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L-DOPA-induced dyskinesia (LID) is a common complication of Parkinson’s disease
pharmacotherapy. Knowledge about the involvement of corticostriatal intratelencephalic
(IT) and pyramidal tract (PT) neurons in LID is currently lacking. Therefore, we set out to
study changes in the activity of these neurons in sensorimotor cortices in a rodent model of
LID. The model was created in transgenic Arc-dVenus mice (expressing the fluorescent
protein D-Venus under the control of Arc). The nigrostriatal pathway was lesioned
unilaterally with 6-hydroxydopamine; IT and PT neurons were retrogradely labelled using
cholera toxin-B tracers, and abnormal involuntary movements (AIMs) were induced using L-
DOPA or the D2 receptor agonist Sumanirole. Confocal imaging revealed that dopaminergic
denervation had caused a decline in the number of Arc-dVenus positive neurons in motor
cortical areas, which affected both IT and PT neurons. Treatment with L-DOPA restored the
total Arc-dVenus cell number to levels comparable to sham-lesioned controls, whereas Sum
treatment did not differ significantly from saline. Analysis of Arc-dVenus expression in IT and
PT neurons revealed that L-DOPA significantly activated both populations, though with a
stronger effect on IT cells that correlated significantly with AIMs severity. Furthermore, L-
DOPA strongly activated layer 4 neurons in the primary somatosensory cortex (S1), and this
effect also correlated with dyskinesia severity. Sumanirole induced less severe AIMs than L-
DOPA, raising PT but not IT activity. Our results reveal a different involvement of IT- and PT-
neurons upon treatment with L-DOPA or D2 receptor agonists. The strong correlation
between AIM severity and IT activation points to the importance of this pathway in LID.
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Neural stem cell (NSC) self-renewal, neural progenitor cell (NPC) proliferation and neuronal
differentiation during embryonal and adult neurogenesis are closely regulated by mitochondrial
dynamics and metabolism. By promoting mitochondrial fission and mitophagy, autocrine neuronal IFN{-
IFNAR signaling is crucial for neuronal homeostasis - its dysfunction leads to progressive parkinsonian
neurodegeneration with reduced adult hippocampal neurogenesis. The exact mechanisms through
which neuronal IFNB-IFNAR signaling regulates neurogenesis during development and adulthood
remain unknown.

We are addressing this question using human iPSC-derived neuronal cultures from a patient with a
familial parkinsonism, harboring a loss-of-function point mutation in the IFNAR1 gene (PD) and from
the corresponding gene-corrected isogenic control (ISO). Using immunostaining with confocal
microscopy, FACS-based cell cycle analysis and gqPCR, we characterize the PD phenotype and
involved molecular mechanisms.

We observe a high proliferative state with a disrupted cell cycle regulation in the PD NPCs, while
spontaneous neuronal differentiation is decreased by almost 50%. PD NSCs show signs of
mitochondrial accumulation, blocked fission, lower mitochondrial membrane potential and disrupted
physiological ROS signaling, which is deemed quintescential for proper neuronal cell fate commitment.
Mature PD dopaminergic neurons present with prominent morphological changes in neuronal networks,
decreased levels of dopaminergic and pan-neuronal markers, mitochondrial accumulation in neurites
and Tau / aSyn proteinopathy.

Our work indicates a new role of type-1 interferon signalling in the regulation of neuronal cell fate
commitment during neurogenesis, opening doors towards novel downstream molecular targets to
address neurogenesis impairments in parkinsonisms and potentially improve the efficacy of cell
replacement therapies.
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Reinstating GDNF-RET response to achieve dopaminergic cell rescue in a rat model of
alpha-synuclein pathology
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Glial-derived neurotrophic factor (GDNF) is a key neurotrophic factor with roles in
differentiation and survival of dopaminergic (DA) neurons, making it a therapeutic target of
interest for Parkinson’s disease (PD). In addition, downregulation of one of GDNF’s main
target receptors, rearranged-during-transfection (RET), has been previously reported from
post-mortem studies on human PD patient brains. As such, reinstatement of RET-mediated
GDNF-signaling may be key to achieving protection of DA neurons. Therefore, we investigated
the cell rescue potential of reinstating GDNF-RET-signaling in a rat model of alpha-synuclein
(a-syn) overexpression. We observed increased numbers of tyrosine hydroxylase (TH) and
vesicular monoamine transporter 2 (VMAT2)-positive neurons in response to combined
overexpression of GDNF and RET in animals overexpressing a-syn. Additionally, we noted
increased levels of cells expressing phosphorylated ribosomal protein S6 (pRPS6), a previously
established marker of GDNF-activity, in response to GDNF-overexpression. However, only in
animals overexpressing both GDNF and RET did we observe a significant rescue of TH-positive
neurons. This indicates that pRPS6 alone does not drive the DA-cell rescue response in this
setting. These findings demonstrate a partial rescue response of combined overexpression of
GDNF and RET in a rat a-syn lesion model and encourages further investigation of precise
downstream mechanisms driving protection of DA-neurons in models of a-syn pathology.
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Laryngeal nerve damage during thyroid surgery can cause voice problems. This study
investigated the effect of voice therapy on a 40-year-old female university graduate who
experienced unilateral vocal fold paralysis after thyroid surgery. Laryngoscopic examination
by an ENT specialist revealed that the unilateral vocal fold remained in the paramedian
position and did not close completely. Pre-therapy acoustic analysis showed an average sound
intensity of 61 dB, an average pitch of 201 Hz, and a cepstral peak prominence of 4.70 dB. The
patient's Voice Handicap Index score was 27. The patient received voice hygiene training.
Laryngeal massage, posture exercises, and diaphragmatic breathing were practiced. Glottal
abduction exercises, accent voice therapy method, Lax Vox method, and resonant voice
therapy were applied. Facilitation techniques such as digital manipulation, head turning, and
pitch change were included in the program. The patient received three therapy sessions per
week. Home exercises were monitored with forms and videos. A voice recording was taken
one month later while the patient read a passage. Acoustic analysis revealed an average
sound intensity of 71.2 Hz, an average pitch of 215 Hz, and a cepstral peak prominence of 6.8
dB. Two months after the start of therapy, a voice recording was taken during maximum
aphonation. Measurements showed an average pitch of 361.35 Hz, jitter (local): 0.152%,
shimmer (local): 1.772%, and a harmonic noise ratio of 27.705 dB. The average sound
intensity was 79.01 Hz, and the cepstral peak prominence was 12 dB. At the end of therapy,
a laryngoscopic examination performed by an ENT specialist showed complete closure of the
vocal folds. Acoustic analyses and laryngeal imaging at the end of therapy showed that the
patient's voice had reached healthy parameters. The results demonstrate, based on evidence,
the effectiveness of voice therapy in vocal fold paralysis.
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Blunted thalamic norepinephrine dynamics correlate with response inhibition deficits in
a mouse model of ADHD

Norepinephrine (NE) released from the locus coeruleus (LC) modulates thalamocortical excitability
and shapes attention and behavioural control. Dysregulated NE signaling has been implicated in
schizophrenia and ADHD, where impaired sensory filtering and altered response inhibition are core
features. Using the 22q11.2 deletion (LgDel/+) mouse model, we combined fiber photometry of a
genetically encoded NE biosensor with behavioural assays to investigate arousal dynamics and
cognition.

In wildtype mice, socially salient interactions evoked sharp, transient increases in thalamic NE levels
that declined over time and with repeated exposure, reflecting an adaptive LC-thalamic system. LgDel/+
mice, however, failed to generate these phasic bursts of NE and showed no habituation, maintaining
baseline NE levels. This loss of thalamic noradrenergic flexibility coincided with deficits in response
inhibition. Additionally, we also observed impaired prepulse inhibition and spatial working memory,
despite preserved sleep architecture. Reducing the LC output pharmacologically in wild-type mice
modelled an LgDel-like behavioural phenotype, underscoring a causal link between impaired NE
modulation and cognitive dysfunction.

To gain molecular insight into these circuit alterations, we are integrating spatial transcriptomics of
thalamic tissue from LgDel/+ and wild-type mice.

Together, these data indicate that elevated noradrenergic tone in the thalamus disrupts behavioural
response inhibition and contributes to sub-optimal attention and cognition. By linking dynamic NE
signaling to behavioural outcomes and spatially resolved molecular changes, this work aims to uncover
a multi-level mechanism by which LC-thalamic dysregulation contributes to attentional and executive
deficits relevant to neuropsychiatric disease.
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Abstract

The pathogenic mechanisms leading to neurodegeneration in Huntington disease (HD) are not fully
understood but involve accumulation of toxic mRNA and protein products in the brain. Recent work
described an unconventional autophagic pathway involving DNA and RNA degradation through
DNautophagy and RNautophagy that is regulated by the lysosomal protein SID1 transmembrane family
member 2 (SIDT2). Interestingly, SIDT2 has been shown to bind to the expanded CAG repeat in the
mutant huntingtin (mHTT) transcript and lower mHTT in vitro. The aim of the present study was to
determine whether SIDT2 levels are altered in HD and whether manipulation of SIDT2-mediated
RNautophagy can alter HD pathology. We demonstrate a significant reduction of SIDT2 protein levels
in the striatum and in the lateral hypothalamic area in postmortem HD brains compared to control cases
without effects on SIDT2 mRNA levels. In frontal cortical postmortem HD tissue, we show a CAG-
repeat-length-dependent increase in the frequency of SIDT2-immunoreactive intranuclear inclusions. In
postmortem tissue of an HD case with Vonsattel grade 0, we demonstrate SIDT2-and mHTT-
immunoreactive inclusions not only in the frontal cortex, but also in the striatum and the lateral
hypothalamic area. In the R6/2 mouse model of HD, we show that SIDT2 inclusions form at later stages
than mHTT inclusions. Overexpression of SIDT?2 using adeno-associated viral vectors injected into the
hypothalamus of R6/2 mice led to a reduction of mHTT inclusions in the lateral hypothalamic area.
Similarly, in a neuronal cell model overexpression of SIDT?2 reduced soluble and insoluble mHTT exon
1 protein levels. Taken together, our results reveal novel pathology in clinical HD cases and in
experimental models, characterized by the accumulation of SIDT2-immunoreactive inclusions, while
demonstrating the efficacy of overexpressing SIDT?2 for lowering detrimental mHTT species. Targeting
SIDT2-mediated RNautophagy may offer a potential strategy to ameliorate the molecular pathology in
HD.



Meningeal immune cell dynamics in Huntington’s disease

Huntington's disease (HD) is a progressive neurodegenerative disorder, with mounting
evidence indicating inflammation as a contributing factor. Traditional understanding of
the meninges as a protective barrier has evolved, highlighting the vital role of
meningeal immunity in maintaining homeostasis and influencing neurological
disorders. Research on meningeal immune alterations specific to HD remains limited,
representing a significant knowledge gap.

We utilized the R6/2 mouse model to analyze immune cell populations in both R6/2
and wildtype (WT) mice meninges through flow cytometry. Time points reflecting early
(8 weeks) and late (11 weeks) stage disease progression were selected.

Flow cytometry analysis revealed a significant time-dependent shift in immune cell
populations in R6/2 mice compared to WT controls, indicating distinct cellular
responses during disease progression. Broad immunophenotyping of the meningeal
immune compartment revealed no differences in the general frequencies of
lymphocytes, monocytes, B cells, Th cells, or Tregs between R6/2 and wildtype mice.
However, we observed dynamic changes in distinct meningeal immune cell
populations in HD mice. At 8 weeks of age, HD mice showed a significant increase in
the frequency of activated T cells and proliferating T cells compared to controls. By 11
weeks of age, we detected an increase in activated B cells and activated dendritic
cells, indicating a phasic activation of both adaptive and innate immune compartments
over time.

Our study provides initial evidence of meningeal immune cell alterations in an HD
mouse model, highlighting the need for further investigation into the meningeal
immune system in HD. These changes occurred at distinct disease stages, suggesting
a time-dependent role of meningeal immunity in HD progression.
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LINE-1 retrotransposons (L1s) comprise nearly one fifth of human DNA and contribute to
transcriptome complexity in pluripotent cells and human neurodevelopment. Despite these
observations, excessive L1 activity is thought to pose a threat to genome integrity and needs to
be kept under strict control via epigenetic silencing mechanisms. Our previous data identified
chromatin regulator MORC?2 as essential for epigenetic control of hominoid-specific L1s upon
exit of pluripotency. However, the consequences of L1 activity upon exit of pluripotency and
early neural lineage commitment has lacked mechanistic rationale. In this study we leverage
MORC?2 mutant iPSC lines as a tool to investigate cellular phenotypes associated with L1
activity in a developmentally relevant in vitro model. Neural differentiation experiments via
dual SMAD inhibition showed that all lines exit pluripotency and initiate neural induction, with
surviving cells expressing PAX6 and FOXG1 by day 14. However, we observed striking and
reproducible cell death between day 7 and 14 in cells lacking a functional MORC?2, a phenotype
that could be rescued upon using a L1-targeting CRISPRi system. The timing of cell death
suggested that excessive L1 activity reduces neural progenitor cell (NPC) fitness, likely
affecting proliferation or early maturation. Transcriptional profiling of NPCs revealed
activation of immune signaling and replication stress pathways in conditions with high L1
expression. Consistent with a hypothesis that L1 activity induces replication stress, preliminary
EdU Click-iT assays suggest an accumulation of cells in the G1 phase of the cell cycle that is
reversed upon L1 silencing. Together, our data support the notion that a delicate balance of L1
activity and silencing may be critical to safeguard NPC fitness in early human
neurodevelopment.
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Abstract:

Accumulating evidence indicates that cortical microcircuit dynamics is altered in Parkinson’s
disease (PD) and L-DOPA-induced dyskinesia (LID). However, very little is known about the
relative contribution of different neuronal populations. We set out to study cell type-specific
activity changes in mouse models of parkinsonism and LID. To map active neurons in motor
and somatosensory cortices, we studied the expression of phosphorylated ribosomal protein S6
(pS6), as this marker was detectable in virtually all types of neurons. 6-hydroxydopamine (6-
OHDA)-lesioned mice received daily i.p. injections of either L-DOPA, sumanirole (D2-selective
dopamine receptor agonist), or saline, and were perfusion-fixated 30 min after the sixth
injection. Double-immunofluorescence was used to quantify pS6 expression in defined neuronal
populations using Qupath and ABBA software. Through all divisions of cortical areas M1-M2
and S1, parvalbumin-positive (PV) interneurons showed a markedly reduced pS6 expression in
saline-treated 6-OHDA lesioned mice compared with sham-lesioned controls. Both L-DOPA and
sumanirole reversed this change, significantly increasing the percentage of pS6-positive PV
neurons relative to the lesioned saline group in all cortical subdivisions. Sumanirole tended to
have a stronger effect than L-DOPA in all regions (with p < 0.05 in M2), and enhanced pS6-
positive PV neuron numbers above sham-lesion control values in the S1 trunk area. This study
is the first to reveal that cortical PV interneurons are markedly modulated, though in opposite
directions, by the loss of dopamine and the treatment with dopaminergic drugs. Correlations
with behavioral scores of dyskinesia and dystonia are ongoing.
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Parkinson’s disease (PD) is caused by the selective degeneration of nigral dopaminergic (DA)
neurons, making it a prime candidate for cell replacement therapies. While transplantation
of fetal- and stem cell-derived DA neurons can restore motor function, grafts contain
heterogeneous cell populations, and how non-DA cell types influence therapeutic outcome
remains poorly understood. This project aims to define how graft cellular composition shapes
DA neuron survival, maturation, subtype specification, and functional integration — with the
goal of engineering optimized, precisely controlled graft composites.

Intercellular communication within the graft microenvironment is one key factor that may
influence the DA neuron fate and maturation. Our previous work revealed that co-grafting DA
progenitors with striatal progenitors promotes functional maturation and the acquisition of
DA subtype identity. Building on these findings, we are now investigating whether co-grafting
DA neurons with striatal progenitors into the substantia nigra of 6-OHDA-lesioned rats
enhances maturation and circuit integration. The effects of these co-grafts are being
evaluated in vivo using behavioral assays, axonal fiber mapping, and transcriptomic profiling.
Bioinformatic analyses will be used to identify molecular mediators underlying supportive
cell-to-cell interactions.

This work aims to establish a rational framework for designing stem cell-derived grafts with
defined cellular composition, advancing next-generation cell therapies for Parkinson’s
disease.
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The pathogenesis of Alzheimer’s disease (AD) potentially involves neuroinflammation, metabolic
disruption, and vascular dysfunction. Reduced cerebral perfusion may promote microglial
activation and synaptic loss. Concurrently, AD shows characteristic shifts in brain metabolism,
including reduced levels of total N-acetylaspartate (tNAA) with elevated myo-inositol (ml) and
total choline (tCho). This is associated with microglial activation, having both protective and
neuroinflammatory effects.

We hypothesized that amyloidopathy knock-in mouse models, App"" (Swedish/lberian
mutations) and App™-¢F (Swedish/Iberian/Arctic mutations), would exhibit reduced hippocampal
perfusion, impaired synaptic integrity reflected by decreased tNAA, and increased glial activity
indicated by elevated tCho and ml, compared with wild-type controls, assessed by multimodal
MRI and histopathology.

18-month App"tf (N=12) and App"“¢F (N=11) mice, with age-matched wild-type mice (N=11) of
both sexes, underwent multimodal magnetic resonance scanning at 9.4 T. Cerebral perfusion was
assessed using FAIR-EPI (T;=8.8 ms, Tg=2 s, 60x48 0.25-mm pixels, 0.75-mm slice, Na=15), while
metabolic profiling was performed with proton magnetic resonance spectroscopy (*H-MRS, semi-
LASER, Tr=20 ms, Tzg=4000 ms, Nz=64x5, 2x1.8x2.2 mm?3 right hippocampal voxel) to quantify
tNAA, ml, and tCho. Immunohistochemistry of the hippocampal slice colocalized to the '"H-MRS
voxel will assess synaptic density and microglial morphology and density.

No genotype-dependent differences were observed in hippocampal perfusion (F,29=2.35, p=0.1).
Nonetheless, App":-°F demonstrated increased hippocampal-to-cortical perfusion ratios relative
to both AppNtFf (t(12.9)=2.64, p=0.020) and wild-type (t(13.9)=2.21, p=0.044). Metabolic
assessment revealed alterations in App"-¢F hippocampus, marked by reduced tNAA (t(15.0)=-
2.69, p=0.017) and elevated ml (W(17)=3, p<0.001) and tCho (t(8.62)=3.91, p=0.004) relative to
wild-type.



Metabolic alterations consistent with gliosis and synaptic dysfunction were evident in App"-¢*,

despite preserved hippocampal perfusion. This dissociation suggests that metabolic and vascular
alterations may arise independently or at different disease stages, which can aid in correctly
timing future targeted therapies beyond current ineffective treatments.

Keywords: Alzheimer’s disease; cerebral perfusion; magnetic resonance imaging; microglia;
metabolism
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Neural epithelial stem (NES) cells derived from human induced pluripotent stem cells
(iPSCs) are emerging as promising candidates for disease modeling and regenerative
therapies in the central nervous system, placing strong demands on the quality,
consistency, and safety of the iPSC starting material used for their manufacture.
Despite rapid clinical translation, iPSC-derived therapies face limited global adoption.
Harmonized quality control (QC) remains absent, with even fundamental parameters
evaluated inconsistently across laboratories. To address this, we conducted two
international Quality Assessment Rounds (QARs): QAR 2019 (18 sites, 11 countries)
and QAR 2023 (23 sites, 12 countries), evaluating flow cytometry-based assessment
of the undifferentiated state and qPCR-based genomic integrity testing. QAR 2019
showed high consistency in genomic integrity testing, while uncovering substantial
variability in flow cytometry, prompting QAR 2023 to introduce standardized workflows.
These improvements enabled systematic, cross-site evaluation of marker
performance across cell states, identifying OCT3/4, TRA-1-60, and SSEAS5 as
consistently robust pluripotency-associated markers. This global benchmarking effort
provides the first empirical multi-site evidence for reproducible iPSC QC and marker-



level reliability. Together, these findings establish a foundation for harmonized QC
supporting interoperable iPSC banks, regulatory alignment, and scalable
manufacturing of globally accessible regenerative therapies.
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Neuroepithelial stem (NES) cells derived from human-induced pluripotent stem cells offer
new and exciting prospects for regenerative medicine and the treatment of neurological
disorders, including stroke and spinal cord injury. Clinical translation of NES cell applications
requires robust, regulatory-compliant production of quality-assured NES cell therapy doses.
Drawing on quality-by-design principles, this project aimed to formulate a chemically
defined minimal medium that supports consistent, scalable, and cost-effective expansion of
NES cells and to further evaluate the impact of ascorbic acid supplementation. Medium
performance was assessed using quantitative readouts of cell proliferation and surface
marker expression using a deep learning-based image analysis and flow cytometry,
respectively. Preliminary results suggest that the defined medium could support NES cell
expansion comparable to that of the current standard medium. However, ascorbic acid
supplementation was associated with reduced growth rates and early signs of
differentiation. Flow cytometric analysis of marker expression patterns provided additional
insight into cellular identity, but further validation of the panel is needed. Overall, these
findings represent a promising step toward establishing minimal, well-defined culture
conditions without relying on costly clinical-grade alternatives. Future efforts will include
assessing the medium's long-term performance and optimizing its composition using
statistical design of experiments (DoE) and response surface methodology (RSM).
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Gene therapy for central nervous system disorders is limited by delivery across the blood—
brain barrier. Engineered adeno-associated viruses (AAVs) can overcome this by altering
naturally variable surface-exposed capsid loops to target receptors that mediate barrier
crossing. However, selecting high-affinity variants from large libraries presents two coupled
challenges. Experimental characterization of binding is costly, and exhaustive in silico
evaluation of all candidate pairs is combinatorially and computationally intractable.

We introduce CapsidForge, a Bayesian tournament framework that addresses both
constraints. Using infectivity measurements from the BRAVE library as priors, we treat
scores from AlphaFold-Multimer (AF-MM) not as absolute affinities, but as noisy
observations of a latent binding strength. AF-MM interface scores lack a shared
thermodynamic reference across complexes and cannot be converted to AG,. They also vary
stochastically across runs. We therefore infer relative binding strengths through ordinal
comparison. A Bradley—Terry model propagates information across candidates through
pairwise comparisons, enabling global ranking from sparse data.

To resolve the combinatorial burden, a determinantal point process selects pairs. It balances
exploration and exploitation, reducing comparisons from O(N?) to O(Nlog N) per round.
To reduce per-comparison cost, CapsidForge exploits AF-MM's per-chain multiple sequence
alignment (MSA) independence. Alignments are computed once and reused across all
pairings, reducing MSA computation from O(N?) to O(N).

The tournament terminates when the posterior probability that the top-K set is correct
exceeds 95%, providing a certifiable stopping criterion. On synthetic datasets (N = 100),
CapsidForge identifies the true top 5 candidates with zero regret using fewer than 18% of all
pairs. On experimental data, rankings match the APPRAISE ground truth for LY6A while
avoiding quadratic scaling.

CapsidForge transforms structurally-derived interface scores into statistically consistent
ordinal rankings, enabling scalable discovery of BBB-penetrant AAV variants and expanding
the feasible search space for non-invasive CNS gene therapy.
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Cerebrospinal fluid (CSF) enters the brain along perivascular spaces in a manner that
depends on aquaporin-4 (AQP4) polarization, facilitating brain clearance known as
glymphatic function. While physiological factors such as cardiovascular activity and
respiration are known to influence this glymphatic function, the effects of hypothermia
remain poorly understood. In this study, we used quantitative optical microscopy to track
fluorescent CSF tracers in mice under ketamine—xylazine (KX) anesthesia at normothermia
(37 °C), mild hypothermia (33 °C), and moderate hypothermia (30 °C). Acute moderate
hypothermia markedly decreased glymphatic transport by reducing tracer penetration and
CSF outflow. Notably, repeated exposure to moderate hypothermia over four consecutive
days induced a sustained suppression of glymphatic influx, which persisted even when
assessed under normothermic conditions. This persistent dysfunction strongly correlated
with the loss of perivascular AQP4 polarization. These findings demonstrate that repeated
hypothermia exerts cumulative effects on glymphatic function, which may compromise
brain waste clearance and contribute to cognitive impairment in vulnerable populations
with impaired thermoregulatory capacity.
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Neuroinflammation plays an important role in the progression of neurodegenerative
diseases. However, many aspects of these inflammatory processes remain poorly
understood. With an aging population and a growing number of patients with
neurodegenerative diseases such as Parkinson’s disease (PD), research on
neuroinflammation and microglial function has become an important focus. Emerging
evidence also suggests that endogenous retroviruses (ERV) may contribute to aging-
related diseases like PD. ERVs are relics of ancient viral infections embedded in the
human genome, which are typically epigenetically silenced but can become reactivated
under certain conditions such as inflammation. In this study, we investigate the role of
ERVs in neuroinflammation in PD using a human iPSC-derived microglia model. Previous
work from this group has shown a correlation between activation of the interferon (IFN)
response and ERV expression in microglia from PD post-mortem tissue compared to
controls. Understanding the pathways involved in this process, particularly the epigenetic
mechanisms regulating ERV activation, may provide insight into potential therapeutic
targets for PD. We observed an increase in ERV expression upon an IFN-y-mediated
inflammatory challenge in our model. Using CUT&RUN, we aim to describe histone
modifications (H3K4me3 and H3K9me3) in IFN-y-induced ERV expression. Preliminary
results indicate an association between increased local H3K4me3 mark deposition and
increased ERV expression during inflammatory stimulation. This points towards a direct
role of H3K4me3 modifications in the context of inflammatory response in microglia. ERV
dysregulation may contribute to the chronicity of the neuroinflammatory process
observed in PD. Thus, a deeper understanding of this neuroinflammatory cycle is
essential to uncover potential treatment avenues to slow down disease progression.
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Most of the available preclinical Alzheimer's Disease research is conducted in mice
including studies on non-neuronal cells eg. astrocytes. While robustly informative,
rodent-based research has been shown to be insufficient for clinical use due to the
obvious differences in complexities between human and rodent cells. Using patient-
derived cells for disease modelling is an attractive alternative to animal studies with
widely popular methods such as induced pluripotent stem cells (iPSC). However, when
converted into iPSCs human cells undergo rejuvenation which makes them suboptimal
for modelling age-related diseases such as AD. Using state of the art direct
reprogramming techniques we generate neurons and glial cells from patient-derived
fibroblasts and establish co-culture systems for AD modelling. Direct conversion from
patient fibroblasts allows us to retain not only the genetic heterogeneity of the disease
but also epigenetic, age-related properties of the cells that would have been lost during
conversion to the iPSC stage. By establishing neuron-astrocyte co-cultures from AD
patient cells we aim not only to model the disease in a patient-relevant matter but also
elucidate further the role of astrocytes and other glial cell types on the development of
AD. We establish those models hoping to identify novel disease mechanisms and
potential biomarkers or drug targets for AD.
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Parkinson’s disease (PD) is characterized by a wide range of motor abnormalities such as
smaller and slower movements (hypokinesia, bradykinesia), altered control of body posture
and muscle tone (rigidity, resting tremor), and abnormal gait. At present, the assessment of
PD symptoms is based on human ratings that have substantial limitations in terms of
sensitivity, objectivity, and possibility to classify complex syndromic patterns. We therefore
set out to leverage Machine Learning (ML), and Deep Learning (DL), for the assessment of
PD motor symptoms focusing on gait abnormalities. We recruited 58 patients (19 Healthy-
Control and 39 with PD). All patients performed a standard gait evaluation test called Timed
Up and Go (TUG) (starting from a sitting position, the subject stands up, walks 3 meters
forward, turns around, walks back and sits down again). We used a motion-capture system
estimating the 3D positions of 47 body-markers, through 14 motion-capture high-speed
video cameras and 4 standard RGB video cameras, as well as 6 body-worn wireless sensors
enabling simultaneous electromyography (EMG), acceleration, gyroscope and magnetic field
recordings. We present an extensive comparison of different ML and DL models to predict
state-of-the-art clinical scores for gait, provided by three expert neurologists using the
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) gait
item. From all data modalities and phases of the TUG test, we extracted thousands of
features and ranked them according to their correlation with the MDS-UPDRS gait score,
highlighting the importance of gait-related features as well as movement smoothness. The
models achieved a predictive performance that is comparable to human inter-rater
agreements on the most challenging MDS-UPDRS item, evaluated on a dataset
predominantly composed of mildly affected patients.
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SANNG

Glioblastoma Multiforme (GBM) is the most advanced and aggressive stage of
glioma, with a 5-year patient survival rate of just 5.8%!. Despite the development
of breakthrough novel cancer therapeutics, patient survival has not improved for
over three decades®. This is likely attributed to the protective nature of the
intracranial space and the unique characteristics of GBM?. Precision gene therapy
approaches that reprogram GBM cells into conventional type one dendritic cells or
post-mitotic astrocytes have demonstrated promising results in preclinical studies
and may overcome the limitations associated with current treatment modalities* >.
However, one major challenge of clinical translation of gene therapies is the
availability of safe and efficient delivery systems. Adeno-associated viral vectors
(AAVs) are the current gold standard for clinical gene therapy delivery due to
superior safety profiles, but are currently limited in oncology applications by
insufficient specificity and efficacy®. This project addresses these challenges by
engineering modified AAV capsids with enhanced tropism for GBM tumours,
aiming to create an optimized delivery platform for reprogramming-based
therapies. Nineteen novel AAV9 capsid variants were developed by repurposing an
existing glial-tropic AAVO library and applying machine learning to design capsids
capable of selectively targeting GBM-specific cell surface receptors. These vectors
were constructed using molecular cloning techniques, and transduction efficiency
was validated on HEK293T and U87-MG cell cultures. Future work will focus on
validation in organoid models, further capsid optimization, and assessment of these
vectors for delivering reprogramming factors, with the goal of translating this gene
therapy approach into clinical application.
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Neurodegenerative diseases are characterized by overlapping pathological processes,
including amyloid-B (AB), tau, a-synuclein, TDP-43, and cerebrovascular injury such as white
matter lesions (WMLs). While affinity-based platforms have enabled large-scale cerebrospinal
fluid (CSF) proteomics, mass spectrometry-based approaches such as SEER may provide
complementary, discovery-oriented insights into disease biology. Here, we applied SEER
proteomics to identify CSF protein signatures associated with major neurodegenerative and
vascular pathologies in deeply phenotyped BioFINDER-2 participants. We analyzed two
independent BioFINDER-2 cohorts profiled using SEER. Cohort 1, profiled in 2025, included 63
participants (35 cognitively unimpaired [CU], 28 cognitively impaired [Cl]); Cohort 2, profiled
in 2026, included 100 participants (44 CU, 56 Cl). In total, 4,331 CSF proteins were quantified
in the 2025 batch and 4,625 in the 2026 batch. Multivariable regression models adjusted for
age and sex were used to test associations of proteins with CSF AB, AB PET, tau PET in Braak
I-11, I1I-1V, and V-VI regions, CSF a-synuclein, a proxy measure of TDP-43 pathology, and MRI-
derived WML burden. Linear mixed-effects models were applied for longitudinal analyses,
followed by cell-type and pathway enrichment analyses. Multiple CSF protein signatures were
associated with distinct pathological measures in both cross-sectional and longitudinal
analyses, with several findings replicated across the two cohorts. AB- and tau-related proteins
were enriched for neuronal and synaptic pathways. Proteins reduced in a-synuclein-positive
individuals also mapped to neuronal and synaptic processes. In contrast, WML-related
signatures were distinct, with positively associated proteins enriched for endothelial and
translation-related pathways, and negatively associated proteins reflecting reduced neuronal
and synaptic functions. Similarity analyses showed strong concordance across tau PET
measures, moderate overlap between AB- and tau-related signatures, and limited overlap
between neurodegenerative and WML-related patterns. These findings suggest that SEER-
based CSF proteomics captures both shared and pathology-specific molecular signatures
across neurodegenerative and vascular processes.
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Parkinson’s disease (PD) is a neurodegenerative disorder with loss of dopaminergic neurons
in the substantia nigra compacta. Mitochondria are essential for neuronal function but their
precise role in the pathogenesis of PD and related neurodegenerative diseases is not fully
understood. Clinical overlap with other diseases like corticobasal degeneration (CBD),
progressive supranuclear palsy (PSP), multiple system atrophy (MSA) and essential tremor
(ET) complicate diagnosis. In this project work, the Oroboros 02k was used to assess
mitochondrial oxygen consumption in peripheral blood mononuclear cells (PBMCs) and
platelets (PLTs), from patients with PD (n=63), CBD (n=7), PSP (n=21), ET (n=19) and MSA
(n=16) and healthy controls (n=39). A protocol with serial additions of substrates, inhibitors
and uncouplers was utilized to analyze substrate-specific pathways. When comparing all
diseases, significant findings versus control were: in PLTs, a 19.36% increase in the ET
maximum oxidative phosphorylation with MCl and MCII substrates (P = 0.0157) and a
21.21% increase with MCI substrates only (P = 0.0446); in PBMCs, a 11.46% increase in PD
basal respiration (P = 0.0490) and a 13.89% increase in the maximum oxidative
phosphorylation with MCI and MCII substrates (P = 0.0061). In an analysis of PD versus Ctrl,
in PBMCs, a 14.26% increase in PD was seen in maximum oxidative phosphorylation with
MCI and MCII substrates (P < 0.0001), and a 12.39% increase in maximum uncoupled
respiration with MCl and MCII substrates (P = 0.0027) were seen. We conclude that there
are slight but significant alterations in blood cell respirometry in PD.
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Multiple neuropsychiatric disorders such as Schizophrenia are characterized by disturbances
in cortical inhibitory circuitry, particularly involving parvalbumin-positive (PV*) interneurons
that regulate vy-oscillations, network synchrony, and excitatory—inhibitory balance.
Dysfunction of these cells contributes to cognitive impairments, highlighting the need for
human systems that allow both mechanistic investigation and development of strategies to
restore inhibitory function. Here, we aim to establish a human platform integrating forebrain
assembloids with direct glia-to-neuron reprogramming to model and restore inhibitory circuit
function. For this purpose, dorsal and ventral forebrain organoids (dFBOs and vFBOs) are
generated from human embryonic stem cells and fused into forebrain assembloids. These
three-dimensional cultures can recapitulate key interactions between cortical and ventral
progenitors and provide a physiologically relevant environment for studying interneuron
development and circuit integration. To introduce a reparative component, human glial
progenitor cells (hGPCs) engineered with a doxycycline-inducible transcription factor cocktail
(ASCL1, DLX5, LHX6, SOX2, FOXG1, ADLSF) will be microinjected into the cortical compartment
of this system and subsequently induced to undergo neuronal reprogramming in situ. As an
initial step, we assessed this approach in dorsal forebrain organoids, where following
induction, the transplanted hGPCs survived within the host tissue and acquired neuronal
features, including expression of Blll-tubulin, Tau, and MAP2, indicating successful initiation
of conversion toward a neuronal phenotype. These findings support the feasibility of
implementing this strategy within integrated forebrain assembloids to investigate
interneuron development and circuit-level restoration. Ongoing efforts focus on assessing
whether these reprogrammed cells continue to mature over time, acquire functional and
morphological characteristics of interneurons, and establish connections with surrounding
neurons. To address this, a multimodal approach combining patch-clamp electrophysiology,
MEA recordings, structural and live imaging, and RT-qPCR analysis will be employed. This
project develops a human model that integrates region-specific organoid fusion with targeted
cellular reprogramming to investigate inhibitory circuit formation and explore cell therapy
strategy.
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Background: L-DOPA-induced dyskinesia is attributed to opposite activity changes mediated
by D1 and D2 dopamine receptors in the two striatal output pathways. Whereas the causal
role of direct-pathway D1 receptors is well established, the specific involvement of indirect-
pathway D2 receptors in dopaminergic dyskinesias has remained elusive. Objectives: We
used conditional knockout approaches in mice to determine whether indirect-pathway D2
receptors causally contribute to dyskinetic and dystonic responses to dopaminergic agents.
Methods: Studies were conducted in mice with unilateral 6-hydroxydopamine lesions of the
nigrostriatal pathway receiving subchronic treatments with L-DOPA or D2/D1-selective
agonists. A conditional knockout of indirect-pathway D2 receptors was produced either
through the entire striatum (double-transgenic Adora2a-Cre/Drd2'oP/1°X* mice) or selectively
in the dopamine-denervated dorsal striatum (proenkephalin promoter-driven Cre vector
delivery to Drd2'oxP/P mijce). Results: The severity of L-DOPA-induced abnormal involuntary
movements and dystonia was halved in both knockout models compared with control mice,
whereas the treatment effect on normal motor behaviors was either not reduced or
improved. All dyskinetic and dystonic features induced by the D2-selective receptor agonist
sumanirole were completely abolished, whereas those induced by the D1-class agonist
SKF38393 were largely unaffected. Using phosphorylated ribosomal protein S6 as an activity
marker, we detected a treatment-induced recruitment of prototypical parvalbumin-positive
neurons in the external globus pallidus (a target of indirect-pathway projections). This effect
was inhibited in both knockout models. Conclusions: We provide experimental evidence
that indirect-pathway D2 receptors significantly contribute to the expression of dyskinesia
during L-DOPA treatment and mediate D2 agonist-dependent dystonic features.
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The cortical pyramidal tract (PT) neurons represent the executive motor command towards
descending brain areas. They innervate multiple subcortical structures, yet the

functional implications of this anatomical ramification are unknown. An abnormal cortico-striatal
connectivity is suggested to play a pivotal role in Parkinson’s Disease (PD). Levodopa (L-
DOPA) treatment remains the mainstay therapy for PD, but eventually leads to aberrant signal
transduction in the striatum, inducing dyskinesia. Using a unilateral dopamine-denervation 6-
hydroxydopamine (6-OHDA) mouse model of PD, with dopamine D1 receptor agonism and L-
DOPA challenges, we investigated how motor output manifests upon chemogenetic stimulation of
PT neurons. Chemogenetic stimulation alone of PT neurons in 6-OHDA-lesioned mice did not
affect open-field locomotion. However, when combined with D1 receptor agonists in this

model, it reduced the overall distance travelled and inhibited contraversive rotations. Lastly, the
mice were subjected to a chronic levodopa induced dyskinesia (LID), where their degree of
dyskinesia was assessed based on the abnormal involuntary movements score (AIMs)

and dyskinetic time score (DTs). By chemogenetically stimulating PT neurons in dyskinetic

mice, we observed a reduction in axial dyskinesia. Although a massive increase in ipsilateral striatal
fosB (chronic neuronal excitation marker) could be linked to LID, PT stimulation did not impose
any distinct effects. This experimental approach merges cell-type selective cortical circuit
manipulations and pharmacological challenges in a mouse model of dyskinesia and may untangle

discrete PD motor circuit dysfunctions.
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Transposable elements (TEs) are repetitive DNA sequence that can move and integrate into
new genomic locations. Intronic TEs are co-transcribed with endogneous genes, particularly
abundant in long neural genes, where they can alter splicing patterns and disrupt gene
function and genome integrity. Hence, the host genome has evolved epigenetic regulatory
mechanisms to silence them. A key player in epigenetic silencing of TEs, the HUSH-MORC2
co-repressor complex mainly targets transcriptionally active LINE-1 retrotransposons (L1s).
HUSH also silences unintegrated retroviral DNA via recruitment by ZNF638. The ZNF638 gene
locus is linked to multiple sclerosis severity, and it is widely expressed in the human brain.
Given the long neural gene architecture and high TE transcriptional activity in the brain, we
set to explore ZNF638 role in the regulation of intronic TEs during brain development. To
address this, we employed CRISPR interference (CRISPRi) to silence ZNF638 gene in human
neural progenitor cells and investigated the epigenomic and transcriptomic changes. In our
CUT&RUN heterochromatin H3K9me3 profile, we observed that ZNF638 influenced MORC2
binding at a subset of HUSH-MORC2 targets, primarily repressing intronic L1s. This supports
the model in which ZNF638 recruits HUSH-MORC2 to intronic L1s. Notably, RNA-sequencing
data revealed that ZNF638 depletion increased the transcriptional activity of intronic
retroelements, e.g., Lls, retrogenes and pseudogenes, which led to transcriptional
interference on downstream exons of host genes. Moreover, removal of Arginine/Serine-rich
(RS) domain on ZNF638 abolished the rescue of host gene expression, suggesting the
domain’s importance in RNA processing and regulation of intronic retroelements. Our
findings uncover previously uncharacterised roles of ZNF638 as both epigenetic and post-
transcriptional regulators of sense-oriented intronic retroelements, possibly through its RS
domain. This warrants future research into the clinical significance of ZNF638 in brain health
and development.
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Huntington’s disease (HD) is a fatal, monogenic neurodegenerative disorder caused by an
expanded CAG tract in the huntingtin (HTT) gene. Recent genetic studies have identified
synonymous substitutions within the CAG and adjacent CCG tracts as potent modifiers of disease
onset. These variants have different uninterrupted lengths of the canonical CAG and CCG tracts,
either by removing or duplicating the endogenous CAA and CCA interruptions. While these effects
are thought to be mediated by somatic expansion (SE), the underlying biological mechanisms
remain poorly defined. Here, we hypothesised that the length of the uninterrupted CAG sequence
is the primary driver of both SE and neurotoxicity. This study aimed to investigate synonymous
HTT variants on somatic instability, inclusion density of pathological proteins (mutant HTT, P62,
and SID1 transmembrane family member 2; SIDT2), and neuronal survival. To test this, we used
adeno-associated viral (AAV) vectors to deliver various elongated HTT variants - including loss-
of-interruption (LOI) and duplication-of-interruption (DOI) constructs - into the mouse
hypothalamus. Our results demonstrated that while the loss of CAA/CCA interruptions
significantly increased SE, it did not exacerbate neuropathological outcomes in the hypothalamus.
Conversely, the duplication of CAA interruptions reduced SE but failed to alleviate pathology.
Interestingly, an experimental DOI construct with the shortest uninterrupted CAG tract showed
the lowest somatic instability and reduced mutant HTT inclusion density yet displayed increased
cellular toxicity in the hypothalamus. These findings indicate that while synonymous HTT
variants are a primary driver of SE, somatic instability does not correlate with neuropathological
outcomes. This suggests that the relationship between the uninterrupted CAG repeat length and
neurotoxicity involves mechanisms that may be independent of SE, providing new insights into

the role of genetic modifiers in HD pathogenesis.
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GENE EXPRESSION ANALYSIS OF CIRCADIAN RHYTHM GENES IN PERIPHERAL ORGANS IN A
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Huntington’s disease (HD) is a fatal neurodegenerative condition caused by a monogenic
mutation in the Huntingtin (HTT) gene. This mutation is a CAG repeat expansion in exon 1 that
results in a long polyglutamine (PolyQ) tract in the HTT protein leading a misfolded protein. It
progresses through a range of symptoms with motor, cognitive and psychiatric disturbances.
In addition to these, sleep and circadian disturbances have also been reported in patients
early in the course of disease progression. A better understanding of the connection between
sleep/circadian abnormalities and HD pathology is still lacking. Circadian clocks are intrinsic
biological processes encoded by a transcription — translation feedback loop with the Supra-
Chiasmatic Nucleus (SCN) as the central regulator that synchronizes with peripheral clocks in
organs like liver, kidney, heart, adipose tissue and skeletal muscle through various signals.
This reserach aims to study the temporal expression patterns of some core clock genes like
Clock, Bmall, Per1, Per2 and Cry1 in peripheral tissues and SCN of the transgenic R6/2 mouse
model over a 24-hour cycle using RTg-PCR anaysis. From our gene expression studies, we
observed maximum disruption of the clock genes, specifically Bmall, a transcriptional
activator in the liver. It was however interesting to note that the heart tissue did not show
much variation in expression between the R6/2 and the wildtype littermates. Peripheral
tissues do not respond the same to mutant HTT and can retain self-sustained rhythms even
in the absence of synchronization. Effects of mutant HTT was more prominantly observed in
Perl and Per2, which are transcriptional repressors. Their dysregulation across multiple
tissues highlights a broader disturbance of the molecular clockwork in HD. In conclusion, our
findings demonstrate that circadian clock gene expression is significantly disrupted in a tissue-
specific manner. Understanding these temporal patterns of circadian gene expressions
provides insights into disease mechanisms and provides new targets for futher therapeutic
intervention.
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Introduction: Pilocytic astrocytoma is the most common pediatric brain tumor and is frequently driven
by a fusion between KIAA1549 and BRAF. To model this tumor in human cells, we engineered an iPSC
line with a Cre-inducible cassette inserted into the AAVS1 safe harbor locus, enabling conditional
overexpression of the KIAA1549-BRAF fusion protein. Upon Cre recombination, iPSC-derived
cerebellar organoids exhibit features consistent with tumor-like alterations.

Results: At day 37 of differentiation, fusion-expressing (fKB ON) organoids showed a marked
imbalance in glial lineage specification, with increased Sox9 expression and reduced Olig2+ cells
compared to controls (OFF). By day 120, ON organoids displayed elevated levels of GFAP and
Vimentin, hinting at astrocytic activation and a reactive glial phenotype.

Conclusion: This model recapitulates some key features of pilocytic astrocytoma and provides a
platform for studying tumorigenesis and screening candidate therapies.
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Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder and represents an
escalating global health challenge. While animal systems and human induced pluripotent stem cell
(hiPSC)-based approaches have provided important insights, most fail to simultaneously reproduce the
central pathological hallmarks of AD within a controlled human context. Human models often display
mild amyloid accumulation, limited tau pathology, or minimal degeneration-associated phenotypes,
restricting their utility for mechanistic studies and therapeutic development.

Here, we introduce a genetically defined human 5xFAD hiPSC model carrying five familial AD mutations
in APP (Swe/Flo/Lon) and PSEN1 (M146L/L286V). Using transcription factor-based forward
programming, edited hiPSCs were differentiated into three-dimensional neuron—astrocyte hydrogel
cocultures. This system robustly recapitulates the three principal pathological axes of AD. Biochemical
and imaging analyses reveal enhanced amyloidogenic processing, including elevated AB42/40 ratio and
ThT-positive fibrillar aggregates. Importantly, 5xFAD neurons display increased total tau and
pathological phosphorylation (AT8 and pTau231), accompanied by reduced neurite arborization and
increased cell death, indicating progressive neurodegenerative changes.

Collectively, this human 3D stem cell-based platform integrates amyloid pathology, tau dysregulation,
and degeneration-associated phenotypes within a single genetically defined system, overcoming key
limitations of existing hiPSC-based AD models. It provides a reproducible and translationally relevant
platform to investigate early pathogenic mechanisms and to support therapeutic discovery in AD.
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Spatial transcriptomics (ST) maps gene expression within intact tissue, but its application to
widely accessible formalin-fixed human brain samples remain prohibitively expensive for
large-scale studies and is restricted by limited capture areas. To overcome these barriers,
we developed Spatial Profiling and Analysis by Compartmentalized Encoding (SPACE-seq), a
novel spatial sequencing platform designed specifically for the affordable and scalable
transcriptomic profiling of the human brain.

SPACE-seq utilizes Modular Barcode Assembly within 1536-well plates to generate highly
diverse spatial barcodes. Specifically, an automated liquid handler dispenses three distinct
barcodes per well, which are subsequently ligated to create a unique spatial barcode. We
engineered a custom manifold that seals massive tissue slides (up to 7 x 11 cm) directly to
the plate under high pressure. This facilitates the targeted, localized transfer of reagents for
enzymatic digestion, RNA decrosslinking, and spatially indexed cDNA synthesis without well-
to-well leakage, seamlessly generating libraries ready for standard next-generation
sequencing (NGS). By integrating this hardware with optimized biochemistry, SPACE-seq
achieves millimeter-scale resolution across tissue areas that significantly surpass standard
234 mm? capture limits.

Pilot tests confirm that modular assembly efficiently generates the requisite barcode
diversity. The SPACE-seq manifold successfully executes localized tissue digestion and
targeted staining without any detectable well-to-well leakage. The method enables robust
RNA recovery from both PFA- and formalin-fixed rat and human tissues. Preliminary data
demonstrate the successful decrosslinking and spatial barcoding of transcriptomes across
diverse anatomical regions—including the cortex, striatum, thalamus, and white matter—
simultaneously within a single formalin-fixed human brain section.

By lowering cost and scaling up capture area, SPACE-seq enables spatial analysis on archival
specimens previously considered incompatible. This highly scalable approach unlocks the
potential for large-cohort studies, seamlessly linking molecular transcriptomic maps with
clinical neuroimaging to better understand neurodegenerative conditions like Parkinson’s
and Alzheimer’s diseases.
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Parkinson’s disease (PD) is a common neurodegenerative disorder characterized by
the progressive loss of dopaminergic neurons in the substantia nigra. Although PD is
classically viewed as a brain-related disease, increasing evidence indicates that
pathological processes also extend to the retina, highlighting the eye as a potential
site for non-invasive biomarker discovery. However, how retinal dopaminergic
pathways are affected in PD remains incompletely understood. In this study, we
investigated alterations in retinal dopamine metabolism and a-synuclein pathology
using a mouse model of PD. Wild-type mice received intracranial injections of a-
synuclein preformed fibrils (PFFs), inducing PD-like pathology. Immunofluorescent
analysis of retinal tissue revealed increased accumulation of phosphorylated
a-synuclein, indicating propagation of pathological a-synuclein to the retina.
Concomitantly, we observed a significant increase in the number of DOPA
decarboxylase (DDC)-positive cells, the enzyme catalyzing the final step in
dopamine synthesis. In contrast, the number of tyrosine hydroxylase (TH)-positive
dopaminergic cells was not significantly altered, suggesting that retinal DDC
upregulation occurs independently of dopaminergic cell loss and may represent a
compensatory response to a-synuclein-mediated dysfunction. Together, these results
indicate that a-synuclein pathology is accompanied by adaptive changes in the
retinal dopaminergic system. Such alterations support the retina as a promising
window into PD-related neurodegeneration and might improve our understanding of
retinal dopaminergic dysfunction in PD.
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Anorexia nervosa (AN) typically emerges during adolescence and is associated with
substantial burden, high relapse risk, and the highest mortality among psychiatric disorders.
Although specialized multidisciplinary care remains essential, many patients do not achieve
sustained recovery, and no approved pharmacological treatment directly targets the
cognitive rigidity and maladaptive learning processes thought to maintain the disorder. The
psiAN study was designed to evaluate whether psilocybin, administered within a carefully
monitored clinical framework, may support sustained recovery while also examining
neurobiological mechanisms of change.

psiAN is a phase lla, open-label, randomized controlled trial enrolling 40 participants aged
16-35 years with AN who had relapsed following partial weight restoration. Participants are
randomized to receive either two 25 mg administrations of psilocybin with psychological
support plus treatment as usual (TAU), or TAU alone. The primary outcome is safety and
tolerability, assessed through adverse events, psychiatric monitoring, ECG, BMI, laboratory
testing, and follow-up. Secondary outcomes include eating disorder symptom severity,
relapse, mood, well-being, treatment motivation, and personality-related processes.

The inclusion of adolescents is central to the study rationale. AN most often begins during
adolescence, and longer duration of illness at a young age is associated with poorer
outcomes and greater risk of chronicity. psiAN therefore uses a staged design in which 16—
17-year-olds are included only after review of adult safety data from psiAN and all available
clinical trials of psilocybin in AN worldwide.

To explore mechanisms of change, psiAN includes 7T fMRI and repeated peripheral BDNF
sampling. fMRI assesses changes in brain networks implicated in reward processing,
salience, and cognitive rigidity, while BDNF is included as an exploratory marker of
neuroplasticity-related change. Together, these measures may clarify whether clinical
improvement is accompanied by measurable neural and plasticity-related shifts associated
with psilocybin.
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Schizophrenia is a complex neurodevelopmental disease, affecting 1% of the population.
Among the suggested pathophysiology mechanisms, dysfunction of GABAergic interneurons
has been strongly implicated. Studies have shown reduced GAD1 mRNA and protein levels,
along with decreased mRNA expression of subtype-specific markers, such as SST and PVALB.
Furthermore, studies have reported decreased levels of GABAergic signaling presynaptic and
postsynaptic components. hiPSCs are widely used to model neurological disorders and
dissect disease mechanisms. Nonetheless, there are very few studies utilizing hiPSCs from
schizophrenic patients to derive PV and SST interneurons. In this study, we use hiPSCs from
a schizophrenia parent-case trio, where parents are unaffected - with the purpose to derive
GABAergic interneurons using established differentiation protocol. Our results show that,
we can successfully derive GABAergic interneurons including SST interneurons from all the
lines in similar proportions and morphological complexity, but with some reduced SST
MRNA expression in patient. Functional analysis revealed reduced intrinsic firing capacity
and responses to GABA signaling of patient-derived interneurons but not in parents. A
consecutive proteomics analysis showed lower levels of structural pathways protein in
patient line accompanied by remodeling in GABAergic receptors signaling, suggesting a shift
from phasic to tonic inhibition. Overall, our study demonstrates for the first time the
generation of subtype-specific interneurons from schizophrenia parent-case trio, that
exhibit altered proteomic profile and GABAergic functionality. This study paves the way to
further GABAergic signaling assessment in schizophrenia-derived neurons.
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Objective:

Physical activity may reduce dementia risk and improve prognosis in Parkinson’s Disease
(PD). However, it remains unclear if the protective effects vary by dementia subtype or how
physical activity influences key pathological markers such as A-beta, tau, or brain atrophy.
Additionally, the impact on cognitive and motor reserves, and disease progression rates, is
still uncertain.

This cohort aims to examine the associations between a physically active lifestyle and the
risk of developing different neurodegenerative diseases or dementia subtypes. It also
explores whether exercise influences pathological hallmarks and progression in diagnosed
individuals.

Methods:

Our unique study design follows around 800,000 Swedes over a period of up to 36 years to
investigate how physical activity affects disease risk, using diagnoses from the National
Patient Registry (Figure 1). Half of the cohort are participants in sport events such as
Vasaloppet (skiing), Vatternrundan (biking), Vansbrosimningen (swimming), or
Goteborgsvarvet (running). They are compared with a less active group of matched (age,
sex, and residency) non-participants from the Swedish population. By excluding individuals
who develop disorders of interest within five years of inclusion, we aim to reduce bias from
reverse causation.

From the conscription registry, objective measures of fitness and cognition in youth serve to
analyze changes in capabilities over time. Quality registries, including SveDem (dementia)
and the PD registry, are used to assess biomarker levels and disease progression in
diagnosed participants. Cognition (MMSE) and brain atrophy data help explore the effects of
physical activity on brain pathology.

This study design allows us to follow the associations between fitness/physical activity and
the development of neurodegenerative disorders in an adult life-time perspective.

Results: N/A yet

Conclusion: N/A yet
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Huntington’s disease (HD) is an inherited neurodegenerative disorder caused by a CAG repeat
expansion in the HTT gene, yet key aspects of disease biology remain unresolved, including selective
neuronal vulnerability, regional specificity, and delayed disease onset. Disease-causing tandem
repeats are somatically unstable in neurons and progressively expand with age, implicating repeat
instability in disease progression. Increasing evidence also implicates neuroinflammation and innate
immune activation in HD pathology. Transposable elements (TEs), mobile genomic sequences
comprising nearly half of the human genome, are normally embedded in heterochromatin and
epigenetically repressed but can become transcriptionally active with aging or cellular stress,
potentially triggering inflammatory signaling. However, whether TE transcriptional activation is
altered in the HD brain, and how it relates to somatic repeat instability and broader changes in genome
regulation, remains unknown.

Here, we hypothesize that TE expression and somatic repeat instability represent parallel
manifestations of impaired epigenetic regulation, influenced by shared regulatory pathways.
To investigate this, we apply an integrated multi-omic approach combining short- and long-read
transcriptomic and genomic sequencing in post-mortem human brain tissue across HD-relevant
regions. This strategy enables single-cell and locus-resolved analysis of highly repetitive genomic
elements. Preliminary analyses reveal dysregulation of disease-relevant genes and aberrant activation
of developmental gene programs, suggesting altered regulatory states in HD brains. We detect TE
expression across HD and control samples. Long-read DNA sequencing resolves large somatic CAG
repeat expansions and enables locus-specific DNA methylation analysis, demonstrating the feasibility
of integrated profiling of TE expression and repeat instability.

Together, this work provides a framework to study TE expression in the HD brain and to define its
relationship with regional vulnerability, neuroinflammatory signatures, and somatic CAG repeat
instability.



Huntington’s disease (HD) is an inherited neurodegenerative disorder caused by a CAG repeat
expansion in the HTT gene, yet key aspects of disease biology remain unresolved, including
selective neuronal vulnerability, regional specificity, and delayed disease onset. Disease-causing
tandem repeats are somatically unstable in neurons and progressively expand with age,
implicating repeat instability in disease progression. Increasing evidence also implicates
neuroinflammation and innate immune activation in HD pathology. Transposable elements (TEs),
mobile genomic sequences comprising nearly half of our genome, are normally covered by
heterochromatin and epigenetically repressed but can become transcriptionally active with aging
or cellular stress, triggering inflammatory signaling. However, whether TE activity is altered in the
HD brain, and how it relates to somatic repeat instability and broader changes in genome
regulation, remains unknown.

Here, we hypothesize that TE expression and somatic repeat instability represent parallel
manifestations of impaired epigenetic regulation, influenced by shared regulatory pathways.

To investigate this, we apply an integrated multi-omic approach combining short- and long-read
transcriptomic and genomic sequencing in post-mortem human brain tissue across HD-relevant
regions. This strategy enables single-cell and locus-resolved analysis of highly repetitive genomic
elements. Preliminary analyses reveal dysregulation of disease-relevant genes and aberrant activation
of developmental gene programs, suggesting altered regulatory states, including the loss of
heterochromatin, in HD brains. We detected expression of TEs across HD and control samples. Long-
read DNA sequencing resolves large somatic CAG repeat expansions in HD brain tissue and enables
locus-specific DNA methylation analysis, demonstrating feasibility of integrated TE expression and
repeat instability profiling.

Together this work provide a framework to study TE expression in the HD brain and explore its
relationship to regional vulnerability, neuroinflammatory signatures, and somatic CAG repeat
instability.
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Neuroepithelial stem (NES) cells are a promising starting material for cell therapy
applications, as they have unlimited self-renewal capacity and can differentiate to neuron
and glia subtypes. The successful generation of high-quality NES cells from induced
pluripotent stem cells (iPSCs) for clinical applications requires the implementation of good
manufacturing practices (GMP). This includes, among other things, the usage of GMP-
compliant products during the production of cells. The transition to GMP-compliant culture
medium is a critical step towards clinical translation as standard knock-out serum
replacement (KOSR) medium contains undefined biological components such as albumin
and other serum-derived proteins. However, transition to a GMP-grade CTS KOSR resulted
in the generation of off-target cells. Knowledge of the signaling mechanisms during the early
stages of neurogenesis, with a specific focus on their role in the differentiation of iPSCs into
NES cells, could improve protocols for generating a stem cell product for clinical
applications.

To investigate this, we performed neural induction of three iPSC lines to NES cells using the
two KOSR media. Bulk RNA sequencing analysis of three time points in the neural induction
process was performed in R, with a focus on exploring the transcriptomic differences
derived from the use of the two KOSR media and identifying key pathways that may affect
neural induction. The transcriptomic profiles of the two conditions showed differences in
the expression levels of key transcription factors across the different time points. In
addition, downstream analysis showed greater inhibition of the Wnt and calcium signaling
pathways with the undefined KOSR condition. Further investigation into the signaling
pathways involved in the process of neural induction is required to fully understand how to
properly produce and establish NES cells that could be used in clinical applications.
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Parkinson’s disease (PD) is characterized by loss of dopaminergic neurons in the substantia
nigra and aggregation of a-synuclein (a-syn). Although GDNF promotes dopaminergic
neuron survival, clinical trials fail to recapitulate these neuroprotective effects. GDNF mainly
signals through RET, which contains multiple isoforms, including RET9 and RET51, with
shared and distinct downstream effects. In rat studies, combined RET-GDNF treatment
showed neuroprotection, whereas RET or GDNF alone did not. Therefore, we aim to
recapitulate these findings in a PD-like cell model, and further specify RET downstream
signaling, including isoform-specific differences.

A human neuroblastoma cell line (TGW) was transduced with a lentiviral vector expressing
GFP-tagged a-syn, and its expression stability was assessed by flow cytometry. TH, a
dopaminergic neuron marker, and RET expression following GDNF-conditioned media from
HEK-293T cells, were evaluated by Western blot. RET expression was further analyzed by
gPCR. Downstream signaling targets following GDNF-induced RET activation were identified
with Western blot. Isoform-specific knockdown is being performed using siRNA, and
changes in downstream targets are being assessed by Western blot.

Flow cytometry showed that a-syn expression remains stable over time. In response to
receiving GDNF, the TGW cells appeared to have higher TH expression, a functional marker
for dopaminergic neurons. In regular TGWs, RET9 differed only between fresh media and
non-transduced HEK-293T cell media. RET51 differed between fresh and non-transduced
conditioned media, as well as between non-transduced and GDNF-conditioned media.
Western blot confirmed activation of the Akt pathway as a downstream pathway of interest.

Our data show stable expression of a-syn in TGWSs. Following this overexpression, a-syn
aggregation would be induced in these cells by the use preformed fibrils. Once this model is
established, we aim to recapitulate the in vivo results. Akt was confirmed as a pathway
interest, and its downstream components and response to RET isoform-specific knockdown
will be investigated.
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Type 2 diabetes (T2D) and dementia represent a growing dual burden in aging populations. These
conditions share pathophysiological mechanisms that may create a self-reinforcing cycle in which
cognitive impairment affects diabetes management, a crucial factor for preventing complications.
Despite Sweden's comprehensive care, there is limited longitudinal evidence on how cognitive
impairment is associated with real-world treatment persistence and related complications in older
adults.

To address this gap, we investigated (1) the association between dementia and treatment persistence
among older adults on active diabetes therapy in Sweden, and (2) whether diabetes complications differ
between patients with and without dementia.

Drawing on three Swedish health registries, this register-based comparative cohort study identified
3,869 older adults with T2D on active medication (1,990 with dementia, 1,879 matched controls) from
2010 to 2016. Treatment non-persistence was defined as a gap exceeding 90 days between the expected
end of a drug supply and the next dispensation, indicating a discontinuation of diabetes therapy. Cox
proportional hazards models analysed non-persistence and diabetes complications, adjusting for
demographic and clinical factors. Sensitivity analyses used alternative definitions of treatment gaps
(60 and 120 days), an unstratified model, and piecewise Cox regression analyses (one-year and two-
year thresholds).

Results show that older adults with dementia had a 31% higher risk of discontinuing diabetes treatment
compared to those without dementia (HR: 1.31, 95% CI: 1.20-1.44), with higher discontinuation rates
in the first year of follow-up (24.1% in cases vs 17.8% in controls). Advanced age (HR: 1.03 per year),
foreign background (HR: 1.15), and a high comorbidity burden (HR: 1.30) were also associated with
non-persistence. Adults with dementia experienced higher risks of stroke/TTA (HR: 1.84), while
diabetic foot ulcers showed complex time-dependent patterns with initially high risks that decreased
over time. Sensitivity analyses confirmed robustness across different definitions (HR: 1.71 for 60-day;
HR: 2.34 for 120-day gaps).

In conclusion, older adults with T2D and comorbid dementia are more likely to discontinue diabetes
treatment and face an increased risk of cerebrovascular events. Our findings highlight the need for
specialised monitoring systems that prioritise cardiovascular protection in patients with dementia,
especially during the initial years after diagnosis, when discontinuation rates are highest. Integrated
care that connects memory clinics, diabetes care, and elder support services may help manage their
treatment more effectively and prevent complications in this population.
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The medial temporal lobe (MTL) is widely recognized as a core cortical region involved in
cognitive processes and neuropathological changes, particularly, Alzheimer's Disease. It
comprises multiple functionally distinct regions of interest for neurodegeneration and
memory research, such as hippocampus (HPC). Therefore, understanding the boundaries
proved to facilitate studies of the alternative and specific cognitive processes of subregions.
However, addressing the challenges of the delineation of MTL subregions, scarcity of capable
experts, labour-intensive, and ambiguous universal definitions, an automatic segmentation
pipeline was explored for benefiting rapid and unbiased cytoarchitectonic MTL subregion
borders generation.



17 donors, histological slices of full regional MTL with sequential 0.5 mm-thick Nissl-stained
postmortem sectioning, were used for a supervised deep learning-based pipeline. The dataset
was divided into a training (14 subjects, 1400 slices) and testing set (3, 342) which adaptively
configures preprocessed by nnU-Net framework same as the training parameters. While the
annotated labels were designed to include the key subregions, specifically the Brodmann area
35/36 (BA35/36), entorhinal cortex (ERC), parahippocampal cortex (PHC), and hippocampal
subregions, Cornu Ammonis 1/2/3 (CA1/2/3), Dentate gyrus (DG), Parasubiculum (PaS),
Presubiculum (PrS), Subiculum (S), and the white matter layer of the hippocampal subfield,
along with surrounding backgrounds.

The model produces accurate and anatomically coherent subregional boundaries, suggesting
potential good generalization across histological data, while quantitatively, it achieves a mean
F1 score of 0.74. Furthermore, the output masks suggest that the model leverages both fine-
grained cytoarchitectonic features and broader anatomical landmarks, with a greater reliance
on the latter rely on an extra resolution experiment.

From the results, overall segmentation performance is feasible for MTL subregion
segmentation tasks. However, some inconsistencies in the predictions remain, indicating that
further post-processing refinement may improve robustness and highlighting this research
demonstrates the automated segmentation of MTL subregions from histological slices is
potential to support quantitative neuropathological research.
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	abstract_Stamouli
	abstract_Svensson
	abstract_Tosoni
	abstract_Tsalkitzidou
	abstract_vandenBeuken
	abstract_Villegas
	abstract_Zhao

