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Integrating Spatial Transcriptomics and Mass Spectrometry Imaging to uncover 

gene-metabolite interactions across cell populations in pulmonary fibrosis

Spatial Metabolomics: 
whole FFPE section

Spatial Transcriptomics: 
smaller capture area

Aligned Spatial Metabolomics 
& Spatial Transcriptomics

Spatial Transcriptomics: 
~ 3.000 pixels

Spatial Metabolomics: 
~ 10.000 pixels

Step 1:

Step 2:

Aligned Spatial Metabolomics 
& Spatial Transcriptomics pixels

Spatial transcriptomics

Spatial metabolomics

10x Visium CytAssit

MALDI MSI

Cell locations

Metabolic signatures

Lung tissue samples

Groups:

Control

Fibrosis,

Drug treated fibrosis
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Adjacent FFPE lung tissue sections

Transfer of cell
populations/regions

Integrated Omics Data Analysis 

Data Integration

Spatial Transcriptomics Data Analysis

Multimodal tissue analyses that combine different 
detection technologies enhance biological insight 
beyond single-method approaches. We 
demonstrate a robust workflow integrating mass 
spectrometry imaging (MSI) data with spatial 
transcriptomics results, both generated from FFPE 
tissue sections. This spatial multi-omics approach 
enables unique correlations between metabolite 
distributions and gene expression profiles that are 
linked to distinct cell populations in idiopathic 
pulmonary fibrosis. By correlating datasets across 
biomolecular and spatial scales, this method 
provides unprecedented insights into the complex 
interplay of molecular classes within tissue 
contexts, advancing the understanding of diseases.

Image alignment of consecutive FFPE tissue sections used for MALDI MSI & 10x Visium

Step 1: Select landmark points in both H&E images for transformation and alignment

Step 2: Assign MALDI MSI pixels to the nearest Visium pixel in max. 20µm distance

Spatial Metabolomics Data Analysis

Introduction

Drug treated lung (Sample 403)Fibrotic lung (Sample 203)

400µm

fibrotic
region

non- fibrotic
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Drug treated fibrotic lung

(Sample 403)

Fibrotic lung (Sample 203)
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Spatial footprints differences between assays
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Laser

355 nm Nd:YAG
Width

Laser spot size

Spatial Metabolomics: 

50µm pixel width (spot size ~ 50µm)

Spatial Transcriptomics: 

100µm pixel width (spot size 55µm)

Visualization of 

metabolite signals 

increased in fibrotic 

lung tissue regions

Mapping of signaling pathways and disease mechanisms using integrated spatial omics data 

Phosphatidylglycerol pathway

Differential metabolite abundance in fibrotic lung tissue grouped by niches

Normalized 

abundance
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Comparison of cell type distribution and spatial metabolite abundance

Localization of metabolite within niches 

Fraction of cells
in group (%)

Ion intensity
in group (Min-Max)

Distribution of myofibroblasts in tissues and across niches Fibrotic lungs

Fibrotic lungs

Top10 metabolites per Niche (sorted by score = logFC + pval)
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Unknown_3 (m/z 136.0075)

Unknown_4 (m/z 233.9079)

UTP

PIP2(38:5)

Taurine

PG(24:0)

LysoPA(18:0
)

PA(26:1)

Cysteinesulfinic acid

Unknown_5 (m/z 354.0620)

PS(28:2)

Unknown_1 (m/z 206.0242)

Unknown_2 (m/z 235.9050)

Top correlating metabolites for Macrophage C1Q niche

Taurine

Niche: Macrophage C1Q

Spatial Correlation Analysis of metabolites with niche

Metabolites

Visualization of different niches

Fibrotic Lung (Sample 203)

Masson‘s trichrome stained tissue

Niches

Spatial Correlation Analysis of gene transcripts and metabolites

Metabolites (m/z values)

Correlation between gene transcripts and metabolites

Deoxyuridine Gene: Lcn2

Deoxyuridine Gene: Col1a2

Alveolar

Airway

Fibrotic

Macrophage

C1Q

Spatial correlation analysis between gene transcripts and metabolites

Multimodal integration of gene expression profiles (generated by Spatial Transcriptomics) and metabolic profiles (generated by 

MSI) on tissue sections.

Advantages and potential areas of application:

• Allows cell type-specific molecular profiling after drug treatment within the spatial context of tissue architecture.

• Captures a broad range of molecular data and serves as a hypothesis-generating tool to 

identify molecular pathways of disease mechanisms or therapeutic response.

• Elucidation and localization of target engagement markers or other PD molecular markers (e.g. physiological response,  or outcome-related markers) 

and marker signatures.

• Generation of new knowledge on mechanisms of action.

Spatial visualization of deconvoluted cell types (Control lung 101)
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Adventitial fibroblasts Arterial VEC B cell Plasma

Macrophage Alveolar

Basophil

Macrophage C1Qhi

Ciliated

Macrophage SPP1+

NKTgCAPaCAPVenous VECTransition fibroblasts

Myofibroblasts

…

201 203 204
214 216

Spatial plots visualize distinct niches across samples and conditions
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Cell type fractions 
per pixel can be identified 

by marker genes 

Pie charts:

- Blue: Cell type A

- Green: Cell type B 

- etc.

Each Pixel contains a 
mixture of cell types

55µm
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Relative frequency 
of niches

Niche annotation
for every spot
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PGP-Phosphatase 

G-3-P LysoPA(18:1)
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LysoPA(18:0)
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PA(36:1)
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PG(24:0)
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Control lungs

Fibrotic lungs

BI XXX treated 

AGPAT

Control lungs

Fibrotic lungs

BI XXX treated 

Control lungs

Fibrotic lungs

BI XXX treated 

G-3-P

1-acyl-G-3-P

DHAP

1-acyl-DHAP

PA
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CDP-DGPG-P
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(LysoPA)

Glycerophospholipid biosynthesis pathway in 
mammalian cells. Key metabolites (in black) and the 
enzymes catalyzing the respective reactions (in red) are 
indicated. 

Enzymes: 
acyl-CoA:glycerol-3-phosphate acyltransferase (GPAT), 
acylglycerophosphate acyltransferases (AGPAT), 
CDP-diacylglycerol synthase (CDS),
Phosphatidylglycerol phosphate synthase (PGPS), 
PGP-phosphatase (PGPP).
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