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Introduction

Synaptic dysfunction is increasingly recognized
as the central pathophysiological substrate
underlying cognitive decline across
neurodegenerative diseases. While amyloid-β
and tau biomarkers have revolutionized
biological diagnosis in Alzheimer’s disease (AD),
they explain only a fraction of the variance in
cognitive impairment and disease progression.
Mounting evidence suggests that the loss of
synaptic integrity, closely correlates with
cognitive failure.

Neuronal Pentraxin 2 (NPTX2), is a pre-synaptic
immediate early gene product that regulates
homeostatic plasticity of excitatory synapses
onto parvalbumin-positive interneurons. NPTX2
plays a pivotal role in maintaining cortical
network synchrony and preventing
hyperexcitability.

Disruption of NPTX2-mediated circuitry has
been implicated in Alzheimer’s disease,
frontotemporal dementia (FTD), dementia with
Lewy bodies (DLB), Down syndrome–associated
neurodegeneration, and other disorders.

Across multiple large cohorts, reduced
cerebrospinal fluid (CSF) NPTX2 levels
consistently associate with:

Cognitive decline and disease severity
Synaptic degeneration
Brain atrophy

Conversion from normal cognition to mild
cognitive impairment (MCI) and dementia 
Reduced cognitive resilience despite amyloid
positivity 

Importantly, the recent development and validation
of a high-sensitivity Simoa® NPTX2 assay enables
precise quantification of this low-abundance
synaptic protein in CSF, facilitating translational
and clinical research applications. 

Ultra-sensitive Simoa technology is ideally suited
for NPTX2 measurement because: 

NPTX2 is present at low concentrations in CSF 
Synaptic proteins often show subtle but
biologically meaningful changes 
Longitudinal and prognostic studies require
high precision and low variability 
Early-stage and preclinical populations require
maximal analytical sensitivity 

Collectively, the data position NPTX2 as a critical
biomarker of synaptic integrity and cognitive
trajectory across neurodegenerative disease. 

Conclusion 

NPTX2 represents a biologically grounded,
mechanistically informative, and analytically
tractable biomarker ideally suited for advancing
neurodegeneration research and precision
diagnostics. 

Neuronal Pentraxin 2 (NPTX2): A Synaptic
Biomarker of Circuit Integrity, Cognitive
Resilience, and Neurodegeneration
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Xiao et al., 2017 — NPTX2 and
Cognitive Dysfunction in AD 

This seminal study demonstrated that NPTX2 is
significantly reduced in postmortem AD cortex
and CSF and strongly correlates with cognitive
performance and hippocampal volume. The
findings implicate disruption of pyramidal
neuron–PV interneuron circuits as a key
mechanism of cognitive failure in AD.

Reference: Xiao, M.-F., Xu, D., Craig, M. T., et al. (2017).
NPTX2 and cognitive dysfunction in Alzheimer’s
disease. eLife, 6, e23798.   

Planalp et al., 2025 — Synaptic Markers
and Cognitive Decline 

In at-risk cohorts, lower CSF NPTX2 was
associated with faster cognitive decline
independent of amyloid burden. The SNAP-
25/NPTX2 ratio improved prediction of cognitive
deterioration beyond traditional AD biomarkers. 

Reference: Planalp, E. M., Langhough, R. E., Jonaitis,
E. M., et al. (2025). Synaptic markers are associated
with cognitive decline after accounting for amyloid
burden among an at-risk Alzheimer’s disease
cohort. Scientific Reports, 15, 19399. 

Nilsson et al., 2024 — CSF Synaptic
Biomarker Panel
 
Among 17 synaptic proteins evaluated in the
BioFINDER-2 cohort, NPTX2 showed the
strongest association with subsequent cognitive
decline across the AD continuum. Ratios
involving NPTX2 enhanced predictive
performance for brain atrophy and cognitive
deterioration. 

Reference: Nilsson, J., Pichet Binette, A., Palmqvist,
S., et al. (2024). Cerebrospinal fluid biomarker panel
for synaptic dysfunction in a broad spectrum of
neurodegenerative diseases. Brain, 147, 2414–2427. 

Duits et al., 2024 — Serial CSF Synaptic
Trajectories 

Longitudinal sampling revealed that CSF NPTX2
declines over time in early AD and tracks
cognitive decline trajectories. These findings
suggest dynamic synaptic remodeling during
disease progression. 

Reference: Duits, F. H., Nilsson, J., Zetterberg, H., et
al. (2024). Serial cerebrospinal fluid sampling reveals
trajectories of potential synaptic biomarkers in early
stages of Alzheimer’s disease. Journal of Alzheimer’s
Disease, 100, S103–S114. 

Sauer et al., 2025 — Development of a
Simoa Assay for NPTX2 

This study reports the development and
validation of the first Simoa-based CSF NPTX2
assay, demonstrating decreased levels in AD
and Down syndrome and stronger associations
with cognition than p-tau or NfL. The assay
supports clinical-grade measurement of
synaptic dysfunction. 

Reference: Sauer, M., Fernandes Gomes, B.,
Shahrouki, P., et al. (2025). Development and
validation of a novel Simoa assay for NPTX2 in
Alzheimer’s disease and Down syndrome.
Alzheimer’s & Dementia, 21, e70241. 

Soldan et al., 2023 — NPTX2 Predicts
Conversion to MCI 

Lower baseline CSF NPTX2 predicted earlier
onset of MCI over 16 years of follow-up in
cognitively normal individuals. NPTX2 improved
prognostic accuracy beyond traditional AD
biomarkers. 

Reference: Soldan, A., Oh, S., Ryu, T., et al. (2023).
NPTX2 in cerebrospinal fluid predicts the
progression from normal cognition to mild cognitive
impairment. Annals of Neurology, 94(4), 620–631. 
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van der Ende et al., 2020 — NPTX2 in
Genetic FTD 

CSF NPTX2 levels were reduced in symptomatic
mutation carriers and correlated with disease
severity, brain atrophy, and clinical decline in
genetic FTD. NPTX2 predicted subsequent
functional deterioration. 

Reference: van der Ende, E. L., Xiao, M., Xu, D., et al.
(2020). Neuronal pentraxin 2: A synapse-derived
CSF biomarker in genetic frontotemporal dementia.
Journal of Neurology, Neurosurgery & Psychiatry, 91,
612–621. 

Nature Medicine, 2025 — Synaptic Ratio
Suggests Resilience 

In a proteomic study of 3,397 individuals,
reduced NPTX2 contributed to a synaptic ratio
(YWHAG:NPTX2) that robustly demonstrated
cognitive resilience versus decline independent
of amyloid and tau. The biomarker predicted
conversion to MCI and dementia up to 15 years
prior. 

Reference: Oh, H., et al. (2025). A cerebrospinal fluid
synaptic protein biomarker for prediction of
cognitive resilience versus decline in Alzheimer’s
disease. Nature Medicine, 31, 1592–1603. 
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