disturbance mild not related 2B days
Dysaesthesia/pain in one hand  mild not related 35 days
4 Cold mild not related 85 days
5 Cold mild not related 24 days
Gastric pain moderate not related 66 days
6 Syncope moderate not related 3 days
7 Sinusitis mild not related - 72 days
Sinusitis/Bronchitis mild not related - 7 days
paravertebral dysaesthesia, mild not related 74 days
8 Riarrhoa after aral antibiosis mild not related -1 day
Dental infection moderate not related - B days
10 Headache mild not related - 65 days
Cold mild not related - 44 days
Cold mild not related - 37 days
Herpes |abjalis, mild not related - 24 days

1: time interval to administration of study drug, (days)

UniversitatsSpital
Ziirich

Lutterotti et al., Science Transl. Med. 2013
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Phase Ib trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Studydrug-administration

Lutterotti et al., Science Transl. Med. 2013
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Phase la trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Phase la trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Antigen-coupled cells

Patient 1 § 1% 10°
Patient2 @ 1x10°
Patient3 @ o 1 x 107
Patient 4 1 x 108
Patient 5 & S x 108
Patient 6 1 x10°
Patient 7 @909 [ 1x10°
Patient8 @0® @ 2.5 % 107
Patient 10 @ 3 x 10°
M-12 - Mo: M+l M+2 M+3 M+4 M+5 M+6

* Study drug administration @ Exacerbation

Lutterotti et al., Science Transl. Med. 2013
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Phase la trial: ETIMS

Safety and tolerability
- number and severity of adverse events (AES)
- significant changes in vital signs
- changes in blood chemistry and differential blood
- aggravation of the disease
Anew T2 lesions or new CEL on MRI
Aoccurrence of exacerbations
Adisability progression
AEDSS
AScripps Neurologic Rating Scale (SNRS)
AMultiple Sclerosis Functional Composite (MSFC)
AMultiple Sclerosis Impact Scale (MSIS29)
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Phase Ib trial: ETIMS

Phase 1b
Antigen-coupled cells
Patient 1 § 1% 10°
Patient2 @ 1x10°
Patient3 @ o 1 x 107
Patient 4 1 x 108
Patient 5 & S x 108
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Patient 7 ©00® & 1 x 109
Patient8 @0® @ 2.5 % 10°
Patient 10 @ 3 x 10°
M-12 - MO: M+l M+2 M+3 M+4 M+5 M+6

* Study drug administration @ Exacerbation

Lutterotti et al., Science Transl. Med. 2013
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Phase Ib trial: ETIMS

Mechanism for tolerization
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Autoreactive (myelin-specific) CD4+ T cells (red dots) are greatly reduced after
treatment; TT = tetanus toxoid (control antigen)

There is early evidence for efficacy in active patients.

Lutterotti et al., Science Transl. Med. 2013
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