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WHAT IS PARKINSON’S DISEASE?

Modified: https://www.michaeljfox.org/page.html?what-is-parkinsons-infographic

IN SCOTLAND, 12000 PEOPLE ARE LIVING WITH PD.

PARKINSON’S DISEASE AFFECTS ONE IN 100 
PEOPLE OVER AGE 60. IN THE UK, 18,000 NEW 
CASES WILL BE DIAGNOSED EACH YEAR. IN 
SCOTLAND, 1500 NEW CASES.

Parkinson’s d isease affects one in  100 people
over the age of 60 . In Scotland, 1500 new  
cases per year

1 / 100
OVER 
AGE 60
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WISHLIST OF A CLINICAL NEUROLOGIST
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Cascade of pathophysiological events

Life course Prodromal Parkinson’s    Clinical Parkinson’s

5-10 years Motor 
symptoms

» Simple test for diagnosis

» Markers of PD progression

» Disease modifying / neuroprotective treatments

» Better symptomatic treatments

» Better ‘patient stratification’ methods / precision medicine

» Biomarkers to predict people at risk for developing PD
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LEUCINE RICH REPEAT KINASE 2 (LRRK2) 

s,

LR R K 2 
D isease causing m utations
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RAB
P

Inhibitor drugRAB proteins
LRRK2 phosphorylates a 
subgroup of 14 RAB proteins 
at the equivalent site

» Genetic changes in LRRK2 cause Parkinson’s disease

» LRRK2 functions as a PROTEIN KINASE and all LRRK2 mutations activate kinase activity

» RAB proteins are phosphorylation substrates of LRRK2

» Bench to bedside translation: true in the human setting and clinical utility thereof ?

Elife. 2016 Jan 29;5. p ii: e12813. doi: 10.7554/eLife.12813.

2004

2016
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POPULATION SPECIFIC FREQUENCY OF LRRK2 G2019S
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Sporadic cases 
in brackets

» LRRK2 is the most frequently mutated gene in PD

» The G2019S mutation represents 4% of familial and 1% of sporadic PD across all populations

https://doi.org/10.1016/j.parkreldis.2010.11.008

https://doi.org/10.1016/j.parkreldis.2010.11.008


BENCH TO BEDSIDE LRRK2 RESEARCH IN PARKINSON’S
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Can we measure LRRK2 controlled RAB phosphorylation in human bio samples?

Can we develop a simple and robust test for LRRK2 activity / Rab phosphorylation?

What bio sample is most suitable?

Would this test allow identifying individuals who might from future LRRK2 inhibitor treatment?
Reverse translation? From bedside back to bench?

Inhibitor drug
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LRRK2++++
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FORMED ELEMENTS OF THE BLOOD

Neutrophils
40-70%

PBMCs
29-69%
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LRRK2 MEDIATED RAB10THR73 PHOSPHORYLATION IN 
HUMAN PERIPHERAL BLOOD
» Human Neutrophils express high levels of LRRK2 and Rab10
» Availability of highly sensitive and phospho-specific antibodies for pRAB10Thr73

MJFF-phospho-Rab10Thr73
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BLOOD TESTS TO LOOK FOR LRRK2 CONTROLLED 
RAB PHOPSHORYLATION
» Neutrophil isolation via negative immunomagnetic selection is quick and efficient 

Cell lysis & 
storage (-80 C)

Venesection
(20 ml blood)

Neutrophil isolation 
via negative selection

3 min

+/- LRRK2 Inhibitor
treatment (MLi-2)

40 min 30 min

+ -

Cell lysis & 

storage (-80 C)

Venesection

(20 ml blood)

Neutrophil isolation 

via negative selection

3 min

+/- LRRK2 Inhibitor

treatment (MLi-2)

40 min 30 min

+ -

Analysis by quantitative immunoblotting with MJFF-phosoRab10 Ab 

for pRab10 as well as total Rab10, pS935 LRRK2, total LRRK2, GAPDH  

n
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SIMPLE AND ROBUST ‘LRRK2 PHOPHO-RAB10' BLOOD 
TEST IN NEUTROPHILS FROM HEALTHY VOLUNTEERS

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

Rab10 and phospho-RAB10pThr73

LRRK2 and phopho-LRRK2pS935

n
Fan et al. BiochemJ 2018 Jan 2;475(1):23-44
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SIMPLE AND ROBUST ‘LRRK2 PHOPHO-RAB10' BLOOD 
TEST IN NEUTROPHILS FROM HEALTHY VOLUNTEERS

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers
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Can we measure LRRK2 controlled RAB phosphorylation in human bio samples?

Can we develop a simple and robust test for LRRK2 phopho-Rab10?

Which biomaterial is suitable? Human white peripheral blood cells
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DOES THIS TEST ALLOW IDENTIFICATION OF 
INDIVIDUALS WITH INCREASED LRRK2 ACTIVITY?

n

B v

» Collaboration with Eduardo Tolosa in Barcelona, Spain
» Blood samples from 66 individuals:

– 26 with LRRK2 mutations
– 19 idiopathic Parkinson’s
– 21 healthy controls
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MEASURING LRRK2 KINASE PATHWAY ACTIVITY IN BLOOD CELLS 
OF PATIENTS WITH FAMILIAL AND NON FAMILIAL PARKINSON’S

Cell lysis & 

storage (-80 C)

Venesection

(20 ml blood)

Neutrophil isolation 

via negative selection

3 min

+/- LRRK2 Inhibitor

treatment (MLi-2)

40 min 30 min

+ -

Analysis by quantitative immunoblotting with MJFF-phosoRab10 Ab 

for pRab10 as well as total Rab10, pS935 LRRK2, total LRRK2, GAPDH  

Sample collection 
and processing in 
Barcelona for 
subsequent 
analysis in Dundee
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SIGNIFICANT INCREASE IN LRRK2 ACTIVITY IN LRRK2 
PD WITH THE BASQUE MUTATION (R1441G)

n

SIGNIFICANT INCREASE IN LRRK2 RAB10PD
PHOSPHORYLATION IN R1441G LRRK2 ***

Y. Fan, E.Sammler, unpublished

L



15

SIMPLE AND ROBUST ‘LRRK2 PHOPHO-RAB10' BLOOD 
TEST IN NEUTROPHILS FROM HEALTHY VOLUNTEERS

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

n

Can we measure LRRK2 controlled RAB phosphorylation in human bio samples?

Can we develop a simple and robust test for LRRK2 phopho-Rab10?

Which biomaterial is suitable? Human white peripheral blood cells

Can this test identify individuals who might from future LRRK2 inhibitor 

treatment?
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IS THERE CROSSTALK BETWEEN LRRK2 AND 
OTHER PD GENE PRODUCTS

LRRK2 RABP

? Activation

LRRK2 pRab10 peripheral 
blood neutrophil assay
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VALIDATION: VPS35 D620N MUTATION ACTIVATES LRRK2 KINASE 
ACTIVITY

n
Francesca Tonelli

Vienna, January 2018

Theresa Koenig & Alexander Zimprich
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VALIDATION OF VPS35 D620N ACTIVATION OF LRRK2 KINASE 
PATHWAY IN PD PATIENTS WITH VPS35 D620N MUTATION

n

m

m
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LRRK2 PHOPHO-RAB10THR73 ASSAY BE OF USE IN 
OTHER GENETIC PD CASES
» VPS35 D620N upregulates LRRK2 kinase activity in cell based assays

» Validation in human neutrophils of VPS35 D620N patients / Alexander Zimprich (Vienna)

» Patients with VPS35 D620N mutations might also benefit from LRRK2 kinase inhibitors

n
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n

In man

3 PD patients with VPS35 (D620N)
8 idiopathic PD

Mir R, et al. Biochemi J. 2018
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SIMPLE AND ROBUST ‘LRRK2 PHOPHO-RAB10' BLOOD 
TEST IN NEUTROPHILS FROM HEALTHY VOLUNTEERS

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

LRRK2 Rab10 phosphorylation in 
Neutrophils from healthy volunteers

n

Can we measure LRRK2 controlled RAB phosphorylation in human bio samples?

Can we develop a simple and robust test for LRRK2 phopho-Rab10?

Which biomaterial is suitable? Human white peripheral blood cells

Can this test identify individuals who might from future LRRK2 inhibitor 

treatment? Individuals with LRRK2 (R1441G) and VPS35 mutations

Reverse translation? Important cross talk between PD causing molecules
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SUMMARY AND OUTLOOK: BENCH TO BEDSIDE

» Set up a robust & facile assay to interrogate LRRK2 signalling pathway in human blood

» This test identifies patients with increased LRRK2 activity (LRRK2 R144G and VPS35 D620)

» Validates VPS35 (D620N) as potent activator of LRRK2 in the human system (novel!)

» Utility in patient stratification & target engagement studies in LRRK2 inhibitor trials?

» The MJFF (via Fox-Bionet) has implemented our assay, evaluation in Dundee

» About to start a Parkinson’s UK funded research study ”Biomarkers in Parkinson’s in Scotland”

» Studying the role of the LRRK2 pathway in other monogenetic PD 

nn



22

ACKNOWLEDGEMENTS
» ALESSI GROUP DUNDEE

– Ying Fan

– Francesca Tonelli
– Pawel Lis

» MRC PPU General Manager
– Paul Davies

» College of Life Sciences Dundee

– Andrew JM Howden

» MRC PPU & DSTT
– Natalie Shpiro

– Hilary McLauchlan and James Hastie

» GASSER GROUP TUEBINGEN
– Kathrin Brockmann

» TOLOSA GROUP BARCELONA
– Alicia Garrido

» ALEXANDER ZIMPRICH, VIENNA

» All patients and volunteers

» The MJFF

– Terina Martinez
– Shalini Padmanabhan

– Marco Baptista

» Members of the Rab Detection Initiative

n


