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My Clinical Trials for PD

Adrenal Medullary Transplants
Adrenal/peripheral nerve cografts
Fetal ventral midbrain transplants

Intraputamenal neurturin gene therapy (Phase
1 and Phase II)

Intraputamenal/intranigral neurturin gene
therapy (Phase I and Phase II)
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PREVENTION OF FINE-MOTOR DEFICITS IN MPTP-
TREATED MONKEYS BY LENTIVIRAL
GENE DELIVERY OF GDNF




PROTECTION OF STRIATAL TH-IR BY LENTIVIRALLY
DELIVERED GDNF IN MPTP-TREATED MONKEYS

Lenti-RGal




PROTECTION OF NIGRAL NEURONS IN MPTP-TREATED
MONKEYS BY LENTVIRALLY-DELIVERED GDNF

Lenti-RGal

Lenti-GDNF




Success of GDNF and Neurturin in Animal Models of PD

GDNF-MPTP treated mouse
GDNF-Aged rat

GDNF 6-OHDA lesioned rat

GDNF methamphetamine treated rat
GDNF-MPTP treated monkey

GDNF 6-OHDA treated monkey
GDNF aged monkey

GDNF axotomy

NRTN-6-OHDA lesioned rat
NRTN-aged rat

NRTN-MPTP treated monkey
NRTN aged monkey



AAV2-Neurturin Gene Therapy in PD
Double Blind Study — 12 months
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Marks et al, Lancet Neurology, 2010
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Where can you go wrong?

Don’t be so impressed with you preclinical data.
Animals do not get Parkinson’s disease.

Do not design your preclinical studies to be
successful. Design your preclinical studies
appropriately to inform your clinical trails so THEY
will be successful.

Have a better understanding of the human disease.
Evaluate your clinical data with rigor and honesty

Give yourself a chance (with dosing and other
critical parameters).



TH immunohistochemistry in the Putamen of human brain
Control 3 years PD 4 years PD

21 years PD




O.D. vs PD duration
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PD duration in years

average optical density (fiber network)

O.D. vs PD duration
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scatter graph
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scatter graph 2 final
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O.D.

PD duration in years

Optical density (fiber network)

O.D. vs PD duration
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final data all together

		

						PD duration		O.D.						PD duration		O.D.

				Control		0		60.65						0		60.65

				99-65		1		60.27						1		53.89

				98-15		1		37.33						3		39.82

				99-23		1		64.05						4		17.50

				96-36		3		39.82						5		12.45

				003-45		4		8.82						11		12.58

				95-19		4		26.19						13		11.87

				99-08		5		6.10						14		9.26

				93-19		5		18.81						15		4.25

				98-38		11		6.24						18		8.30

				99-26		11		11.02						19		13.58

				007-40		11		20.48						21		6.77

				001-39		13		11.87						22		8.42

				004-27		14		9.26						27		11.57

				001-42		15		4.25

				005-26		18		8.30

				006-62		19		13.58

				002-18		21		6.77

				002-17		22		8.42

				98-03		27		11.57
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Progression of sporadic PD is non-linear

Nandhagopal et a/, Brain 2009




Progressive parkinsonism in older adults
is related to the burden of mixed brain
pathologies
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Lessons learned over the years with gene
therapy trials in the brain:

1. Delivery
2. Delivery
3. Delivery




Distribution volume (Vd) in the

Success of gene transfer in PD putamen is volume dependent

unilateral putamen (mm?3)
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The Big White Elephant in the Room

Lentiviral nigral delivery of GDNF does not prevent neurodegeneration in a genetic
rat model of Parkinson's disease
C. Lo Bianco, N. Deglon, W. Pralonga and P. Aebischer

Viral delivery of glial cell line-derived neurotrophic factor (GDNF) currently represents

one of the most promising neuroprotective strategies for Parkinson's Disease (PD). However, the
effect ofthis neurotrophic factor has never been tested in the newly available genetic models of
PDbased on the viral expression of mutated a-synuclein. In this study, we evaluated the ability of
lentiviral vectors coding for GDNF (lenti-GDNF)to prevent nigral dopaminergic degeneration
associated with the lentiviral mediated expression of the AS0OP mutant human a-synuclein (lenti-A30P
This virally based ratmodel develops a progressive and selective loss of dopamine neurons
associated withthe appearance of a-synuclein containing inclusions, thus recapitulating the major
hallmarks of PD. Lenti-GDNF was injected in the substantia nigra 2 weeks before nigral administratio
of lenti-A30P. Although a robust expression of GDNF was observed in the whole nigrostriatal
pathway due to retrograde and/or anterograde transport, lenti-GDNF did not prevent the a-
synuclein-induced dopaminergic neurodegeneration in the lentiviral-based genetic rat model «
PD. These results suggest that sustained GDNF treatment cannot modulate the cellular toxicity relate
to abnormal folded protein accumulation as mutated human a-synuclein.



Table.1. Severity of parkinsonian signs

Groups Global-P Gait Bradykinesia Rigidity Tremor

Non-
parkinsonism | 6.51+3.40 3.29+1.87 3.37+3.29 5.00 £5.5 4.04+3.0

parkinsonism 15.53+10.46 |36.94+22.41% | 14.65+12.33 | 13.61+22.41 | 3.29+5.46#
Hi## * HH## HH## #H#

Parkinson’s
37.50+10.80 | 52.14+24.84* | 52.97+16.75* | 41.661+20.33* | 9.69+13.17

ExAx *% *% *% *%

disease

Global-P = global Parkinsonism; ### P<0.001 compared with Parkinson’s disease;
** P<0.01 and ***P<0.001 compared with non-parkinsonism; Mean =+ SD.



‘| Fig. 2. Patterns of tyrosine
# hydroxylase (TH)
lemvgse’| Inmunoreactivity in  substantia
A i nigra from non-parkinsonism (A,
__41 B), parkinsonism (C, D), and H&Y
558 stage 2 Parkinson’s  disease
P
@2 (PD(H&Y); E, F). There was a clear
; ﬁ reduction of TH immunoreactivities
%@ in parkinsonism subjects (C, D)
# compared with non-parkinsonism
| (A, B). PD case (E) displayed severe
~ %88 reduction of TH immunoreactivity
/ relative to parkinsonism (C). Some
7 D remaining  nigral = melanized
' ~\. ¥ neurons exhibited TH
immunoreactivities (arrows; D, F)
whlle others  displayed no
WA detectable TH immunoreactivity
- q (arrowheads; D; F). Scale bar = 100
@ um in F (applies to B, D); 500 um
for A, C, E.




Fig. 3. Patterns of tyrosine

wd hydroxylase (TH) immunoreactivities
Sl % J" #% in putamen from non-parkinsonism
5.V,

§ H&Y?2

(A, B), parkinsonism (C, D), and
Parkinson’s disease
(PD(H&Y?2); E, F). A severe reduction

tyrosine hydroxylase

% immunoreactivities was observed in

¥ parkinsonism

ParKkinsonism

E

. N
-

PD (H&Y 2)

parkinsonism (C) relative to non-
(A). PD patient
displayed undetectable TH
immunoreactivity in major putamen,
except the ventromedial putamen near
globus pallidus (arrows; E). At higher
magnification, dense TH
immureactive fine fibre was observed
in non-parkinsonism (B). At contrast,
the TH labeled fibres were
dramatically decreased and some of
remaining TH immunopositive fibres
displayed swollen varicosities and
segments in parkinsonism (D). In PD
case, remaining TH immunoreactive

| fibre exhibited swollen segments (F).

Scale bar = 20 pm in F (applies to B
and D); 2.0mm for A, C, and E.
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Fig. 4. Histograms showing the densities
of nigral melanin-laden neurons (A) and
nigral  tyrosine hydroxylase (TH)
immunoreactive neurons (B) and optic
densities of TH immunoreactivities in
putamen (C) from subjects with non-
parkinsonism (Non-park) and
parkinsonian (Park), and patients with
Parkinson’s disease (PD). The densities of
nigral melanin-laden and TH-
immunoreactive neurons and the levels
of putamenal TH immunoreactivities
were significantly reduced in
parkinsonism as compared with non-
parkinsonism. There were statistic
difference between parkinsonism and PD.
(* <0.05, ***P<0.001 compared with non-
parkinsonism;  #p<0.05, ## P<0.001
compared with parkinsonism). Data are
mean + SD. AGSU = arbitrary grey scale
units.



Pn@&yza P %

Fig. 5. Pattern of phosphorylated a-
synuclein (p-S129-a-syn)
immunoreac-tivities in substantia
nigra (A, C, E) and putamen (B, D,
D’, F) from subjects with non-
parkinsonism (A, B) and
parkinsonian (C, D, D’) and Hé&Y?2
Parkinson’s disease (PD(Hé&Y?2);
F). P-5129-a-syn immunoreactivity
was undetectable in  non-
parkinsoism subjects (A, B). In
contrast, p-5129-a-syn
immunoreactive nigral neurons (C,
E) and putamenal fibres (D, F) were
observed in  subjects = with
parkinsonism (C, D) and patients
with PD (E, F). Note more p-5129-a-
syn immunoreactive processes in
subjects with parkinsonism (C, D)
than patients with PD (E, F). The p-
S5129-a-syn immunoreactive
processes  displayed varicosities
(arrow; D’), dot (curved arrow, D’),
and segments (arrowhead, D’) in
putamen.

Scale bar = 100pm in F (applies to A-
D) and 20 pm for D'".
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Change From Baseline in UPDRS (Part I1I)
Motor Score “off” (Blinded data; N=30)

—e— Sham Surgery
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* ANCOVA model with a main effect for treatment group and baseline UPDRS Part Ill motor score in the practically
defined off condition as covariate. Note: at 18 mos, 14 subjects have scores; therefore 16 subjects: LOCF




Chart1

		Baseline		Baseline		0		0		0		0

		Month 3		Month 3		2.4723930255		2.4723930255		1.9729753113		1.9729753113

		Month 6		Month 6		2.110579412		2.110579412		1.9270921645		1.9270921645

		Month 9		Month 9		1.8090680675		1.8090680675		2.1794494718		2.1794494718

		Month 12		Month 12		2.4422418911		2.4422418911		2.6153393661		2.6153393661

		Month 15		Month 15		3.0151134458		3.0151134458		2.0647416048		2.0647416048

		Month 18		Month 18		3.3166247904		3.3166247904		1.6288517105		1.6288517105



Sham Surgery

CERE-120

UPDRS Motor "off" (Change from Baseline +/- SEM)
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UPDRS Part III OFF ChBL 15M 2SD

		Baseline		Baseline		0		0		0		0

		Month 3		Month 3		8.2		8.2		8.6		8.6

		Month 6		Month 6		7		7		8.4		8.4

		Month 9		Month 9		6		6		9.5		9.5

		Month 12		Month 12		8.1		8.1		11.4		11.4

		Month 15		Month 15		10		10		9		9

		Month 18		Month 18		11		11		7.1		7.1



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part III OFF - Mean Change from Baseline
(15 Month Blinded Data N=30- Includes Standard Deviations x 2
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UPDRS Part III OFF ChBLM15 SEM

		Baseline		Baseline		1		1		1		1

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part III OFF - Mean Change from Baseline
(15 Month Blinded Data N=30 Standard Error of the Mean)

0

0

-4.82

-5.53
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-6.37

-5.73

-7.33

-5.55

-6.78

-5.64

-9.89

-5.64

-11.21



CERE-120 15M Blinded Variance

		Measure		Treatment				Baseline		Month 3		Month 6		Month 9		Month 12		Month 15		Month 18

		UPDRS Part III - OFF		CERE-120		Mean Change		0		-5.53		-6.37		-7.33		-6.78		-9.89		-11.21

				SHAM				0		-4.82		-6.55		-5.73		-5.55		-5.64		-5.64

				CERE-120		SD		0		8.6		8.4		9.5		11.4		9		7.1

				SHAM				0		8.2		7		6		8.1		10		11

				CERE-120		Confidence Interval (95%)		0		-1.09		-1.01		-1.23		-1.18		-1.24		-1.22

								0		0.31		0.2		0.48		0.58		0.67		0.54

				SHAM				0		-1.15		-0.46		-0.21		0.46		-0.4		0.24

								0		0.69		1.13		1.98		2.71		2.12		2.56

				CERE-120		SEM		0		1.97		1.93		2.18		2.62		2.06		1.63

				SHAM				0		2.47		2.11		1.81		2.44		3.02		3.32



&CCERE-120-02 Blinded Data - 15 Month Cohort (18 Month LOCF)

&CPage &P of &N



CERE-120 15M Blinded Variance

						0		0		0		0

						2.4723930255		2.4723930255		1.9729753113		1.9729753113

						2.110579412		2.110579412		1.9270921645		1.9270921645

						1.8090680675		1.8090680675		2.1794494718		2.1794494718

						2.4422418911		2.4422418911		2.6153393661		2.6153393661

						3.0151134458		3.0151134458		2.0647416048		2.0647416048

						3.3166247904		3.3166247904		1.6288517105		1.6288517105



Sham Surgery

CERE-120

Time Post Dose

Change from Baseline in UPDRS Motor "off"



UPDRS Total OFF ChBL 12M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

UPDRS Total Score OFF - Mean Change from Baseline
(12 Month mITT w/LOCF)

0

0

-8.85

-9.86

-8.7

-11.08

-7.3

-12.32

-8.59

-11.89



UPDRS Part III OFF ChBL 15M (2)

		Baseline		Baseline		0		0		0		0

		Month 3		Month 3		8.2		8.2		8.6		8.6

		Month 6		Month 6		7		7		8.4		8.4

		Month 9		Month 9		6		6		9.5		9.5

		Month 12		Month 12		8.1		8.1		11.4		11.4

		Month 15		Month 15		10		10		9		9

		Month 18		Month 18		11		11		7.1		7.1



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part III OFF - Mean Change from Baseline
(15 Month Blinded Data N=30- Includes Standard Deviations x 2

0

0

-4.82

-5.53

-6.55

-6.37

-5.73

-7.33

-5.55

-6.78

-5.64

-9.89

-5.64

-11.21



UPDRS Total ON ChBL 12M 

		Baseline		Baseline

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

UPDRS Total Score ON - Mean Change from Baseline
(12 Month mITT w/LOCF)

0

0

0.15

-1.62



PD Diary OFF ChBL <15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=9)

CERE-120 (N=18)

PD Diary OFF Time - Mean Change from Baseline
(Subjects with up to 12 Months Blinded Data N=27)

0

0

-0.63

-0.87

-0.62

-0.44

0.71

-0.03



PD Diary OFF ChBL 12-15M

		Baseline		Baseline		0		0

		Month 6		Month 6		-0.89		-1.46

		Month 9		Month 9		-1.07		-2.23

		Month 12		Month 12		-1.12		-1.94



Sham Surgery up to 12M Blinded Data (N=9)

CERE-120 up to 12M Blinded Data (N=18)

Sham Surgery 15M Blinded Data (N=11)

CERE-120 15M Blinded Data (N=19)

PD Diary OFF Time - Mean Change from Baseline

0

0

-0.63

-0.87

-0.62

-0.44

0.71

-0.03



PD Diary ON No TD ChBL<15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



CERE-120 (N=18)

Sham Surgery (N=9)

PD Diary ON Time No Troubling Dyskinesias - Mean Change from Baseline
(Subjects with up to 12 Months Blinded Data N=27)

0

0

0.49

0.72

-0.52

2.47

-0.48

1.46



PD Diary ON No TD ChBL 12-15M

		Baseline		Baseline		0		0

		Month 6		Month 6		1.9		1.2

		Month 9		Month 9		2.5		0.83

		Month 12		Month 12		2.19		0.92



CERE-120 up to 12M Blinded Data (N=18)

Sham Surgery up to 12M Blinded Data (N=9)

CERE-120 15M Blinded Data (N=19)

Sham Surgery 15M Blinded Data (N=11)

PD Diary ON Time No Troubling Dyskinesias - Mean Change from Baseline
(Subjects with up to 12 Months Blinded Data N=27)

0

0

0.49

0.72

-0.52

2.47

-0.48

1.46



UPDRS Part III OFF ChBL<15M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=9)

CERE-120 (N=18)

UPDRS Part III OFF - Mean Change from Baseline
(Subjects with up to 12 Months Blinded Data N=27)

0

0

-5.89

-6.89

-6.56

-6.82

-4.63

-8.5

-8.63

-7.38



UPDRS Part III OFF ChBL 12 -15M

		Baseline		Baseline		Baseline		Baseline

		Month 3		Month 3		Month 3		Month 3

		Month 6		Month 6		Month 6		Month 6

		Month 9		Month 9		Month 9		Month 9

		Month 12		Month 12		Month 12		Month 12



Sham Surgery up to 12M Blinded Data (N=9)

CERE-120 up to 12M Blinded Data (N=18)

Sham Surgery 15M Blinded Data (N=11)

CERE-120 15M Blinded Data (N = 19)

UPDRS Part III OFF - Mean Change from Baseline

0

0

0

0

-5.89

-6.89

-4.82

-5.53

-6.56

-6.82

-6.55

-6.37

-4.63

-8.5

-5.73

-7.33

-8.63

-7.38

-5.55

-6.78



UPDRS Part I OFF ChBL 15 M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part I OFF - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-0.45

-0.26

0.18

-0.32

0.73

-0.28

1.45

-0.22

0.64

-0.16

1.27

-0.26



UPDRS Part II OFF ChBL 15M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part II OFF - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-0.36

-3.63

0.82

-3.63

-1

-2.78

0.09

-3.78

0.82

-3.89

0.82

-3.32



UPDRS Part III ON ChBL 15M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part III ON - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-1.45

0

-2.55

-1.26

-0.91

-2.56

-0.36

-0.83

-1.45

-1.53

-0.91

-3.21



UPDRS Part IV OFF ChBL 15M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

UPDRS Part IV OFF - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

0

-1.53

-0.36

-1.21

0.45

-1

0.09

-1.61

0.27

-1.79

0.18

-1.58



PD Diary OFF ChBL 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

PD Diary OFF Time - Mean Change from Baseline
(12 Month mITT/LOCF)

0

0

-0.78

-1.12

-0.43

-1.3

-0.23

-1



PD Diary ON No TD ChBL 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



CERE-120 (N=37)

Sham Surgery (N=20)

PD Diary ON Time No Troubling Dyskinesias - Mean Change from Baseline
(12 Month mITT/LOCF)

0

0

1.2

0.98

1.04

1.12

1

0.8



PD Diary OFF ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

PD Diary OFF Time - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-0.89

-1.46

-1.07

-2.23

-1.12

-1.94

-1.92

-1.25

-0.52

-1.48



PD Diary ON No TD ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



CERE-120 (N=19)

Sham Surgery (N=11)

PD Diary ON Time No Troubling Dyskinesias - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

1.9

1.2

2.5

0.83

2.19

0.92

2.06

1.7

2.25

0.55



CGI-Severity ChBL 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



CERE-120 (N=37)

Sham Surgery (N=20)

CGI Severity - Mean Change from Baseline
(12 Month mITT/LOCF)

0

0

-0.51

-0.55

-0.68

-0.55

-0.51

-0.5



CGI-I Inv 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

CGI Improvement - Investigator
(12 Month mITT/LOCF)

3.58

3.37

3.7

3.34

3.7

3.6



CGI-I Rater 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

CGI Improvement - Clinical Rater
(12 Month mITT/LOCF)

3.85

3.23

3.9

3.31

3.75

3.34



CGI-I Subject 12M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=20)

CERE-120 (N=37)

CGI Improvement - Subject
(12 Month mITT/LOCF)

3.85

3.46

4.1

3.54

4.05

3.69



CGI-Severity ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



CERE-120 (N=19)

Sham Surgery (N=11)

CGI Severity - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-0.53

-0.36

-0.5

-0.45

-0.44

-0.36

-0.37

-0.45

-0.32

-0.27



CGI-I Inv 15M

		Baseline

		Month 6		3.26

		Month 9		3.35

		Month 12		3.56

		Month 15		3.32

		Month 18		3.21



Sham Surgery (N=11)

CERE-120 (N=19)

CGI Improvement - Investigator
(15 Month Blinded Data N=30)

3.7

3.64

4.13

4.27

4.27



CGI-I Rater 15M

		Baseline

		Month 6		3.37

		Month 9		3.22

		Month 12		3.32

		Month 15		3.32

		Month 18		3.32



Sham Surgery (N=11)

CERE-120 (N=19)

CGI Improvement - Clinical Rater
(15 Month Blinded Data N=30)

4

4

3.9

3.9

3.9



CGI-I Subject 15M

		Baseline

		Month 6		3.53

		Month 9		3.56

		Month 12		3.63

		Month 15		3.53

		Month 18		3.53



Sham Surgery (N=11)

CERE-120 (N=19)

CGI Improvement - Subject
(15 Month Blinded Data N=30)

4.27

4.27

4.64

4.55

5



Timed Walk OFF ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



CERE-120 (N=19)

Sham Surgery (N=11)

Timed Walking Test OFF - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-8

-8.3

-4.94

-9

-5

-1.55

-8.21

-0.73

-10.63

-0.67



Timed Walk ON ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



CERE-120 (N=19)

Sham Surgery (N=11)

Timed Walking Test ON - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-1

-0.18

-1

-0.27

-1.17

0.36

0.39

0

0.33

0.09



Rush Dysk OFF ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



CERE-120 (N=19)

Sham Surgery (N=11)

Rush Dyskinesia Scale OFF - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

-0.05

-0.09

-0.06

-0.18

-0.11

-0.18

0

-0.18

0

-0.18



Rush Dysk ON ChBL 15M

		Baseline		Baseline

		Month 6		Month 6

		Month 9		Month 9

		Month 12		Month 12

		Month 15		Month 15

		Month 18		Month 18



Sham Surgery (N=11)

CERE-120 (N=19)

Rush Dyskinesia Scale ON - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

0.27

-0.37

0.45

-0.22

0.09

-0.22

0.18

-0.33

0.18

-0.32



PDQ-39 Index ChBL 12M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6



Sham Surgery (N=20)

CERE-120 (N=37)

PDQ-39 Single Index - Mean Change from Baseline
(12 Month Blinded Data N=57)

0

0

0.25

-1.64

1.2

-2.83



PDQ-39 Mobility ChBL 12M

		Baseline		Baseline

		Month 3		Month 3

		Month 6		Month 6



Sham Surgery (N=20)

CERE-120 (N=37)

PDQ-39 Mobility - Mean Change from Baseline 
(12 Month Blinded Data N=57)

0

0

5.79

-3.61

3.42

-1.25



PDQ-39 Index ChBL 15 M

		Baseline		Baseline

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=11)

CERE-120 (N=19)

PDQ-39 Single Index - Mean Change from Baseline
(15 Month Blinded Data N=30)

0

0

3.47

-0.82

3.32

-1.4



PDQ-39 Mobility ChBL 15 M

		Baseline		Baseline

		Month 9		Month 9

		Month 12		Month 12



Sham Surgery (N=11)

CERE-120 (N=19)

PDQ-39 Mobility - Mean Change from Baseline 
(15 Month Blinded Data N=30)

0

0

8.25

-6.09

5.75

-2.21



CERE-120 12M Blinded (N=57)

		Measure		Treatment		Baseline		Month 3		Month 6		Month 9		Month 12		Mean Change at Baseline		Mean Change BL - Month 3		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12		p Value Month 3		p Value Month 6		p Value Month 9		p Value Month 12

		UPDRS Part I - OFF		CERE-120		2.24		1.97		1.89		1.86		1.92		0.00		-0.27		-0.35		-0.38		-0.32		0.4691		0.1356		0.0232		0.0017

				SHAM		2.70		2.40		2.70		3.10		3.65		0.00		-0.30		0.00		0.40		0.95

		UPDRS Part II - OFF		CERE-120		18.49		15.78		15.49		15.08		15.14		0.00		-2.70		-3.00		-3.41		-3.35		0.9349		0.3398		0.5220		0.3976

				SHAM		18.75		15.85		16.85		16.15		16.50		0.00		-2.90		-1.90		-2.60		-2.25

		UPDRS Part III - OFF		CERE-120		38.65		32.73		32.03		31.19		31.46		0.00		-5.92		-6.62		-7.46		-7.19		0.7582		0.9324		0.3133		0.9076

				SHAM		39.00		33.70		32.45		33.80		32.05		0.00		-5.30		-6.55		-5.20		-6.95

		UPDRS Part III - ON		CERE-120		17.14		17.59		17.54		16.46		17.08		0.00		0.46		0.41		-0.68		-0.05		0.3986		0.1046		0.7859		0.3432

				SHAM		16.55		16.20		14.70		16.55		14.95		0.00		-0.35		-1.85		0.00		-1.60

		UPDRS Part IV - OFF		CERE-120		6.46		5.49		5.35		5.38		5.43		0.00		-0.97		-1.11		-1.08		-1.03		0.2185		0.1150		0.0470		0.3062

				SHAM		6.90		6.55		6.65		7.00		6.40		0.00		-0.35		-0.25		0.10		-0.50

		UPDRS Total - OFF		CERE-120		65.84		55.97		54.76		53.51		53.95		0.00		-9.86		-11.08		-12.32		-11.89		0.7504		0.4248		0.1451		0.4094

				SHAM		67.35		58.50		58.65		60.05		58.60		0.00		-8.85		-8.70		-7.30		-8.59

		Measure		Treatment		Baseline		Month 6		Month 9		Month 12		Mean Change at Baseline		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12		p Value Month 6		p Value Month 9		p Value Month 12

		PD DIARY OFF TIME		CERE-120		5.16		4.04		3.86		4.16		0.00		-1.12		-1.30		-1.00		0.1851		0.0367		0.0671

				SHAM		6.09		5.32		5.66		5.86		0.00		-0.78		-0.43		-0.23

		PD DIARY ON TIME		CERE-120		10.72		11.92		11.76		11.72		0.00		1.20		1.04		1.00		0.2265		0.4238		0.2896

		(W/O Troubling Dyskinesias)		SHAM		9.47		10.45		10.58		10.27		0.00		0.98		1.12		0.80

		CGI - Severity		CERE-120		4.49		3.97		3.81		3.97		0.00		-0.51		-0.68		-0.51		0.7398		0.7018		0.9194

				SHAM		4.45		3.90		3.90		3.95		0.00		-0.55		-0.55		-0.50

		CGII - Investigator		CERE-120				3.37		3.34		3.60		N/A		N/A		N/A		N/A		0.5744		0.1329		0.6734

				SHAM				3.58		3.70		3.70		N/A		N/A		N/A		N/A

		CGII - Rater		CERE-120				3.23		3.31		3.34		N/A		N/A		N/A		N/A		0.0397		0.0336		0.1089

				SHAM				3.85		3.90		3.75		N/A		N/A		N/A		N/A

		CGII - Subject		CERE-120				3.46		3.54		3.69		N/A		N/A		N/A		N/A		0.2927		0.1358		0.3559

				SHAM				3.85		4.10		4.05		N/A		N/A		N/A		N/A

		Timed Walking Test OFF		CERE-120		26.05		22.35		23.38		23.41		0.00		-3.70		-2.68		-2.65		0.8007		0.5769		0.5603

				SHAM		26.58		21.00		20.32		23.58		0.00		-5.58		-6.26		-3.00

		Timed Walking Test ON		CERE-120		12.11		11.89		11.65		12.49		0.00		-0.22		-0.46		0.38		0.6110		0.4212		0.5036

				SHAM		11.80		12.00		12.10		12.40		0.00		0.20		0.30		0.60

		Rush Dyskinesia OFF		CERE-120		0.16		0.08		0.11		0.08		0.00		-0.08		-0.05		-0.08		0.1183		0.5040		0.1531

				SHAM		0.20		0.30		0.20		0.25		0.00		0.10		0.00		0.05

		Rush Dyskinesia ON		CERE-120		1.00		0.70		0.78		0.78		0.00		-0.30		-0.22		-0.22		0.0654		0.6405		0.6936

				SHAM		0.95		1.05		0.85		0.85		0.00		0.10		-0.10		-0.10

		Measure		Treatment		Baseline		Month 9		Month 12		Mean Change at Baseline		Mean Change BL - Month 9		Mean Change BL - Month 12		p Value Month 9		p Value Month 12

		PDQ-39 SINGLE INDEX		CERE-120		23.74		22.09		20.91		0.00		-1.64		-2.83		0.2044		0.0293

				SHAM		31.57		31.82		32.78		0.00		0.25		1.20

		PDQ-39 MOBILITY		CERE-120		32.50		30.07		32.50		0.00		-3.61		-1.25		0.0255		0.1995

				SHAM		38.95		44.38		42.75		0.00		5.79		3.42

		Measure		Treatment		Baseline		Month 12		Mean Change at Baseline		Mean Change BL - Month 12		p Value        Month 12

		UPDRS Part I - ON		CERE-120		1.57		1.89		0.00		0.32		0.3102

				SHAM		1.90		2.50		0.00		0.60

		UPDRS Part II - ON		CERE-120		8.32		7.43		0.00		-0.89		0.0271

				SHAM		8.75		10.35		0.00		1.60

		UPDRS Part IV - ON		CERE-120		6.70		5.70		0.00		-1.00		0.2972

				SHAM		7.20		6.75		0.00		-0.45

		UPDRS Part IV - ON		CERE-120		6.70		5.70		0.00		-1.00		0.2972

				SHAM		7.20		6.75		0.00		-0.45

		UPDRS Total - ON		CERE-120		33.73		32.11		0.00		-1.62		0.5029

				SHAM		34.40		34.55		0.00		0.15



&CCERE-120-02 Blinded Data - 15 Month Cohort (18 Month LOCF)

&CPage &P of &N



CERE-120 15M Blinded (N=30) 

		Measure		Treatment		Baseline		Month 3		Month 6		Month 9		Month 12		Month 15		Month 18		Mean Change at Baseline		Mean Change BL -  Month 3		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12		Mean Change BL - Month 15		Mean Change BL - Month 18 LOCF

		UPDRS Part I - OFF		CERE-120		2.05		1.79		1.74		1.78		1.83		1.89		1.79		0.00		-0.26		-0.32		-0.28		-0.22		-0.16		-0.26

				SHAM		2.45		2.00		2.64		3.18		3.91		3.09		3.73		0.00		-0.45		0.18		0.73		1.45		0.64		1.27

		UPDRS Part II - OFF		CERE-120		17.37		13.74		13.74		14.39		13.78		13.47		14.05		0.00		-3.63		-3.63		-2.78		-3.78		-3.89		-3.32

				SHAM		18.27		17.91		19.09		17.27		18.36		19.09		19.09		0.00		-0.36		0.82		-1.00		0.09		0.82		0.82

		UPDRS Part III - OFF		CERE-120		35.84		30.32		29.47		28.67		28.39		25.95		24.63		0.00		-5.53		-6.37		-7.33		-6.78		-9.89		-11.21

				SHAM		40.18		35.36		33.64		34.45		34.64		34.55		34.55		0.00		-4.82		-6.55		-5.73		-5.55		-5.64		-5.64

		UPDRS Part IV - OFF		CERE-120		6.89		5.37		5.68		5.94		5.50		5.11		5.32		0.00		-1.53		-1.21		-1.00		-1.61		-1.79		-1.58

				SHAM		7.00		7.00		6.64		7.45		7.09		7.27		7.18		0.00		0.00		-0.36		0.45		0.09		0.27		0.18

		UPDRS Part III - ON		CERE-120		16.63		16.63		15.37		13.94		15.83		15.11		13.42		0.00		0.00		-1.26		-2.56		-0.83		-1.53		-3.21

				SHAM		16.82		15.36		14.27		15.91		16.45		15.36		15.91		0.00		-1.45		-2.55		-0.91		-0.36		-1.45		-0.91

		Measure		Treatment		Baseline		Month 6		Month 9		Month 12		Month 15		Month 18		Mean Change at Baseline		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12		Mean Change BL - Month 15		Mean Change BL - Month 18 LOCF

		PD DIARY OFF TIME		CERE-120		5.59		4.13		3.33		3.80		4.31		4.11		0.00		-1.46		-2.23		-1.94		-1.25		-1.48

				SHAM		6.91		6.02		6.23		5.79		4.98		6.39		0.00		-0.89		-1.07		-1.12		-1.92		-0.52

		PD DIARY ON TIME		CERE-120		10.03		11.93		12.58		12.05		12.15		12.27		0.00		1.90		2.50		2.19		2.06		2.25

		(No Troubling Dyskinesias)		SHAM		8.67		9.86		9.20		9.59		10.36		9.21		0.00		1.20		0.83		0.92		1.70		0.55

		CGI - Severity		CERE-120		4.16		3.63		3.67		3.72		3.79		3.84		0.00		-0.53		-0.50		-0.44		-0.37		-0.32

				SHAM		4.55		4.18		4.09		4.18		4.09		4.27		0.00		-0.36		-0.45		-0.36		-0.45		-0.27

		CGII - Investigator		CERE-120				3.26		3.35		3.56		3.32		3.21		N/A		N/A		N/A		N/A		N/A		N/A

				SHAM				3.70		3.64		4.13		4.27		4.27		N/A		N/A		N/A		N/A		N/A		N/A

		CGII - Rater		CERE-120				3.37		3.22		3.32		3.32		3.32		N/A		N/A		N/A		N/A		N/A		N/A

				SHAM				4.00		4.00		3.90		3.90		3.90		N/A		N/A		N/A		N/A		N/A		N/A

		CGII - Subject		CERE-120				3.53		3.56		3.63		3.53		3.53		N/A		N/A		N/A		N/A		N/A		N/A

				SHAM				4.27		4.27		4.64		4.55		5.00		N/A		N/A		N/A		N/A		N/A		N/A

		Timed Walking Test OFF		CERE-120		22.84		14.84		18.67		17.84		14.63		14.74		0.00		-8.00		-4.94		-5.00		-8.21		-10.63

				SHAM		29.82		14.6		13.9		28.27		29.09		29.27		0.00		-8.30		-9.00		-1.55		-0.73		-0.67

		Timed Walking Test ON		CERE-120		11.95		10.95		11.17		10.61		12.22		12.17		0.00		-1.00		-1.00		-1.17		0.39		0.33

				SHAM		11.36		11.18		11.09		11.73		11.36		11.45		0.00		-0.18		-0.27		0.36		0.00		0.09

		Rush Dyskinesia OFF		CERE-120		0.11		0.16		0.00		0.00		0.11		0.11		0.00		-0.05		-0.06		-0.11		0.00		0.00

				SHAM		0.27		0.18		0.09		0.09		0.09		0.09		0.00		-0.09		-0.18		-0.18		-0.18		-0.18

		Rush Dyskinesia ON		CERE-120		1.11		0.74		0.89		0.83		0.79		0.79		0.00		-0.37		-0.22		-0.22		-0.33		-0.32

				SHAM		0.82		1.09		1.27		0.73		1.00		1.00		0.00		0.27		0.45		0.09		0.18		0.18

		Measure		Treatment		Baseline		Month 9		Month 12		Mean Change at Baseline		Mean Change BL - Month 9		Mean Change BL - Month 12

		PDQ-39 SINGLE INDEX		CERE-120		23.57		23.42		22.32		0.00		-0.82		-1.40

				SHAM		30.42		33.89		33.74		0.00		3.47		3.32

		PDQ-39 MOBILITY		CERE-120		30.42		27.50		29.72		0.00		-6.09		-2.21

				SHAM		41.75		48.86		47.73		0.00		8.25		5.75



&CCERE-120-02 Blinded Data - 15 Month Cohort (18 Month LOCF)

&CPage &P of &N



CERE-120 <15M (N=27)

		Measure		Treatment		Baseline		Month 3		Month 6		Month 9		Month 12		Mean Change at Baseline		Mean Change BL -  Month 3		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12

		UPDRS Part III - OFF		CERE-120		41.61		35.28		34.24		32.19		33.31		0.00		-6.89		-6.82		-8.50		-7.38

				SHAM		37.56		31.67		31.00		31.63		27.63		0.00		-5.89		-6.56		-4.63		-8.63

		Measure		Treatment		Baseline		Month 6		Month 9		Month 12		Mean Change at Baseline		Mean Change BL - Month 6		Mean Change BL - Month 9		Mean Change BL - Month 12

		PD DIARY OFF TIME		CERE-120		4.69		3.60		4.04		4.45		0.00		-0.87		-0.44		-0.03

				SHAM		5.09		4.46		4.32		5.65		0.00		-0.63		-0.62		0.71

		PD DIARY ON TIME		CERE-120		11.45		12.35		11.34		11.39		0.00		0.49		-0.52		-0.48

		(No Troubling Dyskinesias)		SHAM		10.44		11.17		12.86		11.85		0.00		0.72		2.47		1.46



&CCERE-120-02 Blinded Data - 15 Month Cohort (18 Month LOCF)
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Intracellular antibodies (Intrabodies

antigen
. ndiog Single Domain
o Antibody

Antibody
leader
Sequence

Intrabody

Plasmid

AAV or
Vu-DAB VLDAB Lentivirus

CDR1 CDR2 CDR3
Al 1 SGGGLVQPGGSLRLSCAVSGESGFSLDYYPIAWFRQAPGKEREGYSCI-S-VAYNSVYTDSVKGRFT I SRDNAKNTVFLQMNNLQPEDTAVYYCTA----PRPG--KTSCSSYVSNPNWGSSW—---~— GQGTQVTVSS 125
A3 1 TGGGLVQPGGSLRLSCAASGFA---FRSSTTSWYRQAPGKERELVARLYD-LTGLATYADSVRGRFTVSRDNVKNMLYLQMNSLQPGDTATYYCSKDI--PRGGGYES—====—=————— EYG——--- GQGTQVTVSS 115
D5 1 SGGGLVQPGGSLRLSCAASGSG---FSFYRMAWYRQAPGKQRELVAY1-D-GPRSAVYARSVKGRFT I SRDDTKHMVYLQMNSLQPEDTAVYYCNG==—--—— QW oo oo 10SYW————- GQGTQVTVSS 108
E3 1 SGGGLVQPGESLRLSCAASGFT---FGSAGMSWFRQAPGKGLKWISSITS-GSSTSRYADSVKGRF I 1SRDNAKNTLYLQMNSLKPDDTAVYFCAKGE-=—————— DS————ceeee—— SWWPSRERGQGTQVTVSS 114
E5 1 TGGGLVQPGGSLKLSCAVRPSI---ENIDVVAWYRQAPGEQRELVAAI-T-GENNIDYAESVKGRFT I SRDNAKKTAFLLMNSLEPEDTAVYYCNADVFFPLTRR———=————————— RVNYW————— GQGTQVTVSS 115
E9 1 TGGGLVRPGGSLRLSCTTSEI1---0S1SAMGWYRQAPGKERVLVARDSPY ISRGLTYADSVKGRFT I SRDNSKNTLYLQMNSLKPEDTAMYYCAT-F---—— PGWDSLVP————————— DHW—-—--- GQGTQVTVSS 115
F1 1 SGGGLVQPGGTLRLSCVFSGSG---FSFYGVNWYRQAPGKERELVATI1-T-GPOFTKYADSVKGRFTVSRDDAKNTVYLQMNSLKPEDTAVYYCNA-—————— RW=—————eo oo LTDYW————- GQGTQVTVSS 108
F5 1 TGGGLVQPGGSLRLSCAVSGES---LDWYP IGWFRQAPGKEREGVSCI-T-PAYKT I'YADSVKDRFT ISRDNAKNTAFLQLNNLKPEDTAVYYCTT----PRPG--KTSCSDYVSNPNWGSSW----- GQGTQVTVSS 122
F12 1 SGGGLVQPGGSLILSCAASGRS---MDDYV IGWFRQAPEKEREGVSCI-G-AAWMN-YADSVKGRFT I SRDNA--AVYLQMNNLKPEDTGTYYCAA-——-KTHHWRETLORMCAMTPDY -1 YW————- GQGTQVTVSS 120
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Conventional Ab Camelid HCAb

Able to recognize antigenic sites
inaccessible to conventional - : :
) ) Minimally immunogenic
antibodies. «  Framework similar to that of human
VHs have a high tolerance to Vi family 3
H ) & Can be humanized
changes in temperature and pH.

V,H nanobodies



4. phospho-synuclein

C. Substantia Nigra

Optical Density
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AMOVA yields a significance with F(2,20)=4.816 p=0.021
*p=0.044 (LSD post-hoc)
+p=0.021 (Bonferroni post-hoc)

SYN+NbSynS7*PEST SYN+5aline

SYN+VH14*PEST

Control side Lesion side

ax

Representative photographs of animals from each group
stained for phosphorylated —a-syn (pathogical form of a
synuclein) demonstrated none in VH14*PEST treated
group while similar levels of phospho-synin Saline and
NbSynB7*PEST groups.




A. Behavioral Analysis

Stepping Test
*

W {ontralateral to lesion

W Ipsilateral to leskon

Sh+5alin 3
*

Contralateral to bsion

]

p=0.044.

*n=0.001 (Bonferroni post-hoc) significantly higher than Saline treated
+p=0.055 (LSD post-hoc) significantly higher than Saline treated

Note: Contralateral side values are to be noted

Cylinder Test

W Contralateral to lesion

M |psilateral to lesion

MNote: Contralateral side values are to be noted




B. Striatum

4. Dopamine levels as determined by HPLC Saline treated
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DA Levels in the striatum
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|
A two-way ANOVA yields a significant interaction with L
F(2,32)=3.121 p=0.05

*p=0.005 (Bonferroni post-hac)

+p=0.002 |LSD post-hoc)

# Intact
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Conclusions

Understand the status of the human disease at a
time of the clinical course based upon the
Inclusion criteria

Model preclinically that clinical entity and
appreciate to limitations of the models even more
than appreciating the models similarities to the
human disease.

Interpret your data with rigor and honesty. It will
save you (a lot of) time and (a lot of) money and it
will not compromise the safety of the brave
patients that enter these trials
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