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Introduction

Research in context

Evidence before this study

Synaptic loss is a key contributor to neurodegeneration and

disability in multiple sclerosis (MS). While neurofilament light

chain (NfL) and glial fibrillary acidic protein (GFAP) are

established biomarkers of axonal and astrocytic injury,

specific biomarkers of synaptic degeneration remain an

unmet need. Positron emission tomography (PET) studies

have demonstrated cortical synapse loss in early MS but they

remain costly and not widely accessible. In other

neurodegenerative diseases, synaptic proteins have been

detected in cerebrospinal fluid (CSF) and plasma, indicating

their potential as biomarkers of synaptic pathology. The

presynaptic protein Bassoon (BSN) accumulates in stressed

neurons and promotes neurodegeneration in mouse

experimental autoimmune encephalomyelitis (EAE) and MS

brains; however, whether BSN could serve as a fluid

biomarker in MS was previously unknown.

Added value of this study

We developed a knockout-validated ELISA for BSN and

quantified it in EAE and MS. Proteomic and histological

analyses revealed loss of synaptic BSN and its somatic

accumulation in the EAE and MS cortex. Plasma BSN levels

were elevated in both acute and chronic EAE, and CSF and

serum BSN levels were increased in MS. In primary

progressive MS, serum BSN remained stably elevated and

was not associated with NfL, suggesting that BSN reflects a

complementary aspect of neurodegeneration related to

synaptic injury.

Implications of all the available evidence

BSN represents a promising biomarker for monitoring

synaptic pathology in MS. Its detection in accessible biofluids

provides a translational tool for assessing cortical synaptic

pathologies. Incorporating BSN into multimodal biomarker

panels may improve disease staging, therapeutic monitoring,

and understanding of neurodegeneration in MS.
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Methods
Mice
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Experimental autoimmune encephalomyelitis
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Flow cytometry of neuronal nuclei

Enzyme-linked immunosorbent assay
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Bassoon peptide generation
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Synaptoneurosome purification
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LC-MS/MS-based proteomics of
synaptoneurosomes
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Immunohistochemistry of mouse tissue

Immunohistochemistry of human tissue
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Patient cohorts
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Statistical analysis

Articles

www.thelancet.com Vol 128 June, 2026 5



Ethics

Role of funders

Results
Synaptic BSN is reduced in EAE and MS
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BSN is increased in the plasma of acute and chronic
EAE mice
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BSN levels are increased in the CSF and serum of
people with MS

BSN is increased in the plasma of acute and chronic EAE mice. (A) BSN measured by ELISA (relative units, RU) in cortex lysates of WT

and Bsn−/− mice (n = 4); two-sided t-test. BSN measurements in the Bsn−/− tissues were below background and are shown as 0 in the figure.

(B) Pearson correlation analysis between BSN levels measured by ELISA and different amounts of cortex lysates (n = 3). (C) BSN measured by

ELISA in cortex lysates from control (n = 6), acute EAE (n = 6), and chronic EAE (n = 7) mice. (D) BSN measured by ELISA in spinal cord lysates

of control (n = 6), acute EAE (n = 12), and chronic EAE mice that either recovered (end score <2; recovered EAE; n = 6) or did not recover (end

score >2; progressive EAE; n = 6) while having similar maximal disease scores during the acute EAE phase. (E) BSN measured by ELISA in the

plasma from control, EAE onset, acute EAE, and chronic EAE mice (n = 6 per group). (F) BSN measured by ELISA in plasma of an independent

cohort of control and acute EAE mice (n = 4 per group). (G) BSN measured by ELISA in plasma from an independent cohort of control (n = 8)

and chronic EAE (n = 9) mice. Two-sided t-tests were used for statistical comparisons. *P < 0.05, **P < 0.01. Abbreviations: BSN = Bassoon,

EAE = experimental autoimmune encephalomyelitis, ELISA = enzyme-linked immunosorbent assay.
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BSN is increased in the CSF and serum of people with MS. (A) BSN in the cerebrospinal fluid (CSF; RU = relative units) of controls,

people with relapse-remitting MS (RRMS), and primary progressive MS (PPMS; n = 10). (B) Pearson correlation between age and CSF BSN

(n = 30). (C) CSF BSN comparison between females (n = 20) and males (n = 10). (D) BSN in the serum of controls (n = 36), people with RRMS

(n = 20), secondary progressive MS (SPMS; n = 20) and PPMS (n = 20). Vaues below the background were set to 0. (E) Pearson correlation

between age and serum BSN (n = 96). (F) Serum BSN comparison between females (n = 65) and males (n = 31). BSN serum values below the

detection threshold were set to 0. Non-parametric two-sided Mann–Whitney U tests were used for statistical comparisons. *P < 0.05,

**P < 0.01, ***P < 0.001, ****P < 0.0001. In (A) and (D), linear models additionally included age, sex at birth, EDSS, disease duration,

any immunomodulatory therapy, and high-efficacy disease-modifying treatments as covariates. #P < 0.05, ##P < 0.01. Abbreviations:

BSN = Bassoon, CSF = cerebrospinal fluid, EDSS = Expanded Disability Status Scale, MS = multiple sclerosis.

Articles

10 www.thelancet.com Vol 128 June, 2026



sBSN does not change in a clinically stable cohort
of PPMS

Cerebrospinal fluid cohort

Control RRMS SPMS PPMS Student’s t-test/

ANOVA/Chi-square

N (% female) 10 (70) 10 (80) NA 10 (50) P = 0.35

Age, years, mean (SD) 38.4 (10.3) 35.8 (9.0) NA 37.7 (10.3) P = 0.84

EDSS, mean (SD) NA 1.7 (1.1) NA 2.9 (0.6) P = 0.0091

Disease duration, years, mean (SD) NA 0.7 (1.2) NA 3.3 (3.2) P = 0.0340

Immunotherapy

Interferon-beta NA 1 NA 0

Serum cohort

Control RRMS SPMS PPMS ANOVA/Chi-square

N (% female) 36 (78) 20 (70) 20 (70) 20 (45) P = 0.22

Age, years, mean (SD) 39.75 (11.7) 30.1 (3.7) 49.4 (5.0) 54.2 (5.2) P < 0.0001

EDSS, mean (SD) NA 1.8 (1.1) 4.8 (1.8) 3.9 (1.5) P < 0.0001

Disease duration, years, mean (SD) NA 3.3 (4.57) 15.3 (8.9) 9.1 (6.2) P < 0.0001

Immunotherapy

Natalizumab NA 1 0 0

Interferon-beta NA 0 1 0

Ocrelizumab NA 0 0 1

ANOVA was used for continuous variables and Chi-square test for categorical variables with more than two groups. For continuous variables with two groups, we used

Student’s t-test. EDSS = expanded disability status scale, RRMS = relapse-remitting MS, PPMS = primary progressive MS, SPMS = secondary progressive MS.

Epidemiological data of the cross-sectional cohorts.

Control PPMS

N (% female) 24 (54) 26 (27)

Age, years, mean (SD) 48.9 (8.9) 53.7 (8.1)

EDSS, mean (SD) NA 3.7 (1.1)

Disease duration, years, mean (SD) NA 9.1 (6.0)

Follow-up, months, mean (SD) NA 35.5 (13.8)

sBSN, RU, mean (SD) 0.04 (0.04) 0.09 (0.13)

sNfL, z-score, mean (SD) 0.22 (1.29) 0.69 (0.99)

Rel. Cortical volume, RU, mean (SD) NA 0.31 (0.02)

Immunotherapy NA 0

EDSS = expanded disability status scale, PPMS = primary progressive MS,

rel. = relative, RU = relative units, sBSN = serum bassoon, sNfL = serum

neurofilament light chain.

Epidemiological data of the longitudinal PPMS cohort.
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β Discussion

Serum BSN does not change in a primary progressive MS cohort. (A) Serum BSN (sBSN; relative units, RU) in controls (n = 24) and

people with primary progressive MS (PPMS; n = 26) at the indicated time points. Linear mixed-effects models including sex at birth, age,

Expanded Disability Status Scale (EDSS), and disease duration as covariates were used for statistical comparisons. (B and C) Longitudinal

trajectories of the EDSS (standardised β = 0.17, P < 0.01; B) and sBSN (standardised β = 0.09, P = 0.27; C) in our PPMS cohort (n = 26). Linear

mixed-effects models including age, sex at birth, and baseline values as covariates were used. (D) Pearson correlation analysis between serum

neurofilament light chain (sNfL) and sBSN (n = 26 per PPMS timepoint and 24 controls). Abbreviations: BSN = Bassoon, EDSS = Expanded

Disability Status Scale, MS = multiple sclerosis.
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