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Translating Proteomic MALDi Tissue Typing to Clinical Pathology 
Alice Ly, R&D Manager MALDI Tissuetyper, Bruker Daltonics

Leveraging MALDI Imaging
Many features of MALDI Imaging technology make it ideally suited for clinical pathology 
applications. For example, biomarker discovery protocols can utilise fresh-frozen or 
formalin-fi xed paraffi n-embedded (FFPE) tissue sections, or tissue microarrays (TMAs). Fresh 
frozen tissue is not widely available in most routine diagnostic settings, so FFPE tissues 
are often used for traditional histopathological applications as they are routinely collected 
during hospital care. Hence, large tissue bank collections of FFPE tissues are available for 
clinical research of large patient cohorts. FFPE specimens also maintain excellent tissue 
morphology and allow the direct collection of both spatial and molecular information. 
Another benefi t of this tissue acquisition method is that it does not require target-specifi c 
reagents, such as antibodies, making MALDI Imaging of FFPE samples an ideal biomarker 
discovery tool.

In traditional LC-MS/MS analyses of FFPE tissues, large sample sizes are required, which 
is impractical in the clinical setting. Sample preparation procedures for this method are 
also prone to loss of spatial information. MALDI Imaging experiments, however, retain 
spatial distribution by detecting multiple molecules in a single intact tissue section. Such 
experiments include tissue typing, where tissue or clinically specifi c molecular profi les are 
created. The label-free and non-destructive nature of MALDI Imaging makes it an ideal 
technique for preserving tissue material for subsequent analyses, for example with cancer 
biopsies.

Another advantage of MALDI Imaging is the direct analysis of tissues, which does not 
require the time-consuming step of sample homogenisation – often leading to loss of 
sample – that is needed to overcome the issue of molecular heterogeneity.  

Standardising Clinical Proteomics
Despite the benefi ts of MALDI imaging for proteomic analysis, there are relatively few large 
scale studies providing evidence of the reliability of this technology for clinical applications. 
There is a need for validation studies to bring the measurement of new marker molecules 
through to clinical implementation, but the variability of results between different 
laboratories currently restricts its clinical use. To bridge this gap, a recent reproducibility 
study investigated whether several laboratories across different geographical locations 
could achieve reproducible results using standardised sample preparation methods and 
MALDI Imaging workfl ow [1]. 

The in situ tryptic peptide digestion procedure for MALDI Imaging was developed to 
preserve spatial resolution while minimising preparation time and improving reproducibility. 
Specifi c m/z features were detected in discrete histological features in mouse intestine, 
human ovarian teratoma, and human squamous cell carcinoma of the lung. Two different 
m/z values were localised in FFPE mouse intestine with distinct distributions using a rapifl eX 
MALDI Tissuetyper (Figure 1A) and when correlated with hematoxylin and eosin (H&E) 
stained samples (Figure 2B), m/z 944.6 was found to be primarily localised in the intestinal 
villi and lumen, and m/z 1105.6 in the crypts and underlying muscular layers. 

Figure 1. Spatial distributions of different m/z species are highly conserved in FFPE mouse 
intestine sample prepared with reported sample preparation protocol. A) Overview of mouse 
small intestine showing m/z 944.6 (red) in the villi and lumen, while m/z 1105.6 (green) is 
primarily in the crypts and muscle layers. Scale bar indicates 1 mm. B) Post-measurement H&E 
stained sample. Scale bar indicates 1 mm. Higher magnifi cation images (area denoted in [A] 
with white dotted box) of the m/z species (C) and H&E (D) overlay confi rm the distributions. 
Scale bars indicate 100 µm. Reproduced with permission from reference [1] under https://
creativecommons.org/licenses/by/4.0/. 

Although trypsin application and digestion are known to be sources of variation and loss 
of spatial resolution in MALDI Imaging of FFPE samples, the standardised workfl ow could 
discriminate discrete histological features in different tissues, enabling different sample 
sites to generate similar quality images. 

Following the confi rmation that spatial resolution could be maintained, the study 
examined the reproducibility of MALDI Imaging results across a multicentre investigation. 
The approach was two-fold: (1) can different operators perform the same experiment in 
different laboratories and obtain similar results, and (2) can similar data be obtained from 
different tissue sources? While it is not possible for users to obtain identical results due 
to inherent differences between samples, the multicentre study found that the greatest 

Mass spectrometry (MS) imaging is a well-established yet still growing technique used to gain insights into the spatial distribution of molecules in a range of samples. 
The list of applications continues to expand but MALDi Imaging has made a signifi cant impact in the fi elds of metabolomics, proteomics, biomarker discovery and, 
more recently, clinical proteomics. MALDI Imaging is now recognised as the go-to technique for untargeted, label-free investigations of metabolites, proteins, peptides, 
lipids and glycans, where thousands of molecules may be imaged in one run.

While there are many ionisation methods used for MS imaging, matrix-assisted laser desorption/ionisation (MALDI) has emerged as a powerful tool for mapping the 
distribution of molecules in thin samples. Its capacity to measure a wide range of molecules, from small metabolites to large proteins, has contributed to its rise in 
popularity. MALDI Imaging is the only proteomic technology that enables detailed assignment of detected biomarkers to histological features, making it ideally suited 
to correlate molecular signals to clinical end-points i.e., tissue typing, particularly for diseases such as cancer.  

Despite this potential, MALDI Imaging is yet to be widely accepted for clinical analysis. For the technology to successfully transfer from a research platform to a 
universally accepted clinical diagnostic tool, a standardised procedure should be established and followed. Many diseases are heterogeneous, not only between 
patients but at the molecular level within one patient tissue sample, so biomarker development relies on the analysis of large sample cohorts, which in turn requires 
highly reproducible methods. The translation of MALDI Imaging into clinical pathology has the potential to drive personalised approaches to treatments and improve 
disease monitoring, so the focus has turned towards standardisation and reproducibility of these workfl ows.

Mass Spectrometry
& Spectroscopy

ILM - Bruker - Spec Article.indd   2 23/10/2019   14:47



5

WWW.LABMATE-ONLINE.COM

source of variation was due to biology within the tissue, rather than sampling location or 
time and site of preparation. This shows that if laboratories adhere to stringent MALDI 
Imaging workfl ows, reproducibility is possible and this technique could be applied to 
clinical diagnostics. The ultra-high-speed of modern MALDI time-of-fl ight (TOF) mass 
spectrometry instrumentation facilitates this translation into the clinic. For example, in this 
study a 4 mm diameter tissue sample could be measured in 6 minutes, at an acquisition 
rate of 40 pixels per second.

Combining Novel Technologies
Reproducibility studies such as the one described are relevant to other clinical pathology 
techniques. Digital polymerase chain reaction (dPCR) is commonly used to reliably detect 
genetic mutations, and its combination with MALDI Imaging has great potential for patient 
stratifi cation. One study investigated the use of dPCR following MALDI Imaging analysis 
of FFPE tissue sections to distinguish between two major subtypes of non-small cell lung 
cancer (NSCLC) – pulmonary adenocarcinoma (ADC) and squamous cell carcinoma (SqCC), 
to better inform chemotherapy treatment [2].

After MALDI Imaging was completed, tissue samples were tested with dPCR for the known 
mutations in epidermal growth factor receptor (EGFR) for the molecular diagnosis of ADC, 
and KRAS proto-oncogene (KRAS), which is the most frequently mutated oncogene in 
lung cancer. The results showed that driver gene mutations could be detected in samples 
formerly analysed with MALDI Imaging. The ability to carry out MALDI Imaging and dPCR 
analyses from the same tissue section is highly advantageous, as biopsy material is often 
limited. This combination of proteomic and genetic analysis in one workfl ow is made 
possible by the non-invasive nature of MALDI Imaging, which has shown to maintain DNA 
quality for subsequent analysis by techniques such as dPCR. 

In addition to dPCR, other studies have confi rmed the combined power of MALDI Imaging 
and immunohistochemistry (IHC). Results from one experiment showed the co-localisation 
of specifi c peaks with ADC (m/z 943.53) and SqCC (m/z 1410.62) [3], which have 
previously been identifi ed as HistoneA2 and CK5 by MS/MS analysis [4, 5, 6]. The quality of 
IHC staining after MALDI Imaging was adequate to perform accurate data extraction from 
regions of interest (ROI) and identify cells of interest. The study also displayed the viability 
of double IHC stains after MALDI Imaging analysis, which is a useful tool for subtyping 
of cell populations, for example from biopsies, and protein information can be matched 
without additional depletion of tissue.

Imaging Cancer
MALDI Imaging is increasingly used to distinguish the molecular signature of different 
cancers. A retrospective collaborative study analysed 252 FFPE clinical samples from 11 
countries to determine whether MALDI Imaging could help classify atypical Spitzoid 
neoplasms (ASN) [7]. ASN is not a well-defi ned diagnosis and cases cannot currently be 
categorised nor clinical behaviour predicted using histopathology. Samples were assigned 
to four clinical groups, and the study found a strong association between diagnosis of ASN 
by MALDI Imaging and clinical group, providing a better predicted clinical outcome than 
histopathology.

Imaging glycans with MALDI Imaging is another approach being investigated to help 
characterise and distinguish cancers. Glycosylation is a common post-translational 
modifi cation (PTM) which can be detected with MS, but there are almost no commercially 
available antibodies, making their spatial examination almost impossible. One study used 
a newly developed MALDI Imaging method to spatially profi le N-linked glycans in human 
breast cancer FFPE tissue sections and tissue microarrays (TMA) [8]. There are many sub-
types of breast cancer with distinct biological features and clinical presentations, which 
are classifi ed based on the expression status of hormone receptors and human epidermal 
growth factor receptor 2 (HER2). Early characterisation of these sub-types is crucial to 
provide timely, appropriate treatment. Researchers could use MALDI Imaging to detect the 
presence of multiple polylactosamine N-glycans in HER2+, triple-negative and metastatic 
breast cancers. This information could be used to improve understanding of how breast 
cancer develops and spreads, to inform clinical biomarker development and ultimately 
support diagnosis, prognosis and treatment. 

Another study established a tissue-based MALDI Imaging method to obtain relative 
abundance and spatial distribution information of N-glycans in hepatocellular carcinoma 
(HCC) [9]. The method identifi ed 10 glycans that were signifi cantly increased in the 
HCC TMA samples, which could be divided into two major classes: those with increased 
fucosylation and those without fucosylation, but with increased branching. It is hoped that 
these glycan alterations can be used to detect HCC earlier and improve treatment options.

The Future of MALDI Imaging 
For MALDI Imaging to be implemented in wide-scale clinical applications, including 
diagnostics and prognostics, it must be able to generate reproducible results from samples 
collected at different locations, by different users, and from different tissue sites. The utility 
of MALDI Imaging in the diagnosis and treatment of cancer has been demonstrated, for 
example in the differentiation between ADC and SqCC of the lung, which was previously 
challenging using traditional IHC techniques, and in the use of MALDI for glycan imaging. 
MALDI Imaging has the capacity to inform researchers and, potentially, clinicians, of the 
underlying molecular events driving tumour progression and susceptibility to treatment. 
Phenotypic differences can be elucidated and markers established to differentiate between 
otherwise identical tumours, leading to more precise treatment options and a personalised 
medicine approach.

The continuing development of mass spectrometers, particularly improvements in spatial 
resolution, sensitivity and sample throughput, is opening up the fi eld of MALDI Imaging 
to clinical pathology. The speed and robustness of modern, advanced mass spectrometers 
allow large specimens to be analysed quickly over large patient cohorts with good spatial 
resolution, which is crucial for driving this technique forward in diagnostics, prognosis 
and monitoring treatment responses. The multicentre reproducibility study highlights 
the need and the real potential for highly standardised sample preparation protocols 
and MALDI Imaging workfl ows to build up the data necessary for clinical validation and 
implementation.

For more information on Bruker’s MALDI Imaging solutions, please visit https://www.
bruker.com/applications/life-sciences/maldi-imaging/maldi-imaging-technologies.html.
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