Safety and Feasibility of Intranigral and Intraputaminal CERE-120 (AAV2-neurturin) administration

in Parkinson’s Disease
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Abstract

Objective:
To evaluate the feasibility and safety of CERE-120 adminis
an open-label Phase-1trial

Background:

CERE-120 employs gene transfer to deliver neurturin (NRTN), a ic-factor that enhances inergic neuron function and
survival in animal models of PD. Intraputaminal CERE-120 in 50 PD patients followed postoperatively for 3-5+ years appears safe.
Whereas the completed double-blind, sham-surgery-controlled Phase-2a study failed to meet the primary-endpoint (UPDRS motor “off”)
at 12-months, the primary endpoint was reached for a subset of patients with double-blind assessments up to 18-months, as were several
secondary endpoints, with no endpoint favoring sham-surgery (Marks et al, 2010, Lancet Neurol). Analysis of PD brain tissue post-
CERE-120 in 3 patients showed that although NRTN is expressed in the putamen, minimal NRTN was transported to SN pars compacta,
where it is required for induction of repair genes (e.g.. Bartus et al, 2010, Mov Disorders). Following successful completion of
nonclinical safety/feasibility tests, we are now testing CERE-120 delivered directly to the SN, combined with a higher dose to the
putamen, to maximize the bioactivity.

Methods

Phase- 1 open-label, two dose-cohorts (N=3, each). Both cohorts received 2.0x10"!vector genomes (vg) into cach SN; dose-cohort-1 also
received into each putamen 2.7x10!'vg (same as Phase-2a study) while dose-cohort-2 received 10x10!!vg. Patients had idiopathic PD
with robust response to levodopa but with motor-complications. The primary-cndpoint was safety/tolerability.

Results

Each patients was dosed a month apart between 12/2009-6/2010. No surgical complications, serious adverse events or weight-loss
occurred. Brain MRI at postoperative days 1 and 30 revealed no unexpected changes. Compared to baseline, UPDRS motor scores off
medication improved an average of 22% at 9 months (N=6) and 19% at 12 months (N=3) (updated s of March, 2011)

Interpretation

Preliminary data supports safety and feasibility of intranigral and intraputaminal CERE-120 administration in this small study. A sham-
surgery-controlled Phase-2b study is ongoing.
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Background and Objectives

* AAV2-NRTN (CERE-120), an AAV2 vector that delivers human NRTN, is being developed as a potential therapy
for Parkinson’s disease (PD) by Ceregene, Inc.

* NRTN, like GDNF, can protect nigrostriatal dopamine neurons from degeneration, restore function and thus has
potential as a novel therapeutic for PD patients.

« Intraputaminal administration of CERE-120 in a Phase 1 (n=12) and a Phase 2a study (n=38) in advanced PD
patients appears safe with follow up of 60+ months (Marks et al., 2008 and 2010).

* Modest benefits were seen in the completed Phase 2a study where 58 subjects were randomized to either receive

CERE-120 or undergo a sham surgery procedure (Figure 1)

* Recent brain autopsy of PD patients treated with

intraputaminal AAV2-NRTN (Bartus et al.) indicate oR p=0.025*
that only limited amounts of NRTN are transported 2 " - T T
from the targeted striatum to the cell bodies in the : * T } 4‘ l ‘
SN, likely due to impaired axonal transport in PD. . + ! ‘ I ! !
+ Before pursuing dual intranigral and o - I 7

+ Sham Surgery

UPDRS Motor "off" (Change from Baseline +/- SEM)

intraputaminal dosing in the clinic, a series of 12 = CERE-120

nonclinical experiments were conducted to test the 4 target clinical response

safety of NRTN expression in and around the SN V::a‘sehne Month 3 Month & Month® Month 12 Month 15 Month 18
(Tables 1 and 2) as well as potential efficacy armodl o uln et rmentgioup s bseine UPDRS Fort ot acedn e pracicaty

(Figure 2) using a 200-fold dose range of CERE- Figure 1. UPDRS Motor “off” score; change

120. from baseline under double blind conditions

Results

Growp | s | WockonVal | Dot | Dedprad | Ooee Decipion UEASUREUENTS ouTcouES
genomes) In-Fa Safty and Tolerabilty « Patients were dosed monthly between 12/2009-6/2010.
Formizin | 8 2a5 A ] Contral .
mem 3 2 25200 | oA : . * Follow-up ranges from 9-12 months post-surgery
olamet SN —
AAVZNRTN 0 2 16x0° | DoseB - = * No serious adverse events (SAEs) have been reported
majority of SN o Ganakspnadrceres o Nircles . N . . . .
T Y 3 10 | DomC [ Xhighrdosotin| | - ooermmmane gl * There were no surgical complications or prolonged hospitalizations
o 0 cover
o B B « All adverse events were mild/moderate and expected
AAVZNRIN 8 5 BxI0° | DoseD righa N :
cover nigra Neurotoxicity * Most were transient
nzGONE | @ 2 Bz | GONF ‘GONF dose - -
e rord : wmﬁmﬁ-ﬁmmm‘ sy e ok s * No weight loss
weight changes. ey et
. . * Brain MRI at postoperative days 1 and 30, and at 1 year (N=3) revealed no complications
Table 1: Dose response study targeting the SN Table 2. Endpoints and safety results from postop Y year (N=3) P
with a range of AAV2-NRTN doses or dose-response study « Compared to baseline, UPDRS motor scores off medication improved an average of 22% at 9 months

formulation buffer (FB) in rats to test the safety

and feasibility, as well as spread of protein (N=6) and 19% at 12 months (N=3)

P <0.0001

Figure 2. Nigral vs. striatal targeting of AAV-
NRTN (CERE-120) to degenerating nigrostriatal
dopamine neurons: Animals received AAV2-NRTN
or FB control into either SN or striatum,
simultaneously with an intrastriatal injection of 6-
OHDA. They were sacrificed 4 weeks later.
Quantitation of TH+ cells in the SN revealed that nigral
delivery of AAV2-NRTN resulted in far greater cell
sparing (~90% of intact side), compared to striatal
delivery (~44% of intact side) in a 6-OHDA paradigm
of ongoing degeneration

Conclusions

« Preliminary data supports safety and feasibility of intranigral and intraputaminal CERE-120
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- « Combined with nonclinical data showing safety at high dose multiples and an incremental benefit from

Nigra T . 3 . .
ool . i dual administration (nigral + putamen) of CERE-120, Phase 1 data provide strong support for continued

CERE-120 clinical development
M et h 0 d S A randomized, sham-surgery-controlled, multicenter Phase-2b study in PD (N=52) is now underway at

11 centers across the US

+ Phase-1 open-label, two dose-cohorts (N=3, each)
* Both cohorts received CERE-120 2.0x10''vg into each SN
* Dose-cohort-1 also received into each putamen 2.7x10"'vg
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