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FIG. 2A Extracted ion images of m/z 881.688±0.005,

m/z 881.747±0.005, and m/z 881.758±0.005 from the MALDI

imaging dataset. B Corresponding peaks in the mean spectrum

of the entire dataset. Visualization was performed in SCiLS Lab

with edge-preserving image denoising and automatic hotspot

removal applied.

DISCLAMER: SCiLS Lab is a part of Bruker Daltonik’s MALDI Molecular Imager solution. Only MALDI imaging data obtained using  flexImaging (Bruker Daltonik) 

can be analyzed in SCiLS Lab by means of multivariate analysis.

FIG. 1 H&E staining of a head and neck carcinoma sample.

Visualization was performed in SCiLS Lab.
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MALDI imaging is a well-established analytical technique for determining spatial localization of molecules

such as proteins, peptides, or lipids in biological samples. Because the high mass accuracy and mass

resolving power enable accurate determination of exact masses and consequently, a more confident

identification, the use of an FT-ICR mass analyzer for MALDI imaging is gaining popularity. However, FT-ICR

MALDI imaging datasets are typically large in size and mining the data in an appropriate timeframe is a

serious challenge. The spatial segmentation approach — which originates from MALDI-TOF imaging data —

is one possibility for tackling this obstacle in FT-ICR MALDI imaging. Here we demonstrate the temporal and

spatial lipidomic analysis of head and neck tumor tissue.

SCiLS Lab 2D: Spatial segmentation of 

MALDI FT-ICR MS imaging datasets

RICH MALDI FT-ICR IMAGING DATA

MALDI is a soft ionization technique allowing analysis of

complex molecules. Coupled with FT-ICR mass

analyzers, MALDI MS measurements with both high

mass accuracy and high mass resolution are possible,

enabling hypotheses on chemical formulas based on

the exact masses of the detected peaks.

Here we analyze the spatial lipidome of head and neck

tumor samples1. MALDI imaging was performed on a

Bruker solariX 12 T FT-ICR mass spectrometer using a

1 kHz smartbeam laser. The spatial resolution was set

to 50 μm and 20 laser shots per spectrum were used.

The mass spectra were acquired in the positive ion

mode with an m/z range of 350 to 1500. The achieved

mass resolution at m/z 412.278 was 206,139.

FIG. 1 shows a hematoxylin-eosin (H&E) microscopy

image of a tumor sample. Staining was performed on a

consecutive section and co-registered with the MALDI

FT-ICR data.

FIG. 2 shows the extracted ion images of

m/z 881.688±0.005, m/z 881.747±0.005, and

m/z 881.758±0.005 and demonstrates the high mass

resolving power: The mass-to-charge ratios only differ

within the second decimal place but at the same time

the ions have totally different spatial distributions.

Because of the high mass resolving power, MALDI FT-

ICR imaging produces large datasets, especially when

performed with the high spatial resolution that is

necessary in many medical and biological applications.

The dataset typically consists of millions of signals.

Consequently, non-targeted data analysis that

visualizes each single peak in the average spectrum in

an extracted ion image followed by correlation with the

co-registered H&E image is very time-consuming.

One possibility to reduce the size of the datasets is to

re-bin them. The re-binning replaces the original values

measured in a detailed m/z grid with a value from a

larger m/z-interval. The drawback to this approach is

that the high mass resolution is lost.

To overcome these challenges we have used a

workflow in the software SCiLS Lab previously

developed for medium mass resolution MALDI-TOF MS

imaging datasets2,3 in which the MALDI FT-ICR MS

imaging datasets are spatially segmented.
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SPATIAL SEGMENTATION

For spatial segmentation we used the pipeline that

is implemented in SCiLS Lab 2D4. First, a peak-

picking algorithm is applied to select only

informative peaks and discard m/z-values that

represent noise or baseline. Second, to suppress

spectrum-to-spectrum variation, edge-preserving

image denoising is applied to the m/z-images of all

selected peaks. The final step of the segmentation

procedure is to cluster all preprocessed spectra

consisting of denoised intensities of all selected

peaks. In contrast to TOF imaging analysis, we did

not normalize or perform baseline correction of

each spectrum, but instead used the FT-ICR raw

data.

FIG. 3 shows the resulting spatial segmentation

map of the head and neck cancer dataset. An

experienced pathologist evaluated the results by

superimposing the segmentation map onto the H&E

stain, see FIG. 4A.

SPATIAL CO-LOCALIZATION

After segmentation, we applied automatic

correlation analysis to detect m/z-values co-

localized with specific clusters of the segmentation

map. Note that when interpreting the segmentation

map, the search for co-localized m/z values was

performed over all original m/z values and not only

on selected peaks.

FIG. 4 shows the following three highly co-localized

ion images:

• m/z 832.584±0.005 from FIG. 4B is co-localized

with cluster 1 from FIG. 4A (corr.-value: 0.45).

• m/z 810.599±0.005 from FIG. 4C is co-localized

with cluster 2 from FIG. 4A (corr.-value: 0.55).

• m/z 928.996±0.005 from FIG. 4D is co-localized

with cluster 6 from FIG. 4A (corr.-value: 0.48).

Co-localized peaks were matched against the

lipidomics database LIPID MAPS to assign

identities.
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SUMMARY

ÁSpatial segmentation provides an overview

of the molecular features of a dataset and

allows extraction of prominent features.

ÁSCiLS Lab provides the presented algorithm

for spatial segmentation, enabling users to

analyze MALDI FT-ICR imaging datasets.

ÁCo-localized m/z-values can be found among

millions of m/z-values of a raw MALDI FT-ICR

dataset.

FIG. 3 Segmentation map of the head and neck cancer dataset.

Visualization was performed in SCiLS Lab.

FIG. 4A Segmentation map with three clusters. B–D Extracted ion

images of signals that were co-localized with cluster 1, 2 and 6,

respectively. The extracted ion images (rainbow scale) were

superimposed onto the H&E image. Visualization was performed in

SCiLS Lab with edge-preserving image denoising and automatic

hotspot removal.
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