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The clinical course mirrors  different stages of pathology 

RRMS 
Timeline 

20–30 years:  
50% reach 

EDSS score 7.0 

12 years: 50% 
reach EDSS 
score 4.0 

First MS 
symptoms/ 

relapse (CIS) 

6–9 years:  
50% reach 

EDSS score 3.0 

16–17 years:  
50% reach 

EDSS score 6.0 

Inflammation 

Regeneration 

Destruction 

t 
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Il danno assonale è precoce, associato all’infiammazione 
ma nelle fasi iniziali della malattia è transitorio. Nelle fasi 

successive, la sofferenza cronica dell’assone porta alla 

degenerazione del neurone e alla perdita completa della 

funzione neurologica (FASE PROGRESSIVA) 

Trapp, 1998 







T helper cell differentiation: function and migration 
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Memory Th1 cells represent the majority of 

cells into the CSF 
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CD45RA- CD25- CD4+ memory T cells in blood 
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CD45RA- CD4+ effector T cells in inflamed tissue 

(Collaboration with M. Gattorno, Gaslini, Genova) 

In humans, IL-17 production is restricted to  

CCR6+ memory CD4+ T cells 





MOG-reactive T cells in MS patients are enriched 

in the CCR6 subset 

Sallusto et al, Immunol Rev 2012 



CCR6-deficient mice are resistent to EAE induction 

Reboldi et al, Nat Immunol 2009 
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CCL20 expression in 

human tissues: 

preferential distribution 

in the epithelial cells of 

the choroid plexus 

Reboldi et al Nature Immunol, 2009 









CD20+ B Cells (left) and CD138+ Plasma Cells (right) 
Are Present in MS Lesions 

Courtesy of Tonja Kuhlmann, 2008. 

Blue=hematoxylin; brown=anti-CD20 





Clonally related B lymphocytes 

accumulates in the CSF of MS patients 

Colombo et al, J Immunol 2000 



Uccelli et al, Trends Immunol 2005;  

Corcione et al Autoimmunity Rev 2005 
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B cell follicles contain CD20+ B cells  
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Astrocyte responses to inflammatory cytokines or S1P 

induce neurite fragmentation and neuronal death 
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How MS therapies could promote tissue repair? 

Adapted from Uccelli et al Trends Immunol 2007 
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Adapted from Uccelli et al Trends Immunol 2007 
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Fingolimod blocks neurodegeneration induced 

by astrocyte responses to cytokines and S1P 

C*%*92*.$-.!%.7((.D$")*%.><;].



Therapeutic 

administration of 

fingolimod to EAE mice 

reduces cytokines and 

S1P receptor 

expression and NO 

production in vivo 

C*%*92*.$-.!%.7((.D$")*%.><;].



F%5)#B;*&G751,1#)&35:,$+)/&?)7,$"&

@7,+%+1*&!H),&ID%/19+)&>B1**)"8)&
D

M
S

O
 C

o
n

tr
o

l 

1
0

 µ
M

 H
2
O

2
 

1
0

 µ
M

 H
2
O

2
  
 1

0
 µ

M
 M

M
F

 

Viability of Neurons Against Oxidative Stress

0 0 3.3 10 30
0

25

50

75

100

125

*
* *

*

µM MMF

10 µM H2O2

%
 o

f 
C

o
n

tr
o

l

60%↑ 

@#!(($E&(.$-.!%,.P><;>R.JLb`.



a 

0.0

0.5

1.0

1.5

fo
ld

 i
n

d
u

c
ti
o

n

0.0

0.5

1.0

1.5

2.0

fo
ld

 i
n

d
u

c
ti
o

n

0

20

40

60

80

fo
ld

 i
n

d
u

c
ti
o

n

0

2

4

6

8

10

fo
ld

 i
n

d
u

c
ti
o

n

0

2

4

6

8

10

fo
ld

 i
n

d
u

c
ti
o

n

0

5

10

15

fo
ld

 i
n

d
u

c
ti
o

n

0.0

0.5

1.0

1.5

fo
ld

 i
n

d
u

c
ti
o

n

0

1

2

3

fo
ld

 i
n

d
u

c
ti
o

n

0.0

0.5

1.0

1.5

2.0

fo
ld

 i
n

d
u

c
ti
o

n

0.0

0.5

1.0

1.5

fo
ld

 i
n

d
u

c
ti
o

n

0

50

100

150

200

250

fo
ld

 i
n

d
u

c
ti
o

n

0.0

0.5

1.0

1.5

2.0

fo
ld

 i
n

d
u

c
ti
o

n

Tnf Il1b 

Sp1 Hmox1 Nos2 

Cx3cr1 Cd200r Nr4a2 

** 

Igf1 

Arg1 Retnla 

0.0

0.5

1.0

1.5

2.0

fo
ld

 i
n

d
u

c
ti
o

n

Mrc1 Lgals3 

* 

* * ** 

* ** ** * 

* * * ** 

b

L!)*8&.$-.!%G.7#-!.D$")*1!-4*%.><;?.

AAG&%"/7()-&1&5$*)(7*1,&-C%#(B&%"&1(9+1#)/&5%(,$8*%1&J,$5&1&:,$K

%"L1551#$,;&#$&1"&1*#),"19+)*;&1(9+1#)/&:B)"$#;:)..



5 10 15 20 25 30 35 40
0

1

2

3

4

Days after EAE induction

c
li
n

ic
a

l 
s

e
v

e
ri

ty

a 

0

20

40

60

A
U
C

h

b 

=,)1#5)"#&&

hi i. hhhhh h

0.00

0.02

0.04

0.06

0.08

0.10

2
-d
c
t

0.0

0.2

0.4

0.6

0.8

2
-d
c
t

0.000

0.005

0.010

0.015

0.020

0.05

0.10

0.15

0.20

2
-d
c
t

0.000

0.005

0.010

0.08

0.10

0.12

0.14

2
-d
c
t

0.00

0.05

0.10

0.15

2
-d

c
t 

(x
1

0
-3

)

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

2
-d
c
t

0.000

0.005

0.010

0.015

0.020

0.06

0.08

0.10

2
-d
c
t

Retnla Arg1 Lgal3 Mrc1 

Tnf Il1b Nos2 

* 

*** 

day 15 day 22 day 30 day 15 day 22 day 30 day 15 day 22 day 30 

day 15 day 22 day 30 

*** 

* 

** ** *** 

day 15 day 22 day 30 day 15 day 22 day 30 day 15 day 22 day 30 

L!)*8&.$-.!%G.7#-!.D$")*1!-4*%.><;?.

=,)1#5)"#&C%#B&FAG&15)*%$,1#)-&M!M&1"/&%"/7()-&1"&%"(,)1-)&%"&51,N),-&$J&

1*#),"19+)*;&1(9+1#)/&5%(,$8*%1&%"&+%+$&&



0 5 10 15 20 25 30
40

60

80

100

120

Time (min)

s
E

P
S

C
 f

re
q

u
e
n

c
y

(%
 o

f 
p

re
-d

ru
g

)

0

2

4

6

8

s
E

P
S

C
 d

e
c

a
y

 t
im

e
 (

m
s

)

0

2

4

6

8

s
E

P
S

C
 h

a
lf

 w
id

th
 (

m
s

)

0.0

0.5

1.0

1.5

s
E

P
S

C
 r

is
e

 t
im

e
 (

m
s

)

0

5

10

15

s
E

P
S

C
 a

m
p

li
tu

d
e

 (
p

A
)

0

2

4

6

s
E

P
S

C
 f

re
q

u
e

n
c

y
 (

H
z
)

a b c 

d e 

f 
MMF 1 µM 

* 

g 
Control 

EAE+Vehicle 

EAE+DMF 

* * 
* 

* 
* 

FAG&#,)1#5)"#&"$,51*%6)-&:,)K-;"1:9(&1E"$,51*%9)-&

$J&8*7#151#),8%(&#,1"-5%--%$"&%"&M!M&5%()&&

L!)*8&.$-.!%G.7#-!.D$")*1!-4*%.><;?.M(.#*%%!2*)!N*(.j&-4.V,.C$(-*(6$.!(8.@,.S*00&.



O1P7%"%5$/&,)/7()-&/)5;)*%"19$"2&5%(,$8*%1&

%"4*#,19$"2&1(7#)&1D$"1*&/1518)&1"/&8*%$-%-&

%"/):)"/)"#&$J&=&1"/&<&()**-&

F)k#f.$-.!%,G.7#-!.D$")*1!-4*%,.><;>.@$1-$92$)I.;>]PXRB.];;:]>],..

.

.

In comparison to controls, LAQ-
treated Rag1 -/- 

mice displayed markedly reduced 

demyelination in the corpus 

callosum (Fig. 4a,b),  

fewer callosal microglia 
(Fig. 4c, d),  

fewer APP-positive axonal 

spheroids (Fig. 4e, f) and less fiber 

gliosis (Fig. 4g, h). 
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Inhibition of Ag-specific T and B cell response 

MSCs ameliorate EAE inducing in vivo tolerance to myelin antigens inside 

secondary lymphoid organs (Zappia et al 2005; Gerdoni et al 2007) 

Zappia et al, Blood 2005 
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Mesenchymal stem cells protect CNS 

neurons against glutamate excitotoxicity 

Voulgari-Kokota et al  
Exp Neurol 2012 

In vitro 
In vivo 



MSC reduce the EAE-dependent oxidative 

stress in the CNS 

Lanza et al, JNC 2009 
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Treatments for multiple sclerosis mainly display 

immunomodulatory functions but may also promote tissue repair 

Adapted from Uccelli et al Trends Immunol 2007 
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