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Conclusion & Outlook
• Established quantitative ganglioside concentration maps for diff erent regions of human and mouse brain
• Human and mouse brains express distinct ganglioside landscapes that should be taken into account in 

translational work.
• In patient brain specimens, ganglioside pathway remodeling varies by sex, mutation status, brain region, 

subregional anatomy, and ceramide backbone composition.
• Brain ganglioside remodeling is more pronounced in female patients

With the support of

This work was supported by the Michael J. Fox Foundation
(grant numbers MJFF-022753 and MJFF-019154) Tissue samples were obtained from the Queen Square Brain Bank, and we gratefully acknowledge the QSBB staff  for their support in tissue collection and provision. 

The Queen Square Brain Bank is supported by the Reta Lila Weston Institute of Neurological Studies, UCL Queen Square Institute of Neurology.

Hu
m

an
 F

ro
nt

al
Co

rte
x

Hu
m

an
M

id
br

ai
n

M
ou

se
 M

id
br

ai
n 

+ 
Co

rte
x 

Frontal Cortex 1

Midbrain 1

Mouse 1

Frontal Cortex 2

Midbrain 2

Mouse 2

Frontal Cortex 3

Midbrain 3

Mouse 3

Control — Midbrain  (N=13)

Parkinson's Disease — Midbrain  (N=28)

Control — Frontal Cortex  (N=14)

Parkinson's Disease — Frontal Cortex  (N=28)

Species and ROIs

GD1 d36:1 GM1 d36:1 GT1 d36:1 Grey Matter White Matter Substantia Nigra

Figure 5: Pathologist tissue annotations performed in Weave platform.
Histological annotations of brain regions in the human and mouse samples were performed in Weave on the post-measurement LFB-
stained, full resolution microscopy images. Samples were annotated for ‘Cortex white matter’ (green), ‘Cortex grey matter’ (blue), 
‘Midbrain white matter’ (purple) and ‘Midbrain grey matter’ (orange). MSI and microscopy measurements were spatially co-registered 
using non-rigid registration algorithms, after which annotations were transferred to the MSI data.

Figure 4
Composite image of GD1 d36:1, GM1 d36:1, GT1 d36:1 concentrations using the 
95 pct quantile as the max, measured by Q-MSI across all 83 human tissue sections 
measured in this study. Midbrain tissues were manually annotated by a pathologist 
(Grey Matter, White Matter, Substantia Nigra). Frontal Cortex tissues were 
annotated using a cosine similarity classifi cation model, segmenting the diff erent 
regions (Grey Matter, White Matter), and verifi ed by a pathologist.

Figure 8
Remodeling of Ganglioside Pathways varies according to gender, control and PD-status, brain region and area, and ganglioside class. 
For GD 36:1: O2 (d36:1), females with sporadic PD exhibit overall increased ganglioside exrpression in the GM, with signifi cantly 
increased GD1 class type. In comparison,  female patients with GBA1 mutation-associated PD exhibit signifi cantly increased GD1, GD3, 
and GM1 class gangliosides in the SN. No signifi cant change is observed in male samples across GM or SN. Statistics used are 2-way 
ANOVA with Dunnett comparisons.

Introduction
Mutations in GBA1, which encodes lysosomal glucocerebrosidase (GCase), are a major genetic risk factor for Parkinson's disease 
(PD). Reduced GCase activity results in accumulation of GCase substrates glucosylceramide and glucosylsphingosine. How GCase 
mutations aff ect downstream brain gangliosides remains unclear.

To address this, we used quantitative mass spectrometry imaging (Q-MSI) to map ganglioside distributions across multiple brain 
regions in mouse models and human post-mortem brain specimens from sporadic and GBA-PD patients.

Methods

Results

Figure 1: Analytical workfl ow
a) Human and mouse brains were coated in a ganglioside internal standard, followed by 
2,5-DHA matrix. b) Tissues were analyzed using AP-MALDI coupled to Orbitrap Fusion, 
followed by Luxol Fast Blue (LFB) staining. c) Weave software was used to co-register 
Q-MSI and histological data, and pathology annotation of LFB images. Annotations were 
transferred to Q-MSI data for region-specifi c lipid profi ling and diff erential analysis. d)
LipidCascade was used for downstream lipidomics data analysis.

LipidCascade by Phenotrix

Figure 2: Cloud-based Spatial and Data Analysis Platforms. 
Weave (top) was used for visualization, exploration and analysis of MALDI-MSI data. This screenshot shows multi-sample view and diff erential analysis of diff erent human brain samples.
LipidCascade (bottom) was used for downstream lipidomics analysis.

Figure 3: Summary of mouse and human samples used in this study. 
12 Diff erent mouse brain regions across both grey and white matter as defi ned by the Allen Mouse Brain Atlas (AMBA) were used in the analysis. Human midbrain and frontal cortex tissues 
(n=42: 15 control, 27 PD) encompassed grey and white matter in the frontal cortex, grey and white matter in the midbrain, and the substantia nigra.  
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Group No. of subjects Frontal Cortex
Grey matter

Frontal Cortex
White matter

Midbrain
Grey matter

Midbrain
White matter Substantia nigra

Control 14 14 14 7 11 10

PD 28 28 28 18 26 22

Control - Male 5 5 5 3 3 3

PD - Male 17 17 17 9 15 14

Control - Female 9 9 9 4 8 7

PD- Female 11 11 11 9 11 8

Mice Humans

PD: PD-GBA, PD-sporadic & PD-familial

Figure 6: Diff erential analysis mouse-human samples.
The Q-MSI workfl ow enables direct quantitative comparison of ganglioside expression across regions of interest between species.
Left A: Dot plot showing mean ganglioside concentrations, grouped by long-chain base (LCB). Mean expression values are normalized 
(0–1) within each LCB. This analysis reveals marked diff erences in LCB composition between human and murine brain, particularly in 
the cortex grey matter. 
Left B: Mean concentration in tissue of GM1 36:1;O2 vs GM1 38:1;O2 and GD1 36:1;O2 vs GD1 38:1;O2 across regions of interest. The 
ratio of GM1 36:1;O2/GM1 38:1;O2 and GM1 36:1;O2/GM1 38:1;O2 respectively is inverted between mouse and human brain tissue. 
Bottom: Standard-normalized expression of GM1 36:1;O2 vs GM1 38:1;O2 in tissue. Diff erences in expression in the cortex grey matter 
(blue annotation) are visually pronounced, highlighting structural and metabolic variations between human and murine brains.

(B) Mean tissue concentration of selected diff erentially expressed 
gangliosides in human vs mouse frontal cortex grey matter
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(A) Diff erential expression of gangliosides across tissue annotations 
by long-chain base (LCB) 
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Figure 7
Concentration Changes in PD are Region- and Species-selective. When comparing all controls vs all PD samples, GD 36:1: O2 (d36:1) 
is slightly increased across the grey matter (GM) and substantia nigra (SN), no change is observed in the white matter (WM).  When the 
samples are split into genders, female samples exhibit pronounced changes in the GM and SN. No change is observed in male samples.

Multi-channel overlay: 
GD1 d36:1 + GM1 d36:1 + GT1 d36:1 in Control and PD samples

GD 36:1;O2 (d36:1)

Group Midbrain
Grey matter

Midbrain
White matter Substantia nigra

Control - Male 3 3 3

PD - Male 9 15 14

Control - Female 4 8 7

PD- Female 9 11 8


