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Overview

Objective: We investigated strategies for pairing single cell

technology with MALDI-MSI of N-glycans and extracellular matrix
proteins. An overall goal is to develop spatial multiomic strategies

that allow researchers to investigate both cellular and extracellular
features within the tissue microenvironment on a single tissue
section.

Methods: Formalin-fixed, paraffin-embedded (FFPE) tissues

were subject to optimized protocols for MALDI-IHC, GeoMx Digital
Spatial Profiler, or Imaging Mass cytometry. Each single cell method
was followed by MALDI-MSI. The reverse order of the workflows

were also performed to determine the best order to combine these
spatial imaging modalities using previously optimized protocols.

Results: The data suggests that for each modality combination,

there is an optimal order for performing the single cell modality and

MALDI-MSI of N-glycans and matrix on the same tissue section.

Introduction
The tissue microenvironment involves complex, dynamic, dimensional coordination of cell-cell and cell-matrix signaling, chemical

flux, and encoded structure which are essential for supporting tissue biology. Multimodal techniques have emerged that combine

platforms to simultaneously evaluate very different aspects of the microenvironment, such as single cell expression paired with

measurements of the physical properties of the tissue.1-3 Single cell modalities work to map single cell expression across tissue

sections but have some limitations in reporting other aspects of the tissue microenvironment such as the extracellular matrix. The

integration of Matrix-Assisted Laser Desorption/Ionization – Mass Spectrometry Imaging (MALDI-MSI) 4,5 with single cell spatial

omics methods complements single cell spatial information with matrisome imaging targeting N-glycomics and extracellular matrix

proteins. Here we evaluate the performance MALDI-MSI of N-glycans and Collagens in serial with the Miralys™ photocleavable

mass-tags (Ambergen, Inc.)6, CyTOF (Standard BioTools Inc.)7, or GeoMx® (Nanostring, Inc.).8
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Tissue sources:
Ambergen MALDI-IHC: Breast tissue obtained

from Zyagen (San Diego, CA)
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Workflows:
All workflows begin with these two steps

MALDI-MSI of Glycans4 and Collagen Peptides5

AmberGen MALDI-IHC 6

Methods Figure 1: MALDI-MSI was performed before and after single cell type spatial omics workflows on 
a serial tissue section
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Conclusions
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• Using previously optimized workflows for each modality, a novel combination of spatial workflows allows for the joint analysis of cellular &
extracellular markers on a single tissue section.

• MALDI-IHC technology (Ambergen, Inc.) allows scanning analytes across a whole tissue or at a single cell level and can be easily

integrated with MALDI-MSI because the same workflows are used. Performing MALDI-MSI before MALDI-IHC results in better quality
MALDI-IHC imaging.

• IMC (Standard BioTools Inc.) provides high-resolution single cell imaging of small ROIs. Tissue ablation of the ROI due to CyTOF laser
caused detectable artifacts in MALDI imaging of N-glycans and collagens. IMC is optimally done prior to MALDI-MSI.

• GeoMx (Nanostring, Inc.) is beneficial for quantifying protein data of target cells in a specific ROI. MALDI-MSI was successfully performed

after GeoMx workflows. Ongoing work will address which order of methods will be optimal.
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Result 2: Imaging Mass Cytometry optimal prior to MALDI-MSI

MALDI-MSI First IMC first

A) MALDI-MSI Images B) Magnified MALDI-MSI Images

E) IMC Images

MALDI-MSI First IMC first

Red = HepPar1 Lime = STgal6

Magenta = CD45RO
Lime = Osteopontin

Red = aSMA
Lime = CD68
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C) Comparison of Glycan spectra between methods

MALDI-MSI First
IMC First

D) Comparison of Collagen spectra between methods

Top 10 Collagen Peaks
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Result 1: MALDI-MSI optimal prior to MALDI-IHC
A) AmberGen MALDI-IHC Images

MALDI-MSI First MALDI-IHC First

PTEN CD68 Histone H2A.X αSMA PanCK

Her2 Collagen 1A1 PR-A/B

MALDI-MSI First
MALDI-IHC First

1034.572 m/z – COL1A1 GPVGPVGARGPA

843.394 m/z – COL1A1 GPAGERGSP(hy)

C) Glycan Spectra

D) Collagen Images

MALDI-MSI First MALDI-IHC First

B) Glycan Images
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E) Collagen spectra
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Result 3: GeoMx DSP can Spatially Quantify Analytes

MALDI-MSI First
GeoMx First

Top 10 Glycan Peaks Top 10 Collagen Peaks
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Mean = -110.1 Mean = 27.6
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MALDI IHC uses photolabile peptide tags as

secondary labels for antibodies.

A) Performing MALDI-MSI first (left tissue) improves

MALDI-IHC image quality.

B) Glycan images show similar distribution patterns when

comparing order of workflows.

C) Total ion current shows similar peak intensities and top

ten peaks are of comparable intensities regardless of

order of the combined workflow.

D) Collagen images show similar spatial distribution.

E) Although total ion current is similar there is more

variability in ECM peak intensities when comparing

MALDI-MSI first vs. MALDI-IHC first.

Conclusion: While MALDI-MSI results are similar in

either order, MALDI-IHC images show improved clarity so

we conclude that MALDI-MSI should be performed prior

to MALDI-IHC.

Peptide 1211.401 m/z 800 µm

IMC uses rare metal earth tags as secondary labels for antibodies and

detects tags by laser ablation. A) H&E for reference. MALDI-MSI images

are compared across the whole tissue section. The spatial distribution of

analytes appear consistent on the two slides, regardless of order for glycan

and collagen imaging. B) H&E images show laser ablation of tissue, which

affects peak intensity in high resolution images. C) & D) Total ion current

spectra of Glycans (C) and ECM peptides (D) are compared for MALDI-MSI

first (top) and IMC first (bottom) with the 10 highest intensity analytes shown.

E) IMC images show more robust antibody staining when IMC is done first

which may be due to MALDI matrix denaturing epitopes.

We conclude that IMC should be performed first to minimize effects on

MALDI-MSI with less interference of the IMC images.

GeoMx First GeoMx First

CD68      DNA       PanCK

Figure 1. Overview of the purpose of this study with representative images.

Table 1. Comparison of method parameters for each imaging modality that was investigated.

MALDI-MSI First MALDI-MSI First

1809.634 m/z 1034.572 m/z
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GeoMx evaluates fluorescently tagged cell probes to

select regions for multiplexed evaluation of UV-

cleavable oligotags on protein panels.

A) Example MALDI-MSI of glycan m/z 1809.634 (1809) has

significantly lower signal when GeoMx is done first. B)
Comparison of TMA core intensities for 1809 highlights the
decrease in glycan intensity. C) Total ion current normalized

spectra show major spectral differences when GeoMx is
performed first. D) Average difference in peak intensity of all

peaks is -110% for GeoMx. E) The top 10 glycan peak
intensities highlight decreases when GeoMx is performed

first. F) MALDI-MSI of ECM peptides spatial distribution of
m/z 1034 (1034) remains consistent regardless of order. G)
intensities for 1034 are comparable for each core. H) Total

ion current is similar regardless of workflow order. I) For 85
known peptides, show a 27% increase when GeoMx is done

first. J) top ten known peaks illustrate typical increases per
peak. K) GeoMx images prior to MALDI MSI show

fluorescent markers that help choose the ROIs for protein
profiling. L) Protein profile highlighting differences in
expression of 35 proteins over 12 ROIs within the TMA.

Conclusion: If GeoMx is performed first, glycan signal

intensities decrease. However, using this order for

collagen imaging, signal intensity increases. Future work

will report on GeoMx signal when MALDI-MSI is

performed first.
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