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Abstract 

Mass spectrometry imaging (MSI) is an emerging technology in cancer metabolomics. 
Desorption Electrospray Ionization (DESI) and Matrix Assisted Laser Desorption 
Ionization (MALDI) MSI are complementary techniques to identify hundreds of 
metabolites in space with close to single cell resolution. This technology leap enables 
research focusing on tumor heterogeneity, cancer cell plasticity and the communication 
signals between cancer and stromal cells in the tumor microenvironment (TME). 
Currently, unprecedented knowledge is generated using spatial metabolomics in 
fundamental cancer research. Yet, also translational applications are emerging, including 
the assessment of spatial drug distribution in organs and tumors. Moreover, clinical 
research investigates the use of spatial metabolomics as a rapid pathology tool during 
cancer surgeries. Here, we summarize MSI applications, the knowledge gained by this 
technology in space, future directions and developments needed.    

Highlights 

·       Identification and quantification of metabolites by mass spectrometry imaging 

·       Infusion of 13C labeled stable isotopes: challenges and achievements 

·       MALDI- and DESI-MSI in metabolomics cancer research 

·       Using MSI for translational and clinical applications 
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Introduction 

Metabolic rewiring is an important modulator of cancer progression [1,2] which may 
contribute to treatment resistance [3] highlighting the need for assessing metabolites and 
metabolic conversion rates. Bulk metabolite analysis by mass spectrometry (MS) 
combined with chromatographic methods has been the state-of-the-art method to analyze 
metabolites in cancer research. Metabolites are extracted from biofluids, cells or tissues, 
yielding information on the average metabolite concentration in the sample. However, 
deeper knowledge on the spatial distribution and architecture of metabolism within the 
tumor tissues is lost [4]. 

Mass spectrometry imaging (MSI) is a label-free technique that allows spatial mapping of 
hundreds of metabolites and drugs directly from a tissue section [5]. It allows to assess 
tumor heterogeneity, cancer cell plasticity and cancer-stromal cell communication in the 
tumor microenvironment (TME). It may provide improved diagnosis, understanding of 
pathologies, and antitumor drug distributions in the organs [6].  

Here, we focus on the application of matrix assisted laser desorption ionization (MALDI) 
and desorption electrospray ionization (DESI) MSI in cancer research by highlighting 
recent advances and remaining challenges. 

  

1.      MALDI- and DESI-MSI for metabolomics analysis 

  

1.1  Matrix Assisted Laser Desorption Ionization (MALDI) 

MALDI-MSI allows spatial visualization of metabolites and in particular lipids in tissues 
using laser ionization [7]. A matrix is applied directly on tissue sections, forming co-
crystals with metabolites [8]. Upon radiation with the laser beam, the matrix is ionized 
(addition or loss of a proton) and charges are transferred to the metabolites, resulting in 
their desorption and ionization [8,9] (Figure 1, Table 1). The choice of the matrix 



determines the acquisition mode (negative or positive), and the ionization efficiency of the 
different metabolites [10]. The number of detected metabolites varies depending on 
matrix spraying, instrument parameters, and stability of the metabolites. Factors such as 
number of matrix layers, matrix solvents, flow rates and temperature, as well as number 
of laser shots per pixel, laser intensity and frequency influence metabolite detection. 
Therefore, matrix and MSI settings need to be optimized based on the nature of the 
metabolites and/or lipids for optimal detection [11–20]. For example, N-(1-naphthyl) 
ethylene dihydrochloride (NEDC) matrix was selected for negative mode MALDI-MSI due 
to its low signal interference and highest metabolite coverage when compared to 9-
aminoacridine (9-AA) and 1,5-Diaminonaphthalene (1,5-DAN) [11], while the flow rate of 
matrix deposition increased as the number of layers increased [14]. 

1.2  Desorption Electrospray Ionization DESI 

DESI-MSI uses electrospray ionization whereby a fine spray of charged solvent droplets 
extracts metabolites from tissues [21] (Table 2, Figure 1). DESI-MSI, like MALDI-MSI, is 
a soft ionization technique with the added advantage that matrix ablation is largely absent, 
allowing to analyze the same tissue section several times with different ionization modes, 
spatial resolutions or to perform MS/MS for metabolite confirmation. Therefore, high-
speed data acquisition at lower resolution can be used to select specific regions for 
analysis with high spatial resolution. The lack of matrix, which often interferes with a 
mass-to-charge ratio (m/z) lower than 500 Da, makes DESI-MSI particularly suited for the 
measurement of small metabolites [22–31]. For example, measuring small metabolite by 
DESI-MSI was used to distinguish with nearly 90% accuracy between normal and 
cancerous human prostate tissue [22]. Similarly, fatty acid, TCA cycle metabolite and 
phospholipid concentrations were different between normal and cancerous prostate 
tissue [23], while invasive breast cancers were distinguished from adjacent benign tissue 
by concentration differences in saturated lipids and antioxidant molecules, and molecular 
subtypes of breast cancer were classified by lipid profiles [27].  

1.3  Comparison of DESI- and MALDI-MSI in metabolomics 

The use of DESI- and MALDI-MSI differs depending on the metabolites of interest (Tables 
1 and 2) and the application purpose. DESI-MSI is faster in sample preparation and has 
the possibility of direct tissues analysis at atmospheric pressure [32]. Moreover, tissues 
can be processed for histological staining directly after DESI-MSI [26], and the lack of a 
matrix allows the measurement of small molecules (e.g. lactate, glucose, amino acids). 
In contrast, the spatial resolution of MALDI-MSI is currently better (Tables 1 and 2) 
because of the high precision of the laser (< 5 µm). The introduction of the nano-DESI 
improved spatial resolution for DESI-MSI to 10 µm [33]. While this spatial resolution is 
close to single cell resolution [34], true single cell analysis is still one of the main 



challenges. Also, metabolite delocalization or/and difficulties in sample preparation of 
friable tissues (loss of structural structure of the tissue) [35] remain obstacles in MSI 
approaches. 

In summary, MALDI- and DESI-MSI are complementary approaches. While MALDI-MSI 
presents a higher spatial resolution, DESI-MSI is better suited for lower mass metabolites. 
Therefore, the choice between MALDI- and DESI-MSI depends on the biological 
question. 

 

2.      Advances in DESI- and MALDI-MSI in metabolomics 

 

2.1  Identification and quantification of metabolites 

Metabolite detection includes signal normalization, raw data visualization for each 
metabolite (images and MS spectra), mass alignment (on-line calibration during data 
acquisition) and molecular annotation with libraries. Thereby software like SCiLS Lab and 
High Definition Imaging coupled to libraries such as MetaboScape, Metaspace or 
Progenesis QI are important tools [36,37]. Notably, the material used to embed the 
tissues and the MALDI matrices can interfere with metabolites detection [38] and needs 
to be imaged as negative control.  

Identification and detection of metabolites in the low mass range is challenging because 
of the high number of isomers, and matrix clusters in the case of MALDI-MSI. Fourier 
Transform (FT) ion cyclotron resonance (ICR) [11] and Orbitrap [12,15] mass 
spectrometers were introduced in the field due to their high resolving power and mass 
accuracy. However, FTICR and Orbitrap require tandem MS to distinguish between 
isomers and employ long scan times, resulting in longer time of analysis [39]. Recently, it 
was demonstrated that trapped ion mobility spectrometry (TIMS), can accurately 
distinguish metabolites peaks from matrix peaks and separate isomeric metabolites [39]. 
In TIMS ions elute based on their mobility, which is determined by the mass, charge and 
size of the ion.  

Additional metabolite identification approaches are on-tissue chemical derivatization 
(OTCD), on-tissue spiking of the target metabolites or tandem measurements. OTCD can 
identify amino acids, among other metabolites and increases the ionization of a 
metabolite by adding a charge to the metabolite or a more prone to ionization moiety. The 
resulting higher m/z value avoids interferences coming from matrix clusters. 
Fluoromethylpyridinium-based reactive matrices that selectively target phenolic and 



primary amine groups were used to map low-abundant neurotransmitters in the brain [40]. 
However, OTCD limits considerably the list of target metabolites. Additionally, on-tissue 
spiking of the target metabolites predicted possible formation of abundant adducts with 
hydrogen, sodium, potassium or chloride ions arising from inorganic salts or residual 
water [38,41]. Another commonly used approach to confirm peak identification is on-
tissue tandem measurements (MS/MS). However, some metabolites (e.g. amino acids, 
lactate, and pyruvate) result in too small fragments to perform tandem measurements. By 
consequence, liquid chromatography (LC)-MS and gas chromatography (GC)-MS are 
widely used to confirm metabolite identification within the same bulk sample exploiting 
chromatographic metabolite separation [12].  

Most DESI- and MALDI-MSI data are relative. One of the bigger limitations for absolute 
quantification is the change in desorption/ionization efficiencies between sample regions. 
On-tissue spotting of a serial dilution of standards directly onto or below a control tissue 
section (dilution series strategy), and/or the use of mimetic tissue models, are possible 
solutions to achieve absolute quantification [42]. The latter are homogenized tissues, 
which simulate the ion suppression caused by endogenous competing molecules of the 
actual sample, spiked with metabolite standards [43,44]. Using the series dilution 
strategy, Lan C. et al., quantified 2-hydroxyglutarate (2-HG) in glioma samples [45]. Liver 
sections were used as control tissue and spotted with a serious dilution of 2-HG and 
subsequently coated with a NEDC matrix containing 13C labeled 2-HG disodium salt 
(internal standard). The peak area of 2-HG of each calibration spot from the liver was 
normalized against the peak area of 13C labeled 2-HG and plotted against the 
corresponding concentration resulting in a standard curve that allowed absolute 2-HG 
quantification in the glioma sections from patients coated with the same 13C 2-HG 
containing matrix [45]. Classically, mimetic tissue models require longer sample 
preparation times, but new developments have largely overcome this drawback [46]. 
Comparing the mimetic tissue model and the dilution series strategy it was found that 
mimetic tissue models correct better for tissue-specific ion suppression effects and 
extraction efficiencies [47,48].  

2.2  Labelled enrichment of stable isotopes 

Stable non-radioactive isotopes (13C, 2H or 15N) can also be used to estimate the 
contribution of nutrients and metabolic pathways to the observed metabolic changes [49]. 
The use of labelled nutrients to infer spatial metabolic pathway activity has not been 
standardized. Nonetheless, tissue samples from mammals infused with 13C-labelled 
nutrients have been analyzed [11,12,14,50]. Using MALDI-MSI in kidney sections from 
isotope-labeled infused mice, it was found that glutamine and citrate are the most used 
nutrients in the cortex, while in the medulla there is a preference for fatty acids [11]. 



Additionally, it was found that 13C-glucose incorporation into lipids was higher in breast 
cancer-derived brain metastases then in noncancerous brain tissue [12]. 

However, the lack of chromatographic separation and matrix cluster effects, add 
additional complexity to 13C labeled MSI compared to bulk data [11]. To overcome this 
challenge, G. Wang et al. traced the spatiotemporal incorporation of 13C isotope into 
glycolysis and TCA cycle intermediates using two instruments: a Rapiflex MALDI-
TOF/TOF system and a high resolution instrument fitted with a MALDI-FTICR-MSI to 
confirm the labelling distribution [14]. Subsequently, only the m/z features present in both 
datasets and with similar tissue distributions, were further used to identify the lipid 
species.  

 

3.      Mass spectrometry imaging can be used for fundamental research and 
clinical applications 

  

3.1  Insights gained into the heterogeneity of tumor metabolism by MSI 

MSI has been used to infer the spatial complexity of tumors (Figure 2). In glioblastoma-
derived xenografts, an inverse abundance of ATP and acylcarnitine was detected [51]. 
Resected human brain tissue slices showed differences in antioxidant metabolites, 
nucleotides and fatty acid composition of tumors versus peritumor material [52]. 
Additionally, it was shown that glycogen, a multibranched polysaccharide of glucose 
which serves as energy storage, displays high intratumor and subtype heterogeny in lung 
cancer [53]. While glycogen levels were high in cancer cells of lung adenocarcinomas, 
they were high in stroma and endothelial cells of squamous small cell carcinoma. 
Similarly, 3D cultured cancer cells, a more physiological in vitro model of tumors, showed 
heterogeneity in glutamate, tyrosine and inosine abundance [54]. Likewise, usage of a 
stable isotope label, followed by MSI, showed differential usage of glucose and glutamine 
within a population of in vitro cultured proliferating cancer cells. This was recapitulated in 
cancerous tissues but not in normal proliferating cells [55]. Thus, MSI can help to define 
metabolic tumor heterogeneity. This may allow to better understand treatment response 
when integrating cellular heterogeneity with drug distribution heterogeneity. 

  

3.2  Information of metabolic interaction of the tumor with the TME gained by 
MSI 



MSI imaging has been used to infer tumor-stroma interactions and drug distribution 
(Figure 2). It was recently demonstrated that D-2-HG, an oncometabolite produced by 
cancer cells with an IDH mutation, can be taken up in tumor microenvironment by CD8+ 
T cells, altering T-cell metabolism and reducing T-cell cytotoxicity [56]. Using MSI 
combined with cyclic immunofluorescence demonstrated that tumor areas with high D-2-
HG were depleted of cytotoxic T cells, suggesting that D-2-HG reduced T cell proliferation 
in the TME of human glioblastomas. This finding implies that patients with high or low D-
2HG will likely not have the same response to immunotherapy. Furthermore, a recent 
study showed an accumulation of palmitate containing lipids in lung metastases of mice 
compared to adjacent tissue using MSI [57]. Using single cell RNA sequencing this study 
further found that the primary breast tumors secretome instructed lung resident alveolar 
type 2 cells to increase their palmitate release. This resulted in a nutrient priming of the 
pre-metastatic niche and thus increased palmitate availability for the arriving cancer cells 
[57]. 

MSI data suggest that unequal or insufficient drug distribution within tumors may 
contribute to treatment failure (Figure 2). It was shown that the receptor tyrosine kinase 
inhibitor imatinib was not detected in liver metastases, although the adjacent tissue was 
saturated with the drug [58]. Similarly, while the pancreatic cancer treatment 
Gemcitabine, and in particular its active metabolites were detected throughout tumors, 
other small molecules such as the ATR inhibitor (AZD6738) was only detected in the 
surrounding non-cancerous tissue [59]. Further studies showed the distribution of 
pioglitazone, a peroxisome proliferator-activated receptor agonist currently in clinical trials 
for some metastatic cancers, in tumors and surrounding liver tissues over time [60]. 
Similarly heterogeneous distribution of Paclitaxel was shown in malignant pleural 
mesothelioma explaining the observed only partial success of treatment [61]. 

In the future, an integrated analysis of metabolic cancer cell-stroma interactions and how 
they change tumor aggressiveness including therapy resistance are needed.  

  

3.3  Current clinical application of MSI and future directions 

MSI may revolutionize classical histopathology to detect tumor cells and to subclassify 
tumor types. In tissues from prostate cancer patients undergoing curative surgery, MSI 
was used to differentiate healthy tissue from cancerous tissue by defining tumor margins 
based on metabolic markers such as citrate and carnitine levels [19]. Similarly, MSI can 
provide improved subtyping of non-small cell lung cancers into adenocarcinoma and 
squamous cell carcinoma. This is of particular interest as treatments differ between these 
subtypes [17]. Similar approaches have been used for high grade serous ovarian cancer 



[62] and renal cell carcinomas [63]. DESI-MSI was also used to visualize tumor margins 
intraoperatively. Within 3 minutes, the surgeon was able to identify tumor versus non-
tumor tissue in glioblastoma patients improving likelihood of complete resection in a timely 
manner [64]. Similar experimental protocols are currently evaluated or have been 
established for squamous oral cancer [65], gastric cancer [66] or breast cancer [67]. 
Lastly, MSI was also used to monitor disease progression and recurrence over time, and 
it was recently demonstrated that metastatic tissue from breast cancer can be identified 
using MSI based on specific patterns of N-glycans and high mannose in the tumor tissue 
[68]. Thus, it can be speculated that MSI will become a routine tool in the clinics that 
allows to detect malignant cancer cells with high accuracy and speed.  

An important future direction is to combine several multi-omics techniques such as spatial 
transcriptomics or multiplex immunohistochemistry with spatial metabolomics allowing 
the researchers to obtain information of the metabolic state and the expression/protein 
profile of the tissue/cells on the same tissue slide [69]. In this respect, Wang et al. focused 
on normal kidney development by combining spatial metabolomics with multiplex 
immunofluorescence in one tissue slide [70]. To further accelerate integrated multi-omics 
approaches, it will be essential to advance compatibility between techniques and develop 
computational approaches for data exploration and visualization. One example of a 
computational approach that is currently being developed is the MIAAIM tool [71], which 
allow multi-omics image integration from different spatial platforms. 

 

Conclusion 

MSI is becoming a broadly applicable spatial technology. However, some bottlenecks 
remain and need to be resolved: The spatial resolution delivered by current instruments 
do not allow to infer subcellular distribution of metabolites without destruction into 
elements by X-ray fluorescence and nanoSIMS [72]. Furthermore, the nature of MSI 
analysis requires simultaneous ablation of all ions from a pixel, which limits the 
identification of metabolites with similar m/z ratio. Until now MSI is mainly performed as 
singular spatial analysis, yet to infer biological mechanisms in space the integration with 
other omics layers ideally on the same tissue section is required. Finally, to enable broad 
approval for patient care further efforts need to be taken to standardize sample 
preparation, metabolite detection and identification.   
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Legends 

Figure 1. Principles of mass spectrometry imaging (MSI). Schematic representation 
of the different steps involved in MSI, from sample preparation to MS analysis, including 
the differences in sample preparation and analysis between MALDI and DESI. 

Figure 2. Application of mass spectrometry imaging (MSI). Overview on the 
information gained using mass spectrometry imaging (MSI). MSI can be used to visualize 
drugs, metabolite distributions within the tumor microenvironment and to evaluate the 
margins of tumors, with close to single cell resolution. In the panel of drug distribution, the 
top image shows the distribution of AZD6738 and Gemcitabine (GEM) between 
pancreatic ductal adenocarcinoma (PDAC) and pancreatic tissue [59] On the middle 
panel is represents the preferred localization of Paclitaxel (PTX) on the margins of a 
malignant pleural mesothelioma [61]. On the bottom image the absence of imatinib in liver 
metastasis is visualized by MSI [58]. On the metabolic interactions panel, gliomas with 
IDH mutations showed a regional distribution of D-2-HG that inversely correlated with the 
detection of CD8+ T-cells [56]. For tumor margin detection and subtyping, on the top 
imaged is represented the localization of different metabolites between tumor and 
surrounding healthy tissue (NAA - N-acetylaspartate) [19], [57], [64]. The image in the 
middle shows the difference in glycogen localization between the different subtypes of 
non-small cell lung cancer (LUAD - lung adenocarcinoma; LUSC – lung squamous cell 
carcinoma) [53].The bottom image shows the use of MSI to monitor the breast tumor 
progression, showing an accumulation of glycans in metastasis (METS) in comparison to 
primary tumor (PT) [68]. 

Table 1. Overview of the recent MALDI applications for MSI of metabolites both in 
tumoral and non-tumoral tissues. Detailed description on the used MALDI instrument 



for MSI, the chosen spatial resolution in µm, the used matrix, the analyzed tissue and the 
metabolite families that were identified. 

Table 2. Overview of the recent DESI applications for MSI of metabolites both in 
tumoral and non-tumoral tissues. Detailed description on the used DESI instrument for 
MSI, the chosen spatial resolution in µm, the analyzed tissue and the metabolite families 
that were identified. 
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Table 1. Overview of the recent MALDI applications for MSI of metabolites both in tumoral and non-tumoral tissues. Detailed description on 
the used MALDI instrument for MSI, the chosen spatial resolution in µm, the used matrix, the analyzed tissue and the metabolite families that 
were identified. 

MALDI-MSI 
Instrument 

Spatial 
Resolution 

(µm) 
Matrix Spray Metabolites Tissue/ Type of Cancer Ref 

Autoflex Speed 
MALDI-TOF/TOF MS 20; 200 

4.4 mg/mL 1,5-DAN in 
hydrochloride acid:ethanol 

78:22 (v/v) 

TM-
Sprayer 

4 amino acids; 3 glycolysis 
intermediates; 4 TCA cycle 

intermediates; 2 fatty acids; 
4 nucleotides; 4 purine 

pathway intermediates; 1 
PE; 1 PS 

Renal sections from 
control and diabetic 

nephropathy WISTAR rats 
(Z. Wang et al. 2021) 

MALDI coupled to a 
solariX XR FT ICR 

20 – 50 
 

10mg/mL NEDC in 70:30 
methanol:water (v/v) 

TM 
sprayer 

5 amino acids; 1 glycolysis 
intermediate; 2 TCA cycle 

intermediates; 6 
nucleotides 

Kidneys and Brains from 
fasted mice (L. Wang et al. 2022) 

MALDI LTQ Orbitrap XL Not 
detailed 

5mg/mL 1,5-DAN in 
acetone:water 70:30 (v/v) 

TM-
Sprayer 4 fatty acids 

Noncancerous mice brain 
tissue and BT474 tumors 
growing in the brain of 

mice 

(Ferraro et al. 2021) 

rapidfleX MALDI 
Tissuetyper 30 

20 mg/mL DHB 
in 70% methanol/0.1% 

trifluoroacetic acid; 7 mg/mL 
NEDC in 70% methanol. 

TM 
sprayer 

5 amino acids; 1 glycolysis 
intermediate; 1 TCA cycle 

intermediate; 3 nucleotides; 
15 PC; 3 LPC; 11 PE; 7 PS; 5 

PI; 1 SM; 1 PG 

Human prostate cancer (Andersen et al. 2021) 

timsTOF fleX 30; 50 
4.4 mg/mL 1,5- DAN in 

hydrochloric acid:methanol 1:1 
(v/v) solution 

TM 
sprayer 

Nucleotides; Glycolysis; 
Pentose Phosphate 

Pathway; Fatty Acids 

Livers of Fasted and high-
fat diet mice (Stopka et al. 2022) 

RapifleX MALDI-
TOF/TOF 5 

7 mg/mL NEDC in 
methanol:acetonitrile:deionize

d water 70:25:5 (v/v/v) 

SunCollect 
Sprayer 

3 glycolysis intermediates; 1 
TCA Cycle intermediate; 3 
amino acids; 1 fatty acid; 1 

pentose phosphate 
pathway intermediate 

Mice kidneys (G. Wang et al. 2022) 

rapifleX MALDI 
Tissuetyper 50 7 mg/mL NEDC in 

methanol:water 70:30 (v/v) 
TM 

sprayer 2 amino acids Non-small cell lung cancer (Neumann et al. 2022) 



TCA Cycle: Tricarboxylic Acid Cycle; 9-AA: 9-aminoacridine; 1,5-DAN: 1,5-Diaminonaphthalene; CHCA: α-cyano-4-hydroxy-cinnamic acid; DHB: 2,5-dihydroxybenzoic acid; 
NEDC: N-(1-naphthyl) ethylenediamine dihydrochlorid; PA: phosphatidic acid; LPA: LysoPA; CPA: cyclic PA; PS: phosphatidylserine; PE: phosphatidylethanolamine; LPE: 
LysoPE; PI: phosphatidylinositol; LPI: LysoPI; PC: phosphatidylcholine; LPC: LysoPC; PG: phosphatidylglycerol; LPG: lysoPG; Cer: ceramide; CL: cardiolipin; PA: phosphatidic 
acid; SM: sphingomyelin; PGP: phosphatidylglycerophosphate; TG: triacylglycerol; DG: diacylglycerol; MG: monoacylglycerol;  

 

Table 2. Overview of the recent DESI applications for MSI of metabolites both in tumoral and non-tumoral tissues. Detailed description on the 
used DESI instrument for MSI, the chosen spatial resolution in µm, the analyzed tissue and the metabolite families that were identified. 

DESI-MSI Instrument 
Spatial 

Resolution 
(µm) 

Solvent Flow 
(µL/min) Metabolites Tissue/ Type of 

Cancer Ref 

2D DESI coupled to Xevo-G2 XS 
Q-Tof 50 Methanol:water (95:5, v/v) and 

50 pg/µL leucine enkephalin 1.5 

2 PE; 3 LPE; 3 PI; 2 PC; 
cholesterol sulfate; 2 fatty 

acids; 1 TCA cycle 
intermediate; 1 amino acid; 

Prostate tissue (Morse et al. 
2019) 

DESI coupled to a hybrid LTQ-
Orbitrap Elite 150 DMF:acetonitrile (v/v 1:1) 1.2 

13 free fatty acids; 2 amino 
acids; 1 glycolysis 

intermediate; >15 CL; 7 PI; 8 
PE; 2 LPE; 1 LPE-P; 3 PE-P; 1 

Kidney; renal 
oncocytoma; renal 

cell carcinoma 

(J. Zhang et al. 
2020) 

Spectroglyph 
MALDI/ESI injector 

coulpled to Q-Exactive 
Plus Orbitrap 

75 7 mg/mL NEDC in 
methanol:water 70:30 (v/v) 

TM 
sprayer 

1 amino acid; 1 TCA cycle 
intermediate; 1 PI 

Uracal & colorectal 
adenocarcinomas (Neumann et al. 2021) 

Bruker Solarix 7T FT-
ICR MS 50 

10 mg/mL 9-aminoacridine 
hydrochloride monohydrate in 

70% methanol 

SunCollect 
Sprayer 

PA; LPI; CPA; LPA; PE; SM; PC; 
LPE; LPC; PGP; TG; PI; Cer; 1 
TCA Cycle intermediate; 1 

amino acid 

Human non-small cell lung 
cancer (Shen et al. 2022) 

rapifleX MALDI 
Tissuetyper 50 

1 mg/mL CHCA in 
methanol:water (70:30, v/v) 

with aniline 

HTX M5 
Sprayer 

1 PI; 2 PA; 2 PG; 5 PE; 1 PS 
Xenograft mice tumor 
from patient-derived 

breast cancer 

(Denti, Andersen, et al. 
2021) 

MALDI-TOF/TOF 
ultrafleXtreme 100 30 mg/mL in 50% methanol 

and 0.2% TFA ImagePrep >50 PC; 8 TG; 2 DG; 5 MG; 2 
Cer 

head and neck squamous 
cell carcinoma located in 

tongue 
(Bednarczyk et al. 2019) 

rapifleX MALDI 
Tissuetyper 50 10 mg/mL 9-AA was in 70% 

methanol 
HTX TM-
Sprayer 

3 PA; 1 PE; 1 SM; 3 PS; 9 PI Colorectal cancer (Denti, Mahajneh, et al. 
2021) 



PE-O; 6 PG; 1 PG-P; 1 LPG; 8 
PC; 1 LPC; 1 PA; 1 LPA; 10 PS; 

1 PS-P; 5 DG; >5 Cer 

DESI coupled to a hybrid LTQ-
Orbitrap Elite 200 DMF:acetonitrile (v/v 1:1) 1.0 

2 TCA cycle intermediates; 2 
glycolysis intermediates; 2 

amino acids; 4 fatty acids; 2 
PG; 3 PI; 3 PS; 3 PE 

renal cell 
carcinoma 

(Vijayalakshmi 
et al. 2020) 

2D DESI-MS coupled to a Xevo-G2 
XS TOF 100 Methanol:water (95:5, v/v) 1.5 3 fatty acids Human female 

breast cancer 
(Theriault et 

al. 2021) 
2D DESI coupled to a Q Exactive 

HF hybrid 
quadrupole orbitrap 

200 Methanol 1.5 
4 DG ; 7 Cer; 7 PE; 7 PG; 10 PS; 

1 PA; 8 PI; 1 TG; 12 fatty 
Acids; 3 aminoacids 

Breast tumor (Santoro et al. 
2020) 

Q Exactive Orbitrap and Q 
Exactive HF Orbitrap mass 

spectrometer fitted with a 2D 
Omni spray stage and a lab-built 

DESI sprayer. 

100 Acetonitrile:DMF (3:1, v/v) 1.2 
33 fatty acids; 4 amino acids; 

2 glycolysis intermediates; 
uracil; adenine 

Mouse Embryos (Vaughn et al. 
2021) 

2D Omni Spray DESI imaging 
coupled to a Q-Exactive Orbitrap 200 Acetonitrile:DMF (1:1, v/v) 1.5 

7 PS; 3 PE; 5 PI; 2 PC; 4 PG; 1 
Cer; 2 CL; 1 PA; 1 TG; 3 PE-O; 

1 PS-O; 1 PS-P 

Human Breast 
Cancer 

(Silva et al. 
2020) 

2D Omni Spray DESI imaging 
coupled to a Q-Exactive Orbitrap 200 Acetonitrile:DMF (1:1, v/v) 1.2 

1 amino acid; 7 fatty acids; 3 
Cer; 8 PE; 3 PG; 4 PS; 4 PI; 3 

CL; Cholesterol-sulfate 

Renal cortical 
sections from mice 

(G. Zhang et al. 
2020) 

DESI spray coupled to LTQ linear 
ion trap 300 Acetonitrile:DMF (1:1, v/v) 1.5 

2 amino acids; 11 fatty acids; 
3 Cer; 3 PE; 3 PE-P; 2 PEp; 4 

PG; 9 PS; 1 PC; 7 PI; 1 ST   
Swine fetuses (León et al. 

2019) 

DMF: Dimethylformamide; PS: phosphatidylserine; PS-O: alkyl-PS; PS-P: alkenyl-PS; PE: phosphatidylethanolamine; ; PE-P: alkenyl-PE; PEp: PE phosphate; LPE: lysoPE; LPE-P: 
alkenyl-LPE; PI: phosphatidylinositol; PC: phosphatidylcholine; LPC: l;ysoPC; PG: phosphatidylglycerol; PG-P: alkenyl-PG; LPG: lysoPG; Cer: ceramide; CL: cardiolipin; PA: 
phosphatidic acid; LPA: lysoPA; DG: diacylglycerol; TG: triacylglycerol; ST: sulfatide  
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