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INTRODUCTION
tŀǊƪƛƴǎƻƴΩǎdiseaseis an age-related neurodegenerativedisordercharacterizedby progressive and selectivelossof dopaminergicneurons(DA) in the substantianigrathat contributesto the cardinal motor symptomsof the 
disease: bradykinesia, postural deficitsand restingtremor. 
AZP2006 is a disease-modifying small molecule that readily crosses the blood-brain barrier. It displays neuroprotective properties promoting neuron survival, neurite outgrowth and synaptogenesis in vitro. 
AZP2006 increases the levels of the multi-functional neurotrophic factor Progranulin (PGRN). PGRN is a secreted glycoprotein primarily expressed in mature neurons and microglia. PGRN acts as an autocrine neurotrophic 
factor promoting neuronal survival and enhancing neurite outgrowth. It may also act as anti-inflammatory factor in neuroinflammation.
Consideringthe propertiesof AZP2006, the aim of this studywasto investigatethe neuroprotectiveeffectsof AZP2006 on both dopaminergicneuronsand motor functionsin tŀǊƪƛƴǎƻƴΩǎdisease(PD) models.

AZP2006is currently developedfor the treatment of ProgressiveSupranuclearPalsy(PSP). Orphandrugdesignationhasbeengrantedto AZP2006by the EMAandthe FDA.

CONCLUSIONS
AZP2006 at nanomolarconcentrations showedneuroprotectiveeffectson dopaminergicneuronsinjured with MPP+, h -synucleinand 6-OHDA. Blocking PGRN action abolishedthe effect of AZP2006, indicatingthat this
neurotrophicfactor couldbe involvedinto the neuroprotectiveaction of the compound. Similarresultshas been obtained in primary cortical neuronsintoxicatedwith A 1̡-42 peptide. Interesting, the increasedneuronsurvival
and neurite network protection were associatedto the increaseof releasedPGRN but not BDNF, evidencingthe specificityof AZP2006 effect.  
AZP2006 was able to partially inhibit the effect of 6-OHDA on motor deficits related to the depletion of dopamine. This effect could be explained by a possible protective effect of AZP2006 preventing the development of a 
complete neurotoxicity on the nigrostriatal pathway. 
AZP2006 is an investigational product that is being developed for the treatment of Progressive Supranuclear Palsy (PSP). Nevertheless, these results have shown additional properties indicating a potential application for the 
treatment of PD. 

RESULTS
AZP2006 promotesDA neuronssurvival

Dataexpressedaspercentageof controlshowthe mean°SEM. One-way ANOVAfollowedby5ǳƴƴŜǘǘΩǎtest,n=6. ###or *** indicatep<0.001vsCTR(#)or vsMPP+condition(*)
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Rat primarymesencephalicneuronscultured with microglia were injuredwith the dopaminergicneurotoxin1-methyl-4-
phenylpyridinium (MPP+, 4µM) and co-incubatedwith AZP2006 for 48h. BDNF (50ng/ml) wasusedas positive test control.
MPP+ induced a severe loss of DA (TH-positive) neurons and a shrinkage of the neurite network. AZP2006 exerted neuroprotective 
effects on both neuronal survival and neurite network.

1) DA toxicity induced by MPP+

¢ƘŜ ʰ-synpeptide preparation(250 nM) wasappliedon rat primarymesencephalicneuronscultured with microglia and co-incubatedwith AZP2006 for 48h.
-hsyninduced a loss of DA (TH-positive) neurons, reducing the neurite network and increasing the active microglia (OX-41) and the levels of TNFh. AZP2006 

significantlyprotectedneuronsand their neurite network reducingmicrogliaactivation and TNFhrelease.

2) DA toxicity induced by h-synuclein

Dataexpressedaspercentageof controlshowthe mean°SEM. One-way ANOVAfollowedby5ǳƴƴŜǘǘΩǎtest,n=6. *, ** or *** indicatep<0.05; p<0.01or p<0.001vs -hsynor ### vsCTRcondition

3) DA toxicity induced by 6-OHDA
Mouse primarymesencephalic
neuronscultured with microglia 
were injuredwith 6-OHDA 
(20µM) and co-incubatedwith
AZP2006 in presenceof anti-
PGRN Ab (5µg/ml) for 48h. 

AZP2006 promotesneuronal survivalvia PGRN

Rat primarymesencephalicneuronscultured with microglia were injuredwith 6-hydroxydopamine (6-OHDA, 
20µM) and co-incubatedwith AZP2006 for 48h. 
In presenceof 6-OHDA, a large lossof DA (TH-positive) neurons and number of synapses (PSD-95) was observed 
as well as a decrease of the neurite network. 6-OHDA alsoinduceda large and significanth -synaggregation
insideTH- neuroncytoplasm.
AZP2006 exerted neuroprotective effects on neuronal survival,  synapses and the neurite network without 
increasing the TH gene expression. AZP2006 addedconcomitantlywith 6-OHDA wasable to significantlyprotect
neuronsfrom -hsynaccumulation. Blocking Ab Anti PGRN

The neuroprotective effect of 
AZP2006  on neurite network, 
synapses and h-synaccumulation 
wasabolishedin presenceof the 
anti-PGRN Ab. However, a slight
effect on neuronsurvivalwasstill
evidenced. 

Data expressedaspercentageof control showthe mean°SEM. One-way ANOVAfollowedby5ǳƴƴŜǘǘΩǎtest, n=6. ### indicate
p<0.001vsCTRor anti-PGRN-Aband* p<0.05vs6-OHDA+anti-PGRN-Abcondition

Dataexpressedaspercentageof controlshowthe mean°SEM. One-way ANOVAfollowedby5ǳƴƴŜǘǘΩǎtest,n=6. *, ** or *** indicatep<0.05; p<0.01or p<0.001vs6-OHDAand ##or ### vsCTRcondition

¶ Safety pharmacology studies : AZP2006 does not show any significant effect 
¶ Distribution: AZP2006 is rapidly absorbed following oral administration and crosses the BBB 
¶ Metabolism : one main metabolite (M2) in dog and human 
¶ Toxicity studies : AZP2006 orally administered once daily for up to 20 weeks (ongoing) in rats and 32 weeks dogs (ongoing) donot show any relevant finding 
¶ Clinical studies : oral administration of AZP2006 (liquid formulations) to healthy human adults for up to 10 days was well tolerated, had a good safety profile. 

Preclinical and clinical key features of AZP006

AZP2006 prevents motor disfunctions

4) Nigro-striatal lesion induced by infusion of 6-OHDA in the SNpc

A)Gripstrengthtest: datashowthe differencein the strengthforcebetweenthe left forelimb(contralateral)ςright forelimb
B)Percentageof unsuccessfulforelimbplacingresponsesin the Placetest
C)Percentageof contralateraltouchesrelativeto the numberof touches(ipsi+contra) in the limb-useasymmetrycylindertest
D)Latencyto removeboth pawsin the Bartest

Rats with unilateral6-OHDA lesionsof the nigrostriatal DA pathway
exhibitcontralateralrotationalbehaviourin responseto the systemic
administration of the DA agonistApomorphine.

Clear spontaneous limb asymmetries were evaluated by motor evaluation tests.

A

The Grip test quantifies the 
muscularstrength. Rats were
allowedto grabthe metalgridand 
werethen pulledbackwardsin the 
horizontal plane. The force applied
to the grid just beforeit loses grip 
wasrecordedas the peaktension.

B

Forelimbplacingwasmeasuredfor 
both forelimbsof the animal upon
stimulation of the whiskers. The 
placement of the forelimb
contralateralto the lesionisexpected
to be impaireduponstimulation of 
whiskers, while the forelimbipsilateral
to the lesionshouldbe unaffected. 

C

Animals were placed in a glass cylinder 
and recorded for 5 minutes. Forelimb 
asymmetry was assessed by scoring 
independent, weight-bearing contacts on 
the cylinder wall of the ipsilateral (ipsi) or 
contralateral (contra) paw, relative to 
lesioned hemisphere, as well as 
movements made by both paws (both). 

D

In the Bar test, the rat is grasped around 
the shoulders and their forepaws are 
placed on a horizontal bar located 10 
cm above the cage floor while the hind 
paws remain on the floor. The latency to 
remove both their paws from the block 
to the ground is measured. A cutoff for 
the test was set at 30 sec..

5) Nigro-striatal lesion induced by infusion of 6-OHDA in the MFB

The experimentalmodel of nigro-striatal lesion induced by 6-OHDAwas used to assessthe ability of AZP2006 to restore motor and

sensorimotorfunctionsin the rat.

Two-month Wistar male rats (n=10 /group) were unilaterally lesioned(20µg 6-OHDA)/rat into the right SubstantiaNigra pars compacta
(SNpc). Sincethe intra-SNpcinjection will yield a completeand immediatelesion,a short therapeuticwindow is left to administerAZP2006.
Thus,in order to test a possibleeffect in neuroprotection,AZP2006(1 or 10mg/kg)wasadministeredp.o. (gavage)30 min after the 6-OHDA
infusion.

-Sham: vehicle(water)
-6-OHDA + AZP2006 vehicle
-6-OHDA + AZP2006 1mg/kg 
-6-OHDA + AZP2006 10mg/kg

6-OHDA (20µg in SNpc) lesion+ 
AZP2006 administration:

Day0

Cylinder
test

27

-Place test
-Bar test
-Grip test

28

Dissection

30

Apomorphine 
(50µg/kg) 
induced
rotation 

21

Apomorphine-inducedrotations

Treatment Numberof rotations

-23.20± 11.31

72.50± 24.89

100.40± 28.22

Note: Values expressedas means± SD

59.11± 8.20

Sham

6-OHDA

6-OHDA+AZP2006 (1 mg/kg)

6-OHDA+AZP2006 (10 mg/kg)

Data show the mean °SEM. One-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴŜǘǘΩǎ ƻǊ CƛǎƘŜǊ ¢ŜǎǘǎΣ ϝ ǇғлΦлрΤ ϝϝǇғлΦлм ŀƴŘ ϝϝϝǇғлΦллм Ǿǎ с-OHDA and    vs Sham; n=6-10.

Two-month Wistar male rats (n=14-18 /group) were unilaterally lesioned (6µg 6-OHDA) /rat into the right Medial Forebrain Bundle(MFB). 
Desipramine hydrochloride (25mg/kg i.p.) was administered 30 min prior to 6-OHDA injection to protect noradrenergicneurons. In order to test 
a possible effect in neuroprotection, AZP2006 (3 mg/kg) wasadministeredp.o. (gavage) dailyfor 30 daysstartingthe daybeforethe the 6-OHDA 
infusion. 

A B C

-Sham: vehicle(water)
-6-OHDA + AZP2006 vehicle
-6-OHDA + AZP2006 3mg/kg 

6-OHDA (6µg in MFB) lesion+ 
AZP2006 administration:

Day0

Cylinder
test

27

-Place test
-Grip test

28

Dissection:
-AZP2006 levelsin Brain, CSF, wholebloodand plasma
-PGRN, TREM2, IL-сΣ L[мʲ levelsin CSF, plasma and 
braintissue (SN and striatum)
-Catecholamine(DA, DOPAC,HVA) levelsin striatum
-IHC TH, DAT, ChATin SN and striatum

30

Apomorphine 
(50µg/kg) 
induced
rotation 

21

Apomorphine-inducedrotations

Treatment Numberof rotations

-0.46± 3.60

309.3± 89.92

293.6± 109.8

Note: Values expressedas means± SD

Sham

6-OHDA

6-OHDA+AZP2006 (3 mg/kg)

One-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ 5ǳƴƴŜǘǘΩǎ ƻǊ CƛǎƘŜǊ ¢ŜǎǘǎΣ ϝ ǇғлΦлрΤ ϝϝǇғлΦлм ŀƴŘ ϝϝϝǇғлΦллм Ǿǎ с-OHDA and    vs Sham; n=6-10.

* Studyisongoing


