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Bringing Genetherapy based
SOD1silencingtowards
clinical trials

A highly efficacious, off-target free and
biomarker supported strategy for familial ALS
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1. Evaluate the in vivo efficacy of SODL1 silencing in the

SOD1-G93A mouse model by a clinic ready vector.
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1. Evaluate the in vivo efficacy of SODL1 silencing in the

SOD1-G93A mouse model by a clinic ready vector.

2. Measure CSF SOD1 protein levels as a biomarker of

effective dosing and efficacy of SOD1 knockdown.

A WORLD

TOP 100

UNIVERSITY



el =
i { University
GG Y> Of

:”_,,_ o Shefﬂel d__

1. Evaluate the in vivo efficacy of SODL1 silencing in the

SOD1-G93A mouse model by a clinic ready vector.

2. Measure CSF SOD1 protein levels as a biomarker of

effective dosing and efficacy of SOD1 knockdown.

3. Investigate mIRNA-like sequence specific off-target

effects.
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Extended survival has been demonstrated by:
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RNA interference as a strategy for SOD1fALS
gene therapy.

Extended survival has been demonstrated by:
e Lentivirus delivery of shRNA

AAV delivery of shRNA

AAV delivery of artificial miRNA

« Antisense oligonucleotide therapy

Foust, K.D. et al., 2013. Molecutar Therapy, 21(12), pp.2148-59.
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Cllnlc +eady vector design

Essential shRNA

I I
shRNA

mITR SOD1 H1

Non-essential reporter construct

bGH
CMV  CAG GFP PA ITR

shRNA
mITR SOD1 H1

Stuffer sequence ITR
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P1- neuroscoringand onset
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Abnormal gait 1
Severe “waddle” 1.5
Dragging one hind .
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P1-rotarod and survival

- scAAVI9-hSOD1ssi
-0~ scAAV9-hSOD1si

300 ~‘

200 +

100 -

Latency to fall (seconds)

) T 70 140

Time (days)

Vector delivery

210 246

Survival (%)

- scAAV9-hSOD1ssi
-&- scAAV9-hSOD1si

100 —
1 M
|
1 A9
L
50 -
1 4
\ =
b | s o n Wl
. M 61.5days = 1
0 70 140 210 254
Time (days)
42% increase .
TOP 100

UNIVERSITY



The 9

& P1mice - 144 days old

AWORLD

TOP 100

UNIVERSITY






wen | Treatment rescues motor  ®
~——— neurons
Control

Motor neurons per section

SCAAV9-siSOD1 scAAV9-ssiSOD1

AWORLD

TOP 100

UNIVERSITY



= - Treatment reduces reactive ©

‘ Sheffield. I I
gliosis
ol Control

Purple=GFAP Tnp a0

UNIVERSITY



A= iy <49
“aeZl  Sheffield.

P40 — neuroscoring and rotarod

A WORLD

TOP 100

09/08/2017 © The University of Sheffield UNIVERSITY



The 12

University
) Of
Sheffield.

P40 — neuroscoring and rotarod

Neuroscoring

- AAV9-hSODI1ssi
== AAV9-hSOD1si

1.5+ -

1.0+ *
*
) =
»*

0.5-

./I Jos TSl [ 8
0.0- Y Y 1
60 80 100 120

Time (days)

A WORLD

TOP 100

09/08/2017 © The University of Sheffield UNIVERSITY



The

University

'Q‘:. ) :a-') Of
‘.-!I'-f“fw';"f"‘-ﬂ“. i Shefﬁeld.

P40 — neuroscoring and rotarod

Neuroscoring

- AAV9-hSODI1ssi
== AAV9-hSOD1si

1.5+
1.0+
0.5-
./I Jos TSl [ 8
0.0- Y Y
60 80 100

Time (days)

09/08/2017 © The University of Sheffield

120

XXX

8- scAAV9-hSOD1ssi
-®- scAAV 9-hSOD1si

300
1

250 9 [ 1

200 -

150 -

100 ~

Latency to fall (seconds)

o)
o o
'l

4055 110 165 183
1 Time (days)

Vector delivery

A WORLD

TOP 100

UNIVERSITY



=~ The 13
% University
'Q“., <-;'> Of
b kl""{ms_‘.":"-'—"r.\. i Shefﬁeld.

P40 — survival

100 14% increase
= in median
> .

S survival
>
wn
= 50-
()
(&]
o
(al
0 T T 1
0 50 100 150 ===
Days 19 days

A WORLD

TOP 100

UNIVERSITY



=AM The 14
L University ‘
&y Of

Measurement of SOD1
depletion in the CSF

OR

UUUUUUU



ng hSOD1/ug total protein

Tkt k' sl s vy e e ’ s
\_"__-."_‘:'__-.‘-“\-“ o' Tau i & !
NN l'“l“ S SR ey S8 T Se,
1__*'“!"_1".‘ St .r'\. e s Vg AL
MM M NN ’-_f M
SO0 PeenenC,
m'\-‘“!‘hﬂ"\n Bl wd R e e et Y

S e e e e e e W We W =

Cerebrospinal Fluid ST T Y

40 -

e | 63%

20 - *

10 A

0 - .
SCAAV9-siISOD1 scAAV9-ssiSOD1

AWORLD

TOP 100

UNIVERSITY



/n vitroinvestigation of off-
target effects.

OR

UUUUUU



The

©F- Seedregionsin 3'UTRs”

2 Sheffield.

:}\/*_M\AAAAAA

3"UTR Seed region frequency

x <X &

High Medium Low

A WORLD

TOP 100

UNIVERSITY




o University
= = .;\‘ Of

The
=RF Sheffield.

On-target
MRNA

RISC

[I
A

)
)

——

Knockdown
dueto
perfect

complementarity

3

No knockdown
due to
sequence
mismatch




-4 University
Yo Of

The
tay n:.-_p-:_m(-:_l. &r-:_'.xf 4 She fﬁel d-

On-target
MRNA

RISC

(J 1T
oA

Knockdown
due to
perfect

complementarity

-

No knockdown
due to
sequence
mismatch

Off-target
mMRNA

Repression of
off-target mRNA
due to
seed region match

Repression of
off-target mRNA
dueto
seed region match

despite central mismatch

TOP

AWORLD

100

UNIVERSITY



The
University
’ ) <};> Of
"~ Sheffield.

Construct validation

19

D1
Construct & Seed Region
— N Targeting?
Therapeutic
YES CATGAAC
construct
Unrelated
YES CAGTCAG
shSOD1
Mismatch
NO CATGAAC
control
Negative
NO None
control

Fold change

1.5

1.0

0.5

*k*k*

0.0

| RURCRigl

Therapeutic vector
Unrelated shSOD1
Mismatch control
Negative control

M ock

A WORLD

TOP 100

UNIVERSITY



1shared Genes differentially expressed20
downregulated )

gene: SOD1 from Negative control

(13%)

1 Unrelated shSOD1 ©

(20%)

(11%)

0 shared
downregulated
genes

TOP 100

UNIVERSITY



Th

S University 21
eGY> Of
&%y Sheffield.

Summary

e Theclinicready vector is effective at prolonging

lifespan and ameliorating disease in a mouse model of
ALS

e Thetherapeutic ShRNA appears to be specific to SOD1

MRNA with no noticeable sequence-specific off-target
effects

e Measurement of SOD1depletion in the CSF of treated

patients can be a simple and effective biomarker of
treatment efficacy
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