


Introduction

High-resolution MALDI Imaging enables characterization of complex cancer tissues while 
retaining spatial information. Acquiring large number of pixels correlates to time in MALDI 
Imaging, limiting sample throughput. In addition, due the heterogeneity of tumor tissue, even 
short distances of ≤ 10 µm between adjacent sections can induce spatial errors regarding 
region of interest (ROI) transfer. Conducting alternative high-speed imaging techniques prior to 
MALDI Imaging narrows down the ROIs on large sample areas. 

Recently, Hopf et al. used the HYPERION II ILIM microscope to conduct ultrafast Infrared 
Laser Imaging (ILIM) pre-screening of whole tissue sections to strategically guide downstream 
MALDI Imaging. Specifically, functional tissue units in mouse kidney tissue sections (i.e., 
glomeruli) were precisely analyzed at the lipidomic level while reducing the total acquisition time 
for MALDI Imaging by 96% [1].

In this context, Bruker has introduced a dedicated end-to-end workflow that seamlessly 
combines the HYPERION II ILIM and timsTOF fleX [2]. This integration enables precise and 
convenient IR Guided MALDI Imaging of tissues and cells.

Here, IR Guided MALDI Imaging was employed to investigate pancreatic ductal adenocarcinoma  
tissue (PDAC) at unprecedent speed and molecular detail. PDAC comprises many cell types 
spanning various morphological subtypes and tumor microenvironments. Rapid pre-screening 
by ILIM allowed differentiation between specific morphologies of PDAC, guiding in-depth 
collision cross section (CCS)-enabled analysis by MALDI Imaging.

Methods

Tissue sections

A patient derived xenograft (PDX) model for PDAC was developed and tissue sections (10 µm 
thickness) mounted on IntelliSlides® were kindly provided by Prof. Zoltan Arany, Dr. Chris Petucci 
and Michael Noji from Penn Medicine (Philadelphia, PA).

Infrared Laser Imaging 

With no sample preparation, ILIM of the complete tissue section was performed using 
the HYPERION II ILIM microscope. The instrument is based on quantum cascade laser 
(QCL) technology and has a 3.5x objective and a focal plane array (FPA) room temperature 
microbolometer for the fastest IR imaging performance at 9000 spectra/s. This enables 
the simultaneous acquisition of 250 x 250 spectra at a pixel resolution of 5 μm. All ILIM 
experiments were performed using Bruker's TissuePlus™ workflow (1.0). The laser wavelength 
was scanned with a spectral resolution of 8 cm-1 across the MIR fingerprint region from  
950 to 1800 cm-1.

MALDI Imaging

Upon finishing ILIM acquisition, the same tissue section was immediately spray-coated with 
NEDC matrix solution using an HTX M3+ sprayer. In parallel, k-means clustering (integrated 
into TissuePlus) was performed on ILIM data to determine cellular morphological features 
based on chemical fingerprint. The spatial coordinates of the selected ROI were transferred 
to a timsTOF fleX equipped with microGRID for performing 7 µm MALDI Imaging. Data was 
acquired with TIMS activated, using a 100 ms ramp time in negative ion mode. The mass range 
was m/z 100–1000 and the acquisition rate was 7 pixels/s. Online calibration was used for an 
internal lock mass and resulted in mass accuracy below 3 ppm. SCiLS™ Lab 2024b was used for 
data analysis, ion image generation, and multimodal IR and MS feature correlation. Molecular 
annotation was performed with MetaboScape® 2023b using the REST API interface with a 
scoring of maximum 3 ppm in m/z and 3% in CCS value.



Results and Discussion

Pre-screening of tissue sections using ILIM was finished in 13 minutes at a rate of 9000 
spectra/s. In contrast, high-resolution imaging of the entire tissue section at 7 µm with TIMS 
deactivated would have taken 60 hours of acquisition time.

The ILIM data was analyzed by unsupervised segmentation using k-means clustering. Different 
tissue areas with similar IR molecular fingerprints (e.g., lipids, metabolites, proteins, glycans) 
were clustered together and given a specific pixel color (Figure 1B). This approach narrowed 
down ROIs to discrete specific cell types, including stroma tissue (S), healthy pancreatic 
acinar cell regions (A), advanced tumor tissue regions (T) and regions related to pancreatic 
intraepithelial neoplasias (P) (Figure 1C). The latter ones are non-invasive precursor lesions, 
originating from acinar cells that undergo acinar-ductal metaplasia, as determined by distinct 
acinar cell clusters (green outline) that are in immediate proximity to tumor tissue (red 
outline) (Figure 1D). Collectively, the segmentation map was consistent with annotations by a 
pathologist, supporting the specificity of the ILIM pre-screening approach. 

Figure 1 
A  Optical image of the PDAC tissue section before ILIM. B  RGB tissue segmentation map based on k-means clustering. C  Magnified ROI showing 
tumor-stage specific morphological subtypes of PDAC. ILIM clustering results were confirmed by pathological annotation of the adjacent H&E-stained 
section (T: advanced tumor tissue regions, P: precursor lesions with acinar cells outlined in green, A: discrete healthy acinar cell regions). D  4x zoom in 
for pancreatic intraepithelial neoplasias.
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Figure 2 
A  Overview mass spectrum for stroma (blue) and advanced cancer tissue (red) for the mass range m/z 100 to 1050. The collapsed signal at m/z 306.0788 
was detected in both tissue types. B  However, the CCS-mass heat map provided by TIMS revealed two isobaric molecular features with characteristic 
spatial distributions. The feature at m/z 306.0763 and 161 Å2 was annotated as glutathione.

To perform in-depth molecular characterization of the selected ROI, the segmentation map  
was translated into a measurement region for MALDI Imaging. Using a timsTOF fleX, the time 
of acquisition for the guided MALDI Imaging experiment was 7 hours (~175k pixels, 7 µm  
pixel size). By narrowing down the acquisition towards the well-defined ROI, the workflow 
achieved 88% reduction of MALDI Imaging acquisition time while also offering CCS-enabled 
analysis to enhance the analytical depth for every pixel. The mass spectrometric overview 
for stroma/cancer tissue demonstrated the underlying molecular complexity of PDAC tissue 
(Figure 2A). Using TIMS, isobaric mass spectral features were separated based on their CCS 
and characteristic spatial distributions were revealed. The interference-free visualization of the 
glutathione distribution is enabled exclusively by the CCS-resolved image creation (Figure 2B).  
Utilizing MetaboScape®, m/z- and CCS-enabled database matching delivered confident 
molecular annotations to support biomarker identification.
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Multimodal ILIM and MALDI Imaging feature correlation
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Figure 3 
Multimodal ILIM and MALDI Imaging feature correlation for PDAC. Region outlines for IR Cluster 1 (red) and IR Cluster 2 (green) were overlayed onto all MS 
images. A  RGB MS image for the whole ROI and 2x zoom in for pancreatic intraepithelial neoplasias (blue MS channel not shown for clear visualization). 
B  Additional metabolites and phospholipids that displayed correlation (r ≥ 0.26) with IR cluster 1 (tumor tissue). C  Phospholipids that displayed correlation 

(r ≥ 0.28) with IR cluster 2 (acinar cells).
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Conclusion

Bruker’s end-to-end workflow for IR Guided MALDI Imaging represents a vital step 
towards next-generation biomedical imaging by delivering:

	 Rapid elucidation of tumor-associated tissue areas across the entire section within a 
few minutes by ILIM pre-screening and k-means clustering.

	 Semi-automated and accurate tissue/cell-specific guidance for MALDI Imaging. 

	 A seamless integration of both modalities into an easy-to-use workflow, including 
SCiLS™ autopilot – thus making IR Guided MALDI Imaging even more accessible to 
non-IR/MS experts. 

	 Faster sample throughput in combination with an experimental design that offers 
maximized analytical depth regarding spatial resolution and CCS-enabled molecular 
characterization.

	 Complementary multimodal information from a single tissue section for increased 
biological insight (as recently demonstrated for liver cancer [3]).

	 API support for the integration of multimodal data within SCiLS Lab for a 
comprehensive imaging analysis.

Learn more at www.bruker.com/timstofflex

To conduct multimodal statistical data analysis, the ILIM segmentation map was imported into 
SCiLS™ Lab. Next, IR cluster regions were linked with mass spectrometic data (i.e., Pearson 
correlation coefficient) to identify molecular signatures. For visualization, cluster region outlines 
were overlaid onto ion images. Oleic acid (Figure 3A, red), monounsaturated phospholipids, 
and glutathione (Figure 3B) showed correlation (r ≥ 0.26) with IR cluster 1 (tumor tissue). In 
contrast, arachidonic acid (Figure 3A, green) and polyunsaturated phospholipids (Figure 3B) 
displayed correlation (r ≥ 0.28) with IR cluster 2 (acinar cells). This demonstrates the value of an 
integrative multimodal data analysis strategy that goes beyond the scope of guided sampling 
strategies.

https://www.bruker.com/en/products-and-solutions/mass-spectrometry/timstof/timstof-flex/_jcr_content/root/sections/more_information/sectionpar/search_copy_copy_cop.download-asset.pdf/02b13b96-f75a-4ce1-adc7-43143d044cac/1904246-msi-35-ir-guided-maldi-ebook.pdf

