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Section 1: Application summary 

 

1.1 Full title of the proposed project (up to 20 words) 

Investigating the interaction between ageing and immune dysfunction in LRRK2 
Parkinson's disease 

1.2 Summary (up to 200 words) 

Please describe the research in simple terms in a way that could be publicised to a 
general audience. If awarded, this will be made publically available on the CoEN website 
and the applicants are responsible for ensuring that the content is suitable for 
publication. 

Parkinson's disease (PD) is the most common movement disorder with a dramatic impact 
on the individuals, their families and society. There is no effective treatment for the 
disease. The ageing population is therefore demanding increasing attention to the 
development of more effective diagnostic and therapeutic strategies. PD has long been 
considered a disorder that primarily affects the brain. However, it is now becoming clear 
that multiple mechanisms interact and contribute to its onset and progression. There are 
many potential causes of PD including ageing, genetics and lifestyle. Even though 
evidence of inflammation is found in brain and blood of patients, it is still unclear 
whether the immune system is a driving factor for PD. In this study, we will use pre-
clinical models of PD to determine whether and how ageing and genetics interact and 
cause inflammation and disease. In particular, we will focus on the most common 
genetic form of PD, due to mutations in a gene called LRRK2. Using a variety of disease 
model systems, we will examine the mechanisms underlying inflammation both in blood 
and brain immune cells. The discovery of underlying immune mechanisms will be 
fundamental to the identification of novel diagnostic tools and therapies. 

1.3 Technical summary/abstract (up to 200 words) 

Ageing, the most important risk factor for neurodegenerative diseases, leads to 
inflammatory processes, which are hallmarks of Parkinson's disease (PD). Interestingly, 
many PD genes are highly expressed in immune cells and regulate their function. In 
particular, the PD leucine-rich repeat kinase 2 (LRRK2) gene has been linked to 
inflammatory pathways in myeloid cells. Notably, LRRK2-PD patients display distinctive 
inflammatory profiles. Our previous studies demonstrate that ageing-related microglial 
dysfunction increases dopaminergic neuron vulnerability in mice. Recently, we have 
investigated the link between LRRK2, ageing and immunological pathways using in vitro 
and in vivo modelling. Our initial data suggest that LRRK2 predisposes to PD through 
pathways that converge on the immune system, including the NLRC4 inflammasome. 
Based upon these findings, we propose to further investigate the mechanisms by which 
LRRK2 regulates central and peripheral inflammation and immune ageing. To this end we 
will utilize patient-derived pluripotent stem cells and develop an in vivo model involving 
LRRK2 vulnerability, ageing and inflammation, three etiological factors critical for PD. 
The data generated in this proposal will be crucial to elucidate the long-debated role of 
inflammation in PD and identify novel immune pathways that can be exploited as 
pharmacological targets for human ageing and disease. 



 

1.4 CoEN Funding partners (please tick as appropriate) 

☐ Agence Nationale de la Recherche (ANR), France 
☐ Canadian Institutes of Health Research (CIHR), Canada 
☐ Deutsches Zentrum für Neurodegenerative Erkrankungen (DZNE), Germany 
☐ Instituto de Salud Carlos III (ISCIII), Spain 
☐ Ministero della Salute (MDS), Italy 
☐ Medical Research Council (MRC), UK 
☐ Science Foundation Ireland (SFI), Republic of Ireland 
 

1.5 Project duration (max 24 months) 

24 months 

1.6 Total funds requested (please see call text and advice in section 4 for currency 
conversion) 

 Total costs in Pounds Sterling(GBP) 
Direct costs (staff) 232,150 
Direct cost (consumables) 159,130 
Equipment  
Indirect costs  
Total 391,280 
 

  



 

Section 2: Applicant details 

 

CVs:  Please submit as Annex 1 to this Application Form a three page CV for each 
Principal Applicant and a one page CV for each co-applicant giving detail of qualifications, 
expertise as relevant to this project, current and previous posts, five most relevant 
publications and the past five years of grant funding received. 

The number of CoEN partners is not limited to the number of tables below. Please add 
further tables if required. 

2.1 Applicants and Co-applicants 

Partner 1 (Consortium Lead): Lead Principal Applicant and Co-applicants 

Lead Principal Applicant  
CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

Name Michela Deleidi  
Position Group Leader  
Division or department Mitochondria and Inflammation in Neurodegenerative Diseases 
Organisation DZNE 
Organisation address Otfried-Müller. Str 23 

72076, Tübingen-Germany 
Phone number +49 7071 9254200 
Email address michela.deleidi@dzne.de 
Co-applicants  
Name  Position Organisation Division or 

Department 
Email address 

     
     
     
     
     
 

 

  



 

Partner 2: Principal Applicant and Co-applicants 

Principal Applicant  
CoEN funding 
partner (tick as 
appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

Name Francesca L'Episcopo 
Position Group Leader 
Division or 
department 

Neuropharmacology Section 

Organisation Associazione Oasi Maria SS, IRCCS 
Organisation 
address 

Via C. Ruggero 73, Troina (EN), Italy 
 

Phone number +39 0935936301 
Email address flepiscopo@oasi.en.it 
Co-applicants 
Name  Position Organisation Division or 

Department 
Email address 

     
     
     
     
     
 

 

Partner 3: Principal Applicant and Co-applicants 

Principal Applicant  
CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

Name  
Position  
Division or department  
Organisation  
Organisation address  

 
 
 

Phone number  
Email address  
Co-applicants 
Name  Position Organisation Division or 

Department 
Email address 

     
     
     
     
     
     

 

 

 



 

Partner 4: Principal Applicant and Co-applicants 

Principal Applicant  
CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

Name  
Position  
Division or department  
Organisation  
Organisation address  

 
 
 

Phone number  
Email address  
Co-applicants 
Name  Position Organisation Division or 

Department 
Email address 

     
     
     
     
     
     

 

Partner 5: Principal Applicant and Co-applicants 

Principal Applicant  
CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

Name  
Position  
Division or department  
Organisation  
Organisation address  

 
 
 

Phone number  
Email address  
Co-applicants 
Name  Position Organisation Division or 

Department 
Email address 

     
     
     
     
     
     

 

 

 



 

2.2 External collaborators 

Essential expertise may be included from outside CoEs as an identified collaborator(s). 
 

Name Position Organisation CoE Collaborator Email address 

Thomas 
Gasser 

Director of 
Neurology 
Clinic UKT 

University of 
Tübingen 

Partner 1 thomas.gasser@uni-
tuebingen.de 

Bianca 
Marchetti Professor 

University of 
Catania 
(BIOMETEC) 

Partner 2 
biancamarchetti@libero.it 

     

     
     
     
     
     
 
 
Compliance with the UK Data Protection Act 1998 
In accordance with the Data Protection Act 1998, the personal data provided on this 
form will be processed by MRC, and may be held on computerised database and/or 
manual files. 
 

 

  



 

Section 3: Case for support 
 

1. Scientific rationale 
Parkinson's disease (PD) is an ageing-related disorder that is conventionally considered 
as a condition that arises and exclusively affects the central nervous system. However, 
mounting evidence suggests that complex interactions between the brain and the 
periphery contribute to disease. Several studies suggest a relevant role of inflammation 
on both disease onset and progression. Supporting this hypothesis is the observation 
that many PD genes are highly expressed in immune cells and regulate their functions. 
In particular, the PD leucine-rich repeat kinase 2 (LRRK2) gene 1 is involved in 
inflammatory pathways in myeloid cells and its expression is strongly up-regulated upon 
cell activation and infections, with mechanisms poorly understood. Ageing, the most 
important risk factor for neurodegenerative diseases, is linked to immune dysfunction as 
well as glial cell activation, that is an hallmark of PD. In this regard, we have shown that 
the age-dependant microglia dysfunction reduces the repair potential of the nigrostriatal 
system and increases vulnerability to insults (oxidative stress, inflammation, neurotoxin 
exposure) in mice 2-4. Interestingly, aged mice show a dysfunctional neuron-glial 
crosstalk and impaired neurogenesis 2,3. LRRK2-PD manifests similar clinical phenotypes 
to idiopathic PD, displaying strong age-dependent development of PD symptoms. 
Notably, LRRK2 carriers display distinctive peripheral inflammatory profiles 5. Whether 
LRRK2 has a differential role in peripheral myeloid cells and resident microglia is not 
clear. In addition, the interplay between ageing and LRRK2 in the immune system and 
its contribution to PD still needs to be investigated. We have recently examined the link 
between LRRK2 and immune pathways using G2019S LRRK2-PD patient induced 
pluripotent stem cells (iPSCs). Specifically, we have assessed type I and II interferon 
(IFN) signaling in dopaminergic (DA) neurons as well as myeloid cells and identified 
LRRK2-dependent dysregulation of IFN-responsive genes. Our data show that IFNs 
increase LRRK2 levels not only in monocyte-macrophages but also in DA neurons. 
Interestingly, we have found that LRRK2 modulates several pathways that may 
contribute to neuronal vulnerability, including oxidative stress, NFAT and inflammasome 
activation through an interaction with NLRC4. Thus, our preliminary data suggest that 
LRRK2 influences PD risk through specific ageing signatures that converge on the 
immune system. Based upon these findings, we now propose to further investigate the 
mechanisms by which LRRK2 regulates innate immune pathways as well as immune 
ageing and vulnerability to PD.  
 
2. Objectives  
Despite mounting evidence suggest a key role of LRRK2 in the immune system, the 
mechanisms by which LRRK2 regulates immune functions remains poorly understood. 
Our research will address the following important basic biological questions pertaining to 
the role of the interaction between ageing, LRRK2 and the immune system in PD: 
a) Does LRRK2 have a differential role in peripheral and brain immune cells? 
b) Does LRRK2 have a role in the ageing of the immune system? 
c) Does low-grade systemic inflammation prime neurons and brain immune cells? Does 

LRRK2 have a role in immune priming? 
The project will develop along the following work packages (WP): 
WP1. To interrogate intrinsic macrophage and microglial abnormalities and 
their functional impact on neurons using LRRK2-PD human pluripotent stem 
cells (Tübingen group).   
WP2. To define an inflammasome-dependant ageing signature in peripheral 
blood of LRRK2-PD patients (Tübingen group, Troina group). 
WP3. To investigate the role of LRRK2 in peripheral and brain immune 
responses and immunological ageing in LRRK2 transgenic mice (Troina group). 
 
3. Justification for the collaboration 
The consortium is composed of 2 Partners from Germany and Italy. The two Partners 
have highly complimentary expertise: Partner 1 (DZNE, Tübingen, Germany) has an 



 

outstanding record in PD research with a particular focus on immunological aspects and 
development of cellular models of disease, including human iPSC models for PD and 
other neurodegenerative diseases. A major aim of Partner 1 has been to dissect the 
immune and metabolic signaling pathways in PD. Partner 1 is a world-known clinical 
reference centre for neurodegenerative diseases and the identification of genetic factors 
involved in the etiopathogenesis of PD. Crucial to this proposal, based on a cooperation 
agreement, the Clinical Department of Neurology of the Tübingen University Hospital 
(Thomas Gasser) will provide direct access to large and well characterized LRRK2-PD 
patient cohorts of the MJFF LRRK2 Consortium and asymptomatic carriers, one of the 
largest collections of biomaterials world-wide through its biobank, and a wealth of 
genomic and transcriptomic and phenotypic data. Partner 2 (I.R.C.C.S. Oasi Troina, 
Italy) has an outstanding record of basic and translational neuroimmuniological research, 
with a multidisciplinary approach spanning from the development of animal models to 
clinical research. In particular, the Neuropharmacology Group has performed key studies 
showing the importance of the age-related dysfunction of neuronal-glial crosstalk in PD. 
I.R.C.C.S. Oasi Troina is a reference Centre for prevention, diagnosis and treatment of 
neurodegenerative and rare genetic diseases associated to intellectual disability and 
brain ageing. The Convention between the I.R.C.C.S. Oasi Troina and BIOMETEC at 
University of Catania (Bianca Marchetti), together with the active research collaborations 
and exchanges of expertise, adds a further important value to the project. Based on a 
cooperation agreement, BIOMETEC will be a key external collaborator on the current 
project and will provide access to facilities of the BRIT (Bio-nanotech Research and 
Innovation Tower) including platforms needed for next generation sequencing, 
proteomic, cell signaling and behavioral studies. BIOMETEC will play a key role due its 
active relationships with public and private national research institutions and 
pharmaceutical/biotechnological drug companies. Both Partners are equipped with state-
of-the-art infrastructures. The networking among these partners will provide the 
synergistic and multidisciplinary expertise needed to fulfill the ambitious goals of this 
project, aiming at elucidating the role of immune dysfunction in neurodegenerative 
conditions of high social impact in the EU. 
 
4. Methodology 
In this proposal, we will employ a unique combination of in vitro with in vivo model 
systems: human patient cells (PD-iPSCs and blood cells) will provide information 
relevant to human ageing and disease. Importantly, iPSC-derived microglia will allow us 
to capture unique human disease microglial signatures. Furthermore, developing an 
appropriate experimental animal model involving LRRK2, ageing and inflammation, three 
etiological factors critical for PD development, will be crucial to explore the early 
pathological processes with clinical relevance and future development of disease-
modifying therapies. The project is based on the use of unique tools, in terms of 
infrastructures (including RNA-sequencing and single cell analysis platforms, equipment 
for animal behaviour, laser capture microdissection), models and patients’ cohorts, and it 
can be pursued only through the proposed integration of its members’ different scientific 
expertise. Our primary objective will be to use an integrative approach that combines in 
vivo models with stem cell biology, genome editing and next generation sequencing to 
understand the link between genetic risk, ageing and inflammation in the pathogenesis 
of PD and to elucidate the functional role of the interaction between genes and 
environment in neuronal dysfunction. The main goal of this application is to contribute to 
the advancement of the current knowledge in the area of neuroimmunology and 
neurodegeneration, which represents a hot topic in medical sciences, given the high 
clinical, social, and economical impact of human neurodegenerative diseases. Only by 
integrating in vitro and in vivo models as proposed in this application, it will be possible 
to link immune endophenotypes to molecular pathways relevant to ageing-related 
diseases. The findings gained from the proposed studies will be instrumental in 
identifying the molecular mechanisms that underlie disease risk based on immune 
pathways. Given the role of LRRK2 in sporadic PD as well as in ageing, if successful, the 



 

proposed research will shed light on the etiopathogenesis of the commonest forms of PD 
and help identify therapeutic strategies that will be easily translated into clinic. 
 
WP1. Interrogating intrinsic macrophage and microglial abnormalities and their 
functional impact on neurons using isogenic LRRK2 PD pluripotent stem cells 
and PD peripheral mononuclear phagocytes (Tübingen group).   
 
Lead lab: Michela Deleidi (DZNE Tübingen), Thomas Gasser (University of Tübingen) 
Timeline: Months 1-24 
 
Rationale and preliminary data. In this WP we will dissect LRRK2-linked inflammatory 
pathways in peripheral and brain mononuclear phagocytes (MP), namely 
monocytes/macrophages and microglia. The following iPSC lines have already been 
generated and will be used in the study: LRRK2-PD (G2019S) patient, isogenic gene 
corrected and artificial mutant controls as well as LRRK2 knockout human iPSCs 
generated by genome editing. In addition, we have optimized an efficient and 
reproducible source of genotype-specific human MP from iPSCs (Fig.1).  
Experimental plan. 
1) Differentiation of LRRK2 iPSCs into peripheral mononuclear phagocytes (MP). Human 
iPSCs will be differentiated into MP and macrophage polarization will be induced by M-
CSF and LPS/IFN-γ (M1) or IL-4 (M2). Differentiation will be evaluated based on 
morphology (by phase-contrast imaging and May-Gru ̈nwald-Giemsa staining), phagocytic 
activity of labeled zymosan particles and uptake of Dil-label acetylated-low density 

lipoprotein. To assess migration, cell migration 
assays (i.e. pipette, Boyden chamber/transwell) will 
be performed.  
2) Immunophenotyping of MP. The percentage of 
different monocyte subpopulations, classical 
(CD14+CD16−) and non-classical (CD14−CD16+) 
monocytes as well as the expression of 
myeloid/macrophage markers (CD11b, CD11c, 
CD18, CD115, CX3CR1 and CCR2) will be assessed 
by FACS. The expression of HLA-DR, cell adhesion 
molecules, CD106, CD54, CD31, and chemokine 
receptors, CXCR3, CCR7, will be analysed.  
3) Immune profile of MP from PD patients. To obtain 
a comprehensive picture of MP in LRRK2-PD, we will 
compare data from iPSC-derived MP with PBMC-
derived myeloid cells freshly collected from LRRK2 
PD patients, sporadic PD cases and age- and sex-

matched neurologically unaffected at the Neurology Clinic, University of Tübingen, and 
Oasi Institute. Analyses in serum samples of PD patients will be carried out for detecting 
congruent immune signatures.  
4) Differentiation of iPSCs into microglia. We will differentiate iPSCs into microglia using 
the protocol by Haenseler et al 6. Microglia will be characterized based on ramified 
morphology and the expression of key microglial markers (MERTK, GPR34, PROS1, 
C1QA, GAS6, and P2RY12). Migration and phagocytosis assays will be performed.  
5) Analysis of intrinsic macrophage and microglial homeostatic signatures. iPSCs will be 
differentiated into macrophages and microglia as described in 1) and 3), treated with 
IFNs or left untreated and RNA-sequencing will be performed.  
6) Analysis of neuronal "immune" responses. During chronic activation (e.g. after 
infections, stress), the sustained exposure of neurons to pro-inflammatory mediators 
causes neuronal dysfunction and contributes to cell death. Interestingly, we have 
recently found that DA neurons directly respond to IFNs and that IFN signaling increases 
LRRK2 levels in DA neurons. Here we will further investigate the molecular mechanisms 
underlying LRRK2-related dysregulation of neuronal immune responses. Human iPSCs 
will be differentiated into DA neurons as previously described 7. By employing long-term 

Figure 1. Differentiation of iPSCs 
in MP. Sequential steps of iPSC 
differentiation: a) embryoid bodies, b) 
hematopoietic specification, c) 
cytospins of iPSC-monocytes and d) 
iPSC-macrophages after Giemsa 
staining. 



 

neuronal-immune cell co-cultures (including 3D-modeling systems) and immunological 
challenges, we will study neuronal and microglial processes in the presence of control or 
LRRK2 mutations carrying microglia (co-cultured with control or LRRK2 mutant neurons) 
and examine neuronal susceptibility to inflammatory stimuli. Microglia/neuronal 
morphology and function will be assessed by live imaging, immunohistochemistry 
(including microglial, neuronal synaptic markers), multiplex ELISA as well as 
electrophysiology. Microglial cells and neurons will be sorted either with magnetic beads 
(CD11b) or FACS (neuronal code as described in 7) and RNA-sequencing will be 
performed.  
 
WP2. To define an inflammasome-dependant ageing signature in peripheral 
blood of LRRK2-PD patients (Tübingen and Troina Group). 
 
Lead lab: Michela Deleidi (DZNE Tübingen), Thomas Gasser (University of Tübingen), 
Francesca L'Episcopo (I.R.C.C.S. Oasi Troina) 
Timeline: Months 1-24 
 
Rationale and preliminary data. Using LRRK2 SF-TAP tagged iPSC lines (generated with 
TALEN-based genome editing technology), we have recently identified NLRC4 as a LRRK2 
interactor (Fig.2 & manuscript in preparation). As recent data show a link between 
NLRC4 inflammasome signatures and inflammaging 8, we predict that this immune 
sensor can link systemic inflammation to ageing and LRRK2-PD. Interestingly, we have 
shown that LRRK2-PD patients have increased serum levels of IL1-beta, the main 
cytokine secreted upon inflammasome activation 5. As inflammasome expression is 
associated with oxidative stress, metabolic dysfunction and a distinctive profile of blood 
metabolites 8, the data generated in this WP will be crucial to validate the biomarker and 
drug target potential of inflammasomes. Here, we will investigate the role of LRRK2 in 
NLRC4 inflammasome activation using human iPSCs and patient blood cells. Additional in 
vivo studies will be performed in WP3.  
Experimental plan. 
1) LRRK2 dependent NLRC4 activation in iPSC-MP. We will differentiate control, LRRK2-
G2019S and LRRK2 knockout iPSCs into macrophages and microglia and analyse LRRK2-

NLRC4 interaction by immunoprecipitation. We will 
determine whether kinase activity influences the 
activation of NLRC4 using LRRK2 inhibitors. NLRC4 
phosphorylation sites will be examined. For NLRC4 
stimulation, cells will be transfected with flagellin and 
IL18 and IL-1beta production will be examined by 
Western blot. NLRP3 recruitment by NLRC4 and its 
activation will be examined. 
2) LRRK2-dependent NLRC4 activation in peripheral 
blood cells (PBMCs). Partner 1 and Partner 2 have 
already collected a large cohort (about 200 patients) of 
patients with sporadic or familial PD. Serum and frozen 

PBMCs will be available through existing collaborations of Collaborator 1. Fresh PBMCs 
will be collected from LRRK2-PD patients (Neurology Clinic University Hospital Tübingen) 
as well as age and gender-matched controls and asymptomatic carriers. NLRC4 
stimulation will be performed by flagellin and IL18 and IL-1beta production will be 
examined by Western blot. To correlate inflammasome activation with ageing signatures, 
expression of genes involved in the pyrimidine and purine pathways and markers of 
oxidative stress will be assessed in peripheral blood.  
 
WP3. To investigate the role of LRRK2 in peripheral and brain immune 
responses and immunological ageing in LRRK2 transgenic mice (Troina Group). 
 
Lead lab: Francesca L'Episcopo (I.R.C.C.S. Oasi Troina), Bianca Marchetti (BIOMETEC, 
University of Catania) 

Figure 2. LRRK2 interacts with 
NLRC4. (A,B) THP1 cell lysates 
were immunoprecipitated with 
anti-LRRK2 or NLRC4 antibody 
and immunoblotted with the 
indicated antibodies. Whole-cell 
lysates are shown as input (I). 



 

Timeline: Months 1-24 
 
Rationale and preliminary data. We have previously shown that with advancing age, 
microglia exhibit a unique gene expression profile and exaggerated inflammatory 
responses upon systemic inflammatory or neurotoxin challenge. Several inflammatory 
mediators, including molecules linked to inflammasome activation (including Tnf, Il1, 
Nos2, Nfkb and the phagocyte oxidase Cybb, gp91phox), are markedly up-regulated. 
Importantly, immune dyshomeostasis correlates with the age-dependent decline of the 
repair capacity of the nigrostriatal DA system and defects in neurogenesis. We have also 
shown that targeting this glial proinflammatory phenotype can halt inflammation-
dependent neurodegenerative processes and impairment of neurogenesis (Fig. 3 & 
manuscript submitted). These data provide a mechanistic link between the aged 
microglial pro-inflammatory phenotype as well as DA neuron vulnerability and repair 2,3,9. 
In light of the emerging link between LRRK2 and inflammation, in this WP we aim at 
characterizing immunological abnormalities in a LRRK2 G2019S mutant mouse model 
that incorporates the three most important PD risk factors: ageing, genetic susceptibility 
and low grade chronic inflammation. Our goal is to develop an appropriate experimental 
animal model to explore the early pathological processes with clinical relevance to PD 
and unravel LRRK2-mediated mechanisms of immune dysfunction during ageing. 
Experimental plan. 
1) Central and peripheral immune abnormalities in LRRK2 G2019S mutant mice exposed 
to low grade inflammation and ageing. To address the putative role of the PD-linked 
LRRK2 mutation in regulating central and peripheral immune response and nigrostriatal 
DA vulnerability with advancing age, we will expose ageing Wt and Tg-LRRK2 mice (BAC 
Lrrk2-G2019S mice, available at Jackson Laboratory) to a low grade chronic 
inflammation induced by subcutaneous injection of lipopolysaccharide (LPS, strain 
O111:B4, 0.1 mg kg-1) administrated twice weekly over the mouse life span. This 

moderately low dose induces 
only mild and transient 
sickness behaviour in young 
adults. The effect of LPS 
treatment will be studied as 
the animals age, namely at 
younger ages (4-6M) at 
middle-age (8-12M) and older 
(14-20M). In vivo and ex-vivo 
histopathological, molecular, 
neurochemical, and behavioral 
analyses will be carried out at 
time-intervals, up to 20 
months.  
- Histopathology. Age-
dependent changes in microglia 
morphology, cell number, 
activation, peripheral immune 
cell invasion, and microglia 
presenting antigen and 
inducing T-cell proliferation will 
be assessed in midbrain and 
striatal brain sections 
processed for 
immunofluorescent staining 

with different macrophage/microglial markers (including IBA1- and Mac-1/CD11b-Abs, 
and iNOS, NADPH and diaphorase staining, as ROS/NO/peroxynitrite finger-prints).  
- RNA-sequencing of microglia and peripheral macrophages. Microglia and infiltrating 
peripheral macrophages will be isolated by FACS from mice at different ages and RNA-

 

Figure 3. Age-dependent dysfunction of microglia and 
neuronal-glial crosstalk. Impact of aged microglia on primary 
mesencephalic DA neurons. (A,B). Aged microglia (A-micro) 
cultured in vitro and then challenged with MPP+ release high 
levels of RNS, IL-1β and TNF-α. NSC graft downregulates the 
expression levels of inflammatory mediators. (C-E). 
Representative confocal images of primary mesencephalic TH+ 
neurons (red) exposed to PBS (C), aged MPP-treated microglial 
conditioned media (A-MCM, D) or directly cocultured with A-
micro showing A-micro-induced TH+ neurotoxicity (E). 
(L’Episcopo et al, submitted).  



 

sequencing will be performed. Candidate genes will be validated by qRT-PCR and 
significantly altered pathways further investigated.  
2) The effect of LRRK2 mutation, ageing and low-grade inflammation on NLRC4-NLRP3 
inflammasome activation will be investigated in macrophage/microglial ex vivo/in vitro 
cultures using the protocols and setting of WP2. 
3) Assessment of nigrostriatal DA functionality. Analysis of DA endpoints will be carried 
by fluorescence immunohistochemistry (unbiased stereological counts of SN DA neurons, 
striatal TH and DAT innervation) neurochemistry (high affinity striatal [3H] DA uptake); 
locomotor function (open field and analysis of motor coordination with Rotarod, qRT-PCR 
and immunoblotting of DA-specific markers. 
4) Analysis of microglial-neuron interactions ex vivo/in vitro. To address the cumulative 
effects of LRKK2 mutation, ageing and LPS, we will isolate microglia from young and 
aged Wt and mutant groups (LPS treated and control groups), replate them and collect 
conditioned media. Enriched primary mesencephalic neurons (E14) established from 
either Wt or mutant will be co-cultured with Wt/Tg glial cells, or will be exposed to their 
conditioned media. Neuron survival/death will be analyzed by immunocytochemistry, 
MTT, and active Caspase3 activity. 
5) Analysis of neurogenesis. We previously demonstrated a critical role of microglial pro-
inflammatory phenotype in neural stem cell (NSC) plasticity during the progression of 
experimentally-induced PD and ageing. Hence the analysis of striatal subventricular zone 
and hippocampal subgranular zone NSC plasticity will be conducted in vivo using NSC 
markers, immunofluorescent staining and confocal laser scanning microscopic analyses; 
NSC-microglia co-cultures will be performed to address the impact of LRRK2, ageing and 
inflammation on the proliferative and neuron differentiation potential.  
 
5. Expected outcomes and deliverables 
PD is the most common movement disorder with a dramatic impact on the individuals, 
their families and society. The ageing population is therefore demanding increasing 
attention to the development of more effective diagnostic and therapeutic strategies. 
Building upon our very promising preliminary data in human PD cells and mouse models, 
we propose to test the long-standing issue of the role of the immune system in 
neurodegeneration. The findings gained from the proposed studies will be instrumental 
in identifying the molecular mechanisms that underlie disease risk based on immune 
pathways. Given the role of LRRK2 in sporadic PD as well as in ageing, if successful, the 
proposed research will shed light on the etiopathogenesis of the commonest forms of PD 
and help identify therapeutic strategies that will be easily translated into clinic. 
The following deliverables are expected: 
1. Assessment of the impact of LRRK2 variants on immune function  
2. Assessment of the impact of ageing of the immune system in LRRK2-related PD 
3. Identification of novel disease biomarkers 
4. Identification of novel drug targets. 
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Section 4: Costs 
 

 
4.1 Costs incurred by each consortium partner 
 
Please detail the costs of research to be undertaken in the host country for each 
participating partner. Include a brief description/justification for these costs. Requests 
for any item of equipment above £10001 should be individually justified. Requests for 
equipment over £10,0002 are not permitted. 
 
As stated in the call text, costs should be presented in the host country’s currency and 
in Pounds Sterling (GBP) according to the following exchange rates: Canadian Dollars £1 
= CA$1.65 and Euros £1 = €1.15.  
 
Costs should be calculated according to the relevant funding partner’s standard terms 
and conditions, please refer to call text, section 6). Please note: 

• For applicants from the UK, please cite costs at 80% of FEC. 
• Indirect costs will not be supported by CIHR.  

 
Please add further tables if required. 
Partner 1  

CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

 

Summary of costs 

 Costs 
Partner currency Pounds Sterling (GBP) 

Direct costs (staff) 157,000 136,500 
Direct costs (consumables) 63,000 54,780 
Equipment   
Indirect costs   
Total  220,000 191,280 
 

Description of costs 

A full position for a post-doctoral fellow is requested for cell culture work (iPSCs and 
peripheral blood cells). Our work will rely heavily on in vitro stem cell culture including 
maintenance, differentiation and characterization of iPSC-myeloid cells. Therefore, 
consumables for stem cell culture material form a large part of our budget as our work is 
centred on the use of patient-derived iPSCs. Reagents for human peripheral blood cells 
and iPSC cell culture (media, growth factors, serum, antibiotics, attachment factors, 
supplements, transfection reagents) are requested. Primary and secondary antibodies for 
FACS, western blotting, immunohistochemistry and immunoprecipitation are requested. 
Costs for RNA-sequencing are included. Costs for basic characterization and collection of 
biomaterial and patient recontacting are requested. Costs for two national and one 
international conference, team meetings, lab-exchange and publication costs are also 
included. 

 
                                            
1 Equivalent to €1150 or CA$1650 
2 Equivalent to €11,500 or CA$16,500 



 

Partner 2  

CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

 

Summary of costs 

 Costs 
Partner currency Pounds Sterling (GBP) 

Direct costs (staff) 110,000 95,650 
Direct costs (consumables) 120,000 104,350 
Equipment   
Indirect costs   
Total  230,000 200,000 
 

Description of costs 

A full position for a post-doctoral fellow for 2 years is required. The required funds for 
consumables include the purchase (from Jackson Laboratory), transport, breeding and 
maintenance of LRRK2 transgenic mice, all reagents for immunohistochemical, 
neurochemical and gene expression analysis (RNA extraction, cDNA fragmentation, 
custom genes panels, Real Time PCR). Reagents for cell culture (media, growth factors, 
serum, antibiotics, attachment factors, supplements) are requested. Costs for RNA-
sequencing are included. Also included are costs for national and international 
conferences, group meetings, exchange lab. Publication costs are included. 

 

Partner 3   

CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

 

Summary of costs 

 Costs 
Partner currency Pounds Sterling (GBP) 

Direct costs (staff)   
Direct costs (consumables)   
Equipment   
Indirect costs   
Total    
 

Description of costs 

 
 
 
 

 



 

Partner 4  

CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

 

Summary of costs 

 Costs 
Partner currency Pounds Sterling (GBP) 

Direct costs (staff)   
Direct costs (consumables)   
Equipment   
Indirect costs   
Total    
 

Description of costs 

 
 
 

 

Partner 5  

CoEN funding partner 
(tick as appropriate) 

☐ ANR ☐ CIHR ☐ DZNE ☐ ISCIII ☐ MDS ☐ MRC  ☐SFI 

 

Summary of costs 

 Costs 
Partner currency Pounds Sterling (GBP) 

Direct costs (staff)   
Direct costs (consumables)   
Equipment   
Indirect costs   
Total    
 

Description of costs 

 
 
 

 

  



 

Section 5: Ethics and research governance 
 

 
Please describe briefly the ethical issues related to the involvement of people, human 
samples or personal data in the research proposal. Please give details of how any 
specific risks to human participants will be controlled.  
 
If your proposal includes the use of animal models, please justify your use of the species 
proposed and describe the experimental design.    
 
Please describe the ethical review and research governance arrangements that 
would apply to the work done. 
 
Please note all research undertaken must comply with the host funders’ standard terms 
and conditions. Release of funds for successful applications will be dependent on 
satisfactory compliance with such terms and conditions. 
 

Serum and blood cells are obtained from the Biobank of the Hertie Institute for Clinical 
Brain Research. Collection has been approved by the Ethics Committee of the Faculty of 
Medicine of the University of Tübingen. Additional samples will be collected and approval 
will be sought for each of the described projects as an addendum to the biobank 
approval once funding for the project has been secured. The proposed studies at the 
DZNE Tübingen are based on use of iPSC lines that have already been generated from 
biological materials (skin biopsy) collected from patients and controls and available at 
the Hertie Biobank. Skin biopsies have been collected after receiving informed consent in 
a procedure that has previously been reviewed and approved by the Ethics Committee of 
the Medical Faculty and the University Hospital Tübingen.  
All research projects carried out at Oasi Institute for Research on Mental Retardation and 
Brain Aging are submitted to the Regional Ethics Committee “Comitato Etico IRCCS 
Sicilia – Oasi Maria SS.”, based in Troina (EN), Italy. Blood samples have been collected 
at the Oasis Institute from consecutive confirmed PD (n: 45) cases according to the 
United Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria for 
idiopathic PD (see Puligheddu 2014 PMID: 24891077). Neurologists at the OASI Institute 
interview and examine all cases. The Hoehn & Yahr (H&Y) disease stage is assessed for 
each patient and disease duration carefully evaluated (see Puligheddu 2014 PMID: 
24891077). The study has been approved by the local ethics committee; all subjects 
provided informed consent according to the Declaration of Helsinki before entering the 
study. Additional samples will be collected and approval will be sought for each of the 
described projects as an addendum to the approval once funding for the project has 
been secured. Animal studies: this study has received preliminary approval by the Ethics 
Committee mentioned above, and specifically by the OPBA subgroup of the Committee 
for the mouse models, based on the rationale and objectives submitted. All animal 
studies will be performed in strict accordance with the Guide for the Care and Use of 
Laboratory Animals (NIH). Approval will be sought for each of the described projects as 
an addendum to the approval once funding for the project has been secured.  
 

  



 

Section 6: Data preservation and sharing 

 

Please describe briefly a data sharing and preservation strategy which is in accordance 
with partner funder policies, and the principles of the CoEN initiative.  
 
The strategy should include: 

• additional considerations for patient and population-based research; 
• for research reliant on sharing or re-use of existing datasets, how access to, and 

use of, data will be managed; 
• plans for data deposition where an appropriate preservation infrastructure is 

available (for example, a community or institutional database/archive); and 
• if the data relates to human subjects and is personally-identifiable, regulatory 

approvals for this secondary use where necessary. 
 
If you do not consider that any new data arising from the research proposed will be 
amenable to sharing, you should provide explicit reasons why. 
 
For sensitive data concerning patients, the DZNE and the UKT adopt the following 
policies: for each sample, the patient identifiers have been removed to adhere to patient 
privacy. A pseudonymisation procedure for patients’ materials and clinical data has been 
approved by the local ethical review board and will be followed. In short, all data and 
materials of patients and control individuals will be assigned a code. All patient and 
proband data and materials will be stored and handled under this code only. Re-
identification will be only possible by the responsible principal investigator. Exchange of 
clinical data and patient material between centres will only be performed under the 
respective codes, never in an unblended fashion. Pseudonymisation of data is clearly 
preferred to anonymisation, as it may become necessary to re-contact patients or 
probands to obtain or provide additional information, and also because the participants 
of the study will retain the right to have their sample and clinical data removed from the 
study. Any re- identification and contacting of patients or relatives needs to be approved 
by the local responsible principal investigator under the regulations established by the 
local ethical review board. This procedure has been approved and is being followed for 
ongoing biobanking. No destruction of records or biomaterials is planned, but records 
and materials can be retracted at any time upon request of the patient or proband.  
 
 
  



 

Section 7: Exploitation and dissemination 
 

 
Where research is likely to generate intellectual property, release of funds will be 
dependent on provision of an agreement between participating CoEs which adheres to 
the terms and conditions of the relevant funding partners.  
 
Please describe briefly below any research in the proposal likely to generate 
commercially exploitable results and any arrangements in place in the host institutions 
for taking forward the commercial exploitation of such research. 
 

Partner 1 will coordinate the project. All partners and collaborators will be involved in 
experimental planning for the project and will share and discuss results. Formal 
teleconference meetings with all researchers involved in the project will be held on a 
monthly basis. We will organize a face-to-face meeting in either Tübingen or Troina 
within the first 3 months and then 18 months to discuss research progress, plan future 
developments and finalize papers. All laboratories will actively engage with academic and 
non-academic audiences to disseminate results from their research. Valuable data 
arising from funded research will be made available to the scientific community for 
research and for patient and public benefit. Open source journals will be used to deliver 
the results to the scientific community whenever possible. PIs and researchers will 
present findings at invited seminars or national/international conferences. The PIs 
actively participate in public engagement and have established links with charities and 
associations including the Michael J Fox Foundation and the Parkinson Italian 
Association. The participating institutes regularly host several laboratory visits for the lay 
public. 
 
An agreement document covering issues of liability, confidentiality, intellectual property 
and publication will be signed by all project partners at the start of project work, as 
requested by the CoEN call. The applicants Institutes have extensive expertise in 
Intellectual property management, licensing and technology and knowledge transfer in 
the protection of intellectual property arising from grant-funded research.  
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Annex 2: Directors’ letters of support 

 

All applications must be accompanied by letters of support from the respective Director 
of each CoE included in the proposal who must verify the eligibility of researchers 
from their respective CoE and outline what contributions the applicant(s) make to 
the centre. For proposals with applicants based in an eligible Canadian institution, 
applications should be supported with a letter from the Head of the Research Office. 
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September 5, 2017 
 
 
 
COEN Proposal:  “Age-dependent immune dysfunction in LRRK2 Parkinson's 
disease” 
Letter of Support 
 
The COEN inititative aims to encourage collaborative research between recognised 
national centres of excellence in neurodegeneration in order to accelerate progress 
in understanding the mechanisms of disease as well as the identification of new 
therapeutic approaches. I am writing to confirm the eligibility of the following DZNE 
participants in this application for funding under the CoEN 2017 Pathfinder III call for 
proposals. 
 

Role in Proposed Project Name DZNE Title 
   
Lead Principal Applicant Deleidi, Michela Group Leader 
Principal Applicant for DZNE Deleidi, Michela Group Leader 
DZNE Co-Applicants   
   
   
   

 
 
Please contact Dr. Sarah Jewell (sarah.jewell@dzne.de) if you have any questions. I 
look forward to seeing another round of innovative proposals. 
    
 
 
Kind regards, 
 

 

Prof. Pierluigi Nicotera, MD PhD  
Scientific Director and  
Chairman of the Executive Board 
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