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Abstract (300 words):
Magnetic resonance imaging (MRI) is a core biomarker within international diagnostic criteria

for human prion diseases. Diffusion-weighted imaging (DWI1) and corresponding apparent
diffusion coefficient (ADC) maps are central, demonstrating diffusion restriction in
characteristic cortical and deep gray matter regions and supporting early recognition and
subtype differentiation in sporadic Creutzfeldt—Jakob disease. Fluid-attenuated inversion
recovery (FLAIR) provides complementary information; combined assessment of DWI/ADC
and FLAIR improves confidence and aids differentiation from autoimmune encephalitis, status
epilepticus, metabolic disorders, and hypoxic-ischemic injury. Arterial spin labeling (ASL) can
show cerebral blood flow reduction in regions with DWI abnormalities, supporting diagnostic
interpretation and longitudinal assessment. In genetic prion diseases, subtle early changes on
multimodal MRI may assist in surveillance of at-risk individuals. Quantitative MRI and
emerging computational approaches are being explored to improve sensitivity and
interpretation. These advances support timely diagnosis, facilitate early clinical trial enrollment,

and align with efforts toward earlier therapeutic intervention in prion diseases.
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Abstract (300 words):

The definitive diagnosis of Creutzfeldt-Jakob disease (CJD) relies on the postmortem
detection of pathological prion protein (PrP) in the brain. Antemortem diagnosis
commonly uses the real-time quaking-induced conversion (RT-QuIC) assay to detect
PrP>¢ seeding activity in cerebrospinal fluid (CSF). Despite its utility, there remains a
need for less invasive and more sensitive diagnostic biomarkers. In collaboration with
the Caughey laboratory, we previously demonstrated that PrP>¢ is present in the skin of
CJD patients, establishing skin RT-QuIC as a novel, minimally invasive diagnostic tool.
Using animal models, we further showed that skin PrPS° seeding activity can be
detected earlier than brain PrPS° by western blotting or neuropathological analysis,
preceding the onset of clinical symptoms. While both CSF RT-QuIC and skin RT-QuIC
exhibit near-perfect specificity (~ 95%) and high sensitivity (~90%), a small proportion
of cases remain false-negative. In the present study, we evaluated whether combining
these seeding assays with established CSF biomarkers—14-3-3 protein and total tau—
could improve diagnostic performance. According to the current results, the CSF
RT-QuIC + skin RT-QulC model achieved an AUC of 0.982, with 96.9% sensitivity and
94.1% specificity, representing the highest diagnostic accuracy among dual-marker
combinations. When CSF total tau was incorporated, the model (Skin RT-QulC+ CSF
RT-QuIC + Tau) further improved to an AUC of 0.989, with 97.3% sensitivity and
100% specificity, indicating superior diagnostic efficiency. In contrast, adding CSF
14-3-3 to this model (Skin RT-QulC+ CSF RT-QuIC + Tau + 14-3-3) yielded only
marginal benefit (AUC 0.989, sensitivity 97.3%, specificity 100%), suggesting that total
tau provides the principal additional diagnostic value. Overall, integrating skin RT-QuIC
with CSF RT-QuIC and total tau markedly enhances diagnostic performance for CJD,
offering a robust, minimally invasive, and clinically practical framework for early and
reliable diagnosis.
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Abstract (300 = 300 words):
[Aims] Early diagnosis is necessary for timely interventions in prion diseases. To elucidate the

specificity of the early electroencephalography (EEG) discharges in sporadic Creutzfeldt-Jakob
disease (sCJD), we analyzed epileptiform discharges associated with early stages of sCJD.
[Methods] Nine patients with MMZ1/classic sCJD and 20 patients with status epilepticus (SE),
consisting of 11 with convulsive SE and 9 with nonconvulsive SE, were included. We evaluated
epileptiform discharges, such as generalized periodic discharges (GPDs), lateralized periodic
discharges (LPDs), and central sagittal sporadic epileptiform discharges (CSSEDs) on EEGs in
both MM1/classic sCJD and SE groups. CSSEDs were defined as nonrhythmic and nonperiodic
waveforms showing generalized spike-and-wave complexes and/or sharp waves predominantly
in the central sagittal region of the brain [1].

[Results] In the MM1/classic sCIJD group, CSSEDs, LPDs, and GPDs were observed in five
(55.6%), one (11.1%), and eight (88.9%) patients, respectively. The average duration from onset
to the appearance of the discharges on EEGs were 1.6, 1.0, and 2.44 months, respectively. In the
SE group, CSSEDs, LPDs, and GPDs were detected in one (5.0%), six (30.0%), and six (30.0%)
patients, respectively. Incorporating CSSEDs and LPDs into the World Health Organization
(WHO) diagnostic criteria, alongside GPDs, significantly shortened the average duration from
onset to the diagnosis of probable sCID (2.06 months vs. 2.44 months; p = 0.02). Furthermore,
when CSSEDs were included in the EEG criteria of the WHO diagnostic criteria, the disease
severities, which were measured using the Medical Research Council Prion Disease Rating
Scale, were significantly lower at the time of diagnosing patients as probable sCJD (4.57 vs.
9.0; p=0.04).

[Conclusions] Epileptiform discharges in the central sagittal region were detected early in
MM1/classic sCID, whereas those in the lateral region were more frequent in SE than in
MM1/classic sCID. CSSEDs could be a useful potential biomarker for early-stage diagnosis of

sCJD, facilitating earlier intervention [2].
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Abstract (300 words):

Abnormal prion protein (PrP~Sc) is the pathogenic isoform responsible for human prion
diseases (HPDs), a group of fatal and transmissible neurodegenerative disorders
characterized by rapidly progressive dementia, motor dysfunction, and widespread
neuronal loss. Establishing an accurate and reliable early diagnosis, ideally within four
weeks before or after disease onset, is essential for enabling early therapeutic
intervention and for the development of effective disease-modifying treatments.
Although cerebrospinal fluid (CSF) and MRI biomarkers have been used in clinical
settings, their diagnostic accuracy has not been fully validated in large-scale prospective
studies.

We conducted a nationwide 10-year prospective investigation (2011-2020) in Japan
involving 4,153 patients with suspected HPDs who presented with rapidly progressive
dementia. Each case was analyzed using CSF biomarkers, including 14-3-3 protein
(Western blot and ELISA), total tau, and real-time quaking-induced conversion
(RT-QuIC) assay, in addition to MRI, EEG, and prion protein gene polymorphism
analyses. Clinical and laboratory findings were systematically reviewed by the Japan
Prion Disease Surveillance Committee. Among all cases, 2,030 were classified as
definite, probable, or possible HPDs (1,592 sporadic, 37 genetic, and 2 acquired),
whereas 2,123 were diagnosed as non-HPDs. The sensitivities of 14-3-3 WB, 14-3-3
ELISA, total tau, RT-QuIC, and MRI were 79.3%, 81.4%, 80.1%, 70.6%, and 97.7%,
with specificities of 81.2%, 80.4%, 86.8%, 98.8%, and 88.6%, respectively. In sporadic
HPDs, biomarker sensitivities were markedly higher at the early disease stage, and all
markers were positive even before symptom onset.

These findings demonstrate that the combined use of MR1 and CSF biomarkers,
particularly RT-QuIC, 14-3-3, and total tau, provides a powerful and practical
diagnostic strategy for accurate identification of human prion diseases during preclinical
and early symptomatic phases. This integrative approach will enhance early diagnosis,
facilitate patient stratification, and accelerate the development of targeted therapeutic
interventions for these devastating disorders.




Oral Presentation
S1-2-1 Educational lecture

APPS2025 Abstract

Title:
Development of Brain-Targeted Drug Delivery Systems for Nucleic Acid Drugs

Authors:
Shigeru Kawakami

Affiliation:
Department of Pharmaceutical Informatics, Graduate School of Pharmaceutical Sciences,
Nagasaki University, Japan

Abstract (300 words):

Nucleic acid therapeutics offer great promise for the treatment of intractable brain
disorders. However, drug penetration into the brain is severely restricted by the
blood-brain barrier (BBB), highlighting the need for innovative brain-targeted drug
delivery systemsV. To date, we have advanced brain drug delivery research in three
major directions: i) exploiting transcytosis by conjugating BBB-permeable ligands to
DDS carriers?, ii) transient BBB opening via focused ultrasound irradiation®, and (iii)
brain-targeted delivery methods using cell-permeable DDS* that interact with heparan
sulfate proteoglycan—expressing cells, as well as antibody-modified DDS approaches®®.
In this presentation, | will introduce our recent progress in brain-targeted DDS systems

for nucleic acid delivery.
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Abstract (300 words):
Inhibition of prion protein (PrP) conformational conversion has been a major

therapeutic strategy for prion diseases. However, compounds such as pentosan
polysulfate and quinacrine have failed to achieve sufficient efficacy in clinical trialsV.
Since treatment in humans must inevitably begin after disease onset, it is difficult to
adequately suppress the pathological conformational conversion of PrP. Activation of
glial cells during disease progression is considered to be a crucial cause of neuronal
death. Therefore, we have been attempting to establish another therapeutic approach for
prion diseases by suppressing glial cell proliferation using the immunosuppressant
FK506 (tacrolimus)?®. In this presentation, we will introduce our recent studies and

ongoing efforts toward this goal.
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Abstract (300 words):

Human prion diseases remain universally fatal neurodegenerative conditions
characterized by the misfolding and propagation of the prion protein (PrP). Despite
significant advances in understanding prion biology, no disease-modifying therapy is
currently available. This presentation summarizes current progress in therapeutic
development for human prion diseases, with a particular focus on PrP-lowering
strategies, immunotherapeutic approaches, gene-editing platforms, and small-molecule
inhibitors. Recent preclinical results—especially those involving antisense
oligonucleotides and in vivo base editing—highlight the emerging potential for
meaningful intervention. However, substantial environmental and systemic challenges
continue to impede translation into clinical practice. Barriers include limited patient
populations, late-stage diagnosis, lack of wvalidated biomarkers for therapeutic
monitoring, biosafety and infrastructural constraints, regulatory complexity, and the
biological heterogeneity of prion strains. Addressing these multi-layered obstacles will
require coordinated international efforts, improved preclinical models, innovative
clinical trial designs, and strengthened translational frameworks. This talk evaluates
both scientific progress and system-level limitations, offering perspectives on future
directions essential for advancing prion therapeutics.
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Abstract (300 words):
Since the first case of BSE was identified in September 2001, the Japanese government

initiated discussions to introduce a risk analysis framework for food safety
management, aiming to restore consumer confidence. According to this policy, the Food
Safety Basic Law was established in May 2003. The Food Safety Commission was
established in the Cabinet Office. The Food Safety Commission (FSC) serves as a risk
assessor and advisor to support the risk management authorities, including the Ministry
of Health, Labor and Welfare, the Ministry of Agriculture, Forestry and Fisheries, the
Consumer Affairs Agency, and the Ministry of Environment. The Food Sanitation Law
was also revised at the same time. The FSC conducts risk assessment at the request of
the risk management authorities. Risk assessment consists of four steps. These are 1.
Hazard identification, 2. Hazard characterization, 3. Exposure assessment, and 4. Risk
characterization. The FSC comprises 16 expert committees and 6 working groups, with
more than 200 experts. More than 3,300 risk assessment reports were published over
approximately 20 years. For the future, FSC plans to introduce the DX system to collect
scientific evidence, and introduce an in silico approach of risk assessment.

FSC proceeds with international cooperation, sharing information about the risk of food
safety
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Abstract (300 words):

In the [PSI*] prion system, the yeast prion protein Sup35 can form structurally distinct
amyloid fibrils that lead to distinct transmissible prion states, or strains. However, our
understanding of how different Sup35 fibril structures arise and translate to phenotypic
variations is limited. Here, using cryo-EM and single-monomer force spectroscopy with
optical tweezers, we reveal the structural basis of yeast prion propagation in four
wild-type and S17R mutant variants of Sup35 that underlie different [PSI*] strains.
Cryo-EM structures show that the four variants form strikingly distinct fibril structures,
which exhibit varying stability and chaperone-accessibility. Force spectroscopy suggests
the different distinct fibril structures are derived from distinct monomer conformational
ensembles. Further, cryo-EM structures indicate that prion strain strength is correlated
with enhanced fibril propagation caused by a combination of low fibril stability and a
large separation between the Sup35 fibril core and the Ssal/Sisl chaperone-binding
region. These results provide a structure-based mechanism for the yeast prion strain
phenomenon with implications for understanding amyloid propagation in human

neurodegenerative diseases.
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Abstract (300 words):
Prion-like self-propagating protein aggregation is a fundamental pathogenic principle

shared by many neurodegenerative diseases including Alzheimer’s and Parkinson’s
disease. In these disorders, soluble proteins such as tau and o-synuclein undergo
abnormal conformational changes to form nucleating “seeds,” which then convert innate
monomers into amyloid fibrils through prion-like templated conformational conversion.
These seeds can spread between cells, propagating along neural circuits and thereby
expanding the pathological domain. Thus, eliminating pathogenic protein aggregates
represents the most direct and rational therapeutic strategy. We have focused on
aggrephagy, an intrinsic cellular mechanism for degrading protein aggregates, and
demonstrated that this pathway participates in the elimination of protein aggregates and
the suppression of neuronal cell death in a tauopathy mouse model (PS19). Aggrephagy
is driven by phosphorylation of p62 at serine 403, which facilitates efficient
autophagosomal engulfment of aggregates. Through a chemical screen for activators of
p62-S403 phosphorylation, we developed a class of small molecules termed Aggregate
Degradation Inducers (ADIs). Oral administration of ADI compounds to PS19 mice
showed that they cross the blood-brain barrier, enhance neuronal aggrephagy, and
suppress tau fibril accumulation, neuronal loss, and brain atrophy. Our study
demonstrates that activation of the aggrephagy system by small molecules enables
degradation of protein aggregates and protects neurons from cell death caused by

aggregation-prone proteins.
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Abstract (300 words):

The mouse models of human prion diseases have made significant contributions to elucidate the
pathogenesis of prion diseases. In particular, the mouse models of acquired prion diseases
faithfully reproduced the pathology in humans and have contributed to elucidating the
mechanisms underlying the phenomenon observed in human cases. On the other hand, mouse
model that spontaneously develop sporadic or genetic prion diseases has yet to be established.
Establishing genuine mouse models of sporadic or genetic prion diseases will contribute not
only to research into the pathogenesis, but also to the development of therapeutics. In my
presentation, | will summarize our progress so far in elucidating the pathogenesis of human

prion diseases using mouse models.
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Abstract (300 words):

Alzheimer’s disease (AD) is neuropathologically defined by the accumulation of
amyloid-p (AB) plaques and neurofibrillary tangles composed of hyperphosphorylated
tau. The triple-transgenic AD mouse (3xTg-AD), which carries mutations in APP, PS1,
and tau, recapitulates both hallmark pathologies and has been widely studied using
behavioral tests, western blotting, and immunohistochemistry (IHC). Here, we applied
the highly sensitive real-time quaking-induced conversion (RT-QulC) assay to
longitudinally quantify pathological tau seeding activity in 3xTg-AD brains at 3, 6, 9,
and 12 months of age. Remarkably, tau seeding was already detectable at 3
months—preceding the onset of cognitive impairment in the Water-maze and Y-maze
test and the appearance of AP and phosphorylated tau by ITHC. Seeding activity
increased progressively with age and was significantly higher in 3xTg-AD mice than in
wild-type controls at all time points (p < 0.01). To our knowledge, this represents the
first systematic mapping of tau seeding dynamics in the 3xTg-AD model using
RT-QuIC. These findings establish RT-QuIC as a sensitive and specific approach for
detecting early pathological tau seeds, far in advance of conventional readouts. This
work not only strengthens the validity of the 3xTg-AD model for tauopathy research but
also underscores the translational potential of RT-QulC in monitoring disease
progression and evaluating tau-targeted therapies.
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Abstract (300 words):

The cellular prion protein (PrPC), widely recognized for its role in prion diseases, is
highly expressed in the central nervous system (CNS)1,2. While it has been reported to
link to demyelination in the peripheral nervous system3,4, the function of PrPC in CNS
demyelination remains unclear. We explored the role of PrPC in cuprizone-induced
demyelination using wild-type and two PrP-deficient mouse models5. We observed
significant upregulation of PrPC within demyelinating lesions of wild-type mice fed
with cuprizone. In contrast, mice lacking PrPC (Prnp-KO) or with deletion of its
octapeptide repeat region (OPR) (Prnp-OPRde) exhibited markedly reduced myelin loss
and oligodendrocyte death, evidenced by luxol fast blue staining, myelin basic protein
examination, and detection of OLIG2. RNA sequencing analysis indicated that this
protection was associated with attenuated microglial activation and a downregulation of
the TREM2-TYROBP signaling pathway. Accordingly, compared to wild-type mice,
microglia-mediated neuroinflammatory responses were substantially reduced in
Prnp-KO and Prnp-OPRde mice. Together, these findings demonstrate that PrPC
exacerbates CNS demyelination by promoting microglia activation via the
TREM2-TYROBP axis, and further identify OPR as a critical domain responsible for
this neurotoxic activity. These findings reveal a novel pathogenic mechanism for PrPC
in CNS demyelination and suggest that targeting PrPC or its OPR may offer new
therapeutic opportunities for demyelinating disorders.
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Abstract (300 words):

Prion diseases are fatal neurodegenerative disorders caused by the accumulation of abnormal
prion protein (PrP*) in the central nervous system. Drug discovery has been based on the
binding of compounds to normal prion protein (PrP<), but no clinically effective treatments have
been identified currently. Recently the analysis of the amyloid structure of PrP by
cryo-electron microscopy(Cryo-EM) has been established, therefore the prospects of efficient
search for compounds by virtual screening of drugs based on the detailed structure of the PrPsc
was opened up. In this study, a model of human PrP*¢ was created by manually converting 16
amino acids on a computer based on the PrP*¢ of Chandler strain, whose structure has been
analysed by Cryo-EM, and structure-based virtual screening was performed. Then the
distribution of non-electrostatic interactions on the amyloid structure of the PrPS¢ was visualised
and compound docking calculations were performed with the hypothesis that larger interactions
would contribute to increased amyloid. Docking calculations were performed using 3430
compounds as drug repositioning, the top 53 compounds were extracted from those showing
strong binding. When 32 of these compounds, which are presumed to have blood-brain
barrier(BBB) permeability, were added to Neuro-2a persistently infected with Fukuoka-1 strain,
several compounds showed reduced protease resistant PrP(PrP-res) in Western blots(WB), so
further analysis is currently underway.

These results may indicate new possibilities of future drug discovery for conditions associated

with abnormal aggregation of proteins such as a-synuclein, not only prion diseases.
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Abstract (300 words):

Prion diseases are fatal neurodegenerative disorders caused by the misfolding of the normal
cellular prion protein (PrP®) into its infectious, B-sheet-rich isoform (PrP%). Traditionally,
prions were considered incapable of eliciting robust immune responses because PrP¢ and PrP
share an identical primary structure. However, accumulating evidence indicates that type |
interferon (IFN-1) signaling plays a crucial role in the host defense against prion propagation.
Our previous studies demonstrated that interferon regulatory factor 3 (IRF3), a key
transcriptional activator of IFN-I, limits prion replication and delays disease progression.
Furthermore, IFN-I signaling itself confers resistance to prion infection. Yet, the precise
mechanisms underlying this protection have remained unclear. Here, using both in vivo and ex
vivo prion infection models, we identified 2'-5" oligoadenylate synthetase la (Oasla)—an
interferon-stimulated gene downstream of the IFN-I receptor—as a key inhibitor of early-stage
prion invasion. In Oasla-knockout mice, prion disease progression was markedly accelerated
and survival time significantly shortened, demonstrating the protective role of Oasla in vivo.
Consistently, mouse embryonic fibroblasts derived from Oasla-deficient mice showed
heightened susceptibility to 22L prion infection, thereby abolishing the anti-prion effects of
IFN-I treatment. Moreover, recombinant Oasla applied extracellularly suppressed prion
propagation without activating the canonical RNase L pathway. Mechanistically, Oasla directly
binds to PrP¢, preventing its conversion into PrPS and thereby limiting PrPS¢ accumulation in
vitro. Collectively, these findings reveal a pivotal role of the IFN-Oasla axis in restricting prion
propagation and highlight Oasla as a potential therapeutic target for prion diseases.
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Background: Prion-infected cells are useful for clarifying the mechanism of prion
propagation and pathogenesis in prion diseases. However, cellular localization of PrPs
in primary cultured neurons differs from that of PrPS¢ in neuroblastoma cells and
primary cultured astrocytes. Therefore, we attempted to elucidate the mechanism of
prion propagation in primary cultured neurons more precisely.

Methods: Primary cortical neurons were prepared from cortices of mouse fetus at 14 embryonic
days. Primary cortical neurons were infected with prions using microsomal fractions from 22L
strain-infected mouse brains. PrP5¢ was analyzed by immunofluorescence assay using Airyscan
microscopy system that can acquire high-resolution images with better signal-to-noise ratio.
Results & Discussion: The elongation and increase of these stains were observed on the cell
surface of primary neurons at 4-10 days post infection (dpi) when PrPS® was directly stained
with Alexa Fluor 488-labeled anti-PrP mAb 8D5 at 4°C. Average length of the string-like PrPs¢
stains were 1.41 um and 1.62 um at 4 and 10 dpi, respectively, indicating 1.2-fold elongation on
the cell surface. In addition to the elongation, numbers of string-like PrP¢ stains were increased
8.3 times at 10 dpi. When prion-infected primary cortical neurons were treated with anti-PrP
mAb 31C6 for 17 days from 4 dpi, the average length of the string-like PrPS¢ stains was
shortened to 73.1 % and numbers of the PrPS stains were decreased to 5.4% of the cells treated
with negative control antibody. Consistent with the decrease of PrPS° stains, the level of Prpsc
was reduced to 33.5% of the cells treated with negative control antibody. The length was
shortened to 72.3% and numbers of the string-like PrP® stains were decreased to 25.0% of the
cells treated with negative control antibody, even when the antibody treatment was started from
11 dpi, at which string-like PrP* had already generated extensively. These results suggest that
prion propagation mainly occurs on the cell surface of primary cortical neurons. However, PrPS
existing on the cell surface appeared to be degraded if generation of PrPS¢ was inhibited by the
treatment with mAb 31C6.
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Abstract (300 words):

Dura mater graft-associated Creutzfeldt-Jakob disease (dCJD) is one of iatrogenic
Creutzfeldt-Jakob diseases due to cadaveric dura mater used in neurosurgery!. Two subtypes
exist in dCJD: non-plaque type and plaque type?. Plaque-type dCJD is uncommon form and is
also referred to as MMiK (129M/M genotype, type i PrP¢, and kuru plaques) dCJD?3. Patients
with plaque-type dCJD exhibit slowly progressive clinical course, and some clinical symptoms
such as myoclonus less frequently occur?. Herein, we report an autopsy case of plaque-type
dCJD together with biochemical and genetic analyses. A 41 years-old male patient developed
right hand paresthesia. He had received a dura mater graft in the right parietal region at 14 years
of age. The symptoms slowly progressed. The paresthesia extended to extremities after seven
months. He became unable to walk independently after 17 months. Voluntary speech and
movement obviously decreased at 23 months after onset. At 24 months, myoclonus was firstly
observed, and the patient developed akinetic mutism. He died at 26 months after the onset.
Neuropathological investigations revealed mild to moderate spongiform changes with fine
vacuoles throughout the brain and spinal cord. Synaptic, perineuronal, and plague-type
abnormal prion protein (PrP) deposition were also diffusely observed. One of characteristic
findings was intense PrP deposition was observed throughout the spinal gray mater. Long
disease duration may be associated the diffuse deposition in the spinal cord. Considering the
initial symptom and spinal lesions, we speculated an indirect PrP propagation via cerebrospinal
fluid. In addition, degeneration was prominent in the limbic system and cerebellum. This pattern
resembled that of VV2 sporadic CJD. We thought that distribution of lesions reflected the
source of infection in dCJD.
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Abstract (300 words):

Introduction: Neuropathological pain causes serious trouble to patients' daily lives > 2. Recent
studies have indicated that certain neurodegenerative diseases, such as Creutzfeldt—-Jakob
disease (CJD), are associated with pain sensitization in the late stage 4. Notably, prion gene
knockout (Prnp~/") mice exhibit reduced pain sensitivity, suggesting a role for the cellular prion
protein (PrP€) in pain regulation.

Objective: This study aims to elucidate the involvement of PrP¢ in neuropathic pain and to
investigate its underlying mechanisms.

Methods: A spared nerve injury (SNI) model was established in mice to evaluate pain and
anxiety-like behaviors. Neuronal activity and cell types in the anterior cingulate cortex (ACC)
were assessed via immunohistochemical staining. Genetic differences between Prnp~/- and
wild-type (WT) mice were analyzed using RNA sequencing and gPCR, while Western blot was
employed to measure PrP and KCNJ13 protein expression in the ACC before and after SNI. The
roles of CaMKII* and GADG67* neurons in pain modulation were examined through
chemogenetic manipulation. Additionally, adeno-associated viruses (AAVS) were constructed to
overexpress Kcnj13 in the ACC to explore its functional role in pain behavior.

Results: Neuropathic pain downregulated PrP expression in the ACC. Prnp~/~ mice exhibited
higher tolerance to both neuropathic and inflammatory pain compared to WT mice. In the SNI
model, the number of c-Fos* neurons in the ACC was greater in Prnp~/~ mice than in WT
controls. Prnp knockout downregulated KCNJ13 expression in the ACC under basal conditions.
Interestingly, SNI downregulated KCNJ13 expression in WT mice but upregulated it in Prnp /-
mice. Chemogenetic inhibition of CaMKII" neurons in the ACC reduced pain tolerance in
Prnp~/~ mice. Overexpression of Kcnj13 enhanced pain tolerance in WT mice.

Conclusion: Prnp knockout may modulate neuronal activity in the ACC via KCNJ13, thereby
enhancing pain tolerance.

Keywords Neuropathic pain; Anterior cingulate cortex; Prion protein; KCNJ13

[Supported by the startup package and developmental funds of the First Affiliated Hospital of
Nanchang University (#500021001, #500021002), National Natural Science Foundation
(NSFC) (82471499) to WQZ, and Jiangxi Key Laboratory of Neurological Diseases
(2024SSY06072) to DH and WQZ.]




Psoter Presentation

P04

APPS2025 Abstract

Title: Two Decades of Primate Prion Research in Japan: From Infection Model to Biobank

Authors: Fumiko OnoY, Hiroaki Shibata?, Nozomi Nakano?, Keiko Ohto?, Sachi Okabayashi®,
Nene Miyamae®, Minoru Tobiume®, Yuko Sato, Ken’ichi Hagiwara®, Morikazu Imamura®,
Yuichi Murayama® Tetsutaro Sata®, Keiji Terao®? and Motohiro Horiuchi”

Affiliation: 1) Okayama University of Science, 2) The Corporation for Production and Research
of Laboratory Primates, 3) Transgenic Group Inc., 4) National Institute of Infectious Diseases,

5)University of Miyazaki, 6) Independent Researcher, 7) Hokkaido University

Abstract:

Over the period from 2003 to 2023, our group established and maintained the only
experimental system in Japan for prion infection using cynomolgus macaques. Over the
past two decades, infection studies with classical (C-BSE) and atypical (L-BSE,
H-BSE) bovine spongiform encephalopathy strains have been conducted to evaluate
their zoonotic potential and pathogenic mechanisms.

A total of 32 macaques were inoculated via intracerebral, oral, intravenous, or
intraperitoneal routes, followed by longitudinal sampling and comprehensive
pathological ~ examination.  Approximately 2,500 biological and tissue
specimens—including cerebrospinal fluid, blood fractions, saliva, urine, and multiple
organs—have been preserved along with detailed experimental records, forming the
foundation of the Primate Prion Biobank.

In addition to specimen preservation, a digital histopathological archive has been
developed, comprising virtual slides of hematoxylin-eosin, PrP immunostaining,
phosphorylated tau, and GFAP-stained sections. This database enables quantitative
image analysis and facilitates secondary data utilization without the need for additional
animal experiments.

Findings from this long-term study have provided valuable insights into the
pathogenesis of prion diseases in nonhuman primates and have established a sustainable
research platform integrating clinical, pathological, and digital data. As experimental
prion infection in primates is unlikely to be conducted again, the accumulated materials
and datasets now constitute an irreplaceable scientific resource to be inherited by the
next generation of prion researchers.
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Abstract (300 words):
An early diagnosis is required for intervention in prion disease cases. To elucidate the specificity

of early electroencephalography discharges in cases of sporadic Creutzfeldt-Jakob disease, we
analysed epileptiform discharges through electroencephalography. Nine patients with
methionine/methionine type 1/classic sporadic Creutzfeldt-Jakob disease and 20 patients with
status epilepticus were included. Generalized periodic discharges, lateralized periodic
discharges, and central sagittal sporadic epileptiform discharges were evaluated. Central sagittal
sporadic epileptiform discharges were defined as nonrhythmic and nonperiodic waveforms
showing generalized spike-and-wave complexes and/or sharp waves predominantly in the
central sagittal region. In the sporadic Creutzfeldt-Jakob disease group, central sagittal sporadic
epileptiform discharges, lateralized periodic discharges, and generalized periodic discharges
were observed in five (55.6%), one (11.1%), and eight (88.9%) patients, respectively, with an
average duration from onset to the appearance of the discharges of 1.6, 1.0, and 2.44 months,
respectively. In the status epilepticus group, these discharges were detected in one (5.0%), six
(30.0%), and six (30.0%) patients, respectively. The incorporation of central sagittal sporadic
epileptiform discharges and lateralized periodic discharges into the World Health Organization
diagnostic criteria, alongside generalized periodic discharges, significantly shortened the
average lapse from symptom onset to sporadic Creutzfeldt-Jakob disease diagnosis (2.06
months vs. 2.44 months; p = 0.02). Central sagittal sporadic epileptiform discharges emerge as
promising biomarkers for distinguishing sporadic Creutzfeldt-Jakob disease from status
epilepticus, and together with lateralized periodic discharges provide an opportunity for early

diagnosis of sporadic Creutzfeldt-Jakob disease. (232words)
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Abstract (300 words):

Prion diseases are characterized by prolonged asymptomatic incubation periods, followed by a
rapidly progressive clinical phase. In mouse models, neuropathological changes occur during
incubation periods that span several months. Despite this, the contribution of innate immune
molecules to the pathogenesis of prion disease during the incubation period remains poorly
understood. Previous studies reported that IRF3 deficiency leads to earlier onset and more
severe pathology, while MyD88 deficiency does not significantly alter disease progression.
These findings suggest that MyD88-independent, but not MyD88-dependent, signaling
contributes to early host defense against prion infection. Here, we examined alterations in
dsRNA-sensing molecules associated with MyD88-independent signaling during the incubation
period and after disease onset. We found that among the dsRNA-recognition molecules, only
retinoic acid-inducible gene | (RIG-1) showed aberrant formation in the brains of prion-infected
mice during the incubation period. These results suggest that abnormal RIG-I formation is

involved in the pathogenesis of prion disease even during the asymptomatic incubation phase.
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Abstract (300 words):

Background: Clinical trials for human prion diseases (HPD) have recently begun, and cerebrospinal
fluid (CSF) biomarkers such as total tau (t-tau) protein are gaining attention. High reproducibility
and accuracy are essential for biomarker studies. With the COVID-19 pandemic, measurement using
automated chemiluminescent enzyme immunoassay (CLEIA) instruments has become widespread.
We evaluated the performance of t-tau detection by CLEIA and compared it with the conventional
ELISA method.

Methods: Ninety-one CSF samples from patients with rapidly progressive dementia were analyzed
by both ELISA and CLEIA. The 14-3-3 protein was assessed by Western blotting, and prion
conversion activity was examined by RT-QuIC assay. Correlation between ELISA and CLEIA was
analyzed in 30 samples. In addition, three samples were used to evaluate CLEIA reproducibility,
storage stability, dilution linearity, and freeze—thaw effects.

Results: Among 91 samples, 45 were RT-QulC—positive HPD cases and 46 were non-HPD controls.
Both ELISA and CLEIA showed 100% sensitivity and specificity for HPD detection. A strong
correlation was observed between methods (R2 = 0.88). CLEIA demonstrated superior
reproducibility, stability, and tolerance to freezing and thawing. However, t-tau values above 2,000
pg/mL by CLEIA were unstable, and dilution tests showed reduced linearity and reproducibility.
Conclusion: CLEIA offers high reproducibility and stability compared to ELISA, but ELISA
remains superior for dilution accuracy. Further optimization of dilution protocols is needed to

establish CLEIA as a reliable tool for biomarker assessment in HPD clinical trials.
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Abstract (300 words):

Background and Objective:

Cerebrospinal fluid (CSF) real-time quaking-induced conversion (RT-QulC) changed
the diagnosis of prion disease [1]. RT-QulC has been applied for other
neurodegenerative diseases including Lewy body disease (LBD) defined by
characteristic alpha-synuclein (o-syn) protein aggregates with prion-like properties
[2,3]. While these a-syn aggregates are also observed in multiple organs in the body
[4-8], the association between a-syn RT-QuIC and these pathology in the body remained
undetermined. Based on the recent recommendations [9], we evaluated the association
in our autopsy cohort with systemic assessment including the body.

Methods: a-syn RT-QuIC of stored CSF samples was carried out using previously
published methods [10]. Regardless of the diagnosis, systemic Lewy pathology
assessment including olfactory bulb, sympathetic ganglia, spinal cord, and multiple
organs in the body, including esophagus, heart, and skin, was conducted [4-8].

Results: CSF from 30 patients were analyzed; symptomatic LBD (n=8), multiple
system atrophy (MSA) (n=2), Alzheimer’s disease (AD) (n=3), and other controls
(n=17). Despite different clinical stages, autopsy revealed that six with symptomatic
LBD were in diffuse neocortical and two were in limbic stage in the brain. All the eight
patients showed widespread LBs in the body including those in olfactory bulb,
esophagus, and sympathetic ganglia. Incidental LBs in the sympathetic ganglia were
identified in one control. SAA was positive in all eight with symptomatic LBD, was
weakly positive in one with AD, and was negative in all the others.

Conclusions: We confirmed high specificity (95%) and high sensitivity (100%) of our
CSF a-syn RT-QuIC in symptomatic LBD with widespread pathology including the
body. Negative results were observed in one with limited LBs in the body (sympathetic
ganglia) and the two patients with MSA. Larger studies, including systemic Lewy
pathology assessment including the body, may be necessary before fully implementing

biomarker-based diagnosis of LBD.
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Abstract (300 words):

As is well known, Ppary plays an indispensable role in adipocyte differentiation.

By comparing wild-type (WT) mice and prion gene knockout (PKO) mice of the same
age, we found that PKO mice are smaller, weigh less, and exhibit reduced visceral fat
accumulation compared with WT mice.

Adipose-derived mesenchymal stem cells (ADSCs) were isolated from the epididymal
fat pads of 8-week-old male mice. After sufficient proliferation, the cells were subjected
to a 14-day adipogenic induction culture using a standard cocktail method.

Isolation and in vitro adipogenic induction of mouse ADSCs demonstrated an increase
in Prnp expression, accompanied by elevated expression of adipogenesis-related genes.

Similarly, 3T3-L1 preadipocytes were cultured to confluence and then induced to
differentiate for 7 days using the same cocktail method. On day 4 of differentiation,
siRNA was introduced to suppress prion gene expression.

Experiments using 3T3-L1 cells revealed that following lipid droplet formation, Prnp
expression was upregulated, along with increased expression of CD36, Ppary, and
Pparao.

Conversely, suppression of Prnp expression by siRNA on day 4 led to a marked
decrease in the protein levels of CD36 and Ppary.

Taken together, these findings indicate that the absence of prion protein suppresses
Ppary expression, thereby inhibiting the expression of associated lipid metabolism
factors and slowing the process of lipogenesis.

According to the above conclusion, we can infer that the expression of Ppary is
inhibited when there is no prion protein. The expression of lipid metabolism factors
related to it is inhibited at the same time, resulting in the slow process of lipogenesis.
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Abstract (300 words):

[ Background] In sporadic Creutzfeldt—Jakob disease (sCJD), it can be challenging to
establish “probable’ diagnosis based on WHO criteria, because some patients do not
display generalized periodic discharges (GPDs) on electroencephalography (EEG).
Increasing numbers of patients have recently received ‘possible’ diagnosis due to lack of
GPDs on EEG. We aim to clarify the periods of emerging prodromal EEG changes from
onset, including central sagittal sporadic epileptiform discharges (CSSEDs) and
lateralized periodic discharges (LPDs)Y, and assess the sensitivity and specificity of
those changes. [ Methods] In Prion Disease Surveillance registry records from inception
through 2025, 645 patients were diagnosed as ‘possible’ due to lack of GPDs on EEG.
Among them, the committee continuously follow 382. Fifteen of these patients were
re-diagnosed from “possible’ to ‘probable’ sCJD based on the emergence of GPDs. We
reviewed EEG data from 9 of the 15 patients before and after GPD emergence. Six
patients were excluded due to data unavailability. [Results] Among the nine reviewed
patients whose EEG records were submitted to the committee, single EEGs were
recorded in two patients. One patient showed GPDs, and another showed slow waves
without GPDs. Among the remaining seven patients, GPDs were identified at the first
recorded EEG in one patient, and no GPDs were identified even at the second recorded
EEG in one patient. Conversion from prodromal EEG changes to GPDs was identified
in five patients, with the median period of emergence between these discharges being 30
days (range, 11-164 days). Secondary diagnoses made by the primary physicians were
concordant with those made by the committee members for the seven patients. CSSEDs
were observed in two patients, and no LPDs were observed. [Conclusions] The
concomitance ratio for GPD observance on EEG by the primary physician and the
committee members was 78%, indicating that diagnosing probable sCJD is quite
challenging. Repeated EEG recording is important for correct diagnosis of patients
showing equivocal EEG findings. Since prodromal EEG changes can convert to GPDs
within 11 days at the earliest, we recommend repeating EEG recordings approximately
every 2 weeks in patients with prodromal EEG changes.

References:
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Abstract (300 words):

[Background]in sporadic Creutzfeldt-Jakob disease (sCJD), it can be challenging to establish
‘probable’ diagnosis based on WHO criteria, because some patients do not display generalized
periodic discharges (GPDs) on electroencephalography (EEG) in the early phases. We assess
the periods of emerging prodromal EEG changes, including central sagittal sporadic
epileptiform discharges (CSSEDs) and lateralized periodic discharges (LPDs), and GPDs from
onset.

[Methods] In Japanese Prion Disease Surveillance registry records from inception through
2025, 645 patients were diagnosed as ‘possible’. Among them, the committee continuously
follow 382. Fifteen of these patients were re-diagnosed from “possible’ to “probable’ sCID
based on the emergence of GPDs. We reviewed EEG data from 9 of the 15 patients.

[Results] Among the nine reviewed patients whose EEG records were submitted to the
committee, single EEGs were recorded in two patients. One patient showed GPDs, and another
showed slow waves without GPDs. Among the remaining seven patients, GPDs were identified
at the first recorded EEG in one patient, and no GPDs were identified even at the second
recorded EEG in one patient. Conversion from prodromal EEG changes to GPDs was identified
in five patients, with the median period of emergence between these discharges being 30 days
(range, 11-164 days). Secondary diagnoses made by the primary physicians were concordant
with those made by the committee members for the seven patients. CSSEDs were observed in
two patients, and no LPDs were observed.

[Conclusions] The concomitance ratio for GPD observance on EEG by the primary physician
and the committee members was 78%. Repeated EEG recording is important for correct
diagnosis of patients showing equivocal EEG findings. Since prodromal EEG changes can
convert within 11 days at the earliest, we recommend repeating EEG recordings every 2 weeks
in suspicious patients.
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Abstract (300 words):

Prion diseases, including Creutzfeldt-Jakob disease (CJD), are deadly neurodegenerative
disorders characterized by the buildup of abnormal prion proteins in the brain. This
accumulation disrupts neuronal functions, leading to the rapid onset of psychiatric symptoms,
ataxia, and cognitive decline. The urgency of timely diagnosis for effective treatment
necessitates the identification of strongly correlated biomarkers in bodily fluids, which makes
our research crucial. In this study, we employed a fully automated multiplex ELISA (Ella®) to
measure the concentrations of 14-3-3 protein, total tau protein, and neurofilament light chain
(NF-L) in cerebrospinal fluid (CSF) and serum samples from patients with prion disease and
analyzed their link to disease prognosis. However, in North American and European cases, we
did not confirm a correlation between NF-L levels and survival time. This discrepancy is
believed to stem from differences in treatment policies and measurement methods between
Japan and the United States. Nonetheless, our findings suggest that NF-L concentrations could
be an early diagnostic marker for CJD patients with further enhancements. The potential impact
of our findings on the early diagnosis of CJD patients is significant. Future research should
focus on increasing the number of sCJD cases studied in Japan and gathering additional

evidence using next-generation measurement techniques.
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Abstract (300 words):

Creutzfeldt-Jakob disease (CJD) is a rare, fatal prion disorder, while
Gerstmann-Straussler-Scheinker (GSS) disease, usually linked to the PRNP p.P102L
mutation, represents a slower autosomal dominant variant'. Visual symptoms are well
documented in sporadic CJD, but ophthalmological features in GSS remain poorly
defined??®,

We describe two genetically confirmed GSS patients (PRNP p.P102L, codon 129 MM,
219 EE) who exhibited distinct ocular abnormalities. Patient 1, a 35-year-old man,
developed gait disturbance and dysarthria, later reporting visual difficulties despite
preserved cognition. Ophthalmological evaluation revealed bilateral myopic
progression, superior visual field depression, and localized retinal nerve fiber layer
thinning on OCT, suggesting subclinical optic neuropathy. Patient 2, a 41-year-old man,
presented with gait disturbance and dysarthria but no visual complaints. Routine
assessment showed bilateral Grade 2 cataracts and subsequent myopic progression
during follow-up. Both patients exhibited >1.00 D/year myopic shift, unexplained by
environmental or systemic factors.

These findings expand the spectrum of ocular involvement in GSS, including retinal
thinning, early cataract formation, and progressive myopia. Possible mechanisms
involve prion-related retinal pathology and aberrant a-crystallin accumulation, as
reported in prion disease*. The phenotypic variability between patients with the same
genetic profile suggests individual susceptibility, similar to other hereditary
neurodegenerative diseases.

This is, to our knowledge, the first report of cataract and progressive myopia in GSS.
Subtle ocular manifestations may be underrecognized due to overshadowing
neurological symptoms. Greater awareness and further pathological studies are needed
to clarify the mechanisms linking prion pathology to ocular changes.
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Background

Astrocytes are a type of glial cell that can be infected by prions, and prion-infected astrocytes
can transmit infection to neurons (1). To clarify how astrocytes contribute to prion propagation,
this study analyzed the generation and localization of abnormal prion protein (PrP) in primary
cultured astrocytes.

Materials and Methods

Primary astrocyte cultures were prepared from the brains of postnatal day 6 mice and infected
with prions using microsomal fractions from 22L strain—infected mouse brains. Prpsc
localization was examined by immunofluorescence staining using anti-PrP monoclonal
antibodies (mAbs) 8D5 and 132. Intracellular localization was further analyzed with antibodies
against organelle markers Rab5, EEA1, Rab7, Rab11, Tgn48, and Cathepsin D.

Results

Unlike primary neurons infected with prions, astrocytes showed only a few string-like PrPs
stains on the cell surface. Granular PrPs¢, mainly composed of N-terminal-truncated forms, was
predominantly detected in the perinuclear region. Treatment with anti-PrP mAb 31C6 from 4
days post-inoculation (dpi) reduced PrPS levels to 23.5% of those in control antibody-treated
astrocytes at 21 dpi. When 31C6 treatment began at 11 dpi, when both string-like and granular
PrPSc were evident, granular staining markedly decreased, and surface string-like Prps
disappeared, leaving only small dot-like signals. Granular PrPs¢ colocalized with early
endosomes (7.5%), late endosomes (8.1%), and lysosomes (35.3%).

Discussion

These results suggest that prion propagation in astrocytes occurs on both the cell surface and
within intracellular compartments associated with the endo-lysosomal pathway. The
predominant localization of PrP% in lysosomes differed from that observed in prion-infected
neuroblastoma cells or primary neurons, indicating cell type—dependent PrPS¢ metabolism.
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Abstract (300 words):
Objective: To investigate the potential influence of the prion protein gene (PRNP) V180l

mutation on the onset of Alzheimer's disease (AD).

Methods: We examined a case of early-onset AD with a family history of dementia that carried
the PRNP V1801 mutation.

Case report: The patient began making frequent mistakes at work, such as forgetting
appointments at age 47. He presented to our hospital 8 months after symptom onset. Family
history revealed that his older brother, his mother, and her maternal grandmother had histories
of dementia. Examination revealed cognitive impairment with a MMSE score of 20/30 without
other neurological abnormalities. Brain MRI revealed mild atrophy in both hippocampi, but
diffusion-weighted imaging (DW!I) showed no abnormal signals. Cerebrospinal fluid (CSF)
analysis showed the AP42/AP40 ratio was decreased at 0.036 (normal: >0.067), and
phosphorylated tau was elevated at 175 pg/mL (normal: 21.5-59.0 pg/mL). Based on these
findings, a diagnosis of early-onset AD was made. Given the family history of dementia,
whole-exome sequencing was performed. No mutations were found in the amyloid precursor
protein (APP), presenilin (PSEN)1, or PSEN2 genes. The apolipoprotein E (ApoE) genotype
was e4/e4. Additionally, a PRNP V1801 mutation was present.

Discussion: Head MRI of the present patient showed no cortical hyperintensity on DWI, a
feature characteristic of hereditary prion diseases with the PRNP V180l mutation, leading to the
conclusion that prion disease has not developed at this time. We considered the ApoE gene to be
involved in the early-onset dementia and family history in this case. Although the impact of the
PRNP V1801 mutation on AD onset remains unclear, one case of early-onset AD with the PRNP
V1801 mutation has been reported previously.t

Conclusion: We report a case of early-onset AD with a family history of dementia and the
PRNP V180l mutation.
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Abstract (300 words):

Prion diseases and Parkinson’s disease are neurodegenerative disorders caused by the
abnormal aggregation of specific pathogenic proteins—prion protein and a-synuclein,
respectively—into amyloid-like fibrillar assemblies that accumulate within the nervous
system. Although sporadic cases account for the majority of both diseases, the precise
mechanisms underlying their onset remain largely unknown.

We previously developed the Real-time Quaking-Induced Conversion (RT-QuIC) assay, a
highly sensitive in vitro amplification technique capable of detecting trace amounts of
misfolded aggregates. In addition to its established utility for prion disease diagnosis using
cerebrospinal fluid (CSF) samples, RT-QuIC has become a widely used international tool
for studying the molecular mechanisms of amyloidogenic protein misfolding and
propagation.

In our recent analyses employing RT-QuIC, we discovered that the presence of physiological
serine proteases in the reaction buffer promotes amyloid fibril formation even in the absence of
exogenous seeds. Furthermore, amyloid fibrils generated under these seed-free conditions
exhibited seeding activity toward the full-length substrate protein, thereby facilitating further
aggregation.

These findings suggest that endogenous serine proteases could cleave substrate proteins
in vivo, thereby inducing structural transitions that trigger spontaneous formation of
misfolded amyloid aggregates. We are currently conducting further investigations to

elucidate the detailed molecular basis of this protease-mediated aggregation process.
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Abstract (300 words):

In Alzheimer’s disease (AD), hyperphosphorylated tau propagates across brain regions
through its seeding activity, much like prions. We assessed regional tau seeding activity
and phosphorylation by RT-QuIC, western blotting (WB), and mass spectrometry in
entorhinal cortex (ENT), inferior/middle/superior temporal gyri (ITG/MTG/STG), and
cerebellum (CER). Tau-seeding was highest in ENT among the brain regions examined
and correlated positively with Braak staging. AD-derived RT-QuIC products formed tau
fibrils, propagating intracellularly in cell models. WB showed significantly higher
pTau217/pTau396 in ITG vs. STG/CER. Seeding-activity correlated with WB levels of
pTau217/pTau262/pTau396 (p = 0.004, p = 0.0028, p = 0.003) and Braak/Thal staging
in temporal regions. Anti-tau antibodies varied in immunodepleting seeding (pTau217 >
TAUS > pTaul8l > pTau396). Mass spectrometry identified 11 phospho-sites in ITG
tau, while pTau231/pTau262/pTau263/pTau396 were AD-specific. Regional tau-seeding
correlates with local phospho-tau levels and pathology, supporting plasma pTau217 for
diagnosis and seeding activity as a potential biomarker.

[Supported by the startup package and developmental funds of the First Affiliated Hospital of Nanchang
University (#500021001, #500021002), and National Natural Science Foundation (NSFC) (82471499) to
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Foundation (1S23103) to YH, Ministry of Science and Technology of the People's Republic of China, Science
Innovation 2030-Brain Science and Brain-Inspired Intelligence Technology =~ Major Project “Network Platform for
Human Brain/Tissue Banking and Cooperative Research” Task 3 (2021ZD0201103) to
XXY, and Scientific Research Foundation program in China (9167/28170086) & the Foreign Expert Program
(9202/0210227525) to AP]
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Abstract (300 words):

Alzheimer’s disease (AD) is neuropathologically defined by the accumulation of
amyloid-p (AB) plaques and neurofibrillary tangles composed of hyperphosphorylated
tau. The triple-transgenic AD mouse (3xTg-AD), which carries mutations in APP, PS1,
and tau, recapitulates both hallmark pathologies and has been widely studied using
behavioral tests, western blotting, and immunohistochemistry (IHC). Here, we applied
the highly sensitive real-time quaking-induced conversion (RT-QulC) assay to
longitudinally quantify pathological tau seeding activity in 3xTg-AD brains at 3, 6, 9,
and 12 months of age. Remarkably, tau seeding was already detectable at 3
months—preceding the onset of cognitive impairment in the Water-maze and Y-maze
test and the appearance of AP and phosphorylated tau by IHC. Seeding activity
increased progressively with age and was significantly higher in 3xTg-AD mice than in
wild-type controls at all time points (p < 0.01). To our knowledge, this represents the
first systematic mapping of tau seeding dynamics in the 3xTg-AD model using
RT-QuIC. These findings establish RT-QuIC as a sensitive and specific approach for
detecting early pathological tau seeds, far in advance of conventional readouts. This
work not only strengthens the validity of the 3xTg-AD model for tauopathy research but
also underscores the translational potential of RT-QulC in monitoring disease
progression and evaluating tau-targeted therapies.
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Nanchang University (#500021001 and #500021002), and by the National Natural Science Foundation of
China (NSFC 82471499).
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Abstract (300 words):

Among more than 6,000 cerebrospinal fluid (CSF) proteins, tyrosine
3-monooxygenase/tryptophan 5-monooxygenase activation protein gamma (YWHAG)
exhibits the strongest predictive value for Alzheimer's disease (AD). However, its
relationship with astrocytes remains unclear. A total of 530 participants were included.
Multiple linear regression was used to examine the associations of YWHAG with nine
astrocyte-related proteins, AD pathology, and cognitive function. Mediation analysis
was conducted to assess whether astrocytic proteins mediated the relationship between
YWHAG and AD pathology. Path analysis was performed to explore the potential
pathways from YWHAG through astrocytic proteins to AD pathology and cognition. We
evaluated whether combining YWHAG with astrocyte-related proteins improves its
predictive performance, by comparing the area under the curve (AUC) of the combined
model with that of YWHAG alone. YWHAG was positively associated with glial
fibrillary acidic protein (GFAP, B = 0.558, p<0.001), vimentin (B = 0.329, p<0.001),
aquaporin-4 (AQP4, p = 0.097, p= 0.044, p < 0.05), thrombospondin (THBS) -1 ( =
0.470, p<0.001), and THBS2 (B = 0.285, p<0.001), while showing negative
associations with gap junction alpha-1 protein (GJal, p =-0.161, p<0.001) and serpin
family A member 3 (SERPINA3, B = -0.350, p<0.001). Mediation analysis indicated
that certain astrocyte-related proteins may be involved in the association between
YWHAG and AD pathology. Additionally, path analysis suggested a potential pathway
involving YWHAG, GJal, AB42, and cognitive function. The combination of YWHAG
with SERPINA3 and THBS1 achieved an AUC of 0.981, outperforming YWHAG alone
(AUC = 0.885). YWHAG is associated with astrocyte-related proteins, and combining
them enhances its predictive accuracy for AD, highlighting its potential utility in early
clinical screening.
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