
Avances en terapia celular para la esclerosis 

múltiple: inducción de tolerancia antígeno 

específica 
 

Mireia Sospedra Ramos 
 
 
 
 
 

Encuentro 

Nuevos avances y desafíos en esclerosis múltiple 

 

Santander 

Del 23 de junio de 2016 



MS ï a global challenge 

 

Å Prototypic autoimmune disease of the central nervous system 

Å Affects young adults (20-40 years) 

Å Female to male ratio 3 : 1 

Å Prevalence 100-200/100.000 

Å Socioeconomically very important 

ü Direct treatment costs 

ü Indirect costs of care 

ü Other factors (employment é) 

 

Considered a T cell-mediated autoimmune disease. 

Autoreactive  T cells  



Existing MS therapies ï unsolved issues 

Develop treatments that specifically address the underlying immunological process 



Autoreactive  T cells  

Cellular therapy to induce antigen-specific tolerance 

Å Effective 

Å Minimal side effects 

Å Could be applied (very) early 



Autoreactive  T cells  

Cellular therapy to induce antigen-specific tolerance 

Å Effective tolerization strategy 

Å Relevant autoantigens in humans 

Å Clinical trial design 



Roadmap 

Pre-clinical Phase I (a & b) Phase IIa Phase IIb Phase III MARKET 

Effective tolerization strategy 

Relevant autoantigens in humans 

Clinical trial design 
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Å Effective tolerization strategy 



Tolerization with antigen-coupled,  

fixed cells; > 30 years experience in 

several autoimmune disease, allergy, 

transplantation models 
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Miller et al. Nature Reviews. 2007 
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Å Effective tolerization strategy 

Å Relevant autoantigens in humans 



Autoreactive  T cells  

MYELIN 



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  



Myelin -specific  T cells  



Bielekova B. et al, J. Immunol.; (2004) 

High avidity myelin-specific T cells are increased in MS  



Target tissue 

Autoagressive T cell clones (TCC) 

Characterization of 
phenotype 

Identification of 
antigen specificity 

Brain-derived cDNA library Positional scanning synthetic 
combinatorial peptide libraries 



MSCT 
Cyclophosphamide 
G-CSF 
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Dizziness, gait disturbance and 
hemihypesthesia in the face 

Unsteady gait, double vision, fatigue 

MS Diagnosis 

Deterioration of gait, aphasia, blurred vision 

Fatigue, walking distance 500 m, cerebellar 
ataxia  
Deterioration of gait and oculomotor system 

Deterioration of ataxia, gait and new tremor 
of right hand 

Restricted walking distance (500-1000 m) 

Death 

i.v. Methylprednisolone 

Mitoxantrone 

Mitoxantrone 

Preparation for HSCT 

Symptoms Therapy 
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Serum 

PBMCs 

CSF 

ÅFluid 

ÅCells 

Brain tissue - mirror blocks 

Å4% paraformaldehyde - histopathology 

ÅFrozen - DNA/RNA extractions Planas et al., Ann Clin Transl Neurol. 2015  



Brain tissue - mirror blocks 

Å4% paraformaldehyde - histopathology 

ÅFrozen ï DNA/RNA extractions 

Lesion III 

Lesion I 

Lesion II 

Lesion I 

Lesion II 

Lesion III 

centre 

edge 

edge 

MBP 

PLP 

KiM1P 

PLP 

PLP 

KiM1P KiM1P 

MBP 

MBP 

MOG 

edge edge 

Lesion I Lesion II Lesion III 

IgG CD138 CD138 C9neo 

Figure 1 

PLP 

centre 

A 

B 

C 

D 

E 

J F 

G 

H 

I 

K 

L M N 

O 

Planas et al., Ann Clin Transl Neurol. 2015  
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TCR Sequencing Lesion III 

 Total Reads Productive Total Productive Uniques Max Frequency 

Lesion III 1,651,419 758,989 312 30.67% 

 

50 most frequent T cell clones in lesion III  Also in: 

TCC RANK CDR3
a
 COUNTS TCRBV

b
 TCRBD TCRBJ FACS

c
 L-I L-II 

 1 CSASEGVYEQYF* 493497 20 01-01*01 02-07*01 X   

 2 CASSSGPGEAF* 356183 05-06*01 02-01*02 02-03*01 X   

 3 CSVEISKGTGNYGYTF* 252110 29-01*01 01-01*01 T01-02*01 X X  

 4 CSVFQDRGSSGELFF* 169488 29-01*01 01-01*01 02-02*01 X X X 

 5 CSAQGLAGGHVDEQFF* 111505 20 02-01*01 02-01*01 X X  

 6 CASSLSGTGVYEQYF* 81616 12 01-01*01 02-07*01 X X  

 7 CASSEGGYNSPLHF* 25295 02-01*01 02-01*01 01-06*01 X   

 8 CASSLGQGEQYF* 25076 05-04*01 01-01*01 02-07*01    

 9 CASSLQGWATEAFF* 24987 05-06*01 01-01*01 01-01*01 X   

 10 CASSLYRGGTQYF* 13291 05-06*01 01-01*01 02-03*01 X   

5.2-1 11 CASSLGRVSWGYTF*  8219 05-06*01 01-01*01 01-02*01 X   

13.1-13 12 CASSELAGFYEQYF*  6936 06-01*01 02-01*01 02-07*01  X  

 13 CASSLVLPTSTDTQYF* 6748 12 02-01 02-03*01 X   

8.1-101 14 CASTPSGVGTDTQYF 5836 12 02-01*02 02-03*01 X   

13.1-12 15 CASSYSFEPAQETQYF*  5200 06-05*01 01-01*01 02-05*01 X   

8.1-35 16 CASSPSMGDGYTF*  4790 12 01-01*01 01-02*01 X   

 17 CASSLVLPTSTDRQYF* 2394 12 02-01 02-03*01 X   

 18 CASSSGPGEAF* 2070 05-04*01 02-01*02 02-03*01    

 19 CASSSKQVSNEQFF 1847 12 02-01 02-01*01 X   

8.1-2 20 CASASGTRDVGEQFF 1429 12 02-01*02 02-01*01 X   

 21 CASSQGQGNQPQHF 1259 06-06 01-01*01 01-05*01 X   

 22 CASSQDGEAIGGKNIQYF 1202 04-01*01 02-01*02 02-04*01 X   

17-6 23 CASSEAGWPQHF 997 19-01 02-01*02 01-05*01 X   

4-1 24 CSVI AFGSPYGYTF 984 29-01*01 01-01*01 01-02*01 X   

 25 CSAGTIDLNTEAFF 639 29-01*01 unresolved 01-01*01 X X  

 26 CASSQDGEAIGGKNIQYL 621 04-01*01 unresolved 02-04*01 X   

17-2 27 CASRAGNTEAFF 583 19-01 01-01*01 01-01*01 X  X 

 28 CSASEGVYEQYF* 395 29-01*01 01-01*01 02-07*01 X   

 29 CASSLVLLTDTQYF 303 TCRBV12 unresolved 02-03*01 X   

 30 CASSLVLLTGTQYF 301 TCRBV12 01-01*01 02-03*01 X   

17-1 31 CASSTLGGKYQPQHF 190 19-01 01-01*01 01-05*01 X  X 

 32 CSAQGLAGGHVDEQYF 159 20 02-01*01 02-07*01 X   

 33 CASSLQGWATEAFF* 143 05-04*01 01-01*01 01-01*01    

7-5 34 CASSQALWGYEQYF 140 04-01*01 01-01*01 02-07*01 X   

 35 CASSNSGSYEQYF 116 06-05*01 02-01 02-07*01 X   

7-2 36 CASSRRQGHTEAFF 114 04-01*01 01-01*01 01-01*01 X   

 37 CASSNSGPYEQYF 101 06-05*01 02-01 02-07*01 X   

 38 CASSSGPGQAF 98 05-06*01 01-01*01 02-03*01 X   

 39 CASSLYRGGTQYF* 94 05-04*01 01-01*01 02-03*01    

 40 CASSQEGPRETQYF 94 04-01*01 02-01 02-05*01 X   

 41 CSASEGGHVDEQFF 70 TCRBV20 02-01*01 02-01*01 X   

21-1 42 CASSGRGPSYGYTF 64 11-02*02 01-01*01 01-02*01 X X  

 43 CASSLRQGGGEQYF 62 05-05*01 unresolved 02-07*01 X   

 44 CASSFQLAGDVYNEQFF 59 11-02*02 02-01*02 02-01*01 X   

 45 CASSQERGSGANVLTF 45 04-02*01 02-01*02 02-06*01    

 46 CASSQVQAIDTQYF 45 04-01*01 02-01 02-03*01 X X X 

 47 CASSLGRVSWGYTF* 45 05-04*01 01-01*01 01-02*01 X   

 48 CASSRRQGHTEAFS 37 04-01*01 01-01*01 01-01*01 X   

 49 CSAQGLAGGHVDEQFF* 31 29-01*01 02-01*01 02-01*01 X   

 50 CSVEISKGTGNYGYTF* 29 20 01-01*01 01-02*01 X   

          
22-2 56 CASEQGYI LAHEQYF 24 02-01*01 01-01*01 02-07*01 X   

22-1 61 CASKDGTGRLYEQYF 16 02-01*01 01-01*01 02-07*01 X   

17-5 76 CASSI AGYGEQYF 8 19-01 02-01*01 02-07*01 X   

	

Active Lesion III 

Brain tissue - mirror blocks 

Å 4% paraformaldehyde - histopathology 

ÅFrozen ï DNA/RNA extractions 

CSF Cells 

CSF 

PHA-expanded 

cell sorting of T cells 

expressing specific 

BV families  

Cloning by 

limiting dilution 

CDR3 sequencing to identify the TCCs 

CASSGRGPSYGYTF 

Expansion 

BV families in the 50 most represented TCCs 

BV2 

BV4 

BV5.2 

BV8 

BV22 

BV13.1 

BV7 

BV17 
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Late Active/Inactive Lesions  

Planas et al., Ann Clin Transl Neurol. 2015  



POSITIONAL SCANNING 

SYNTHETIC 

COMBINATORIAL PEPTIDE 

LIBRARIES 

(PS-SCL) 

Torrey  Pines  Institute, San Diego  
Clemencia Pinilla 
Richard Houghten 

Radleigh Santos 

 
 



Alanine A 

Arginine R 

Threonine T 

Tryptophan W 

POSITION 1 2 3 

A R T 



12 mixtures 



Defined AA 

Randomized AA 

# peptides/mixture = 199 (300 billion) 

peptide conc. at 10 mg/ml library: 10-10 uM 

1 2 3 4 5 6 7 8 9 10 

POSITION 

é 

A X X X X X X X X X 





Biometrical Analysis Strategy 

Screen PS-SCL for biological activity 

Create a scoring matrix from screening results 

Score decapeptides of all proteins in a given database 

Analyze sequence information and select peptides 

Synthesize and test peptides for activity 
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Biometrical Analysis Strategy 

Screen PS-SCL for biological activity 

Create a scoring matrix from screening results 

Score decapeptides of all proteins in a given database 

Analyze sequence information and select peptides 

Synthesize and test peptides for activity 

Matrix (Log10 Median) 

Clone X 

AAi Pj 

Exp 1 

pg/ml1 pg/ml2  

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

Exp 2 

pg/ml1 pg/ml2  

Exp 3 

pg/ml1 pg/ml2  

Planas et al. unpublished 



Biometrical Analysis Strategy 

Screen PS-SCL for biological activity 

Create a scoring matrix from screening results 

Score decapeptides of all proteins in a given database 

Analyze sequence information and select peptides 

Synthesize and test peptides for activity 

Matrix (Log10 Median) 

Assumption - each amino acid of a peptide contributes to T cell peptide recognition in an additive 

way (Hemmer et al J. Immunol. 2000) 

KKKLHHFEEV 

RKKLHHFEEV 

Theoretical peptide with highest 

score (22.25) 

score 

5.23 

Y V K Q N T L K L A 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

0.34 0.00 2.54 0.17 0.00 0.00 0.00 0.00 0.68 1.50 

T G M R A K P K 

Human database 

Planas et al. unpublished 



DATABASE 
RNA-seq Transcriptome Analysis of Brain Lesions  

Brain tissue- mirror blocks 

Å 4% paraformaldehyde - histopathology 

Å Frozen ï DNA/RNA extractions 
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Biometrical Analysis Strategy 

Screen PS-SCL for biological activity 

Create a scoring matrix from screening results 

Score decapeptides of all proteins in a given database 

Analyze sequence information and select peptides 

Synthesize and test peptides for activity 

Matrix (Log10 Median) 

Planas et al. unpublished 
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Biometrical Analysis Strategy 

Screen PS-SCL for biological activity 

Create a scoring matrix from screening results 

Score decapeptides of all proteins in a given database 

Analyze sequence information and select peptides 

Synthesize and test peptides for activity 

Positive peptide 

Planas et al. unpublished 
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TCC21.1 

Planas et al. unpublished 
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Our solution - 

Targeting to liver 
and spleen 
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Public funding 1.2 m ú 

Cumming Foundation 

2010 2012 



Phase Ib trial: ETIMS 

ETIMS trial is registered at the European Clinical Trials Database 

EUDRA-CT No: 2008-004408-29 



ü Established trial design for early phase (I/IIa) clinical trials. 

Phase Ib trial: ETIMS 
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6 months treatment 
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Rationale to use Gd-contrasting MRI lesions as main outcome measure for efficacy and safety 

Courtesy of H.F. McFarland 

Clinical relapses 



Leukapheresis 

2h 4-5h 

Manufacture process Quality 
control 

Infusion Observation 

2h 

GMP Conditions 

0.5h 24h 
D-1 D0 D+1 

Lutterotti et al., Science Transl. Med. 2013 



ü Established trial design for early phase (I/IIa) clinical trials. 

 

ü Careful dose escalation study to ensure maximum of safety. 

ü 6 patients with relapsing-remitting MS (RRMS) and secondary  

progressive MS (SPMS) with low disease activity ï Phase 1a 

ü 3 RRMS patients with high disease activity ï Phase 1b 

Phase Ib trial: ETIMS 



Patients 

1a 

1b 

Lutterotti et al., Science Transl. Med. 2013 



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 

Å new T2 lesions or new CEL on MRI 

Å occurrence of exacerbations 

Å disability progression 

Å EDSS 

Å Scripps Neurologic Rating Scale (SNRS) 

Å Multiple Sclerosis Functional Composite (MSFC) 

Å Multiple Sclerosis Impact Scale (MSIS29) 

Phase Ia trial: ETIMS 
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Lutterotti et al., Science Transl. Med. 2013 
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Study-drug-administration 

Lutterotti et al., Science Transl. Med. 2013 
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Å new T2 lesions or new CEL on MRI 

Å occurrence of exacerbations 

Å disability progression 

Å EDSS 

Å Scripps Neurologic Rating Scale (SNRS) 

Å Multiple Sclerosis Functional Composite (MSFC) 

Å Multiple Sclerosis Impact Scale (MSIS29) 

Phase Ia trial: ETIMS 
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Phase 1b 

Phase Ib trial: ETIMS 

Lutterotti et al., Science Transl. Med. 2013 



Mechanism for tolerization 

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.  

Phase Ib trial: ETIMS 

Lutterotti et al., Science Transl. Med. 2013 

TTx

0

50

100

PLP 139-154

0

5

10

MBP 146-170

0

5

10

MBP 111-129

0

5

10

MBP 83-99

0

5

10

15

MBP 13-32

0

5

10

MOG 35-55

0

5

10

MOG 1-20

0

5

10

15

20

M-1 M+3 M-1 M+3 M-1 M+3 M-1 M+3 M-1 M+3 M-1 M+3 M-1 M+3 M-1 M+3 

Low High High High High Low Low Low Dose 

W
e

lls
 S

I>
2

 (
%

)
 

*  



MOG 1-20 MOG 35-55 MBP 13-32 MBP 83-99 MBP 111-129 MBP 146-170 PLP 139-154 

M-1 M+3
0

1

2

3

M-1 M+3
0

2

4

6

M-1 M+3
0

1

2

3

M-1 M+3
0

2

4

6

M-1 M+3
0

2

4

6

8

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

Patient-6 

S
I 

M-1 M+3
0

1

2

3

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

M-1 M+3
0

1

2

3

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3
5

10

Patient-7 

S
I 

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

M-1 M+3
0

1

2

3

M-1 W2
0

1

2

3

M-1 M+3
0

1

2

3

M-1 W2
0

1

2

3

Patient-8 

S
I 

M-1 M+3
0

2

4

6

M-1 M+3
0

2

4

6

M-1 M+3
0

1

2

3

4

M-1 M+3
0

1

2

3

4

5

M-1 M+3
0

1

2

3

4

5

M-1 M+3
0

1

2

3

4

5

M-1 M+3
0

1

2

3

4

Patient-10 

S
I 

Phase Ib trial: ETIMS 

Lutterotti et al., Science Transl. Med. 2013 



CD8+ T cells CD4+ T cells 

Phase Ib trial: ETIMS 
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