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Novel Therapeutic Approaches for CNS Diseases
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Ex vivo gene therapy for lipid storage disorders
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Motoneuron Diseases 53
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Gene therapy for Spinal Muscular Atrophy
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Gene therapy for Spinal Muscular Atrophy
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Gene therapy: question 2



Amyotrophic lateral sclerosis (ALS) 58
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Amyotrophic lateral sclerosis (ALS) 59
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ALS is linked to genetic causes and SOD1 pathology

:/,2%&'!<=>'4$?124
:5'7'/+2(=)+?/07'/+2=

I2)0%>,%'/+2

“Aggregation - Gain of toxic function”

! degeneration of motoneurons

BC8BD&E
4"'-6-"6

FD8GCE
.:$%",-3

!"#$%&$'()*+,-%.&-/+0*/.&$1)1

!
"#
$%

&

!"#$%&#'()*+,($%(#-./+
$"D<*"'-."'&"C"&'10'-1A)*'
?<-%-"D'9:4;'($1-")#T

0'$$#1(+%&&$2%*"#,/
! %#-)+"#+"'
1&),1#<*&"1-)D"+
K-10"$+"#Q'(.%+"'R'S'RRR'
-$)%&+P'



SOD1 mutations and Amyotrophic Lateral Sclerosis
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Gene therapy: question 3
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Gene therapy: neuromuscular system
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Antisense oligonucleotide to reduce SOD1 expression: phase III trial
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Vector-based RNA interference against SOD1

Van Zundert et al, Neurosci Lett 2016
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Multiple cell types contribute to ALS pathogenesis 66
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Gene therapy: question 4
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Gene therapy: neuromuscular system
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!"#$%$&#!"#$%&"%'()*(+,-.("%(/!01)&20$!(31)0$&0!(%$41)54!&4#/1(64%&0")%("%%$17/0")%

U&&5>72&-)+$
2%51+*5(&5,71)V52&'/+2(

!
"#
$%

&



BP 4"+),#'%'C"*-1$'-1'-%$,"-'%+'?%#/'%+-$1*/-"+'%+'
(1++)=&"'=/')#*$"%+)#,'-."'C"*-1$'D1+"T

DP R0'(1++)=&"J'D"+),#'%'+)#,&"'C"*-1$'-1'-%$,"-'
?<&-)(&"'*"&&'-/("+J'($"0"$%=&/'%+-$1*/-"+'%#D'
#"<$1#+T

3P L1H)#E"*-'-."'%+-$1*/-"H-%$,"-)#,'C"*-1$'@)-.'%'
+"*1#D'88F'-1'-%$,"-'?<-%-"D'9:4;')#'
#"<$1#+T

=P >%$,"-'?<-%-"D'9:4;')#'-."'"#-)$"'*"#-$%&'
#"$C1<+'+/+-"?'<+)#,'%'C"*-1$'@)-.'#1#H*"&&'
+"&"*-)C"'"A($"++)1#'10'678)T

C$2>+("#,#+G%(%I+J"%(+),+.2'$+,($%(#-.+42$+("#+>2,(+#44#*()A#+%&&$2%*"+42$+D@=+)1(#$4#$#1*#+%-%)1,(+
>'(%(#G+6789+K

L1G)*%(#+%??+*2$$#*(+%1,J#$,M
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Targeting SOD1 in neurons & astrocytes to synergize therapeutic efficacy

!"#$%&'(

β-glob. intr. )$

syn1

*+,-)$

miR SOD1miR SOD1

*+,-)$

miR SOD1

β-glob. intr. )$

miR SOD1

Ta
rg

et 
AL

S



!"#$%&'(

β-glob. intr. )$

syn1

*+,-)$

miR SOD1miR SOD1

! "# "! $#
#

$!

!#

%!

"##

&''()

*
+
,-

/0
12
345
6'
.70
89

***

****
***

****

!

"

#!

#"

$!

$"

%!

%"

#! & ' '

(
)
+,
-*.
,/
012
3

!"

********

#

$#

%#

&#

'#

(##

(( & ) )

*
+
,-
./
/0
12
!/
3-
45
6

:%)%1"#*%1/(#*7-798
9)/"1&/()90"

4:S/%22#+912'
9)/"1&/()90"

!"#$

%&'(&%)

*++,(- ./0
1234+

5%6!'(789::9/4(;+<=><:3/?+@/2<32A+?3B(9/CD

!"#$%&'()*+",)
-./0 +",)*1*23-

-./0 +",)*1 445%6'70%892%+"8*-./0
-./0 +",)*1 445%6'70:;<=43>0/%+"8*-./0

Targeting SOD1 in neurons & astrocytes with a single AAV vector provides 
maximized therapeutic efficacy
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Targeting astrocytes in addition to neurons for SOD1 
RNAi has potent effects on the motor function
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Bicistronic vector for miR SOD1 expression in neurons and 
glia has potent neuroprotective effects on SOD1 ALS mice
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CNS cell type-specific promoters limit transgene expression in peripheral tissues
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Gene therapy for the CNS and sensory organs
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Eye function: physiology
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Eye diseases: gene therapy
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Eye diseases: gene therapy
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Eye diseases: gene therapy
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Eye diseases: gene therapy
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Eye diseases: gene therapy
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Gene therapy for the CNS and sensory organs
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Inner ear physiology
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Deafness gene therapy: CRISPR/Cas9 to target the mutated Tmc allele
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Deafness gene therapy: CRISPR/Cas9 to target the mutated Tmc allele
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Ear diseases: gene therapy
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Deafness gene therapy: CRISPR/Cas9 to target the mutated Tmc allele
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Gene therapy improves auditory function in Beethoven mice
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Gene therapy: question 7
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Gene therapy: ethical considerations
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