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Datablitz session 1: “Cell therapy for PD”
1. Alessandro Fiorenzano
Single cell transcriptomics reveals DA neuron diversity in hESC organoids
Alessandro Fiorenzano1, Marcella Birtele1, Petter Storm1, Jessica Giacomoni1, Fredrik
Nilsson1, Edoardo Sozzi1, Bengt Mattsson1, Janko Kajtez1, Yogita Sharma1, Yu Zhang1, Daniella
Rylander Ottosson2, Jenny Emnéus3 and Malin Parmar1
1Developmental

and Regenerative Neurobiology, Wallenberg Neuroscience Center, and Lund
Stem Cell Centre, Department of Experimental Medical Science, Lund University, Sweden
2Regenerative Neurophysiology, Wallenberg Neuroscience Center, Lund Stem Cell Center,
Department of Experimental Medical Science, Lund University, Sweden
3Department of Biotechnology and Biomedicine (DTU Bioengineering), Technical University
of Denmark, Denmark
The inaccessibility of human tissue and the difficulty to achieve neuronal maturation and
function in 2D cultures have made the study of human brain function and disease extremely
challenging. Here, we differentiated human PSCs into three-dimensional (3D) regionalized
human brain organoids which, when patterned towards a ventral midbrain (VM) fate, gave
rise to mature and functional pigmented DA neurons. Using scRNA-seq, we defined the
cellular composition and reconstructed the developmental trajectory of the different cell
types, including DA neurons. We also obtained an unbiased and comprehensive
characterization of human DA subgroups, which reveals a molecular signature of DA neuron
diversity and provides a valuable asset for the design of more targeted and effective stem-cell
based therapies in Parkinson´s disease. However, the value of brain organoids in modeling
later developmental stages and more mature neurons in a dish is hampered by their poor
reproducibility and incomplete maturation. To address this issue, we designed a novel
technological approach to generate bioengineered VM organoids supported by recombinant
spider silk microfibers functionalized with full-length human laminin. Silk-VM organoids
reproduce key molecular aspects of DA neurogenesis and sustain the homogeneous and
functional generation of DA circuitries throughout.
2. Emilie Faggiani, Treefrog therapeutics, 30 avenue Gustave Eiffel 33600 Pessac
3D graft format for successful transplantation of DA neurons
E. Faggiani1, M. Feyeux1, K. Alessandri1, N. Prudon1,2,3, L. Cordero-Espinoza1, P. Nassoy4,5, C.
Rieu1, J. Hardouin1, E. Bezard2,3
1 Treefrog

Therapeutics, Pessac, France
Univ. de Bordeaux, Institut des Maladies Neurodégénératives, UMR 5293, Bordeaux, France
3 CNRS, Institut des Maladies Neurodégénératives, UMR 5293, Bordeaux, France
2

2

4

Université de Bordeaux, Laboratoire Photonique Numérique et Nanosciences, UMR 5298,
Talence, France
5 CNRS and Institut d'Optique, LP2N UMR 5298, Talence, France
The development of efficient in vitro protocols to generate dopaminergic neurons from
human Pluripotent Stem Cells (hPSCs) enables the deployment of cell therapy for Parkinson’s
disease.
However, mature neuronal transplantation is generally considered as non-viable. Similarly,
the transplantation of neural progenitors is challenging regarding: i) in situ control over the
graft’s cellular identity ii) proliferation risk management.
Irrespective of the cell therapy strategy, the patient outcome is intimately linked with the
quality and delivery of the cell transplant. In addition, the production scheme needs to address
both qualitative and quantitative issues while managing cost of goods.
Since 2018, we have been addressing some of these challenges with our C-Stem™ technology.
Fully mature dopaminergic neuronal microtissues were differentiated from hPSCs within
capsules. Transplantation of these microtissues into hemiparkinson rats leads to total motor
recovery within 8 weeks. We believe that the increased efficacy of the graft is linked to its 3D
format, which enables transplantation of fully mature neurons and thus eliminates the in situ
differentiation required from dopaminergic progenitors. Importantly, we replicated our
results with 3 different cell lines differentiated “in capsulo”, demonstrating the robustness of
the process.
Currently C-Stem™ can produce 75M dopaminergic neurons per batch. Our teams are
currently implementing a roadmap with the objective of launching a First in Human trial in
2024
3. Charlotte Bridge, Cardiff University, CF103AX
Can hESC-derived dopamine grafts improve non-motor impairments?
Bridge, C., Harrison, D., Stonelake, E., Fjodorova, M., Kirkeby, A., Li, M., Parmar, M. & Lelos,
M, J.
Non-motor (NM) symptoms in Parkinson’s disease have a significant impact on the quality of
life for patients. Cell therapies, such as human fetal ventral mesencephalic tissue (hfVM), can
replace lost dopamine (DA) cells and alleviate motor symptoms. Preclinical studies have also
demonstrated the amelioration of some dopamine-dependent NMS, such as visuospatial
dysfunctions. It was unknown whether recovery of NM impairments could be achieved with
human embryonic stem cell- (hESC-) derived ventral midbrain DA (vmDA) grafts. Rats
underwent operant training on the lateralised choice reaction time (LCRT) task before
receiving unilateral 6-OHDA lesions. Lesion-induced deficits were measured prior to receiving
transplants of either hfVM or hESC-derived DA cells differentiated according to one of two
different in vitro protocols. Animals were kept for 21 weeks post-transplantation and tested
on amphetamine-induced rotations and the LCRT task before brain tissue was taken for
immunohistochemical analysis. Grafts from all 3 cell types alleviated amphetamine-induced
rotational bias. However, only rats with hfVM grafts demonstrated improvements in
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visuospatial function on the LCRT task. Correlational analysis revealed an association between
more accurate visuospatial performance and deeper medial neostriatal innervation (p=0.006),
lower TH+ neuron content (p=0.008) and a higher percentage of A10 neurons (p=0.011).
Poorer visuospatial performance was associated with greater lateral neostriatal innervation
(p=0.007). These data suggest that the cellular composition of the graft and extent of medial
neostriatal innervation may be important for the recovery of visuospatial deficits and thus,
highlighting that consideration of these factors may ultimately yield a cell therapy product
capable of targeting dopamine-dependent NM deficits.
4. Nicholas P. Lao-Kaim
Positron emission tomography imaging of the short-term longitudinal effects of
intraputamenal hfVM transplantation on dopaminergic and serotonergic function in
Parkinson’s disease
Nicholas P. Lao-Kaim1, Antonio Martin-Bastida2, Andreas-Antonios Roussakis1, Graham E.
Searle3, Gesine Paul4, 5, Håkan Widner5, Tom Foltynie6, Roger A. Barker7, Paola Piccini1 &
TRANSEURO Consortium.
1Neurology

Imaging Unit, Division of Neurology, Department of Brain Sciences, Imperial
College London, London, UK
2Neurology Department, Clinica Universidad de Navarra, Pamplona, Navarra, 31008, Spain
3Invicro LLC, London, UK
4Translational Neurology Group, Department of Clinical Sciences, Wallenberg Neuroscience
Centre, Lund University, Lund, Sweden
5Division of Neurology, Department of Clinical Sciences, Lund University, Skåne University
Hospital, Lund, Sweden
6Department of Clinical and Movement Neurosciences, UCL Institute of Neurology, London,
UK
7John Van Geest Centre for Brain Repair, University of Cambridge, Cambridge, UK
The current report examines the effects of hfVM transplants under the Transeuro protocol on
dopaminergic/serotonergic striatal function using positron emission tomography.
Eight transplanted PD patients (PDTx) underwent multi-tracer PET imaging twice prior to
(baseline, 18 months) and 18 months following surgery. 16 non-transplanted PD patients (PDC)
were scanned at baseline and 18 months. Images were processed using MIAKAT 4.3.13 and
[18F]FDOPA Ki (dopamine synthesis/storage capacity), [11C]PE2I BPND (dopamine transporter
density) and [11C]DASB BPND (serotonin transporter density) values derived using Patlak plot,
Logan plot and SRTM2 respectively, with cerebellar reference.
We found that [18F]FDOPA Ki and [11C]PE2I BPND values increased in the putamen of the PDTx
group at follow-up, as compared to both the PDC putamen and PDTx caudate, both of which
continued to degenerate. There was no effect of the order in which brain sides were
transplanted, however, the clinically-defined most affected side showed greater response to
treatment than the least affected side. Δ[11C]PE2I BPND was positively related to Δ[18F]FDOPA
Ki over the therapeutic interval with a markedly different slope to that characterising PDC.
Voxelwise and sub-regional putamen analysis revealed sporadic clustering of dopaminergic
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re-innervation with little concordance across individuals. [11C]DASB BPND was also significantly
increased in the PDTx putamen compared to PDC putamen and PDTx caudate and similarly
showed inconsistent deposition/cell survival patterns.
hfVM transplants can survive and express dopamine reuptake machinery within the host.
However, early post-surgical data suggest that serotonergic cell contamination is unavoidable
and that current surgical methodology could be improved to promote more homogenous
deposition.

Datablitz session 2: “Novel tools and approaches”
1. Cian O' Connor
Development of a 3D human induced pluripotent stem cell spinal cord scaffold system to
investigate and promote spinal cord repair
Cian O’ Connor1,2, Ian Woods1,2, Sean Kerr1, Adrian Dervan1,2 & Fergal O’ Brien1,2
1Tissue Engineering Research Group, Dept. of Anatomy, Royal College of Surgeons in Ireland,
Dublin, Ireland , 2Advanced Materials and Bioengineering Research Centre (AMBER), RCSI
and TCD, Dublin, Ireland
Following spinal cord injury, trophic cells called astrocytes, become ‘reactive’1 and contribute
to scar formation2, preventing injured neurons from growing axons through the lesion site to
restore sensorimotor function. Currently, no full therapeutic exists to facilitate cord repair due
to the poor understanding of the underlying cellular mechanisms post-injury, and the lack of
supportive environment to promote recovery2. Building on expertise in developing peripheral
nerve guidance scaffolds3 we aimed to create a biomimetic scaffold for 3D cord modelling and
to provide a trophic environment for repair. Screening of native central nervous system (CNS)
extracellular matrix (ECM) proteins revealed that collagen-IV and fibronectin combined,
enhanced motorneuron (39%, p<0.01) and spinal cord astrocyte outgrowth (70%, p<0.05).
Subsequent seeding of hyaluronic acid scaffolds functionalized with both ECM proteins, with
mechanical properties and aligned microarchitecture mimicking the spinal cord, with induced
pluripotent stem cell (iPSC) derived astrocytes and neurons showed that soft scaffolds
(0.9kPa) promoted viability (p<0.05), outgrowth/infiltration (p<0.0001) and differentiation
compared to stiffer scaffolds (3kPa & 6.1kPa). Furthermore, soft scaffolds encouraged growth
of iPSC derived sphereoids that subsequently formed extensive neuronal/astrocytic networks
with distinct Beta-tubulin III+ (neurons) and GFAP+ (astrocytes) processes that connected with
other spheroids. Here we show the creation of a novel scaffold environment that supports
robust iPSC derived astrocytic and neuronal growth. These findings have implications for 3D
modelling of astrocyte-neuronal interactions following spinal cord injury and further
development of scaffold therapeutics for promoting cord repair. Research funded by the IRFU
charitable trust, Anatomical Society UK and SFI-AMBER centre.
1. Liddelow et al., Nature 541, 481–487, 2017;
2. Okada et al., Neuroscience Research. 126, 39–43, 2018;
3. Lackington et al., Acta Biomaterialia, 75, 115–128, 2018
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2. Daniel Tornero
Dynamic single cell-resolution calcium imaging as a tool to monitor network development
in human iPSCs-derived neuronal cultures.
Estevez-Priego E.1, Soriano J.1 and Tornero D.2,3
1Department of Condensed Matter Physics, Institute of Complex Systems (UBICS), University
of Barcelona, Spain. 2Laboratory of Neural Stem Cells and Brain Damage, IDIBAPS, Institute
of Neuroscience, University of Barcelona, Spain. 3Production and Validation Center of
Advanced Therapies (CREATIO), University of Barcelona, Spain.
Animal models have been useful to learn about brain disease mechanisms and potential
treatments, but quite often failed during translation into humans, probably due to the
considerable differences in complexity between the brain of the human beings and rodents.
Emergence of induced pluripotent stem cells (iPSCs) revolutionized the possibilities of in vitro
models to study human brain in physiological and pathological conditions. During the last 10
years, many studies using human iPSCs-derived neural cultures have established in vitro
systems that more reliably identify molecular pathways and predict effective drug targets for
neurological disorders. Exhaustive morphological, biochemical and functional
characterization is needed in order to detect phenotypical differences between health and
diseased cells. Up to this point, some limitations of these in vitro models have been tied to the
lack of tools to study complex systems and extract reliable neuronal functional features.
We used a set of analytical tools that serve to deeply assess the progression of neuronal
network maturation in cell cultures. Using genetically encoded calcium indicator GCaMP6s,
we show, for the first time, a continuous temporal monitoring of neuronal activity of the same
group of neurons throughout the process of generating a network. Our results show that
human iPSCs-derived cultures behave differently from rat brain neuronal primary cultures and
very similar to primary cultures derived from human embryonic tissue. We described several
characteristics of the networks that are specific of human neurons and can be used to evaluate
possible defects in neuronal function derived from neurological diseases.
3. Francesco Gubinelli
Electrochemical detection of neurotransmitter release through optogenetic activation
Gubinelli, F. 1, Negrini M.1, Tomasello G 1., Björklund T.2, Davidsson M.2, Heuer A.1
1 Behavioural

Neuroscience Laboratory, Department of Experimental Medical Sciences, Lund
University, Lund, Sweden
2 Molecular Neuromodulation, Department of Experimental Medical Sciences, Lund
University, Lund University, Lund, Sweden
Optogenetics and electrochemistry are two techniques that have the advantage of high
temporal and spatial resolution as well as selectivity and specificity; their high sampling rates
can be used for the real-time tracking of the extracellular dopamine concentration.
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In the present work we combined optogenetic stimulation and electrochemical detection
technologies to stimulate and measure neurotransmitter release selectively from
dopaminergic cells in intact rats, in rats following an a-synuclein (α-syn) insult, and in
dopaminergic primary foetal rat tissue grafts.
To do so, we selectively overexpressed Channelrhodopsin-2 (ChR2) in the midbrain of a TH:Cre
driver rat line using a Cre-inducible AAV-9 vector. We then quantified the striatal dopamine
release using various parameters. Thereafter we investigated the dopamine release and
reuptake after optical stimulation in an α-syn overexpressing preclinical rat model of
Parkinson’s disease (PD), to detect disfunctions in dopamine release typically seen in PD
patients. Finally we engrafted TH:Cre rat cells derived from E14 ventral midbrain cells into the
striatum of 6-OHDA lesioned rats and transduced the graft with the same Cre-inducible AAV9ChR2 vector.
Our results showed that optogenetic-induced dopamine release can be used as a tool for
preclinical investigation of PD-relevant animal models, as well as for selective and precise
investigation of graft functionality.
4. Sissel Schmidt
Microglia-secreted factors enhance dopaminergic differentiation of tissue- and iPSCderived human neural stem cells
Sissel Schmidt1, Helle Bogetofte1, Louise Ritter1, Jette Agergaard1, Ditte Hammerich1, Amina
Kabiljagic1, Agnieszka Wlodarczyk1, Silvia Lopez2, Mia Sørensen3, Mie Jørgensen1, Justyna
Okarmus1, Alberto Serrano2, Bjarne Kristensen3,6, Kristine Freude5, Trevor Owens1,6, Morten
Meyer1,4.
1Dept.

of Neurobiology Research, Institute of Molecular Medicine, University of Southern
Denmark (SDU), DK; 2Dept. of Molecular Biology, University Autonoma Madrid-C.S.I.C., ES;
3Dept. of Pathology and 4Dept. of Neurology, Odense University Hospital & Dept. of Clinical
Research, SDU, DK; 5Faculty of Health and Medical Sciences, Dept. of Veterinary and Animal
Sciences, University of Copenhagen, DK.
Microglia have recently been established as key regulators of brain development. However,
their role in neuronal subtype specification remains largely unknown. Using three different
co-culture setups, we show that microglia-secreted factors enhance dopaminergic
differentiation of somatic and induced pluripotent stem cell (iPSC)-derived human neural stem
cells (NSCs). The effect was consistent across different NSC and microglial cell lines and was
independent of prior microglial activation, though restricted to microglia of embryonic origin.
We provide evidence that the effect is mediated through reduced cell proliferation, decreased
apoptosis and necrosis orchestrated in a sequential manner during the differentiation process.
TNFa, IL-1b and IGF1 are identified as key mediators of the effect and shown to directly
increase dopaminergic differentiation of human NSCs. These findings demonstrate a positive
effect of microglia on dopaminergic neurogenesis and may provide new insights into inductive
and protective factors that can stimulate in vitro derivation of dopaminergic neurons.
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Datablitz session 3: “Disease pathology”
1. Helle Bogetofte
Targeted Treatment of Neurite Outgrowth Defects in Human IPSC-derived Neurons with
PARK2 or GBA Mutations
Helle Bogetofte1,2, Pia Jensen3, Brent J. Ryan2, Justyna Okarmus1, Sissel I. Schmidt1, Matias
Ryding1, Dana Vergoossen2, Lisa Kiani2, Richard Wade-Martins2, Martin R. Larsen3, Morten
Meyer1,4
1 Institute of Molecular Medicine, University of Southern Denmark, DK
2 Oxford Parkinson's Disease Centre, University of Oxford, UK
3 Institute of Biochemistry and Molecular Biology, University of Southern Denmark, DK
4 Department of Neurology, Odense University Hospital, DK
The development of effective therapeutics for Parkinson's disease (PD) is hampered by our
limited mechanistic understanding of the initiation and progression of the disease. However,
recent research suggests that axonal degeneration could be a key event at early stages.
Utilising a large-scale proteomic and post-translational modification (PTM) screening
approach we set out to identify common pathogenic mechanisms arising from PD-causing
mutations in PARK2 and GBA, two genes with very distinct roles in the neurons. PARK2
encodes the E3 ligase parkin, which is vital for mitophagy, whereas GBA encodes
glucocerebrosidase, an important lysosomal enzyme. By studying the effect of these
mutations in human induced pluripotent stem cell (iPSC)-derived neurons, we elucidated early
molecular perturbations underlying the disease.
Network analysis of the proteomic and PTMomic changes revealed perturbations in cell
survival, migration and neurite outgrowth in neurons with PARK2 knockout.
The small GTPase RhoA was identified as a key upstream regulator, and by inhibiting RhoA
signalling the migration and neurite outgrowth phenotypes could be rescued.
Neurite outgrowth defects were similarly confirmed in GBA N370S patient-derived neurons,
which to our knowledge is the first documentation of this phenotype in GBA mutated neurons.
Applying a glucocerebrosidase chaperone significantly improved neurite outgrowth in the
patient-derived neurons.
Our study points to neuritic defects as an early, common disease mechanism in PD and
demonstrates how targeted treatments can revert this disease phenotype, highlighting the
potential for therapeutic intervention at early stages of disease.
2. Sarah McComish
The interactions of apolipoprotein E and inflammation in human iPSC-derived astrocytes
Sarah F. McComish1, 2, Lucy A. Crompton3, 4, Jon D. Lane4, Maeve A. Caldwell1, 2.
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1

Trinity College Institute of Neuroscience, Trinity College Dublin, Dublin, Ireland
Department of Physiology, School of Medicine, Trinity College Dublin, Dublin, Ireland
3 Regenerative Medicine Laboratory, School of Clinical Sciences, University of Bristol, Bristol,
UK
4 Cell Biology Laboratories, School of Biochemistry, University of Bristol, Bristol, UK
2

Astrocytes are the most abundant cell type in the CNS and play a central role in the
development and homeostasis of the healthy brain. However, astrocytes have the potential
to become activated and reactive in neurodegenerative disorders such as Alzheimer’s disease
(AD). Apolipoprotein E (APOE) genotype is one of the major risk factors for sporadic AD, with
the E4 allele contributing a 4-fold increased risk. Our study aimed to investigate the impact of
APOE genotype on astrocyte reactivity and function using human induced pluripotent stem
cell (iPSC)-derived astrocytes.
Human iPSC were patterned towards a neural fate using dual SMAD inhibition. Astrocytes
were derived using epidermal growth and human leukemia inhibitory factors to produce
mature astrocytes after 90 days. Astrocytes were characterised then stimulated to induce a
reactive phenotype.
iPSC-derived astrocytes were positive for astrocyte markers GFAP, S100β, Connexin-43 and
EAAT1 confirming cell fate. Stimulation resulted in increased IL-6 secretion, coupled with
increased expression of genes associated with reactive astrocytes (e.g. C3, CXCL10, PTX3).
APOE genotype affected basal expression of reactivity markers and functionality, with APOE4
inducing reactivity and compromising glutamate uptake.
In conclusion, the ability to produce reactive astrocytes from genotyped human cells in vitro
provides a powerful model for researching the mechanisms underlying the detrimental role
of astrocytes and the effect of APOE genotype in AD. This study presents the potential
mechanisms which predispose APOE4 carriers to AD and presents some therapeutic targets in
order to manage AD risk.
3. Karina Binda
Exercise restores synaptic integrity in a rodent model of Parkinson’s disease
Binda, KH1,2,3; Lillethorup TP1; Real, CC4; Bærentzen SL1,2, Brooks, DJ1,5; Chacur, M3; Landau,
AM1,2
1- Department of Nuclear Medicine and PET Centre, Aarhus University and Hospital,
Denmark.
2-Translational Neuropsychiatry Unit, Aarhus University, Denmark.
3-Laboratory of Functional Neuroanatomy of Pain, Departamento de Anatomia,
Universidade de Sao Paulo, Sao Paulo, SP, Brazil.
4- Laboratory of Nuclear Medicine (LIM 43), Faculdade de Medicina FMUSP, Universidade de
Sao Paulo, Sao Paulo, SP, Brazil.
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5- Clinical Aging Research Unit, Newcastle University, Campus for Ageing and Vitality,
Newcastle upon Tyne, UK.
Parkinson's disease (PD) is the second most common neurodegenerative disease. Physical
exercise has beneficial effects in PD such as improvement of patient’s quality of life, but the
role it plays in modulation of synaptic plasticity is unclear. A novel marker of synaptic density
has recently become available. UCB-J binds to the transmembrane synaptic vesicle
glycoprotein 2A (SV2A) transporter and can be labeled with in vitro autoradiography imaging.
The aim of the current study is to use [3H]UCB-J autoradiography to examine the changes in
synaptic transporter function elicited by physical exercise in a rodent model of PD induced by
unilateral 6-hydroxydopamine (6-OHDA) injection.
Rats were unilaterally injected in the striatum with either 6-OHDA or saline as a control; half
of each group was then exposed to an exercise regime, while the other half remained
sedentary. In the exercised group, animals ran for 40 minutes, 10m/min, 3x/week for 5 weeks.
Rats were then euthanized, and brains fresh frozen and sectioned. [3H]UCB-J autoradiography
was performed in striatum and substantia nigra using [3H]UCB-J. Data were analyzed using an
autoradiography system. The comparisons between groups were conducted using a two-way
ANOVA followed by Tukey's post-test.
Our data revealed a significant reduction of [3H]UCB-J binding in the ipsilateral striatum
(12%,p<0.01) and substantia nigra (15%,p<0.05) in response to 6-OHDA lesioning in sedentary
rats. In lesioned rats exposed to the exercise protocol, binding remained at non-lesioned
values. Increased [3H]UCB-J binding suggests that exercise has the capacity to promote
compensatory mechanisms associated with restoration of synaptic integrity in PD.
4. Susan Goulding
GDF5 exerts neuroprotection in an a-synuclein rat model of Parkinson’s disease.
Susan R. Goulding1,2, Ruth M. Concannon1, Noelia Morales-Prieto1, Francisca VillalobosManriquez 3,4, Gerard Clarke3,4,5, Louise M. Collins1, Martin Lévesque6, Sean L. Wyatt7, Aideen
M. Sullivan1,4,5*, Gerard W. O’Keeffe1,4,5*.
1 Department of Anatomy & Neuroscience, University College Cork (UCC), Cork, Ireland.
2 Department of Biological Sciences, Cork Institute of Technology (CIT), Cork, Ireland.
3 Department of Psychiatry and Neurobehavioural Sciences, UCC, Cork, Ireland.
4 APC Microbiome Ireland, UCC, Cork, Ireland.
5 Cork Neuroscience Centre, UCC, Cork, Ireland.
6 Department of Psychiatry and Neurosciences, Faculty of Medicine, Université Laval,
Quebec, Canada
7 School of Biosciences, Cardiff University, Museum Avenue, Cardiff, UK.
Introduction: Neurotrophic factors hold significant promise as neuroprotective therapies for
Parkinson’s disease (PD). While the delivery of neurotrophic factors to the substantia nigra
(SN) is safe and feasible, clinical trials of two well-known neurotrophic factors, GDNF and
neurturin, have failed to meet their primary end-points. This is thought to be due to
downregulation of their common co-receptor, Ret. In this study, we determined whether viral
delivery to the adult rat SN, of the Ret-independent neurotrophic factor GDF5, could protect
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dopaminergic neurons and their axons from α-synuclein–induced degeneration, the
neuropathological hallmark of PD.
Methods: All procedures were carried out under license with full ethical approval. Adult
Sprague-Dawley female rats received a unilateral intranigral injection of an AAV-α-synuclein
vector, in combination with either an AAV-GDF5 vector or an empty AAV-Null vector. At 20
weeks, animals were sacrificed and analysed for α-synuclein pathology and nigrostriatal
integrity, or for gene expression in the SN.
Results: Intranigral delivery of AAV-α-synuclein led to significant reductions in the expression
of transcripts for Th, Dat and Ret, but did not affect the expression of the GDF5 signalling
mediators, Bmpr2, Bmpr1b and Smad 1. In addition, AAV-α-synuclein caused a significant loss
of dopaminergic neurons from the SN, reduced dopaminergic striatal innervation and caused
a loss of striatal dopamine, all of which were prevented by AAV-mediated delivery of GDF5.
Conclusion: The observed neuroprotective effects of GDF5 in this preclinical model support
the theory that Ret-independent neurotrophic factors may have therapeutic benefit in PD and
are worthy of further exploration.

Datablitz session 4: “Advances in HD”
1. Vittoria Bocchi
Single-cell RNA-seq of the human fetal striatum reveals new cell-states and gene
regulatory networks that can be leveraged for improved stem cells-based protocols for
Huntington’s Disease
Vittoria Bocchi1,2, Paola Conforti1,2, Elena Vezzoli1,2, Dario Besusso1,2, Claudio Cappadona1,2, Tiziana
Lischetti1,2, Maura Galimberti1,2, Valeria Ranzani2, Raoul J.P. Bonnal2,4, Marco De Simone2, Grazisa
Rossetti2,4, Ira Espuny-Camacho1,2, Andrea Faedo1,2, Federica Gervasoni2,3,4, Romina Vuono5, Xiaoling
He5, Jian Chen6, Dan Felsenfeld6, Giulio Pavesi1, Roger A. Barker5, Massimiliano Pagani2,3,4 and Elena
Cattaneo1,2
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Dipartimento di Bioscienze, Università degli Studi di Milano, Milan, Italy;
INGM, Istituto Nazionale Genetica Molecolare, Milan, Italy;
3
Dipartimento di Biotecnologie Mediche e Medicina Traslazionale, Università degli Studi di Milano,
Milan, Italy.
4
IFOM- FIRC Institute of Molecular Oncology, Milan, Italy.
5
WT-MRC Cambridge Stem Cell Institute and Department of Clinical Neuroscience, University of
Cambridge University of Cambridge, Cambridge, UK;
6
CHDI Foundation, New York, U.S.A;
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Understanding how the striatum develops has been challenging due to the rarity of human
fetal brain samples. We combined bulk and scRNA-seq to decipher the transcriptional codes
that lead to the emergence of this structure. Since lncRNAs diversity is directly correlated with
brain complexity and highly cell-specific, we first sought to catalogue 1116 de novo identified
lincRNAs of different areas of the developing telencephalon. We then profiled 96,789 single
cells from the developing human striatum that uncovered the cell type-specific gene
regulatory networks of 15 cell states. We found that a common progenitor can give rise to
both D1 and D2 medium spiny neurons (MSNs) and that this progenitor is distinct from the
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progenitor of interneurons. We also discovered a new post-mitotic precursor cell-state that
both MSNs pass through. Finally, we characterized two novel human-specific lincRNAs that
may contribute to the establishment of human-specific striatal functions.
In summary, our novel findings reveal the first high resolution molecular map of the human
striatum and this in turn can be leveraged to improve stem cell based therapeutic approaches.
2. Nina Stöberl
Investigating microglia phenotypes in an induced pluripotent stem cell model of
Huntington’s Disease
Stöberl, N.1, Donaldson J.J.2, Massey, T.2, Jones L.2, Allen, N.D.1
1 School

of Biosciences, College of Biomedical and Life Sciences, Cardiff University
Research Council Centre for Neuropsychiatric Genetics and Genomics, Department
of Psychological Medicine and Neurology, School of Medicine, Cardiff University
2 Medical

Huntington’s disease (HD) is a severe neurodegenerative disorder caused by a dominantly
inherited CAG trinucleotide repeat expansion in the huntingtin gene (HTT). As in other
neurodegenerative diseases, neuroinflammation is a prominent sign of HD pathology.
Microglia are the principal resident immune cells of the CNS. Several positron emission
tomography studies have demonstrated that microglial activation correlates with disease
severity, however an open question is whether mutant HTT expression leads to cellautonomous phenotypes in microglia which potentially contribute to disease onset and
progression. To address this, we used patient-derived induced pluripotent stem cell (iPSC)
models of HD microglia with 109 CAG repeats and isogenic controls with a corrected wild-type
length of 22 repeats. Differentiated iPSC-derived myeloid precursors and microglia-like cells
were characterized by flow cytometry and immunohistochemistry for the expression of cellspecific markers. Both HD and isogenic control cells express desired microglia markers. We
found that HD microglia-like cells exhibit significantly decreased cell complexity determined
by cell area and eccentricity. The phagocytosis of pathogens, apoptotic cells and debris is a
key feature of microglia function. Phagocytosis of E.coli beads was significantly decreased in
HD microglia-like cells compared to controls. These initial observations suggest a cellautonomous effect of mutant HTT on microglia status and activity and are consistent with
previous data on microglial activation, thus supporting the use of iPSC-derived microglia as a
model to study neuroinflammation in HD.

3. Karolina Pircs
Direct neuronal reprogramming of Huntington disease fibroblasts reveals posttranscriptionally regulated autophagy and neurite impairments
Pircs K1, Gil J1, Rezeli M1, Grassi DA1, Garza R1, Sharma Y1, Hersbach BA1, Sharma K1,
Lagerwall J1, Lagerström S1, Jönsson ME1, Johansson PA1, Harris K2, St-Amour I3, Vuono R2,

12

Stoker T2, Cattaneo E4, Drouin-Ouellet5, Parmar M1, Hébert SS3, Marko-Varga GY1, Barker
RA1,2, Jakobsson J1*
1Lund

University; 2University of Cambridge; 3Laval University; 4University of Milan;
5University of Montreal
Huntington disease (HD) is caused by an expanded polyglutamine tract within the first exon
of Huntingtin (HTT). Genetics and age are key components of HD pathology as the length of
the CAG repeat expansion in HTT correlates with disease onset and the severity of the
symptoms. Unfortunately, the molecular and cellular basis for the pathology and the agerelated disease process remains poorly understood and treatment of HD remains a major
challenge.
Modelling HD in the lab has proven challenging as rodent models poorly reproduce the disease
process and cellular models fail to include age-dependent processes crucial to the disease. In
this project, we established a new model of HD based on induced neurons (generated by direct
reprogramming). This HD-iN model allows for a systematic study of a wide range of
differentially affected human neurons derived from patients with HD that retained agedependent characteristics. Proteomics analysis demonstrated an alteration in autophagy in
HD-iNs. In line with this, HD-iNs displayed a distinct alteration in autophagy activity,
specifically in the neurites, characterized by a reduction in the transport of late autophagic
structures from neurites to the cell-body and subsequent cargo degradation. In addition, we
found another neurite specific HD-iN phenotype, which consistently displayed shorter and
fewer neurites compared to ctrl-iNs. Lastly, silencing of HTT using CRISPRi could not rescue
autophagy or the less elaborate neuronal morphology in the HD-iNs.
These results identify a post-transcriptionally regulated autophagy coupled with neurite
impairments in HD-iNs. This newly gained information will also allow us to design novel
therapeutic strategies.
4. Dario Besusso
An optimized protocol for efficient production of hESC-derived striatal projection neurons
that can rapidly mature in vivo.
Dario Besusso 1, 2, Linda Scaramuzza1, 2 ,Paola Conforti 1, 2, Ilaria Campus 1, 2, Roberta
Schellino 3, 4,, Marina Boido 3, 4, Roberta Parolisi 3, 4, Manuel Cernigoj 1, 2, Vittoria Dickinson
Bocchi 1, 2, Silvia Brocchetti 1, 2, Alessandro Vercelli 3, 4, Annalisa Buffo 3, 4 and Elena Cattaneo
1, 2.
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Department of Neuroscience Rita Levi-Montalcini, University of Turin, Turin 10124,
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Neuroscience Institute Cavalieri Ottolenghi, University of Turin, Orbassano, 10043
Italy.

Human embryonic stem cells (hESCs) represent an invaluable tool for disease modelling and
regenerative medicine. Moreover, reliable and efficient in vitro procedures are essential for
the interrogation of disease mechanisms and for the development of effective cell therapies.
Huntington Disease (HD) is an incurable neurodegenerative disorder caused by progressive
loss of striatal medium-sized projection neurons (MSNs). Since the degeneration is relatively
focused on MSNs, HD could particularly benefit from a cell replacement therapy able to
mitigate the tissue damage. Here, we present a renovated ontology-recapitulating in vitro
protocol that leveraging optimal cell density and minimizing human intervention can achieve
higher yield of MSNs in shorter times compare to the original procedure. Single cell RNAseq
analysis at different in vitro time points reveals striatal-specific fate acquisition with marginal
presence of cells with non-striatal identity. Transcriptional profiling also confirms complete
maturation in a proportion of the cells at end of differentiation. This highly efficient cell
preparation is also able to mature in vivo towards the expected striatal lineage giving rise to
mature MSNs in only one month. Overall, we have shown that this optimized in vitro striatal
differentiation protocol is a quicker and more efficient procedure that holds potential for
future cell therapies in HD.
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