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Towards global glycosphingolipidomics using advanced high-
resolution mass spectrometry and automated annotation
workflows

Amirreza Dowlati Beirami (1), Katharina Hohenwallner (1), Leonida Lamp (2), Petra Heffeter (3), Walter Berger (3),
Dominik Egger (4), Ursula Hiden (5), Gavin Reid (6), Jiirgen Hartler (2), Evelyn Rampler (1)

(1) Department of Analytical Chemistry, Faculty of Chemistry, University of Vienna, 1090 Vienna, Austria., (2) Institute of
Pharmaceutical Sciences, University of Graz, 8010 Graz, Austria., (3) enter for Cancer Research and Comprehensive Cancer
Center, Department of Medicine I, Medical University Vienna, 1090 Vienna, Austria., (4) Biofabrication for Drug Testing, Leibniz
University Hannover, Hannover, Germany, (5) University of Graz, Institute of Pharmaceutical Sciences, Graz, Austria, (6) School
of Chemistry, University of Melbourne, Parkville, Victoria 3010, Australia.

Type of abstract: ORAL

Glycosphingolipids (GSLs) are critical for cell-cell communication, growth, host-pathogen interactions, and signal
transduction. They expand the diversity of the lipidome far beyond what conventional lipidomics assays typically capture,
which tend to focus on bulk lipid classes. However, glycosphingolipidomics remains an emerging field due to the limited
availability of commercial standards and comprehensive methods for measuring and identifying native GSLs. Mass
spectrometry (MS) enables the simultaneous monitoring of hundreds of glycosphingolipid species with distinct lipid
compositions, distinguishable by their mass-to-charge ratios and fragmentation patterns. High-resolution MS (HRMS) offers
particular advantages: high mass accuracy, reduced spectral complexity, and minimized false annotations.

To enhance structural resolution, we developed HRMS-based strategies that integrate: (1) one- and two-dimensional liquid
chromatography (Vanquish, Thermo; Agilent Infinity 1290 2D system), (2) field asymmetric ion mobility spectrometry
(FAIMS), and (3) advanced fragmentation techniques, including MS", ultraviolet photodissociation (UVPD, Orbitrap Fusion
Lumos with 213 nm laser), and electron-activated dissociation (EAD, ZenoTOF 7600, Sciex). These approaches allow detailed
molecular-level characterization of glycan headgroups, glycolipid classes, ceramides, and fatty acid compositions.Adding an
extra separation dimension—via LC or ion mobility—was essential to address the extreme chemical complexity of GSLs. For
example, gangliosides could be separated by class and charge state based on their glycan headgroup. The more sialic acids
present, the higher the charge state observed: trisialylated gangliosides mainly appeared as [M - 3H]*", while [M - 4H]*- and
[M - 5H]*" ions were detected for GQ1 and GP1, respectively[1]. Fragmentation was essential for resolving GSLs down to the
molecular lipid species level. To scale this toward global glycosphingolipid analysis, we extended our 30-minute reversed-
phase HRMS workflow[2] to distinguish acidic and neutral GSLs in sensitive and resistant colorectal cancer cell lines treated
with oxaliplatin and BOLD-100, revealing glycosphingolipid upregulation in BOLD-100-treated cells. Currently, we are
evaluating an online 2D-LC approach combining hydrophilic interaction chromatography (HILIC) and reversed-phase (RP)
chromatography, coupled with HRMS, to monitor structural changes in intact GSLs in resistant and sensitive cancer samples
and during mesenchymal stem cell differentiation.

Despite advances in mass spectrometry, many GSL workflows still rely on manual annotation, making the combinatorial
complexity of GSLs a major bottleneck for global glycosphingolipidomics. To address this, we developed FraGLI, an
extension of the Lipid Data Analyzer[3] software, which supports the automated generation of mass lists and decision rules
for identifying known and predicted GSL classes. Using our non-targeted workflow, we confirmed 19 acidic and neutral GSL
classes and several hundred unique molecular species in GSL standards and colorectal cancer samples. Notably, we
observed significant changes in the overall GSL profile under two different drug-resistant conditions.

While the success of global glycosphingolipidomics is inherently sample-type, extraction, and measurement dependent, we
believe that combining advanced high-resolution MS with automated annotation tools like FraGLi offers the community a
powerful tool for truly global GSL analysis.

References

'[1] K. Hohenwallner, L. M. Lamp, L. Peng, M. Nuske, J. Hartler, G. E. Reid, E. Rampler, Anal. Chem. 2024, DOI 10.1021/acs.analchem.4c01313.

% [2] K. Hohenwallner, N. Troppmair, L. Panzenboeck, C. Kasper, Y. El Abiead, G. Koellensperger, L. M. Lamp, J. Hartler, D. Egger, E. Rampler, JACS Au 2022, 2, 2466-
2480.

° [3] J. Hartler, A. M. Armando, M. Trétzmiiller, E. A. Dennis, H. C. Kéfeler, O. Quehenberger, Anal. Chem. 2020, 92, 14054-14062.
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Quantitative tracing of fatty acid metabolism in primary
hepatocytes

Theja Sajeevan (1), Prof. Dr. phil. nat. Christoph Thiele Thiele (2)
(1)  LIMES Institute, University of Bonn, (2) LIMES Institution, University of Bonn

Type of abstract: ORAL

Introduction and Aims:

Hepatocyte lipid metabolism is central to whole-body lipid homeostasis and is affected in numerous metabolic and
neurodegenerative disorders. Despite its importance, current understanding of hepatic lipid metabolism is limited in kinetics
with species-level resolution.

Material and Methods:

We present a novel multiplex mass spectrometry technique based on alkyne-labelled fatty acids and click-chemistry,
enabling high-sensitivity tracing of fatty acid incorporation into lipid species. This also helps us achieve parallel tracing of
more than one (odd-, even-chain, and '*C-labeled) alkyne-labelled fatty acid incorporation in a single experiment.

Results:

We use this technology in primary murine hepatocytes to resolve the relative contributions of the Kennedy pathway, Lands
cycle, and PEMT pathway to hepatic PC synthesis and remodelling. We see that approximately 20% of the total PCs are
synthesised by the PEMT pathway. Lands cycle contributes to the polyunsaturated fatty acid (PUFA) remodelling of the PCs
species. Additionally, we also investigated triacylglycerol (TAG) turnover, revealing evidence for TAG cycling in primary
murine hepatocytes.

Conclusions:
This offers novel insight into the dynamic remodelling of hepatic lipids and sets the stage for detailed metabolic flux analysis
in health and disease models.

References
' 1. Thiele, C., K. Wunderling, and P. Leyendecker. 2019. Multiplexed and single cell tracing of lipid metabolism. Nat Methods 7:2004. doi:10.1038/s41592-019-0593-6.
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Unleashing the Potential of Lipidomics for Population Health
Research

Jessica Medina', Nicolas Goss', Gongalo Dos Santos Correia?, Rebecca Borreggine!, Tony Teav', Zoltan Kutalik?, Pedro Marques Vidal*, Hector Gallart-
Ayala’, Julijana Ivanisevic'

! Metabolomics and Lipidomics and Lipidomics Platform, Faculty of Biology and Medicine, University of Lausanne, Lausanne, Switzerland

2 Institute of Reproductive and Developmental Biology, Department of Metabolism, Digestion and Reproduction, Imperial College London, London,
UK; March of Dimes Prematurity Research Centre at Imperial College London, London, UK

3 Department of Computational Biology, Faculty of Biology and Medicine, University of Lausanne, Lausanne, Switzerland

4 Department of Medicine, Internal Medicine, Lausanne University Hospital (CHUV) and University of Lausanne, Lausanne, Switzerland

Type of abstract: ORAL

Lipid metabolism and circulatory lipid levels are closely associated with cardiometabolic health. Consequently, MS-based
lipidomics, which enables the selective measurement of hundreds to thousands of lipid species, has emerged as a powerful
phenotyping tool in epidemiological and clinical intervention studies. However, achieving high-throughput, reproducible
measurement of a broad panel of circulatory lipid species in large-scale studies remains a significant challenge.

We applied a recently developed quantitative LC-MS/MS lipidomics approach to a subset of 1,086 fasting plasma samples from
apparently healthy participants in the prospective Lausanne population study. This high-coverage, high-throughput hydrophilic
interaction liquid chromatography (HILIC)-based methodology enabled robust measurement of 782 circulatory lipid species
spanning 22 lipid classes and covering a concentration range of six orders of magnitude. This was achieved through semi-
automated sample preparation using a stable isotope dilution approach and the alternate analysis of NIST plasma reference
material as a quality control.

Importantly, the biological variability of individual lipid species was significantly higher than the batch-to-batch analytical variability.
Unsupervised clustering further demonstrated the high individuality and sex specificity of the circulatory lipidome. Lipid signatures
from the same individuals clustered together over a 10-year period, demonstrating their capacity to capture chemical individuality.
The most prominent sex differences were observed for sphingomyelins and ether-linked phospholipids, which were present at
significantly higher concentrations in female plasma. While the origin of these sex differences remains to be determined, they are
likely sex hormone-driven, reflecting differential activity of enzymes involved in lipid metabolism (regardless of age).

These findings underscore the importance of establishing stratified reference intervals based on age, sex, and hormonal status.
They also highlight the need to account for sex differences in cardiometabolic risk assessment, clinical diagnostics, and
personalized treatment strategies.

References
DOI: 10.1021/acs.analchem.2c02598
DOI: 10.1016/}.jIr.2025.100780
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Lipidomic Profiling of SARS-CoV-2-Infected Mice: Viral Dose-
Dependent and Organ-Specific Alterations

Myeong Hee Moon (1)

(1) Yonsei University

Type of abstract: ORAL

SARS-CoV-2 infection induces profound metabolic disruptions, yet its impact on lipid homeostasis across organs remains
unclear. We performed comprehensive lipidomic profiling of brain, spleen, lung, liver, and serum from K18-hACE2 mice
infected with low-dose (LD, 1x102 PFU/mL) or high-dose (HD, 1x10° PFU/mL) SARS-CoV-2 by nUHPLC-ESI-MS/MS. Principal
component analysis showed that LD-infected mice largely recovered lipid profiles by 10-14 days post-infection (dpi), while
HD-infected mice exhibited persistent lipidomic disruptions correlating with mortality. Volcano plots revealed early
significant reductions in key lipids at 1-2 dpi across tissues, with partial recovery in LD but sustained dysregulation in HD.
Notably, phosphatidylcholine (PC) and phosphatidylethanolamine (PE) showed marked declines and incomplete recovery in
HD groups, reflected by persistent PC/PE ratio alterations indicating membrane instability. Phosphatidylinositol (Pl) and its
major species Pl 38:4 rose sharply in HD serum, suggesting a role in immune dysregulation and inflammation during severe
infection. Cholesteryl esters (CE) increased in brain and spleen under HD infection, suggesting central nervous system and
immune dysfunction. Unsaturated lysophospholipids (LPC, LPI) decreased significantly in HD mice, indicating inflammatory
membrane remodeling. Collectively, these results demonstrate dose- and tissue-dependent lipidomic alterations during
SARS-CoV-2 infection, reveal potential mechanisms of organ damage involving disrupted lipid metabolism and signaling, and
suggest candidate lipid biomarkers for assessing infection severity and recovery. Our findings underscore the importance of
lipidomic profiling in understanding COVID-19 pathogenesis and monitoring disease progression.
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Characterization of lipid biomass derived from (precision)
fermentation through high-resolution mass spectrometry

Tavazzi Isabelle (1), Francesca Giuffrida (2), Dionisi Fabiola (3), André Axel (1)

(1) Nestlé Research, (2) Societes des Produits Nestlé, (3) Nestlé research

Type of abstract: ORAL
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Lipidomic Analysis Reveals Suaeda maritima as a Sustainable
Source of Food Lipids through Aquaponic Cultivation

Rosdrio Domingues (1), Pinho Marisa, Cremades Javier

(1) University of Aveiro

Type of abstract: ORAL
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FAMetA: a mass-isototopogue-based tool for the comprehensive
analysis of fatty acid metabolism

Juan Carlos Garcia Cafaveras (1), Maria Isabel Alcoriza-Balaguer (1), Marta LLatas (1), Marta Roca (1), Marta Benet
(1), Agustin Lahoz (1)

(1) lIS-La Fe

Type of abstract: ORAL

Introduction and aims:

Dysregulated fatty acid (FA) metabolism is a common feature in pathologies as obesity, NAFLD or cancer. The use of stable
isotope tracers and MS is the gold standard method for the analysis of FA metabolism. Yet current state-of-the-art tools
provide limited information about FA biosynthetic routes. Thus, our aim is to develop a bioinformatics tool capable of

providing a comprehensive assessment of fatty acid metabolism based on '3C mass-isotopologue profiles incorporated into
newly synthesized fatty acids in vivo and in vitro.

Materials and Methods:

The non-small cell lung cancer (NSCLC) cell line A549 and primary cultured activated CD8* T cells were used. Cells were

incubated with U-'3C tracers for 72h in complete RPMI media. Cellular lipids were extracted and saponified to enable the
analysis of total FA acids. FAs were analyzed by an in-house developed RP-LC-MS method that enables the separation and

detection of the most biologically relevant FA species’. Data pre-processing was performed with LipidMS (2). All the functions
and algorithms required for the analysis of FA metabolism were implemented in R. The package FAMetA is available via

CRAN (https://CRAN.R-project.org/package=FAMetA)?

Results:

We have developed FAMetA, an R-package and a web-based application (www.fameta.es) that uses ®C mass-isotopologue
profiles to estimate not only FA import, synthesis and elongation, but also desaturation. For 14 and 16-carbon FAs, de novo
lipogenesis parameters [import (I), de novo lipogenesis/synthesis of FA(16:0) (S), and the contribution of the labeled nutrient
to the m+0, m+1 and m+2 acetyl-coA pool (DO, D1, D2, respectively)] are estimated. For 18 to 26-carbons FAs, up to five
elongation terms (En) are included. FAMetA workflow covers all the functionalities needed for MS data analysis and graphical
representation. Compared to previous tools, FAMetA offers better mass isotopologue data fitting thanks to the use of quasi-
multinomial distribution; better assessment of FA elongation due to the direct estimation of each step within a specific FA
synthesis pathway; and systematic estimation of desaturations (A) based on the synthesis parameters of the precursor (S or
E) and product FAs (S’ or E’) where A = S’/S or E’/E. The information provided by FAMetA allows to decipher both patterns of
global changes and detailed information on alterations in the synthesis route of FAs of interest as demonstrated using a

variety of in vitro and in vivo applications. The combination of U-'3C-glucose and inhibitors of FASN, SCD1 and FADS2
incubations with FAMetA data analysis enabled the description of the FA biosynthesis network in the NSCLC cell line A549,
and the discovery of 12 novel FAs through the metabolic reconstruction of their synthesis route.

Conclusions:

We present FAMetA, an R-package and a web-based application that enables the characterization of FA metabolism from

U-13C incubations with unprecedented resolution. The comprehensive characterization of FA biosynthesis and the easy-to-
interpret graphical representations offered by FAMetA may provide new insights into the role of FAs in cell biology and in the
pathogenesis of many diseases.

References

' Alcoriza-Balaguer MI, et al. (2023) Briefings in Bioinformatics, 4: bbad064. PMID: 36857618
? Alcoriza-Balaguer MI, et al. (2022) Bioinformatics, 38: 4826-4828. PMID: 36005855
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Human Milk Extracellular Vesicles: a lipid shuttle to the preterm
infant’s gut?

Julia Kuligowski (1), Jose Luis Moreno-Casillas (1), Laura Ripoll (1), Emmanuel Rumba Matano (1), Isabel Ten-
Doménech (2), Marta Gémez-Ferrer (1), Maria Gormaz (1), Anna Parra-Llorca (3), Pilar Sepulveda (1), Danuta Dudzik
(4), Guillermo Quintds (5)

(1) Health Research Institute La Fe (IIS La Fe), (2) University of Valencia, (3) University & Polytechnic Hospital La Fe (HULAFE),
(4) Medical University of Gdarisk, (5) Leitat Technological Center

Type of abstract: ORAL

Introduction and Aims: Human milk (HM) has demonstrated protective effects against necrotizing enterocolitis (NEC), a
severe gastrointestinal disorder that primarily affects premature neonates. HM extracellular vesicles (HMEVs) are
nanoparticles secreted by cells sheathed in a lipid bilayer that are believed to play a critical role in mitigating NEC risk,
though exact mechanisms remain to be elucidated. Notably, HMEVs show resistance to digestion, allowing their bioactive
contents to reach the infant’s intestinal tract intact, underscoring their potential to reduce NEC. The aim is to study the
lipidome of HMEVs using complementary analytical techniques and to test their potential functionality in a 3D in-vitro gut
model.

Material and Methods: HM samples were collected using sterilized breast milk pumps (N=50). Additionally, HM samples from
mothers of preterm infants that developed NEC and a control group (no NEC) were recruited (N=20). EVs were isolated using
Size Exclusion Chromatography (SEC) followed by one-step ultracentrifugation. Quality control included Attenuated Total
Reflectance-Fourier Transform Infrared (ATR-FTIR) spectroscopy (total protein, total fat), Tunable Resistive Pulse Sensing
(TRPS, particle count and concentration), Transmission Electron Microscopy (TEM, size and shape), Western Blot (membrane
proteins), and ExoView® analysis (membrane protein co-localization). Oxylipins were analyzed using a targeted/semi-

targeted method via Ultra Performance Liquid Chromatography-tandem Mass Spectrometry (UPLC-MS/MS)'. Fatty Acid
Methyl Esters (FAMES) were profiled by GC-MS after basic hydrolysis and derivatization. An untargeted LC-qTOFMS lipidomic

analysis was also performed? In-vitro assays were conducted using the MIMETAS® platform to study the effects of EVs on
tight junctions (immunohistochemical staining), inflammation (cytokines), and cytotoxicity (LDH).

Results: Vesicle identity and purity were confirmed using TEM, Western Blot, and ExoView®. EV concentration was 7.3x10"

+ 9.4x10" particles/mL (mode = 4.2x10""), with a mode size of 106 nm. Purity reached (2.1 £ 0.2)x10'* particles/g protein
(mode = 3.5x10"). Targeted oxylipin profiling of ten fresh milk samples quantified seven oxylipins, including 12,13-DiHOME,
9,10-DiIHOME, 14-HDHA, and several EETs (11,12-EET, 8,9-EET, 14,15-EET). These bioactive lipids are implicated in
inflammatory regulation, suggesting a potential immune-modulating role for HMEVs. Thirty-two FAMES were detected at
concentrations from 1.3x10° to 2.0x10°® mol/L. Comparative analysis showed HM was relatively enriched in oleic and
linoleic acid, while HMEVs had higher levels of arachidonic acid (AA), docosanoate, eicosapentaenoic acid, and
docosahexaenoic acid (DHA). The AA/DHA ratio in HMEVs was 1.9, considered beneficial for neurological and visual
development. Untargeted lipidomics annotated 539 features in positive and 132 in negative electrospray ionization modes.
The most frequently detected classes were triacylglycerols (29%), glycerophospholipids (16%), and phosphosphingolipids
(11%). Univariate and multivariate analyses showed no significant lipidomic differences between HMEVs from mothers of
infants with and without NEC. This suggests NEC susceptibility may be more influenced by infant-related factors such as
gestational age, immune status, or gut maturity than by HMEV lipid composition. In a Caco-2 in-vitro 3D gut epithelial model,
HMEVs showed no cytotoxicity compared to controls after single (48 h) or repeated (96 h) treatments. HMEV administration
enhanced epithelial barrier integrity, demonstrated by increased E-cadherin expression after one and three treatments, and
upregulation of occludin-1 after three. HMEV exposure also reduced TNF-a levels, while IL-6 remained unchanged, indicating
a selective anti-inflammatory effect.

Conclusions: This study provides a detailed lipidomic characterization and functional assessment of HMEVs, confirming their
potential role in protecting the developing gut of preterm infants. Future research will explore their application as a dietary
supplement aimed at preventing NEC.

References

! Albiach-Delgado A., et al. (2025) Analytica Chimica Acta, 1313:342759. PMID: 38862207
% Ten-Doménech ., et al. (2024) Chemometrics and Intelligent Laboratory Systems, 246:105070.
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Dynamic Remodeling of Anti-Inflammatory Palmitoleic Acid and Its
Isomers in Activated Monocytes and Macrophages

Miguel Angel Bermudez (1), Alma Maria Astudillo (2), Clara Meana (2), Alfonso Pérez-Encabo (3), Alvaro Garrido (2),
Laura Pereira (2), Teresa Garrido (2), Maria de los Angeles Balboa (2), Jestis Balsinde (2)

(1) Universidad Catdlica de Avila / Instituto de Biologia y Genética Molecular, Consejo Superior de Investigaciones Cientificas
(CSIC), Universidad de Valladolid, (2) Instituto de Biologia y Genética Molecular, Consejo Superior de Investigaciones Cientificas
(CSIC), Universidad de Valladolid, (3) Instituto CINQUIMA, Departamento de Quimica Orgdnica, Universidad de Valladolid

Type of abstract: ORAL

Introduction and Aims: Monounsaturated fatty acids (MUFAs), particularly palmitoleic acid (16:1n-7) and its positional
isomers (hypogeic acid, 16:1n-9; sapienic acid, 16:1n-10), are recognized for their anti-inflammatory properties and potential
roles as biomarkers in metabolic diseases. Despite their biological significance, the precise mechanisms governing their
cellular levels, distribution, and mobilization within lipid pools during immune cell activation remain largely unexplored. This
research aimed to characterize the endogenous distribution and dynamic remodeling of 16:1 fatty acids in both human
monocytes and mouse peritoneal macrophages, investigate their release upon various inflammatory stimulations, identify
the specific phospholipase A2 enzymes involved in their mobilization, and determine if these released fatty acids are
converted into other bioactive lipid mediators.

Material and Methods: Human peripheral blood monocytes and resident mouse peritoneal macrophages were cultured and
stimulated with diverse inflammatory agonists, including opsonized zymosan, mannan plus laminarin, calcium ionophore
A23187, and bacterial lipopolysaccharide (LPS). The distribution and levels of 16:1 fatty acids and their molecular species
within phospholipid classes were quantitatively analyzed using GC/MS and LC/MS. To elucidate enzymatic involvement,
pharmacological inhibitors targeting group IVA cytosolic phospholipase A2 (cPLA2a), group VIA calcium-independent
phospholipase A2 (iPLA2-VIA), and CoA-independent transacylase (CoA-IT) were employed. Additionally, an iPLA2-VIA
antisense oligonucleotide was used to confirm enzyme specificity. Deuterated 16:1n-7 and 16:1n-9 were utilized as tracers
to monitor the remodeling of these fatty acids into other lipid species.

Results: In resting human monocytes and mouse macrophages, over 90% of total cellular 16:1 fatty acids were concentrated
in phosphatidylcholine (PC), predominantly in the PC(16:0/16:1) species, showing minimal inter-phospholipid movement.
However, upon stimulation with inflammatory agents, a significant time-dependent decrease in 16:1-containing PC species
was consistently observed in both cell types, paralleled by an increase in free 16:1 fatty acids. This release was not isomer-
specific. Pharmacological and antisense inhibition studies conclusively demonstrated that iPLA2-VIA is the key enzyme
mediating 16:1 fatty acid mobilization from PC in both human and mouse cells, while cPLA2a and CoA-IT showed no
discernible effect on this specific release.

Furthermore, a small but significant portion of the released 16:1 fatty acids was rapidly transferred to phosphatidylinositol
(P1) in human monocytes. In mouse macrophages, this remodeling also led to the enrichment of Pl and the formation of 16:1-
containing FAHFA, which increased upon activation. The transfer to Pl was found to be a CoA-dependent process, with cPLA2
a playing a role in generating the necessary lysoP| acceptors in human monocytes. The multiplicity of effects for palmitoleic
acid and its isomers suggests overlapping actions of multiple isomers due to compartmentalization within the cell.

Conclusions: This research establishes a novel CoA-dependent pathway for the dynamic remodeling and utilization of 16:1
fatty acids in activated human monocytes and mouse peritoneal macrophages. The process involves the participation of two
distinct intracellular phospholipase A2 enzymes: iPLA2-VIA is identified as the primary enzyme responsible for releasing free
16:1 from PC, while cPLA2a contributes by generating lysophospholipid acceptors. The released 16:1 fatty acids are not only
increased in their free form but are also actively transferred to enrich specific Pl molecular species and to form bioactive
FAHFA. These findings suggest that the accumulation of 16:1 in defined lipid species during immune cell activation may
underlie some of the anti-inflammatory and other biological effects attributed to palmitoleic acid and its positional isomers,
providing new insights into lipid signaling during innate immune responses.
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Introduction and aims:

Lipidome databases comprehensively characterize the lipidome of a biological matrix, facilitating global lipidomic analyses.
However, detailed lipidome characterizations of bacterial model organisms with targeted validation remain scarce, limiting
the translation from global lipidomics to a deeper systems-level understanding of membrane lipid biochemistry. To address
this methodological gap, we aimed to provide a highly-curated database of Escherichia coli with enhanced coverage and
structural detail.

Materials and methods:

We used E. coli DH5q, a strain widely used in molecular cloning and genetic engineering. We analyzed concentrated
bacterial lipid extracts by a previously-optimized reversed-phase liquid chromatography coupled to quadrupole time-of-flight

mass spectrometry (RPLC-ESI(+/-)-QTOF/MS) method' using an Agilent 1290 Il LC system coupled to an Agilent 6545 Q-TOF
mass spectrometer. Lipid annotations were validated for phosphatidylethanolamines (PE) and phosphatidylglycerols (PG) by
targeted LC-ESI(+/-)-QqQ/MS, using an Agilent 1290 Il LC system coupled to an Agilent 6460 QqQ mass spectrometer. Lipid
annotation combined software assisted MS/MS annotation, literature-driven in silico prediction of lipid molecular species, and

comprehensive in silico MS/MS assessment of coelutions, all followed by MS and MS/MS manual inspection according to

reference criteria’. All annotations were subjected to manual curation and quality assessment procedures involving inter-
lipid subclass and intra-lipid subclass consistency with a reference set of annotations and standards in multiple pieces of

information, as previously performed for NIST SRM 1950 human plasma reference material’.
Results:

Our approach culminated in ECOLIPID DHS5, a highly curated database with >350 lipid molecular species, representing a

>50% increase in coverage compared to the E. coli reference lipidome characterization?. Our database provides the most
curated lipidome characterization of conserved bacterial lipid metabolism up to date including 98
phosphatidylethanolamines, 68 phosphatidylglycerols and >50 cardiolipin molecular species within a 19-min runtime.

Conclusions:

To the best of our knowledge, our database represents the most comprehensive and detailed E. coli lipidome
characterization to date. ECOLIPID DH5 streamlines lipidomics data processing and curation, it is easily scalable to other E.
coli strains and supports applications in multiple fields including lipid biochemistry, microbial genetics, synthetic biology,
lipidome engineering and infectious disease research.
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Cerebrotendinous xanthomatosis (CTX) is a rare, inherited, autosomal recessive lipid-storage disorder caused by sterol 27-
hydroxylase deficiency. The sterol 27-hydroxylase enzyme, encoded by CYP27A1, is responsible for degrading the
cholesterol side chain to produce bile acids. As a consequence of enzyme dysfunction, a marked bile acid deficiency occurs,
accompanied by the accumulation of bile acid precursors in plasma and tissues. In CTX, particularly elevated cholestanol
concentrations and increased excretion of bile alcohol glucuronides are observed, both of which can be used as biochemical
markers for diagnosis. Cholestanol formation is thought to be the primary driver of xanthoma development. In vivo,
cholestanol is derived from 7a-hydroxylated cholesterol metabolites, among which 7a-hydroxy-4-cholesten-3-one is
presumably the most important, showing up to a 100-fold increase in the plasma of affected individuals.

We report the case of a 42-year-old man with CTX who has been treated with chenodeoxycholic acid, simvastatin, and low-
density lipoprotein (LDL) apheresis. As the majority of toxic compounds (e.g., cholestanol) accumulate within LDL particles,
weekly therapeutic LDL apheresis may improve the clinical course of CTX by reducing toxic lipids and slowing disease
progression.

LDL apheresis has been performed weekly for the past 13 years. During the first six months, treatment efficacy was
monitored by quantitative determination of plasma 7a-hydroxy-4-cholesten-3-one using LC-MS/MS. Each LDL apheresis
session effectively cleared 7a-hydroxy-4-cholesten-3-one from plasma, but levels returned to baseline within seven days
(mean pre-apheresis concentration: 241 ng/mL).

Here, we present a 13-year follow-up on the long-term effectiveness of LDL apheresis. The patient remained highly adherent
to therapy and has shown no significant clinical deterioration over this period. LDL, HDL, and total cholesterol levels were
monitored before and after every treatment. Additionally, over a three-month period, 7a-hydroxy-4-cholesten-3-one was
remeasured to reassess hepatic synthesis and confirm the continued necessity of weekly apheresis. Pre-apheresis levels
were comparable to those measured 13 years earlier (mean 236 ng/mL) but exhibited markedly less fluctuation. These
findings support the sustained need for effective lipid-lowering therapy in CTX.
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Introduction and Aims:

Pancreatic cancer is among the deadliest malignancies, with a 5-year relative survival rate of only 13% because fewer than
20% of patients are diagnosed at a resectable stage due to asymptomatic or vague symptoms, leading to detection at late-
stage. The carbohydrate antigen (CA) 19-9 is the only biomarker routinely used in pancreatic ductal adenocarcinoma (PDAC)
diagnostics, but it has low sensitivity for early-stage disease and lacks specificity, limiting its utility in screening programs.
Imaging modalities, such as endoscopic ultrasonography (EUS), magnetic resonance imaging (MRI), and computed
tomography (CT), are the standard diagnostic tools for early diagnosis of PDAC, but these methods are time-consuming,
technically demanding, and often uncomfortable or invasive for patients. In the general population, the lifetime risk of
developing PDAC is approximately 1.6%, but the high-risk individuals (HRI) with genetic susceptibility syndromes, a familial
pancreatic cancer, or hereditary pancreatitis exceed 5% predetermining HRI for the screening program. A noninvasive, high-
throughput method capable of detecting reliable biomarkers in body fluids could be a breakthrough in the early diagnosis of
PDAC.

Material and Methods:

The modified Folch extraction procedure was used for the extraction of lipids from 25 puL of EDTA human plasma or serum
spiked with 20 pL of IS-Mix before extraction. The ultrahigh-performance supercritical fluid chromatography was connected
to a Xevo G2 XS QTOF mass spectrometer for high-resolution MS data acquisition. Gradient elution with total run time 8.0
min was set. LipidQuant 2.1 [1] was used for the calculation of lipid concentrations in biological samples.

Results:

In Phase I, we investigated the effects of gender and sample matrix on lipidomic profiling and model performance for defined
lipid classes. Plasma and serum matrices showed no substantial differences in lipid profiles, but slightly better performance
and predictive ability were provided for plasma models. On the contrary, significant differences were observed between the
lipidomic profiles of healthy controls (n = 218) and patients with PDAC (n = 177) for both matrices. The downregulation is
observed mainly in ceramides and sphingomyelins with very long N-acyl chains and in plasmenyl/ether phospholipids
compared to upregulated diacylglycerols.

In Phase Il, we applied the final methodology to HRI with the aim of evaluating its suitability for screening purposes. In total,
93 HRI samples were prospectively collected in collaboration with two national pilot studies in the Czech Republic and the
diagnostic performance of the lipidomic profiing method was compared with conventional imaging methods, tumor
biomarkers CA 19-9, and carcinoembryonic antigen.

Conclusions:

We present the robust methodology optimized for the clinical application and the same dysregulated lipid patterns were
confirmed in prospectively collected samples, with 54% of early stages (T1 and T2). Across all stages, the average
sensitivity, specificity, and accuracy were 98%, 99%, and 99% in training, and 92%, 100%, and 96% in validation sets, which
is an improvement of 4-10% compared to our previous method [2] and approximately 30% higher sensitivity than CA 19-9.
The methodology also demonstrated 96% specificity for HRI when benchmarked against results from EUS and MRI. Based on
these findings, a multicenter clinical trial has been initiated (registered at ClinicalTrials.gov, NCT04241796) in collaboration
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with 14 clinical centers in the Czech Republic.

This work was supported by the ERC Adv grant No. 101095860.
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Introduction and Aims:

Cholesterol plays a crucial role in mammals and it is a major precursor to other biomolecules like bile acids, oxysterols, and
steroid hormones. Moreover, dysregulation of its biosynthesis contributes to cardiovascular diseases, Alzheimer’s disease,
and cancer. The determination of sterol concentrations can help to understand metabolic alterations and pathogenesis of
serious diseases.

Mass spectrometry (MS) coupled with chromatography is the key approach for sterol identification and quantification.
Although gas chromatography was once dominant, liquid chromatography (LC) has become the most preferred method. Due
to low ionization efficiency and high in-source fragmentation, sterols often produce intense fragment ions while the
molecular ion is weak or absent, resulting in low sensitivity for its detection. However, this problem can be solved by the
derivatization of free hydroxy group.

We have previously optimized derivatization method using 3-(chlorosulfonyl)benzoic acid (CI-SBA), enabling detection of
acylglycerols, free sterols, and prenols by reversed-phase (RP) LC and multiple reaction monitoring (MRM) transitions in
negative - ion mode on a QqQ instrument. This approach combines RP-UHPLC/MS/MS and the use of specific fragmentation

patterns, significantly reduces limits of detection, reaching 15 - 25 pmol/mL for free sterols in plasma.l'l

In this study, we focused on the quantitation of monohydroxy sterols and vitamin E, enabling significant reduction of analysis
time.

Material and Methods:

The pooled plasma sample used for the validation of the method and identification was prepared by mixing aliquots of 140
human plasma samples from healthy individuals.

Lipids were extracted from 25 pL of human plasma spiked with 20 pL of IS-Mix using modified Folch extraction. The extracts

were evaporated and, subsequently, derivatized with CI-SBA in diluted pyridinel'], and re-extracted using Folch to eliminate
unwanted products from the reaction. The final derivatives were analyzed using a 10-minute RP-UHPLC method on a QqQ
mass spectrometer. The MS conditions were optimized in negative-ion MRM mode using derivatized standards

Results:

To optimize sample preparation for targeted lipids, five different extraction protocols including one- and two-phases
approaches were compared. The modified Folch extraction provided the highest yield (>90% recovery) and excellent
repeatability (RSD <9%, n=10). Using the newly optimized conditions, we have successfully increased the number of
identified free monohydroxy sterols from 14 to 30. The newly optimized method was then validated following

recommendations for bioanalytical methods!? using human plasma spiked by IS-Mix. The validated method was then applied
to the quantitative analysis of free monohydroxy sterols in human plasma.
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Conclusion:

We developed a rapid, validated RP-UHPLC/MS/MS method for quantification of free monohydroxy sterols and vitamin E in
human plasma. We increased the number of identified sterol species, identifying 30 monohydroxy sterols based on a
combination of MRM transitions, retention dependencies, and derivatization tags. Moreover, most of the identified lipid
species were confirmed by authentic standards. This method provides sensitive, high-throughput free monohydroxy sterol
profiling suitable for clinical and biochemical research.

This work was supported by European Research Council (ERC) projects No. 101095860.
References:
[1] Peterka O, et al. (2025) Anal. Chem., 97: 7157-7164. DOI: 10.1021/acs.analchem.4c06496.

[2] Wolrab D, et al. (2020) Analytical and Bioanalytical Chemistry, 412: 2375-2388. DOI: 10.1007/s00216-020-02473-3.
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Standardisation in analytical chemistry is crucial for improving data quality, reproducibility, and comparability across studies
and laboratories. In lipidomics, inconsistent methods can translate into data discrepancies, making it difficult to interpret
results and clinical translation. While there has been increasing attention and efforts on harmonising sample preparation and
data analyses [1], instrument performance remains under-addressed. Indeed, to our knowledge, there are no consistent
metrics to evaluate, monitor, or troubleshoot mass spectrometer performance - explaining quantification inconsistencies
often observed in inter-lab studies. Although shotgun mass spectrometry is a stable and reliable method for the direct
infusion of the sample at a constant flow, this stability should not be taken for granted. Uncalibrated instruments, suboptimal
settings, or contamination can significantly alter the results. To quickly and reliably verify that we are operating under
optimal conditions, we developed a simple and fast workflow for shotgun mass spectrometry lipidomics. In detail, a
commercialised standard mix (Ultimate SplashMix) is diluted, plated and analysed in a 3-minute run. The resulting mass list
is then input into an in-house-developed and open-access “QC Shotgun” software to check and track over time seven key
parameters for shotgun lipidomics analyses (mass accuracy, mass resolution, isotopic distribution, lipid class response, ion
source fragmentation, sensitivity and fragmentation efficiency). Our evaluation study involved 10 labs operating shotgun
mass spectrometry to collect representative and diverse data under several daily conditions (e.g., uncalibrated instrument,
different solvent salt, etc.). Over four months, the combined data provided valuable insights into the method's stability, the
software's ability to identify anomalies, and the sources of minor variations across the contributing labs. These findings,
along with the positive and interested feedback from the contributing labs, underscore the importance of implementing
quality control checks for instrumentation, complemented by standardised sample handling.
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Introduction: Lipids are a highly diverse class of biomolecules essential for energy storage, membrane structure, and cellular
signalling. Their dysregulation is implicated in numerous diseases and pathological states. Recent technological advances
have made lipidomic analysis more accessible, enabling its application across a wide range of samples and study designs.
However, like metabolomics, lipidomics relies heavily on mass spectrometry, which—due to variations in instrumentation,
operating conditions, and scanning modes—inherently lacks reproducibility. This variability complicates cross-laboratory and
longitudinal data comparison thus limiting impact of studies.

Aims: To address these challenges, reference materials (RMs) are systematically analyzed to provide a common benchmark
for data comparison. Although frozen human plasma reference materials (e.g., NIST SRM 1950) are available for plasma
analyses, and a liver extract (NIST candidate RM 8462) is currently under evaluation, no such standards yet exist for
mammalian or plant tissues (1). This project aims to develop a novel RM for mammalian tissues to support both lipidomic
and metabolomic analyses. The RM will enhance data robustness and reproducibility, facilitate instrument validation and
method development, and improve metabolite annotation.

Materials and Methods: Twelve rats were euthanized, and seven organs (liver, lung, muscle, brain, cerebellum, heart, and
intestine) were collected. Tissues were freeze-dried, ground, and homogenized. Partners within the MetaboHub consortium
analyzed the lipid and polar metabolite profiles of individual organs as well as a composite extract, using a range of
techniques, including LC-MS, GC-MS, SFC-MS, and NMR.

Results: This presentation will summarize the preliminary targeted and untargeted lipidomic and metabolomic data obtained
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for each tissue using different analytical platforms. Additionally, mixtures of lipid extracts from various organs were analyzed
to identify the combination offering the greatest lipidome diversity.

Conclusions & Perspectives: The detailed characterization of these extracts is nearly complete, though storage stability
remains to be evaluated. The mammalian RM has already been integrated into several projects, and ongoing work focuses
on optimizing its use and establishing best practices for implementation.
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Introduction and Aims:

In its 2025 report, the American Heart Association, stated that cardiovascular diseases (CVDs) remain the leading cause of
death worldwide, with incidence continuing to rise since 1990. Atherosclerosis, the primary driver of CVDs, progresses
silently over decades and often manifests only at advanced stages or after cardiovascular events. Regardless the advances
in personalized medicine, preventing, detecting and understanding subclinical atherosclerosis (SA) remains a major

challenge, as traditional risk factors (RFs) are insufficient to identify early-stage or at-risk individuals'!, and its
multicomponent features highlight complex mechanisms that demand clarification.

It is now clear that lipids are not just simple firewood to assure energy insource, but key regulators of a plethora of
cardiovascular processes. Therefore, detailed lipidomic profiling may offers a transformative point to gain a deeper
understanding of SA, in apparently healthy individuals, and improved early detection and risk assessment.

For these reasons, this study aims to characterize the plasma lipidomic signature associated with SA in healthy individuals
and to investigate its relationship with SA indicators such as plaque thickness and coronary artery calcium score (CACS).

Material and Methods:

Plasma lipidomes of heathy volunteer from a case-control study nested within the longitudinal Aragon Workers’ Health Study

(AWHS) cohort (n=350)? were retrieved by shotgun mass spectrometry-based lipidomic analysis. Briefly, plasma samples of
middle-aged (40 to 59 years of age) male workers were diluted in acidic condition and spiked with Avanti splash lipidomix
standard mixture. Lipids were extracted with MTBE and the organic phase was dried-out, resuspended and diluted prior to
direct infusion via nanoflow ESI source (Advion Triversa Nanomate) into a Quadrupole-Orbitrap Hybrid mass spectrometer
(QExactive, Thermo Fisher Scientific). Lipids from controls and heathy individuals with early signs of atherosclerosis
(atherosclerotic plaque in 3 or more vascular territories and/or CACS = 1) were profiled in positive and negative full scan
mode with resolution (R) = 140,000, and MS/MS-spectra were acquired in DDA mode with R = 70,000. Data were processed
using LipidXplorer software through molecular query fragmentation language (MQFL).

Results:

Shotgun lipidomic analysis enabled the identification and quantification of 650 and 230 lipids species in positive and
negative mode, respectively, belonging to 19 major lipid classes. Glycerophospholipids (GPLs), lysoglycerophospholipids
(LysoGLPs), sphingomyelins (SMs) and triacyclglycerols (TAGs) showed significant correlation with plaque thickness and
CACS. Furthermore, when comparing controls with SA individuals, significant changes in plasma lipids emerged. Linear
regression confirmed that a subset of lipids was strongly associated with SA indicators independently of cardiovascular RF,
whereas logistic regression analysis highlighted discriminative lipids in participants with early sign of atherosclerosis, after
adjusting for RF.

Conclusions:

The characterization of the plasma lipidomic signatures of 350 healthy individuals revealed several lipid species strongly
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associated with plaque thickness, CACS and the presence of SA in multiple territories, independently for common
cardiovascular RF. Among them, GPLs, together with TAGs and SMs were the most abundant class of lipids associated to SA
in seemingly healthy individuals. These findings open new possibilities for targeting novel molecules in the early onset of
atherosclerosis and evaluates their potential as independent biomarkers for early diagnosis and risk assessment.
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Background:

Blood microsampling (BuS) is an alternative to conventional venous blood sampling, replacing the need for several milliliters
of blood with a few drops, which can be obtained, for example, by finger or heel pricking. BuS has emerged as a promising
tool for decentralized metabolomics and lipidomics research and health monitoring in clinical applications. It includes the
possibility of minimally invasive and self-collecting sampling, which can be performed without clinical settings or professional
phlebotomists, and multiple sample replicates over time. However, questions remain regarding sample stability,
comparability with conventional matrices such as plasma and whole blood, and sensitivity to reflect lifestyle; for example,
the dynamic metabolic changes in response to physiological stressors such as physical activity or diet.

Objective:

We aimed to evaluate the applicability of blood microsamples for untargeted metabolomics and lipidomics. We integrated
findings from three complementary studies assessing (i) sample stability, (ii) responsiveness to acute physical activity, and

(iii) sensitivity to dietary changes.

Methods:

The analytical strategy combined the results of Liquid Chromatography - Mass Spectrometry (LC-MS) with both reverse-
phase and hydrophilic interaction chromatography (HILIC) coupled to a quadrupole-time-of-flight mass analyzer (QToF) using
an electrospray ionization source (ESI) in positive and negative modes. The studies focused on the applicability of the blood
microsampling device known as Neoteryx Mitra®, a promising quantitative volumetric absorptive microsampling (VAMS)
alternative.

Firstly, we evaluated the stability of metabolic and lipidomic profiles of Mitra® samples during one week at room
temperature. Samples were stored at -80 °C at 0-, 1-, 3-, and 7-day post-collection to evaluate stability during short-term
storage. This study aimed to understand how the metabolic results of BuS can be affected during transportation from
patients to analytical centres.

Secondly, Mitra® and matched plasma samples were collected from 25 volunteers (13 men, 12 women) before, immediately
after, and 1 hour after a treadmill exercise across two replicate sessions. We aimed to compare the results between plasma
as a conventional reference sample versus Mitra® samples.

Lastly, the same 25 volunteers underwent a dietary intervention with two special isocaloric meal types: a whole-food-rich
diet (fruits, vegetables, nuts) and an ultra-processed diet (foods such as soda, chips, ham), among other ingredients. Mitra®
samples were collected before and after the special meals at 0.5-, 1-, and 3- hours, to monitor postprandial metabolomic
changes. The two meals were given with a week's time difference.

Both interventions included a controlled diet during the two-week interventions, and a random, crossover, and
counterbalanced design, considering volunteers’ weight and physical capabilities.
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Preliminary Findings:

In the stability study, we observed distinct performance across lipid classes and more polar metabolites; some metabolites
and lipids demonstrated good short-term stability at room temperature, while others’ abundance changed more significantly
over time. In the exercise intervention, BuS reflected time-dependent shifts in metabolite profiles, overlapping some of the
plasma dynamics, reinforcing their potential for capturing the information of physiological states. In the dietary study, BuS
reflected diet-specific signatures, including differences in metabolites associated with phytochemical intake and postprandial
lipid metabolism.

Conclusion and Outlook:

Together, these three studies demonstrate the potential of BuS for untargeted metabolomics and lipidomics. Preliminary
data suggest that BuS can provide stable, representative, and biologically meaningful metabolic information across diverse
contexts. These findings support the utility of microsampling for decentralized studies, personalized monitoring, and large-
scale clinical or population-based lipidomics research. Future results will provide deeper insight into the robustness of this
approach across metabolite classes and intervention types.

References

" https://pubmed.ncbi.nim.nih.gov/38948320/

*  https://doi.org/10.26434/chemrxiv-2025-7tbxq
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Based on the theme “Establishment and Operation of a Lipid Center for Lipidomics,” which was selected as a priority
initiative by the Council on Competitiveness-Nippon (COCN), Kyushu University, the Kazusa DNA Research Institute, and
Shimadzu Corporation are collaborating to develop a fully automated platform for next-generation comprehensive lipid
analysis.

We have selected the following three lipid categories as the targets of our analysis and are currently developing analytical
systems for them.

- Zone 1: Major lipids (fatty acids, phospholipids, sphingolipids, acylglycerols, etc.)
- Zone 2: Fatty acid metabolites (oxylipins and their metabolites)
- Zone 3: Cholesterol-related metabolites (sterols, oxysterols, steroids, bile acids, fat-soluble vitamins, etc.)

Efforts are also underway to automate the entire workflow—from sample preparation to analysis—to facilitate large-scale
data acquisition.

Furthermore, as part of our efforts to promote lipidomics in Japan, we have launched the Japan Hub of the International
Lipidomics Society (ILS) and are collaborating with various academic societies to standardize lipidomics technologies and
promote the adoption of standardized lipidomics checklists.
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Introduction and Aims:

Endocannabinoids (eCBs) are endogenous lipid messengers that primarily bind cannabinoid receptors CB1/CB2 and, together
with the enzymes that regulate their biosynthesis and degradation, define the endocannabinoid system. The eCB signaling
system plays a key role in the central nervous system, resulting often altered in most neurological disorders. However,
spatial mapping of eCBs remains elusive for Mass Spectrometry Imaging (MSI), due to their low concentration and tissue
dependent ion suppression that obscure their spatial visualization. Herein, we address this limitation through the
optimization and application of a laser-induced post-ionization (MALDI-2) approach.

Material and Methods:

Spatial analyses of eCBs were performed on coronal mouse brain sections at bregma levels -2.06 mm and -2.92 mm using a
timsTOF fleX equipped with MALDI-2. An initial comparison of MALDI and MALDI-2 detection capabilities was made by
spotting on-tissue a dilution series of both authentic and deuterated internal standards (I.S.) of eCBs 2-AG, AEA, OEA, and
PEA, on Wild Type mouse brain slices. Different ion trasmission parameters as well as matrices were evaluated to enhance
eCBs response. The regio-specific distribution of the four eCBs in WT mouse brain sections was analyzed by MALDI and
MALDI-2-MSI at a 20 um pixel size, the comparison of MALDI and MALDI-2 was carried out on two consecutive slices from the
same bregma level.

Results:

We demonstrate that MALDI-2 boosts the detection of 2-arachidonylglycerol (2-AG) and N-acylethanolamines (AEA, PEA,
OEA, SEA, LEA) with respect to MALDI, allowing eCBs to be visualized in the brain at endogenous concentrations only by
MALDI-2-MSI. MALDI-2 provided higher sensitivity, yielding an average LOD/LOQ gain (MALDI/MALDI-2) factor of 21. Different
normalization approaches were evaluated, including root-mean-square (RMS), Total lon Count (TIC) and isotopically labeled
internal standards (1.S.), with I.S. normalization showing improved pixel to pixel variation and more uniform distribution in
specific brain regions, especially for 2-AG and PEA. Furthermore, semi-quantitative values of eCBs could be obtained by
single-point calibration strategy and compared with LC-MS/MS data, showing good correlation among the two methods. High
spatial resolution down to 5 pum pixel size was evaluated, resulting in the detection of all eCBs and confirming the MALDI-2's
potential even with reduced tissue ablation. As proof of concept, the method was applied to map eCBs in a mouse model of
mild traumatic brain injury (mTBI), the APP-SWE mice, highlighting differences in the modulation of eCBS in Cortex,
Hippocampus and Hypothalamus, revealing valuable biological insights for neuropharmacology.

Conclusions: The developed MALDI-2 MSI approach overcomes MALDI limitations and unlocks the detailed spatial mapping of
eCBs in the brain.
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Introduction

An often-overlooked issue in mass spectrometry-based lipidomic experiments is the pervasive presence of contaminants
from experimental workflows, which interfere and complicate analysis of analytes. Other omics fields, including
metabolomics, proteomics, and protein-protein interaction studies, have recognized this problem and developed dedicated
contaminant databases that enable reliable annotation of spurious signals, preventing their misclassification as genuine
biomolecules. These resources have become indispensable for ensuring accuracy and comprehensiveness in molecular
annotation. However, the lipidomics community still lacks a comprehensive solution for contaminant identification. To
address this gap, we are working on an open-access resource that compiles data on contaminants commonly encountered in
lipidomic workflows. This platform will allow users to query their data, including tandem MS spectra, to distinguish
contaminants from analytes of interest and thereby improving the accuracy and reliability of untargeted lipidomic
workflows.

Methods

A systematic evaluation of leachables and contaminants originating from polypropylene microcentrifuge tubes,
polypropylene micropipette tips, extraction solvents, borosilicate pipettes and borosilicate centrifugation glassware during
biphasic lipid extraction protocols (Folch, MTBE, and BuMe) was conducted using isolated testing, blank extractions, and
human serum extractions. Extracts and isolated samples were analyzed via reversed-phase liquid chromatography coupled
with electrospray ionization mass spectrometry on a Bruker Q-TOF Maxis Il, an Agilent 6546 Q-TOF, and a Thermo Orbitrap
Exploris 240.

A Python-based pipeline was developed for database construction, specifically designed to improve MS/MS spectral matching
by enhancing clustering performance through the implementation of the Density-Based Spatial Clustering of Applications
with Noise (HDBSCAN) algorithm. Building on this foundation, we developed LipidCAT, a user-friendly software application
built with Flask and React frameworks.

Results and Discussion

All tested materials introduced distinct arrays of contaminants and varying levels of contamination. Borosilicate glassware
has long been the standard material for lipidomic extractions due to its compatibility with organic solvents. Although
glassware from certain manufacturers can introduce higher levels of contamination, products from established suppliers
such as Corning and Kimble & Chase contribute only a modest set of low-intensity contaminants.’

At present, plasticware has increasingly replaced glassware for lipid extraction and sample processing, among both
experienced lipidomicists and newcomers, due to its cost-effectiveness and compatibility with automation. However, even
polypropylene plasticware marketed as “organic solvent-resistant” leaches substantial mass spectral contamination when
used in Folch, MTBE, or BuMe biphasic extractions. The extent of this contamination varies considerably among the four
global polypropylene vendors tested. Notably, the best-performing polypropylene tubes still introduced 847 labware-derived
contaminant m/z values across three manufacturing batches, while less suitable polypropylene microcentrifuge tubes
contributed thousands of contaminants per extraction.” These polypropylene-derived contaminants caused hundreds of
instances of ion suppression of co-eluting endogenous lipids.?2 Even when such contaminants do not directly induce matrix
effects, they may be misidentified as endogenous lipids. In total, 396 plastic-derived contaminant m/z values were found
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within 10 ppm of COMP_DB lipid entries. Of particular concern, 21 primary amide and fatty
acid surfactants—indistinguishable from endogenous biological lipids—severely hindered the accurate identification and
quantification of their corresponding human serum lipid equivalents.?

We have developed the first lipidomics-tailored contamination library, systematically cataloguing contaminants originating
from glassware, plasticware, extraction and analysis solvents. The database was constructed using a dedicated
computational pipeline integrating peak alignment, peak extraction, and spectrum clustering, and its versatility was
validated across multiple MS platforms and vendors. Delivered through an open-access, user-friendly web application, this
resource enables rapid contaminant identification from m/z values and MS/MS spectra. Our goal is to empower researchers
to reliably distinguish contaminants from true lipids, thereby improving the accuracy, reproducibility, and overall data quality
of untargeted lipidomic workflows.

References
1 Canez, C. R,; Li, L. Anal Chem. 2024, 96 (8), 3544-3552.

2 Canez, C. R.; Li, L. Anal Chem. 2024, 96 (21), 8373-8380.
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Introduction and Aims:

Ovarian cancer (OC) is lethal. It remains the fifth-leading cause of cancer-related deaths among women. Most (80%)
patients are diagnosed at late-stage (lll/IV) disease, with five-year survival rates <30%. This is largely due to a few key
factors. First, most OC patients seek care for symptoms at the earliest stages (I/1l), but the symptoms are non-specific and
overlap with several potential benign gastrointestinal and other gynecological conditions. This causes a long patient journey
with the OC diagnosis requiring ™9 months on average in the US. Second, current diagnostic tools lack sensitivity and
specificity for OC, underscoring the critical unmet need for innovative approaches. We are utilizing multi-omics to develop a
sensitive, non-invasive blood-based assay for detection of early-stage OC when women first present with symptoms. Our
published work (1) identified a discovery-based lipidomic profile in serum of patients with ovarian cancer. We determined
that combining a few significant putative lipid features with well-known protein biomarkers and machine-learning resulted in
reproducible models for distinguishing OC in the symptomatic population. Here, we describe verification of the top-
performing putative lipid features and their migration to a targeted routine triple-quadrupole (QqQ) mass spectrometry (MS)
method to enable quantification and further identification of key biological drivers for OC-specific signatures.

Material and Methods:

Our discovery-based untargeted high-resolution MS (HRMS) workflow identified potential lipid features that could enhance
performance of known OC-protein biomarkers. Filtering of the discovery features was performed with a total of “1000
features comprising the final feature space for ML-based modeling. The top-performing lipid features were identified for
migration to QqQ-MS and further verification. Data dependent MS/MS methods were employed to improve the quality and
number of feature identifications, with a resulting ~100 features obtained after down-selection.

Results:

QgQ MS method development was executed on a TQ-Absolute (Waters Corporation) using previous chromatographic
conditions (1). Since the discovery workflow provided tentative and putative lipid identifications, the identification of the top-
performing lipid features had first to be verified. Analyses such as HRMS and MS/MS in both polarity modes, retention time
(RT) and lipid standard matching, and manual spectra evaluations were performed. For example, accurate mass, product
ions of the head group and acyl anions, and expected RTs confirmed targets as phosphatidylcholines (PC). Utilizing this
approach corrected wrongly identified features by the Compound Discover software used in the discovery workflow.
Identification of the correct precursors and product ions of each top-performing lipid feature permitted successful transfer of
the discovery biomarker panel to the multiple reaction monitoring (MRM) QgQ MS platform. MRM conditions were optimized
for each lipid biomarker to maximize signal response and achieve highest selectivity and sensitivity. Lipid class specific
standards were included to similar levels as the endogenous lipid biomarkers, paired with relevant species, to permit
quantification. High analytical performance of the developed targeted MRM method was achieved, with variations below 15%
for most lipid biomarkers recorded.

Conclusions:

Our multi-omic approach determined that differences in lipid and protein abundance accurately distinguish ovarian cancer in
non-cancerous controls representing the symptomatic population. Here, we thoroughly translated the putative discovery-
based lipid features to verified targeted lipid biomarkers. We utilized mass accuracy, characteristic lipid fragmentation, and
lipid standards, leaving minimal room for ambiguity for some putative identifications. Our approach permitted successful
establishment of a robust targeted quantitative MRM method. Work now is in process to verify the method using a third

independent clinical cohort and further refine our clinical diagnostic assay.

References
' Giles, B., Culp-Hill, R., et al. Cancer Research Communications (2025) 5 (9): 1516-1529. https://doi.org/10.1158/2767-9764.CRC-25-0140

Page 37 of 101



4th International Lipidomics Society Conference

Investigating the analytical response of triglycerides by flow-
injection-analysis high-resolution mass spectrometry

Reusch Sabrina (1), Ludwig Anna (1), Ekroos Kim (2), Ejsing Christer S. (3), Huff Seth (4), Burkhardt Ralph (1),
Gerhard Liebisch (1), Hoering Marcus (1)

(1) University Hospital Regensburg, (2) Lipidomics Consulting Ltd, (3) University of Southern Denmark, (4) Larodan AB

Type of abstract: ORAL

Page 38 of 101



4th International Lipidomics Society Conference

Integrative Lipidomics and Transcriptomics Identify Distinct
Tumor Cell Subtypes in Human Colon Cancer

Ramoén Maria Rodriguez (1), Albert Maimod-Barceld (2), Karim Pérez-Romero (3), Cristina Huergo (4), Teresa Ximelis
(2), José Andrés Ferndndez (5), Gwendolyn Barcelo6-Coblijn (6)

(1) Health Reserch Institute of the Balearic Islands, Palma de Mallorca,, (2) 1Health Reserch Institute of the Balearic Islands,
Palma de Mallorca, (3) Health Reserch Institute of the Balearic Islands, Palma de Mallorca, (4) 2University of the Basque
Country, Leioa, (5) University of the Basque Country, Leioa, (6) Health Research Institute of the Baleric Islands (IdISBa)

Type of abstract: ORAL

Introduction

Colorectal cancer (CC) is one of the most preventable malignancies, yet it remains among the deadliest. Despite initial
treatment success, up to 50% of patients experience relapse, often in the form of metastasis. The biological mechanisms
driving recurrence are still poorly understood, underscoring the need for improved tumor classification. Spatially Resolved
Omics technologies offer near single-cell resolution of molecular profiles, enabling the identification of cell-specific
alterations. Within this framework, lipid species are emerging as promising biomarkers of malignancy.

Methods

CC patients undergoing surgery at Son Espases Hospital were recruited under approved ethics protocol (IB4568/21Pl). Tissue
sections (12 um) were cryosectioned using a Leica CM3050S and mounted on slides. Spatial lipidomics (n=7) was performed
using MALDI-MSI on ITO-coated slides with 1,5-diaminonaphthalene matrix sublimation (Ace Glass 8023). Scanning was
conducted in negative-ion mode at 10 um pixel resolution using the TIMSTOF-Flex system (Bruker), and data were analyzed
with SCILS Lab (Bruker). Spatial transcriptomics (n=7) was carried out using the Visium platform (10x Genomics), following
manufacturer instructions. Data were processed using Space Ranger and Loupe Browser software, with further analysis
performed using Orange data mining software.

Results

Building on our previous work using MALDI-MSI to map lipid distribution in healthy colon tissue, adenomatous polyps, and
carcinomatous sections, we confirmed that lipid profiles are highly specific to cell type and differentiation state, reinforcing
their potential as biomarkers for pathophysiological conditions.

In this study, we focused on the tumor epithelium to identify lipidomic signatures associated with invasive potential. Using a
spatially resolved multi-omic approach, we integrated spatial transcriptomics and lipidomics to correlate gene expression
with lipid profiles in consecutive sections of advanced colon cancer tissue. This integrative analysis revealed dynamic
interactions between gene expression and lipid metabolism, influenced by both tissue type and disease progression.

We identified distinct tumor epithelial regions based on transcriptomic signatures, which showed high spatial co-registration
with region-specific lipidomic profiles. Further analysis revealed that these regions are dependent on enterocyte lineage and
maturation state, as supported by gene set enrichment analysis and our previously established lipid species distribution
linked to enterocyte maturation. We defined at least four subpopulations within the tumor epithelium: Stem, TA-enterocyte,
TA-secretory, and Secretory. Each subpopulation exhibited a unique relationship between degree of phospholipid
unsaturation, differential expression of genes involved in lipid metabolism and tumor malignancy.

Conclusion

Our spatially resolved multi-omic analysis provides new insights into the molecular heterogeneity of colon cancer,
emphasizing the interplay between lipid metabolism and gene expression across distinct tumor epithelial regions. The
detailed characterization of epithelial subpopulations highlights the potential of integrated lipidomic-transcriptomic profiling
to uncover biomarkers and mechanisms linked to tumor progression and invasiveness. These findings lay the groundwork for

future studies into the functional roles of specific lipid species in cancer biology and may inform the development of targeted
therapies based on tumor metabolic phenotypes.
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Introduction and Aims: The diagnosis and prognosis of testicular cancer remain hindered by the absence of robust and
specific biomarkers. Although alterations in lipid metabolism have been extensively documented in various cancer types
through lipidomic analyses, their application to testicular cancer is still limited.

Material and Methods: In this study, an untargeted lipidomic approach based on reverse-phase liquid chromatography
coupled to mass spectrometry (C18 RP-LC-MS) was employed to unravel the variation of the lipid profile in cancer testicular
tissue. We have evaluated the alterations in the lipidomic profile of testicular tissue (tumour and non tumoural tissue of the
same patient, n=10) as well as in plasma from patients diagnosed with testicular cancer in comparison to healthy controls
(n=10).

Results: Principal Component Analysis (PCA) demonstrated a pronounced separation between the sample groups. In
malignant testicular tissue, there was a marked upregulation of some phosphatidylcholine (PC) and lysophosphatidylcholine
(LPC) lipid species containing saturated (SFA) and monounsaturated fatty acyl chains (MUFA). In contrast, significant
downregulation was observed in phosphatidylinositol (Pl), phosphatidylserine (PS), and phosphatidylglycerol (PG) lipid
species, most of which were esterified with polyunsaturated fatty acids (PUFA). Plasma lipid profiling revealed an increased
levels of PC and LPC species in patients with testicular cancer, mirroring the tissue findings. Additionally, certain
sphingomyelin (SM) species were upregulated, whereas various triacylglycerol (TG) and diacylglycerol (DG) species were
significantly reduced. Five lipid species, TG 52:6, TG 56:7, PE P-40:3/PE 0-40:4, PC 42:3 and PC P-37:2, showed the same
variations in both matrices, suggesting their potential as biomarkers.

Conclusions: Overall, this work highlights distinct lipidomic signatures in testicular cancer and supports the use of
comprehensive lipid profiling in the discovery of novel biomarkers that could aid in the clinical management of this
malignancy.
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This study aims to directly analyze lipids from saliva, a non-invasive and easily collectible biological fluid that imposes
minimal stress on the patient, by utilizing flow field-flow fractionation on-line coupled with elecromspray ionization tandem
mass spectrometry (FIFFF-ESI-MS/MS). Exosomes and microvesicles are lipid bilayer-enclosed vesicles present in various
body fluids such as blood, urine, and saliva. They are composed of lipids, membrane proteins, and RNA. These vesicles play
critical roles in intercellular communication and immune regulation, making them promising candidates for disease
diagnosis. In particular, since cancer profoundly affects cellular metabolism, lipidomic profiling of these vesicles may provide
insights into cancer-associated alterations. In this study, we isolated salivary exosomes and microvesicles from gastric
cancer patients and analyzed their lipid profiles by (FIFFF-ESI-MS/MS without a separate lipid extraction followed by typical
LC-ESI-MS/MS measurements. FIFFF is a size-based separation technique that operates without a stationary phase, using an
open, unpacked channel and aqueous carrier liquid—making it highly suitable for analyzing sensitive biological particles
including extracellular vesicles (EVs) by sizes without denaturation. Since the high outflow rate of the conventional FIFFF can
lower the ionization efficiency, in this study, the analytical method was optimized by miniaturizing the channel and
implementing a thickness-tapered FIFFF, which improved the early sample elution and recovery rate as well as the
resolution. We successfully analyzed the lipid profiles of exosomes and microvesicles in saliva samples from patients with
gastric cancer and healthy controls by FIFFF-ESI-MS/MS. This analysis provided a basis for the use of salivary exosome and
microvesicle lipidomics in the discovery of gastric cancer biomarkers.
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Melanoma is a highly malignant skin cancer with an increasing incidence. Its prognosis and survival rate are closely
associated with the disease stage, emphasizing the need for early diagnosis and effective biomarkers. Dysplastic nevi (DN)
resemble melanoma and may act as potential precursors, increasing the risk of disease progression. Lipids are essential
biomolecules involved in cellular structure, energy storage, and signal transduction. Metabolic alterations can lead to
changes in lipid profiles, making lipidomics a valuable tool for disease diagnosis and pathogenesis research. This study
aimed to identify potential lipid biomarkers for the diagnosis of melanoma and its differentiation from DN by comparing their
lipid profiles. Lipidomic analysis was performed on skin samples collected from patients with melanoma, DN, and benign
nevi. Skin samples were obtained using a non-invasive tape-stripping method, and lipids were extracted using an optimized
extraction protocol. Extracted lipids were analyzed using nanoflow ultrahigh-performance liquid chromatography coupled
with electrospray ionization tandem mass spectrometry (nUHPLC-ESI-MS/MS). Comparative analysis of lipid profiles among
groups revealed lipid species specifically altered in melanoma and DN, suggesting their potential as biomarkers for improved
diagnostic accuracy.
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Introduction and Aims:

Non-alcoholic fatty liver disease (NAFLD) can progress to liver fibrosis, a complex process driven by oxidative stress,
inflammation, and alterations in lipid metabolism. The enzyme carnitine palmitoyltransferase 1A (CPT1A), a key regulator of
mitochondrial B-oxidation of fatty acids, may play a significant role in this pathological transition. However, the specific role
of CPT1A in this process remains unclear, highlighting the need to thoroughly investigate changes in the lipid and oxylipin
profile, key mediators of inflammation and fibrosis progression.

Material and Methods:

A murine model with CPT1A overexpression (Lap-CPT1A + DOXI) and liver injury induced by carbon tetrachloride (CCls) was
used to assess lipid classes and oxidized lipids in both liver tissue and plasma, aiming to investigate local and systemic
effects. An untargeted lipidomic analysis was performed using Liquid Chromatography coupled to Quadrupole Time-of-Flight
Mass Spectrometry (LC-QTOF-MS) to obtain broad lipid coverage (1). Targeted oxylipins were quantified using Reverse-Phase
Ultra-Performance Liquid Chromatography coupled to negative Electrospray lonization and Triple Quadrupole Tandem Mass
Spectrometry (RP-UPLC-ESI(-)-QqQ-MS/MS) (2). Univariate and multivariate statistics were performed along with the
accurate annotation of lipids with statistically significant changes using software and after manual verification.

Results:

A reduction in nearly all lipid classes was observed in the liver of WT mice exposed to CCl4, while plasma exhibited systemic
hyperlipidemia, suggesting lipid release from the damaged liver into circulation. Under basal conditions, CPT1A

overexpression increased carnitine-related species (CAR) and decreased glycerophospholipids (GP) in plasma, while in the
liver, most lipids increased, with specific signalling responses mediated by phosphatidylserine (PS) and phosphatidylcholine
(PC). After CCls-induced injury, CPT1A overexpression led to a decrease in fatty acids (FA), PS, ceramides (Cer), and
sphingomyelins (SM), and an increase in regenerative lipid species such as phosphatidylglycerol (PG) and
phosphatidylinositol (Pl). In plasma, CPT1A induced a specific signalling response and modulation of the lipid profile under
CCla challenge. Regarding oxylipins, no statistically significant changes were observed after CPT1A overexpression and CCla-
induced damage.

Conclusions:

CPT1A may differentially modulate systemic and hepatic lipid metabolism by promoting B-oxidation, preserving
mitochondrial integrity, suppressing inflammation, and potentially reversing systemic effects of CCls-induced liver injury.
However, further studies are needed to clarify the precise role of CPT1A in hepatic fibrogenesis.
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Marine fungi have gained attention as promising producers of bioactive compounds [1] due to their adaptability to diverse
and extreme environments, which shape their distinctive biochemical profiles. The marine fungus Zalerion maritima was
cultivated at different temperatures (15, 20, and 30 °C) and salinities (0, 2.5, and 5% sea salt) to investigate how
environmental conditions influence its lipidome and bioactive potential. Lipidomic profiling using C18-LC-HR-MS/MS identified
263 lipid species spanning 16 classes, including phospholipids, sphingolipids, neutral glycerolipids, and betaine lipids.
Elevated temperature and salinity led to a notable reduction in lipid species containing the polyunsaturated fatty acid (PUFA)
18:3 n-3, suggesting a structural adaptation to maintain membrane stability. Fatty acid analysis by GC-MS revealed a high
PUFA content, especially 18:2 n-6 and 18:3 n-3. Cultivation at 30 °C significantly decreased 18:3 n-3 levels while increasing
18:1 n-9, demonstrating lipid remodelling capacity under thermal stress. Suboptimal growth conditions enhanced the
production of lipids with anti-inflammatory activity. Bioassays revealed the highest COX-2 inhibition at extreme salinities (0%
and 5% sea salt), with inhibition levels of 74.7 £+ 12.3% and 76.8 £+ 12.2%, respectively. These results underscore the
lipidome plasticity of Z. maritima and its potential as a sustainable source of high-value lipids for biotechnological
applications.
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Cardiovascular diseases (CVD) are prevalent in Kazakhstan and all over the world. Patients with CVD often have
accompanying metabolic abnormalities, such as obesity, dyslipidaemia, insulin resistance, inflammation and type 2 diabetes
(T2D). The genetic profiling of patients with CVD is done using established research methods, such as genomics and
transcriptomics. The investigation of the accompanying metabolic disorders for better characterization of disease and
treatments, using methods like lipidomics and metabolomics, is being established as a research direction in Kazakhstan. The
characterization of diversity of prevalent types of CVD in Kazakhstan based on profiling of genomes and lipidomes would
allow development of nationwide strategies for prevention and treatment.

One of the treatments strategies for patients with CVD is a metabolism correction with tirzepatide. Tirzepatide is a dual
glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist. Metabolic
correction in diabetic patients with tirzepatide was shown to be effective, therefore use of tirzepatide in patients with CVD is
being assessed in clinical trials in Kazakhstan.

This project aims to profile plasma lipidomes from clinical trial participants with heart failure and with heart failure and T2D.
Namely, plasma will be collected at week 0 before the therapy, at weeks 4, 8, 12, 16, 28, 41 during the therapy, and at week
72 after the end of the therapy. The assayed lipids will represent lipid classes such as triglycerides (TG), diglycerides (DG),
cholesterol esters (CE), cholesterol (COH), phosphatidylcholines (PC), alkenyl ether (Plasmalogen) substituent containing PC
(PC-P), alkyl ether substituent containing PC (PC-O), lysophosphatidylcholines (LPC), phosphatidylethanolamines (PE), alkenyl
ether (Plasmalogen) substituent containing PE (PE-P), alkyl ether substituent containing PE (PE-O),
lysophosphatidylethanolamines (LPE), phosphatidylinositols (Pl), ceramides (CER), hexosylceramides (HEXCER),
sphingomyelins (SM), and acylcarnitines (AC). Lipidomes of patients will be assessed during the course of the therapy in
order to identify novel lipid biomarkers of metabolic correction with tirzepatide. Results of this study will open the way for
validation studies of lipid biomarkers in larger cohorts and will establish lipidomics as a research method in Kazakhstan.
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Introduction and Aims:

While hepatitis C virus (HCV) eradication typically halts liver damage, some individuals continue to experience liver disease
progression. Metabolic dysfunction-associated steatotic liver disease (MASLD) has emerged as a potential driver of this
ongoing injury [1]. This study investigates the plasma lipidomic signatures linked to MASLD in patients with advanced liver
fibrosis or cirrhosis, coinfected with human immunodeficiency virus (HIV) and HCV, after achieving sustained virologic
response (SVR).

Material and Methods:

A cross-sectional analysis was conducted on 52 HIV/HCV-coinfected patients. Plasma samples collected at one- and six-years
post-SVR were analyzed using untargeted lipidomics via liquid chromatography-mass spectrometry (LC-MS). A lipid
annotation workflow developed by our lab was used to perform the annotation of the lipid species present in the plasma
matrix [2]. MASLD served as the primary outcome. Multivariate analysis using orthogonal partial least squares discriminant
analysis (OPLS-DA) and generalized linear models (GLMs), with correction for multiple testing, was employed to identify lipid
alterations associated with MASLD.

Results:

MASLD prevalence increased from 28.9% at one-year post-SVR to 44.8% at six years. OPLS-DA revealed 225 lipid species at
year one and 167 at year six (VIP = 1) that differentiated individuals by MASLD status. After adjusting for confounders, GLMs
confirmed significant associations with 116 lipids at the first time-point and 49 at the second. Early lipid changes included
elevated phosphatidylcholines (PC) and phosphatidylethanolamines (PE), alongside reductions in lysophosphatidylcholines
(LPC) and lysophosphatidylethanolamines (LPE). At six years, LPCs remained notably altered, and triglyceride levels were
significantly higher in individuals with MASLD.

Conclusions:

The persistence and progression of MASLD following HCV clearance suggests ongoing metabolic dysregulation. Shifts in
lipidomic profiles over time support the need for continued metabolic and hepatic monitoring in HIV/HCV-coinfected patients,
even after achieving SVR.
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Introduction and Aims:

The increasing interest in understanding the role of lipids in cellular function and disease has driven a significant growth in
the field of lipidomics. However, despite technological advances in mass spectrometry and data acquisition strategies, lipid
identification remains as the most critical bottleneck in the lipidomics workflow. This challenge arises primarily from the
structural complexity of lipids and the high number of isomers within and across lipid classes. As a result, the number of
false annotations remains too high for most current lipid annotation tools, most likely due to inappropriate annotation of
adducts or identification of in source fragments as intact species, among other reasons. Therefore, there is a need for
improving data analysis tools to provide high-confidence annotations while maximizing coverage and structural resolution.

Material and Methods:

LipidMS is an open-source R-based package designed to overcome the challenges of lipid identification by implementing a
rule-based annotation strategy that leverages known fragmentation patterns of lipid classes acquired by untargeted liquid
chromatography-tandem mass spectrometry (LC-MS/MS) [1,2]. This approach is designed to prioritize data quality and
annotation confidence over the total number of lipid identities proposed. LipidMS supports the simultaneous processing of
full scan, data-dependent acquisition (DDA), and data-independent acquisition (DIA) modes. The annotation relies on
fragmentation rules that have been manually curated and experimentally validated, reducing the incidence of false-positive
identifications. In its upcoming release (v3.1) [1,2], LipidMS will incorporate a significant new feature: the integration of
retention time (RT) rules and RT-based modeling into the annotation pipeline. This addition enables the systematic filtering
of ambiguous or low-confidence annotations based on chromatographic behavior and allows the propagation of high-
confidence annotations to structurally related lipid species. RT models are trained on confidently annotated lipids and then
used to predict the expected RT of analogous species.

Results:

The application of rule-based annotation in LipidMS has demonstrated a notable reduction in false positives compared to
tools that rely solely on spectral matching. Although this strategy results in a lower overall number of annotations, the
proportion of correctly assigned lipid identities is significantly higher, leading to more reliable datasets for downstream
biological interpretation. Furthermore, the integration of RT rules and modeling in the upcoming release is expected to
increase lipidome coverage without compromising identification accuracy. The use of RT-trained models enables the
propagation of confident annotations to related lipids that might otherwise be missed, thereby enhancing both the depth
and reliability of lipid profiling results.

Conclusion:
By combining rule-based MS/MS annotation with RT modeling, LipidMS presents a hybrid approach that not only increases

the confidence of lipid annotations but also enhances annotation coverage, particularly for lipids that fall outside existing
spectral libraries, which provides a more robust and biologically meaningful interpretation of lipidomics datasets.

Keywords: Lipidomics; LC-MS; bioinformatics
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Introduction and Aims:

Liquid chromatography (LC) coupled with high-resolution mass spectrometry (HRMS) is the most prominent analytical
technique used for untargeted lipidomics. Lipid annotation relies on the acquisition of MS/MS information coupled to spectral
matching or the use of fragmentation rules. However, the number of false annotations remains too high for most current
lipid annotation tools, most likely due to inappropriate annotation of adducts or identification of in source fragments as intact
species, among other reasons. We hypothesize, that the use of the retention time (RT) variable during the annotation
process might contribute to improve lipid annotation, particularly for those species where the MS/MS information does not
provide sufficient level of evidence to assign an identification.

Material and Methods:

New functions were designed and integrated into the R package LipidMS (1, 2) with the aim of improving the quality of
lipidomic analysis by incorporating RT as an additional variable in the annotation process. These functions operate in two
complementary phases. First, an automated filtering step is applied to remove unreliable annotations generated by LipidMS.
To achieve this, lipid classes potentially involved in in-source fragmentation are analyzed using clustering based on RT,
carbon number (CN), and double bonds (DB), identifying RT overlaps between classes (e.g., between lysophospholipids and
phospholipids) and retaining only non-overlapping groups. Then, within each lipid class, species that deviate from the
expected RT trend based on their structural characteristics (CN, DB) are removed, resulting in a refined set of high-
confidence annotations. In the second phase, RT is modeled for each lipid class as a function of CN and DB, allowing the
prediction of RT values for new lipid candidates generated from their m/z values. This enables the proposal of additional
annotations for previously unassigned features, provided there is concordance between the measured m/z and the predicted
RT. In parallel, a Shiny application was developed to enable interactive visualization and inspection of the results, allowing
users to manually curate annotations by removing false positives not detected automatically or restoring discarded
annotations that are deemed valid upon visual inspection, thereby offering greater flexibility and control over the final
quality of the analysis.

Results:

The implementation of the new functionalities in LipidMS was evaluated on multiple real datasets, demonstrating an average
20 % removal of inconsistent annotations through automatic filtering based on RT, CN and DB. At the same time, RT
prediction for lipid candidates yielded an additional 15 % of identification proposals whose m/z and predicted RT closely
matched the expected values for their respective classes. Thus, the total number of annotations remained similar to the
original, but with a substantial improvement in overall reliability. The accompanying Shiny app provides a straightforward
interface for reviewing and manually adjusting annotations, enabling users to discard false positives or restore valid
identities with just a few clicks. This expert validation layer proves critical for noisy samples or those with limited reliable
references, reinforcing the quality and confidence of the final results. These findings underscore the potential of this strategy
to enhance both the reliability and depth of lipid annotation, laying a solid foundation for future extensions aimed at
exploring more complex metabolic dynamics.
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Conclusion:

Integrating RT modelling into the LipidMS workflow markedly reduces false annotations and enables the proposal of new lipid
candidates corroborated by both m/z and RT information. Available now via the LipidMS Shiny app, this enhancement
delivers a more reliable, visual and user-friendly annotation process, especially when MS/MS evidence alone is insufficient.
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Lipids have proven to be valuable biomarkers in many diseases due to their critical involvement in physiological and
pathological processes. In this context, urine-derived extracellular vesicles (EVs) have emerged as a promising, non-invasive
source for lipid biomarker discovery, offering significant advantages for disease diagnosis and monitoring. Based on the
hypothesis that the lipid profile of urine EVs can reveal specific biomarkers associated with chronic alcohol consumption and
its systemic effects, this study aimed to identify differential lipid species in patients with alcohol use disorder (AUD). Urine
and plasma samples were collected from male patients diagnosed with AUD. Urine EVs were isolated and subjected to a
highly sensitive lipidomic analysis using mass spectrometry, followed by bioinformatic exploration of differential lipid
abundance and enzymatic activity related to lipid metabolism. Our results identified fatty acid 22:0 (FA 22:0) as a potential
biomarker, consistently detected in both urine and plasma of AUD patients. Additionally, we observed an increased
saturation of acyl chains and elevated levels of long-chain fatty acids (22-24 carbons), lipid alterations that have been linked
to inflammation, metabolic dysfunction, and cancer risk associated with AUD. In conclusion, this study highlights the
potential of urine EV lipid profiling as a non-invasive strategy for biomarker discovery in AUD, providing new insights for
disease assessment and future clinical applications.
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Introduction and Aims:

Alzheimer’s disease (AD) is a complex neurodegenerative disorder characterized not only by central nervous system
pathologies such as B-amyloid (AB) plaques and Tau neurofibrillary tangles, but increasingly by systemic metabolic
impairments. Metabolic dysfunction-associated steatotic liver disease (MASLD) has gained attention for its potential role in
modulating the pathogenesis of AD through its contribution to systemic insulin resistance, lipid dysregulation, and peripheral
inflammation. We investigated the role of MASLD in the context of AD-like pathology using the APP/PS1 transgenic mouse
model of amyloidosis and wild-type (WT) controls, both fed a high-fat diet (HFD) to induce obesity, insulin resistance, and

hepatic steatosis'. This study is focused on comparing liver lipidome profiles across six well-defined groups of HFD-fed mice

differing by genotype and treatment - the lipidized prolactin-releasing peptide analog Palm''-PrRP31, or the GLP-1 receptor
agonist liraglutide.

Material and Methods:

Nine-month-old male APP/PS1 transgenic mice and age-matched wild-type (WT) control mice on a C57BL/6 background were
used in this study. Each genotype was further divided into three pharmacological treatment groups. This generated six
experimental cohorts: WT-HFD-saline, WT-HFD-Palm11-PrRP31, WT-HFD-liraglutide, APP/PS1-HFD-saline, APP/PS1-HFD-

Palm''-PrRP31, and APP/PS1-HFD-liraglutide, each group treated for 3 months subcutaneously once daily (excluding
weekends) with mentioned peptides. Approximately 15 mg of wet liver tissue (n = 5 per group) was used for untargeted lipid
extraction, employing the BUME (butanol-methanol) extraction protocol. Lipids were analyzed using an untargeted ultra-
performance liquid chromatography coupled with electrospray ionization mass spectrometry (UPLC/ESI-MS) approach.

Results:

The data evaluation focused on comparing the lipidomes of APP/PS1 and WT mice under HFD conditions, with and without
pharmacological treatment. Most annotated lipids belonged to the triacylglycerol (TG) and glycerophospholipid classes.
Livers of HFD-fed mice showed elevated lipid levels, primarily TGs. The HFD affected APP/PS1 mouse livers more severely
than those of WT mice. Treatment led to a reduction in TG and diacylglycerol (DG) species in liver tissue, with liraglutide
being more effective at decreasing their concentrations compared to PrRP31 analog. Treatment led to an increase in certain
phospholipid species - specifically some phosphatidylcholine (PC), phosphatidylethanolamine (PE), and phosphatidylserine
(PS). Interestingly, some phosphatidylinositol (Pl) and cardiolipin (CL) species were upregulated in APP/PS1 livers but
downregulated in WT livers after liraglutide treatment.

Conclusions:

The concentration of TGs in the liver was significantly reduced in treated mice. The overall condition of liver tissue improved,
indicating that both liraglutide and PrRP31 analog are active compounds with therapeutic potential against MASLD in this
preclinical model.

Supported by the project National Institute for Research of Metabolic and Cardiovascular Diseases (Programme EXCELES, ID
Project No. LX22NPO5104) - Funded by the European Union - Next Generation EU.
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Oxidized lipids are involved in many severe diseases, associated with a dysregulated lipid metabolism and/or low-level
chronic inflammation. An increase in reactive oxygen species, due to redox imbalance, leads to the generation of various
lipid peroxidation products, including lysolipids and truncated carbonyl compounds, particularly carboxylic acids and
aldehydes. The latter can readily react with other biomolecules, such as DNA or proteins and thereby impair their biological
functions. Despite the growing interest in the role and function of oxidized lipids, their analysis remains challenging. This is
due to several factors affecting their straightforward analysis, including their low abundance, their structural diversity and
their transient nature as well as method-specific factors such as the impact of matrix-assisted laser desorption/ionization
(MALDI) matrices on the detectability of such oxidized lipids.

Here, we evaluate the detectability of different oxidized phospholipids in rat liver extracts as the biological matrix, using
different MALDI matrices including the well-known 2,5-dihydroxybenzoic acid and 9-aminoacridine as well as the newly
introduced 4-(dimethylamino)cinnamic acid. We will also show that 1-pyrenebutyric hydrazide is a suitable matrix compound
for the MALDI mass spectrometric (MS) analysis of native and oxidized lipids, as it can function both, as a derivatization
agent for truncated oxidized lipids as well as a regular (UV)-MALDI matrix.
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Introduction and Aims:

Lipidomics, the large-scale study of lipids and their biological roles, is crucial for understanding metabolic diseases and
cellular function. Its application to human blood, particularly the analysis of both plasma and erythrocytes, is of growing
importance in biomedical research. However, the distinct lipid compositions of these matrices, combined with the overall
structural diversity and wide concentration range of lipids, present significant analytical challenges.

This study addresses these challenges by developing an optimised, robust, and high-throughput analytical workflow using
ultrahigh-performance supercritical fluid chromatography coupled with mass spectrometry (UHPSFC/MS). The primary
objective was to optimise and validate a sensitive and selective UHPSFC/MS method for comprehensive lipidomic analysis of
human plasma and erythrocytes. Our work focused on method optimization to achieve superior separation efficiency and
enhanced signal intensity, across multiple lipid classes, from non-polar to ionic lipid classes.

Material and Methods:

The modified MTBE extraction procedure was used for the sample preparation due to highest extraction recovery compared
to other one- and two-phase extraction protocols. Ultrahigh-performance supercritical fluid chromatography was connected
to high-resolution mass spectrometer and the bioinert Acquity Premier BEH HILIC (100 x 2.1 mm, 1.7 pm) column was
employed for the separation of lipid (sub)classes. The gradient elution was used with a total run time of 7.5 min.

Results:

The new UHPSFC/MS method was developed based on the 80 standards from 45 lipid subclasses. The application of bioinert
technology resulted in significantly improved peak shapes and increased sensitivity, especially for lipid classes containing
phosphate group. Based on the comparison of common extraction procedures (BuMe, Folch, Bligh-Dyer, and MTBE) in
lipidomic analysis, MTBE extraction provided the best results. Careful optimisation of the additive composition and pH of the
aqueous phase achieved high extraction recovery for all investigated lipid classes. The optimised UHPSFC/MS method
enabled the identification of hundreds of lipid species in human blood.

The method was rigorously validated following recommendation for bioanalytical methods, assessing calibration curves,
detection and quantification limits, matrix effect, precision, accuracy, carry-over, and selectivity. Quantification was
performed using internal standards for each lipid class and concentrations were calculated by laboratory-made LipidQuant
2.1 using both type | and type Il isotopic corrections. Moreover, the method accuracy was confirmed using the NIST Standard
Reference Material (SRM) 1950 Human Plasma, as the determined concentrations were in agreement with the consensus
values from the ring trials.

Conclusions:

This UHPSFC/MS method represents a robust, reproducible, rapid, and sensitive approach for advanced lipidomic research.
The results demonstrate the method's capability to resolve and quantify a significantly larger number of lipid species
compared to the previous approach. Furthermore, we identified distinct lipidomic signatures between plasma, which
primarily serves as a transport medium, and erythrocytes, which are a key component of blood cells with unique
membrane compositions. Its successful application to complex biological samples such as human plasma and erythrocytes
demonstrates its utility for future clinical research, such as investigating lipid-related biomarkers.

This work was supported by project no. CZ.02.01 .01/00/22_008/0004644 - Saving lives through research in early cancer
detection and prevention: Molecular, genomic and societal factors (SALVAGE).
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Introduction and Aims: Pneumonia is a prevalent acute respiratory infection involving the alveoli and distal airways,
representing a significant global hearth burden and being associated with substantial morbidity as well as both short- and
long- term morality across all age groups. It is mainly caused by viral, bacterial, or mixed infections, and leads to severe lung
inflammation and damage. Accurate diagnosis guides targeted therapy, enhancing results and reducing side effects.
Favorable patient outcomes rely on early and appropriate treatment, which depends on the timely distinction between
bacterial and viral pneumonia.

Metabolomics has been employed as an approach for the identification of diagnostic biomarkers for infectious diseases.1
Infections caused by different pathogens trigger specific metabolic reactions, allowing metabolomics to identify unique
biomarkers linked to disease etiology.2

Material and Methods:

This study is focused on identifying potential diagnostic biomarkers by characterizing the metabolite profiles of 23
bronchoalveolar lavage (BAL) samples collected from pneumonia patients in an intensive care unit. BAL samples were
classified into four groups according to patient pneumonia etiology: bacterial (B, n = 8), viral (V, n = 4), coinfected (C, n =
6), and undetectable pathogen (S, n = 5). BAL sample extract analyses were performed applying a multiplatform workflow
combining metabolomics and lipidomics. We applied reversed-phase liquid chromatography coupled to quadrupole-time-of-
flight mass spectrometry (LC-QTOF/MS) for lipidomics and gas chromatography coupled to time-of-flight mass spectrometry
(GC-TOF/MS) preceded by chloroformate derivatization for metabolomics, allowing the parallel measurement of lipids and
volatile organic compounds, respectively. MS and MS/MS data were pretreated and reprocessed after analysis. One of the
main difficulties of BAL samples is the need for normalization derived from the unknown amount of the collected biological
samples. Lipid were annotated by preliminary software assisted annotation followed by manual evaluation of relevant pieces
of information (m/z tolerance, MS/MS data, adduct profile, and retention time). Polar metabolome compounds were analyzed
by GC-QTOF/MS, deconvoluted and searched against an in-house (accurate mass) and commercial libraries (NIST 2017)
using spectral and retention index matching. Group comparison was performed by univariate and multivariate analysis.

Results: We annotated 404 different lipid molecular species by LC-QTOF/MS and polar 60 metabolites by GC-TOF/MS.
Multivariate analysis showed that the metabolic profile of unaffiliated pneumonia patients was similar to that of viral
pneumonia patients. We also observed that patients with bacterial-viral coinfection pneumonia tended to exhibit a metabolic
profile more similar to that of bacterial pneumonia patients. This suggests bacterial infection to be the main driver of the
metabolite alterations found during coinfection. ROC curve analyses reveal metabolite ratios with high discriminatory
capacity (AUROC > 0.8) like glutaric acid/citric acid and citric acid/docosahexaenoic acid ratios (B vs V) and aconitic
acid/citric acid (C vs V). This may be a result of the distinct metabolic responses that are induced by bacterial and viral
pathogens during infection, which can be reflected in the levels of citric acid and other metabolites from fatty acid and TCA
metabolic pathways.
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Conclusions: This pilot study suggests that bacterial pneumonia causes metabolite alterations that can be used to
distinguish between the etiology of V and C patients, pointing to potential biomarkers for classification of pneumonia
according to etiology. These findings warrant further investigation with independent larger cohorts.
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Background: ELOVL1 is an essential elongase for the synthesis of very-long-chain fatty acids, which are crucial for lipid
metabolism and membrane integrity. Mutations in ELOVL1 are associated with severe lipid dysregulation. Despite the
increasing interest in the role of ELOVLT1 in lipid metabolism, integrative transcriptomic and lipidomic analyses in cellular
models remain limited. This study aimed to investigate the effects of ELOVL1 deficiency on lipid-related gene expression in
fibroblasts and the lipid profile of mouse tail skin.

Methods: For the study, the tails of 6-month-old mice were examined, and fibroblasts were obtained from them. RNA-seq
was performed on fibroblasts isolated from wild-type (WT) mice (n=3) and ELOVL1-deficient mice: Homozygotes (HM) (n=3)
and Heterozygotes (HT) (n=3). Differential gene expression was analysed using DESeq2, followed by gene ontology
enrichment. Lipidomic profiling of tail skin samples (WT, n=23; HT, n=28; HM, n=20) was performed by LC-MS on an
Orbitrap system and included the main lipid groups. Transcriptomic and lipidomic data were integrated using principal
component analysis (PCA).

Results: PCA showed clear clustering of WT, HT, and HM samples based on both transcriptomic and lipidomic profiles.
ELOVL1 deficiency led to extensive remodelling of the transcriptome with 2027 differentially expressed genes. The pathway
enrichment revealed significant alterations in lipid metabolic processes and the cellular response to lipids. Dysregulated
lipid-related genes included LCLAT1, PIK3C2A, Cyp1b1, CAV2, CLOCK, SACM1L, PTGS2 (COX-2), and FAR1, indicating a
profound disruption of lipid homeostasis. Lipidomic profiling revealed decreased levels of very long-chain lipids (e.g.,
SM(d17:1_24:1), Hex1Cer(d18:1_24:1), PC(18:3_24:0)) and increased levels of long-chain lipids (e.g., SM(d17:1_22:0),
Hex1Cer(t18:0_18:1), PC(21:0_18:1)) in ELOVL1-deficient mice.

Conclusions: The combination of transcriptomics and lipidomics reveals a novel link between ELOVL1 and lipid homeostasis
in fibroblasts, and provides insight into the molecular mechanisms underlying lipid dysregulation associated with ELOVL1
mutations. These results provide new insights into the molecular mechanisms of lipid dysregulation associated with impaired
fatty acid elongation.
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Desorption electrospray ionization (DESI) mass spectrometry is a powerful surface ionization method that enables the direct
analysis of metabolites and lipids from complex biological samples without prior extraction or labeling. In dermatological
research, where lipid composition is central to skin barrier integrity, DESI offers an attractive opportunity to probe both
physiological and pathological processes. Here, we explored the potential of DESI-XS for skin research through two proof-of-
concept studies.

In the first experiment, Sebutape® samples were collected from the chest of patients with ichthyosis, a group of rare
genetic disorders characterized by defective skin barrier function, and from matched healthy controls. Tapes were mounted
on microscope slides with double-sided adhesive and analyzed by DESI-XS under a methanol\water\formic acid (98:2:0.1)
solvent system, with a scanning speed of 1 um/min. Initial spectra revealed distinct molecular profiles between patients and
controls, indicating alterations in the skin surface lipidome. Although definitive lipid identification is pending, these results
highlight the promise of DESI-XS as a rapid and minimally invasive strategy to profile disease-specific lipid signatures
directly from the skin. Such an approach could ultimately facilitate biomarker discovery and treatment monitoring in small
patient cohorts, although throughput currently limits its scalability for larger studies.

The second study examined the penetration of two nanostructured lipid delivery systems—bicelles and lamellar body
mimetics (LBms)—each incorporating ceramide IIIB, a key epidermal lipid involved in barrier organization. Both systems
were applied to ex vivo porcine skin for 24 hours, after which sequential tape strips were collected and analyzed by DESI-XS.
The technique enabled detection of the nanostructure components DPPC, DHPC, and ceramide IlIB, across different depths of
the stratum corneum. Bicelles displayed a gradual, layer-by-layer penetration pattern, while LBms showed a more
heterogeneous distribution. Importantly, both formulations delivered ceramide IlI1B into deeper epidermal layers, supporting
their potential use in therapeutic strategies aimed at restoring barrier lipids in disorders such as ichthyosis.

Overall, these proof-of-concept studies demonstrate the utility of DESI-XS as a label-free, high-resolution platform for
investigating both endogenous skin lipid composition and exogenous lipid delivery. Despite current limitations related to
solvent consumption and sample throughput, the technique offers unique advantages in terms of minimal sample
preparation and spatially resolved lipid analysis. Future applications may include the identification of lipid biomarkers for
ichthyosis, evaluation of novel delivery systems, and monitoring of therapeutic interventions in dermatological research.
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Background: Early vascular aging (EVA) syndrome refers to the premature decline in vascular function and structure that
occurs at a faster rate than typically expected with normal aging [1]. Several factors can contribute to the development of
EVA, including hypertension, genetic predispositions, diabetes, obesity, smoking, diet, and a sedentary lifestyle [2]. Previous
studies assessing the relationship between lipids and EVA focused on cholesterol and triglycerides [3-5], and overlooked the
role of very long chain fatty acids (VLCFAs) in EVA, despite their potential impact on cardiovascular health [6]. VLCFAs are
usually defined as FAs with a carbon chain length of 20 or more and can be both ingested with food and synthesised in vivo
[7]. The endogenous elongation of FAs to VLCFAs occurs in the endoplasmic reticulum, where the condensation step is
catalysed by one of the seven elongases (ELOVL1-7), which have different substrate preferences [7]. Their concentrations
are disturbed in various pathological conditions, including cancer [7-9], Hashimoto's thyroiditis [10] or liver cirrhosis [11].
Therefore, this study aimed to evaluate the fatty acid (FA) profile in EVA patients and to investigate the effects of EVA-
induced FA profile changes on human aortic smooth muscle cells.

Methods and results: The FA profile in the serum of EVA patients was analysed by gas chromatography-mass spectrometry
(GC-MS). The uptake of a very long-chain FA (VLCFA), the most elevated FA in the serum of EVA patients, into cell
membranes was investigated in vitro in human aortic cells after VLCFA supplementation by differential centrifugation and
subsequent GC-MS analysis. The morphology of human aortic smooth muscle cells after VLCFA supplementation was
analysed by electron microscopy. Mitochondrial respiration was assessed using the Seahorse instrument. VLCFAs, including
22:0, 24:0, 26:0, 28:0, 30:0, and 32:0, were significantly increased in the serum of EVA patients with dyslipidemia (p<0.001),
whereas 26:0 and 28:0 were increased in both groups of EVA patients with and without dyslipidemia (p<0.001). The addition
of 26:0 and 28:0 to in vitro cultures of human aortic smooth muscle cells increased the thickness of the cell membrane
(p<0.001) and impaired mitochondrial function (p<0.05). In addition, the number of mitochondria significantly increased in
VLCFA-treated cells compared to untreated cells (p<0.001).

Conclusions: The serum VLCFA levels were increased in EVA patients, even in the absence of dyslipidemia. VLCFAs are
incorporated into both outer and mitochondrial membranes and increase their thickness. In addition, VLCFAs impair
mitochondrial respiration.

Translational perspective. This study provides evidence for the important and previously unrecognised role of VLCFAs in the
pathogenesis of EVA. The uptake of VLCFAs, particularly 26:0 (hexacosanoic acid) and 28:0 (montanic acid), can lead to
increased membrane thickness and impaired mitochondrial function. These changes can impair vascular elasticity, leading
to arterial stiffness and increased cardiovascular risk. The exclusion of VLCFA from the diet and/or inhibition of their
synthesis may be a potential new therapeutic strategy in the treatment of EVA patients.
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Introduction

Bees are fundamental for maintaining biodiversity and ecosystem health, with their hives operating as highly organized
social systems. The comprehensive analysis of lipids and pheromones in queen bee heads is critical for advancing our
understanding of the biochemical foundations of social communication in honeybees. Queen pheromones act as indicators of
reproductive status, shaping worker behavior and colony organization. Previous research has demonstrated that worker
acceptance is more closely associated with age-dependent physiological changes than with direct reproductive metrics,
underscoring the biological significance of this analytical approach [1].

However, the simultaneous characterization of lipids and pheromones from queen bee heads presents substantial analytical
challenges due to the complexity and diversity of the molecular species involved. Bruker's novel timsMetabo platform
addresses these challenges by combining the selectivity of trapped ion mobility spectrometry (TIMS) with high analytical
sensitivity and broad mass range coverage, enabling precise and selective profiling of biologically and chemically complex
samples. Here, we present an LC-TIMS-MS/MS approach developed to differentiate the pheromone and lipid profile of virgin
and mated queen bee-heads.

Methods

Queen bee-head samples (virgin and mated) were homogenized and extracted using MTBE into lipid and metabolite
fractions. These extracts were subsequently analyzed on the novel timsMetabo platform. Lipid profiling was performed using
a Waters Acquity CSH C18 column with a total runtime of 18 min. Data acquisition was carried out based on the mobility
range-enhancement (MoRE) acquisition mode in both positive and negative ionization modes. The acquired data was
processed and analyzed in Bruker MetaboScape 2025b.

Results

The advanced analytical capabilities of the timsMetabo platform enabled comprehensive, rule-based annotation of diverse
lipid classes, including phospholipids, sphingolipids, and neutral lipids. Furthermore, the implementation of the novel MoRE
acquisition mode facilitated the simultaneous detection of pheromones by optimizing the transfer of low-mass metabolites
alongside higher-mass lipids. The TIMS-enabled 4D-Lipidomics approach allowed for a detailed biochemical characterization
of the queen bee-head samples from virgin and mated populations, indicating that maturity-dependent physiological
changes in queen bees are reflected in the lipidome.
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Introduction and Aims

Obesity is a worldwide health issue linked to insulin resistance and metabolic syndrome, characterized by cardiovascular and
metabolic alterations including hypertension, dyslipidaemia, hyperglycaemia, and hyperinsulinaemia. The liver plays a
crucial role in regulating glucose and lipid homeostasis, wherein dysregulation of hepatic lipid metabolism contributes to
insulin resistance development. A serious obesity-related complication is metabolic dysfunction-associated steatotic liver
disease (MASLD), which ranges from simple fat buildup to more severe stage called metabolic dysfunction-associated
steatohepatitis (MASH).

Recent investigations have identified pleiotrophin (PTN) as a heparin-binding cytokine involved in tissue repair,
inflammation, signaling, and metabolic regulation. Building upon these findings, this study employed untargeted ultra-high-
performance liquid chromatography-mass spectrometry with quadrupole time-of-flight (UHPLC-MS-QTOF) lipidomics
approaches to comprehensively characterize the effects of PTN deficiency on hepatic lipid profiles in a model of high fat diet
(HFD)-induced obesity and sex-related differences. Specifically, we sought to elucidate how PTN deficiency influences the
hepatic lipidome and contributes to the establishment of insulin resistance-associated lipidomic signatures.

Materials and Methods

The experimental design incorporated wild-type (WT) and PTN knockout (KO) murine models, divided into six experimental
groups (27 animals each), stratified by sex and genotype (male/female x WT/KO). Mice were subjected to three different
dietary regimens over six months: continuous standard diet (STD-STD), high-fat diet for 3 months followed by standard diet
for other 3 months (HFD-STD), and continuous high-fat diet (HFD-HFD).

After obtaining the liver homogenates, lipids were processed using all-in-one single phase extraction method with
methanol:methyl tert-butyl ether (MeOH:MTBE) after addition of deuterated internal standards. Comprehensive lipid profiling
was achieved by UHPLC-MS-QTOF employing both positive and negative electrospray ionization (ESI+) modes1. Data was
processed with Agilent MassHunter Profinder 10.0, including normalization and signal drift correction2 performed with
Matlab. Features in the quality control (QC) samples with coefficients of variation in their signals exceeding 20% were
excluded. Lipid species were annotated using MS and MS/MS information with an in-house database1 and complementary
lipid annotation tools. Finally, univariate and multivariate statistical analysis was performed.

Results

The analytical workflow successfully annotated approximately 420 lipid species, representing 24 different lipid subclasses,
revealing significant differences across experimental groups.
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Sex-based comparisons unveiled discriminatory features, highlighting phosphatidylcholines (PC), sphingomyelins (SM),
ceramides (Cer), fatty acids (FA), and phosphatidylinositols (Pl) species, indicating sex-specific differences in hepatic lipid
metabolism.

Genotype-based comparisons revealed that KO mice had significant changes in FA and triacylglycerols (TG), suggesting
PTN’s role in regulating lipid metabolism and storage, possibly by affecting lipogenesis, fatty acid oxidation, or lipid uptake.

Dietary intervention comparisons demonstrated that the HFD-HFD group distinctly separated from both HFD-STD and STD-
STD groups. The most significantly altered lipid classes included PC, phosphatidylethanolamines (PE), SM, TG, and FA
species. Most lipid species were elevated in the HFD-HFD group, suggesting enhanced lipid uptake and subsequent
metabolic alterations characterized by increased lipid synthesis, FA and TG accumulation, and the generation of potentially
cytotoxic lipid species such as sphingomyelins.

Conclusions

This investigation revealed substantial lipidomic alterations in the murine liver, with distinct patterns influenced by sex,
genotype, and dietary intervention. Notably, PC, SM, Cer, FA, and Pl species were shown elevated in female subjects
compared to males, while PTN knockout animals exhibited increased levels of FA and TG families relative to wild-type
controls. Furthermore, the HFD-HFD group displayed the most distinctive lipidomic profile compared to other dietary
intervention groups, with the greatest number of discriminatory features identified.

These findings underscore the utility of thorough lipidomics approaches in unravelling metabolic alterations associated with
insulin resistance and provide a basis for future research to better understand the biological pathways underlying insulin
resistance, energy metabolism, and liver fat accumulation.
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Introduction and Aims:

Climate change caused an increase in the frequency and severity of drought events, which not only reduce cereal yields but
also promote the spread of drought-adapted pathogens such as Fusarium pseudograminearum (Fp), the causal agent of
Fusarium crown rot (FCR) (Liu and Liu, 2016). This project aims to elucidate the molecular trade-offs in barley (Hordeum
vulgare L.) responses to simultaneous biotic and abiotic stresses. Two cultivars with contrasting drought tolerance are
subjected to drought, Fp infection, and their combination under controlled conditions.

Material and Methods:

The experiment was conducted on two barley (Hordeum vulgare L.) cultivars differing in drought tolerance, grown under
controlled greenhouse conditions. Plants were subjected to three stress treatments: drought, Fusarium pseudograminearum
CBS109956 (Fp) infection, and combined drought and infection. Physiological parameters, including photosynthetic activity
and transpiration rates, were monitored what helps in precise determination of infection initiation moment under drought.
Metabolic profiling was performed using LC-MS coupled with ion mobility separation. Transcriptomic analyses were
performed to assess the expression of stress-responsive marker genes, including Pathogenesis Related Protein 1 (PR1) and
Dehydrin4, associated with drought adaptation and pathogen defense.

Results:

Preliminary LC-MS with ion mobility analyses indicate that all stresses induced reprogramming in the metabolome and
lipidome of both barley genotypes. These changes are largely treatment-specific showing that combined stress is sense by
plant as separate trigger. Importantly, most of metabolites and lipids in combined stress exhibited increased accumulation
compared to the control conditions, which may indicate increased activation of metabolic pathways in response to the
coexistence of abiotic and biotic stresses.

Physiological monitoring supported the omics findings, including reductions in photosynthesis and transpiration. The analysis
of marker gene expression associated with drought and pathogen infection revealed that combined stress conditions
significantly modulated transcriptional activity. In most instances, expression levels were reduced under dual stress
compared to responses elicited by individual stress factors. This effect was particularly pronounced for the Pathogenesis-
Related Protein 1 gene (PR1), suggesting that, under concurrent stresses, defensive resource allocation may be shifted
toward drought-related tolerance mechanisms.

Conclusions:

Initial metabolite annotation, based on literature data and fragmentation spectra, revealed several compounds exhibiting
stress-specific accumulation patterns. Under combined stress conditions, these included flavonoids, indole metabolites, and
terpenoids. Among them feruloylagmatine, efficient antioxidant and tricine-methylated flavone derivatives, were
characterized. An interesting group of compounds exhibited almost exclusive accumulation under combined stress
conditions, with retention time profiles suggesting the presence of multiple isomers of flavonoids and hydroxycinnamic acid
derivatives. Several glycero- and phospholipids were detected such us sphingomyelin, phosphatidylcholine or 2-acyl-sn-
glycero-3-phosphocholines.
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The integrated multi-omics approach — combining physiological, transcriptomics, proteomics, metabolomics, lipidomics, and
phytohormone profiling — will map stress-specific and shared molecular signatures, identify regulatory hubs, and reveal
factors facilitating Fp proliferation under water deficit. These findings will feed into a functional model of combined stress
responses in cereals, providing potential biomarkers and molecular targets for breeding climate-resilient varieties.
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Introduction and Aims: Antipsychotic drugs disrupt lipid homeostasis by inhibiting cholesterol biosynthesis and impairing
intracellular cholesterol trafficking, leading to lipid accumulation in endolysosomes (1). Transient receptor potential
mucolipin 1 (TRPML1) cation channels on late endosomal/lysosomal (endolysosome) membranes form pores for lysosomal

calcium (Ca?*) efflux (2). The overexpression of TRPML1 or its activation by agonists promotes cellular lipid clearance in vitro

(2). Extracellular microvesicles (EVs) are small (diameter, 40-150 nm) intraluminal vesicles derived from large multivesicular
endosomes and are released from cells. EVs have the ability to remove unwanted materials from cells, which may offer a
different route of disposing of waste and decrease the cargo of overloaded lysosomes. This work aimed to characterize the
mechanism by which the TRPML1 agonist ML-SA1 reduces intracellular lipid accumulation, and its potential to relieve
antipsychotic-induced endolysosomal lipid accumulation by enhancing the secretion of extracellular microvesicles (EVs).

Material and Methods: Human Huh7 hepatocellular carcinoma cells were used in this study. The cellular content of Dil-
LDL (LDL labelled with a fluorescent fatty acid) was analyzed using immunofluorescence microscopy. Lipidomic
measurements were performed by LC-MS/MS (https://clipidomics.com). EVs were isolated, quantified using a nanoparticle
tracking analyzer and analyzed by western blot. Gene expression was measured by gqRT-PCR.

Results: ML-SA1 increased the secretion of EVs, thus reducing lipid overload and lysosomal size in cells treated with
antipsychotics. ML-SA1 increased ceramide and dihydroceramide levels via ceramide synthesis de novo, by upregulating the

genes encoding the enzymes involved in this process. Treatment with the Ca?* chelator BAPTA-AM prevented decreased

intracellular lipid accumulation, increased ceramide levels and secretion of EVs, indicating that intracellular Ca?* movement
through TRPML1 mediated the effects of MLSA1.

Conclusions: These findings indicate that TRPML1 activation stimulates the release of EVs via Ca?* mobilization and
increased ceramide synthesis de novo. This allows lipids to be released from the cell and improves the accumulation of
endolysosomal lipids induced by antipsychotics.

Funding: This work was funded by project RTI12018-098113-B-100, PI121/01173, P122/01381 and P124/00423.
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Sphingolipids are amphipathic membrane components in eukaryotes that maintain architecture, regulate permeability, and
provide rigidity. Their unique structure enables lipid raft formation, facilitating compartmentalized cellular signalling.
Phytoceramides, a ceramide subclass with phytosphingosine, are key for maintaining the skin barrier and preventing
transepidermal water loss. They are among the most abundant ceramides in human skin, but levels decline with aging or
conditions like atopic dermatitis. A low Cer[NP])/Cer[NS] ratio is linked to impaired barrier function, while a high ratio reflects
healthy skin. Moreover, glycoconjugates of phytoceramides contribute to immune modulation, reducing pro-inflammatory
cytokines, enhancing gut barrier integrity, and supporting microbiome stability under stress. Thus, its production has
attracted increasing attention in pharmaceutical and cosmetic applications.

Despite its interest, phytoceramide availability is restricted by the limitations of natural extraction and the complexity of
chemical synthesis. Metabolic engineering in Saccharomyces cerevisiae, a model organism with a well-characterized
sphingolipid pathway, offers an attractive strategy to increase its production. Yeast S. cerevisiae naturally synthesizes
several ceramide species, including dihydroceramide, phytoceramide, and their hydroxylated derivatives. Through targeted
genetic modifications, such as overexpression or gene deletion, we designed yeast strains aimed at enhancing
phytoceramide biosynthesis and accumulation.

To assess the efficiency of these engineering approaches, we implemented a lipidomic workflow based on LC-HRMS. This
strategy enabled the identification and quantification of diverse ceramide species, providing a robust quality control for the
metabolic design. The results highlight the utility of lipidomics not only to validate metabolic interventions but also to gain
insights into the global lipid remodeling occurring in engineered yeast strains.
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Introduction and Aims:

Primary cilia are antenna-like cellular structures critical for developmental signaling, yet their lipid composition remains
largely unexplored (1). Lipidomics analyses are classically performed using TOF, QTOF, and triple quadrupole (TQ) mass
spectrometers, providing low to moderate resolution and regularly coupled with ESI ionization (2). The goal of our study is to
evaluate the contribution of ultra-high resolution Tribrid Orbitrap mass spectrometry, combined with diverse ionization
sources, and to assess the added value of combining multiple fragmentation techniques on targeted lipid standards.

Materials and Methods:

Lipid profiling was performed using a Tribrid Orbitrap mass spectrometer (Thermo Fisher Scientific), operating in multiple
ionization modes (ESI, APCI, SICRIT®). A mixture of eight lipid standards, including phosphatidylcholine,
phosphatidylethanolamine, ceramides, and sphingomyelins, each at 10 pg/mL and covering all major lipid families, was used
to evaluate the analytical workflow. Flow injection analysis (FIA) was performed combining HCD, CID, and UVPD
fragmentation at various energies across different MS levels.

Results:

Full MS spectra confirmed the ionization of all standards, with detection of [M+H]*, [M+Na]* and [M-H]" ions. FIA combining
HCD, CID, and UVPD enabled fragmentation at expected sites across diverse lipid classes, improving and maximizing
structural characterization and elucidation of closely related lipid species.

Conclusions:

The developed methods demonstrate efficient lipid fragmentation using a high-resolution tribrid Orbitrap system. Combining
this approach with optimized separative conditions will enable a robust and reproducible LC-MS workflow for high-resolution,
untargeted lipidomic characterization of primary cilia, supporting future research in this domain.
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Introduction and Aims:

Transthyretin cardiac amyloidosis and aortic valve stenosis are cardiovascular diseases which involve complex metabolic
dysregulation. To explore the biochemical signatures underlying these disorders, we carried out a metabolomic and
lipidomic study in plasma from patients with amyloidosis and aortic valve stenosis diseases, compared to patients with
stenosis, both without type 2 diabetes. The aim was to identify novel lipid and metabolite biomarkers associated with
amyloid pathology.

Material and Methods:

Patients were recruited at the Cardiac Surgery unit of the Hospital Universitario de Toledo (Toledo, Spain) and at Department
of Cardiology, Ciudad Real General University Hospital.

Plasma samples underwent comprehensive metabolomic and lipidomic profiling using high-resolution mass spectrometry.
Statistical evaluation included PLS-DA, t-test, volcano plots, and fold-change analysis to identify significantly different
compounds.

Results:

The analysis revealed alterations across multiple lipid classes. Significant differences were observed in triglyceride TG
16:1/18:1/24:1, phosphatidylethanolamines (PE 36:2/20:4, PE 0-38:8, PE 18:0/22:6, PE 18:0/22:4), phosphatidylcholines (PC
18:5/24:5, PC 9:0/34:9, PC 40:8, PC 0-46:5), phosphatidylinositol (Pl 36:2), N-acyl-lysophosphatidylethanolamin (LNAPE
20:4/N-19:0), and the sphingolipid trihexosylceramide. Additionally, octanoylcarnitine (acylcarnitine C8) was significantly
modulated. These findings point to disruptions in membrane lipid remodeling, fatty acid metabolism, and mitochondrial
function.

Conclusions:

This study demonstrates that patients with amyloidosis and stenosis present a distinct metabolomic and lipidomic plasma
signature compared to stenosis. ldentified lipid species may provide novel biomarkers and enhance understanding of
amyloid-associated cardiac dysfunction.
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Introduction and Aims:

Thoracic aortic aneurysm (TAA) develops asymptomatically with potentially fatal consequences and its diagnosis is often
incidental. The lack of knowledge in pathophysiological mechanisms and markers of aortic dilation lead to inexistent drug
therapies and early diagnosis. TAA is mostly idiopathic, although its prevalence is significantly higher in subjects with
bicuspid aortic valve (BAV) for unknown reasons. Our hypothesis is that there is a reflection in plasma of the mechanisms
involved in the development of TAA, which differ depending on whether the aortic dilatation is associated with a BAV or a
tricuspid aortic valve (TAV). Our objective is to identify a plasma fingerprint of TAA, for both BAV and TAV patients, and to
decipher their particular pathophysiological mechanisms.

Material and Methods:

Samples were collected from 110 patients and classified in TAA or control (C) if no aortic dilatation was present. Patient
subgroups were done according to the aortic valve type (BAV or TAV). Untargeted LC-MS/MS was carried out by reversed
phase and hydrophilic interaction chromatography in positive and negative electrospray ionization modes (Plasma, TAV-C,
n=6; TAV-TAA, n=6; BAV-C, n=8; BAV-TAA, n=7). Identification was achieved by NIST and HMDB databases and MS/MS
spectra. Metabolites of interest (FDR-adjusted p-value<0.05) were validated using commercially available standards by LC-
MS/MS in selected reaction monitoring mode (SRM) in a different patient cohort (Plasma, TAV-C, n=22; TAV-TAA, n=12; BAV-
C, n=34; BAV-TAA, n=30) (t-test/Mann-Whitney, p-value<0.05). Relevant metabolism alterations found were confirmed
directly in aortic tissue (TAV-C, n=12; TAV-TAA, n=14; BAV-C, n=13; and BAV-TAA, n=11).

Results:

We found increased plasma levels of acetylcarnitine (p-value = 0.0261), glutarylcarnitine (p-value = 0.0114) and
myristoylcarnitine (p-value = 0.0033) in TAV patients. Myristoylcarnitine (AUC = 0.833) and glutarylcarnitine (AUC = 0.792)
demonstrated the strongest performance in distinguishing between C and TAA patients and myristoylcarnitine significantly
correlated with ascending aortic diameter (p-value = 0.0074). This was accompanied by an in-situ shift of glucose towards
hexosamine biosynthetic pathway; overexpression of GFTP2 (p-value= 0.0487) and UAP1 (p-value = 0.0086) and an
increase of glycosaminoglycan pools in the aortic media (p-value = 0.0026). Contrastingly, the BAV cohort showed increased
plasma levels of LPC 16:0 (p-value = 0.0321) and LPE 18:0 (p-value = 0.0260) in TAA patients together with an in-situ
glucose shift to maintain redox homeostasis through the pentose phosphate pathway, evidenced by increased G6PDH
activity (p-value = 0.0147) and decrease in NADP+/NADPH ratio (p-value = 0.0040).

Conclusions:

The idiopathic development of TAA driven by glucose metabolic flexibility is reflected differently in the plasma of patients
with BAV and TAV. This supports an individualized diagnosis based on the valve type and highlights the need for
personalized therapeutic approaches in these two patient groups.
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Introduction: Metabolic dysfunction-associated steatosis liver disease (MASLD) is the most common chronic liver disease
worldwide and is closely linked to atherogenic dyslipidemia. Although lifestyle interventions can improve cardiometabolic
health, the specific relationship between intrahepatic fat content (IFC) and oxilipines levels remains poorly characterized.

Methods: Forty patients with MASLD completed a 6-month lifestyle intervention based on a Mediterranean diet pattern.
Participants were stratified into two groups according to their IFC reduction: “reduce more” (n=20) and “reduce less”
(n=20). Anthropometric, clinical, dietary, and physical activity parameters were assessed, along with plasma levels of
oxylipins (measured by GC-MS) and inflammatory markers. Repeated-measures ANCOVAs (adjusted for age and sex) were
performed to evaluate time and group effects. Pearson correlation analyses explored associations between circulating levels
of oxylipins and interleukins, as well as between IFC and both lipid mediators and inflammatory markers.

Results: All participants showed improvements in anthropometric parameters after the intervention. However, only those
with greater IFC reductions showed significant improvements in clinical markers, including glucose, HbA1c, triglycerides, and
liver enzymes. This group also reduced their energy intake and consumed less saturated and trans fatty acids. Greater IFC
reductions were associated with significant decreases in specific oxylipins, particularly 17-hydroxy-docosahexaenoic acid
(17DoHE) and maresin-1 (MaR1). Correlation analyses revealed a positive association between prostaglandin F2a (PGF2a)
and interleukin-1 receptor antagonist (IL-1ra). Moreover, IFC was positively correlated with several lipid mediators (15-
hydroxyeicosatetraenoic acid (15HETE), 17DoHE, 3-hydroxytetradecanoic acid (3HMYR), 12-hydroxyoctadecanoic acid
(12HEST), lipoxin B4 (LXB4), and PGF2a) and inflammatory markers (IL-1ra, tumor necrosis factor alpha (TNFa), and leptin),
supporting the role of oxylipins in hepatic fat accumulation and inflammation.

Conclusion: A 6-month Mediterranean-based lifestyle intervention significantly improved metabolic health and reduced IFC in
patients with MASLD. These reductions were associated with favorable changes in oxylipin and inflammatory profiles,
highlighting the potential of oxylipins as biomarkers of liver fat modulation and inflammatory status.
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Introduction and Aims:

Lipid mediators play a crucial role regulating immune and inflammatory responses, and their dysregulation has been linked
to the development of food allergy (FA). Among these mediators, oxylipins act as signaling molecules involved in the balance
of inflammatory pathways, whereas sphingolipids regulate epithelial barrier integrity and immune homeostasis.

In the Mediterranean area, lipid transfer protein (LTP) allergy represents the most prevalent form of FA'. Novel dietary
strategies such as pectin interventions have emerged as promising approaches for FA, modulating the gut microbiome.
However, the mechanisms underlying these effects remain poorly understood.

To address this gap, we have implemented a targeted metabolomics strategy including three complementary panels:
microbial-derived metabolites (short chain fatty acids and bile acids), lipid mediators (oxylipins and sphingolipids) and polar
metabolites (polar lipids, organic nitrogen compounds and organic acids). While all panels provided valuable insights, in the
present work we focus on the lipidomics results, given the central role of lipid mediators in immune regulation.

The aim of this study was to evaluate systemic lipid mediator dynamics in LTP-allergic patients undergoing a pectin-based
intervention, within the framework of a broader targeted metabolomics approach.

Materials and Methods:

34 LTP-allergic patients were enrolled in a double-blind, placebo-controlled food challenge (DBPCFC) and randomized to
receive either placebo (n = 9), a citrus-derived pectin with low degree of esterification (CP-DElow, n = 13), or an apple-
derived pectin with high degree of esterification (AP-DEhigh, n = 12), administered twice daily for two months. Serum
samples were collected at baseline (T1) and after intervention (T2) and immediately stored at -80 °C until analysis.

Sample analysis was performed at Karolinska Institutet using liquid chromatography coupled to triple quadrupole mass
spectrometry (LC-QqQ-MS). Free oxylipins and sphingolipids were analyzed in independent worklists using panel-specific
methodologies. For oxylipins, sample preparation included solid-phase extraction (SPE) in a 96-well plate, whereas
sphingolipids were extracted using methanol:water (MeOH:H=0). Oxylipins were measured on a Waters Xevo® TQ-XS, and
sphingolipids on a Waters Xevo® TQ-S. Data were acquired in negative and positive ionization modes, respectively, using
dynamic multiple reaction monitoring (dAMRM).

Signal integration and data processing were performed using MassLynx® and TargetLynx® software (Waters Corporation).
Oxylipins were quantified by absolute quantification using calibration curves with internal standards, whereas sphingolipids
were analyzed by relative quantification based on peak area integration.

Results:

Initial detection included a larger set of lipid mediators; after QA/QC procedures (TUS clustering and %CV filtering in QC
samples), 169 lipid mediators (78 oxylipins and 91 sphingolipids) were included in the final analysis. Group comparisons and
tolerance-related analysis were performed using fold change (FC), which revealed distinct lipid mediator shifts associated
with the pectin intervention.
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Univariate statistical analyses were conducted using non-parametric tests. Differences among the three intervention groups
(placebo, CP-DElow, and AP-DEhigh) were assessed with the Kruskal-Wallis test, whereas comparisons between tolerant and
non-tolerant patients were performed using the Mann-Whitney U test.

Oxylipins and sphingolipids exhibited distinct patterns across both analyses. In the comparison between treatment groups,
the largest differences were observed between CP-DElow and AP-DEhigh, with representative changes in CerP(d18:1/18:0)
and LacCer(d18:1/18:1). Regarding tolerance, oxylipin alterations such as 12,13-DiHOME were detected within the CP-DElow
group, whereas sphingolipid differences, such as SM(d18:1/18:1), were observed in both pectin interventions.

Conclusion:

In summary, this study confirmed that targeted metabolomics is a powerful approach to investigate systemic effects of
pectin interventions in LTP-allergic patients. Distinct oxylipin and sphingolipid profiles differentiated between the two pectin
treatments and were further associated with clinical tolerance, highlighting the potential of lipidomics for translational
applications.
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Introduction and Aims

Food allergies, affecting approximately 13% of the population in Europe, is a significant public health concern. In southern
Europe, lipid transfer protein (LTP) allergy is the most common primary food allergy, with clinical manifestations ranging
from mild urticaria to potentially life-threatening anaphylactic reactions. Since LTPs are present in a wide variety of plant
foods, affected individuals often experience reactions to multiple allergens. Cofactors can enhance allergic responses or
trigger anaphylaxis, with some individuals only experiencing reactions when cofactors are present. Recently, the potential
involvement of lipids in allergy has been proposed, however, their role in anaphylaxis is still largely unknown. This study
aims to investigate the mechanisms behind the cofactor effect in LTP anaphylaxis by assessing whether aspirin/exercise
induce a distinct lipidomic signature in fatty acids and carnitines even in the absence of allergen exposure.

Material and Methods

Four adult groups were recruited: healthy controls (A) (n=6), atopic controls (with asthma/rhinitis but no food allergy) (B)
(n=6), LTP-sensitized individuals with no food allergy (C) (n=5) and cofactor-induced LTP anaphylaxis (D) (n=9). Individuals
participated in two hospital visits. At visit 1, patients underwent an exercise test and at visit 2, patients took 500 mg of
aspirin. Serum samples were taken before the cofactor exposure (T0) and at 2 points post-treatment/ intervention (30min for
exercise, 1h for aspirin, and 2h for both).

Untargeted lipidomic profiling was carried out using liquid chromatography coupled to quadrupole time-of-flight mass
spectrometry (LC-QTOF-MS, Agilent 6545). Samples from the exercise and aspirin intervention were analyzed in two batches
in both positive and negative ionization modes (ESI+ and ESI-). A pooled quality control (QC) sample was injected
throughout each batch to monitor analytical stability and reproducibility. Lipid annotation was performed using a highly
reliable in-house lipid database (1) in Profinder. Data were normalized using the Total Useful Signal (TUS) approach, and
data quality was assessed by unsupervised principal component analysis (PCA). Group comparisons were subsequently
performed using the Mann-Whitney U test for univariate statistics for each time point.

Results

This method allowed the annotation of 29 fatty acids and 18 acylcarnitines. PCA model demonstrated clustering of quality
control (QC) samples in both aspirin and exercise experiments after normalization of the raw data, confirming analytical
reproducibility and data quality. The anaphylaxis group (D) showed distinct lipid changes compared to healthy controls (A),
including some fatty acids and acylcarnitines, independent of cofactor exposure. Before taking aspirin, the group D, already
had a distinct profile of these lipids at baseline compared to group A, which remained decreased over time. These changes

although not significant followed the same trend at baseline before exercise. Additional lipid changes including arachidonic
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(AA) and docosahexaenoic acids (DHA), were observed at 30 minutes after exercise between groups A and D which seem to
diminish after 2h.

Conclusions

These alterations suggest an intrinsically different lipid phenotype in the group of cofactor-induced LTP anaphylaxis
compared to the healthy controls which appears unaffected by aspirin intake. In contrast, exercise leads to a different
lipidomic profile between the two groups. Further analyses must be done to understand the mechanisms underlying
cofactor-induced anaphylaxis.
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Obesity is currently a serious health and social problem, and for individuals with a BMI exceeding 35 bariatric surgery is an
effective treatment. Bile acids (BA) in the blood play a regulatory role, influencing, among other things, insulin sensitivity.
The aim of this study was to examine the concentrations of 18 different bile acids in the serum of obese patients during
preparation for surgery (low-calorie diet), immediately before the procedure, and after the procedure.

Blood was collected from 25 patients before the low-calorie diet, during the diet, immediately before laparoscopic sleeve
gastrectomy (LSG), and 3, 6, 9, and 12 months after the procedure. BA concentrations were measured using liquid
chromatography-mass spectrometry (LC-MS).

Our study showed that during the low-calorie diet, a slight decrease of BA concentrations in paients serum, while after LSG,
serum BA concentrations increased for up to 12 months, that was associated with the improvement of insulin sensitivity.

However, not all BA concentrations increased after the procedure. Six secondary BAs, which synthesis is influenced by
intestinal bacteria, did not change.

The presented study allowed for a thorough assessment of many BAs at various stages of bariatric treatment. The increase
in most BAs after LSG is a beneficial change that likely contributes to improved insulin sensitivity in these patients. However,
the fact that the concentration of six secondary BAs did not change indicates that this is related to changes in the
composition or metabolism of gut bacteria after LSG. These results highlight the need to examine the composition of gut
bacteria during treatment of patients with obesity and suggest that the use of appropriate diet/probiotics may enhance the
beneficial effects of bariatric treatment.
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Introduction:

Psoriasis, a common chronic inflammatory skin disease, is characterized by erythematous, scaly plaques on the skin. These
plaques result from excessive keratinocyte proliferation and immune-mediated inflammation. Once considered solely a skin
disorder, psoriasis is now recognized as a systemic immune-mediated condition driven by complex interactions between
skin-resident cells and immune pathways.

A central driver of the disease pathogenesis is the IL-23/Th17 axis, where IL-23 sustains Th17 cells that secrete cytokines
(IL-17, 1L-22), thereby promoting keratinocyte activation and inflammation[1]. Guselkumab, a selective IL-23 inhibitor, has
demonstrated clinical efficacy, reflected by improved Psoriasis Area and Severity Index(PASI) scores. Yet, broader systemic
and local molecular effects of IL-23 blockade remain incompletely understood.

Method:

A randomized, double-blind, controlled study was conducted in 26 psoriasis patients with mild (PASI < 5) to moderate-to-
severe disease (PASI <10). Of these, 20 received guselkumab and 6 received a placebo. Samples were collected at baseline,
after 28 days, and after 112 days of treatment. In patients, plasma samples along with suction blisters were taken from
unaffected non-lesional skin and peri-lesional skin (next to the lesions), while only plasma and non-lesional blister fluid
samples were collected from healthy volunteers. All samples were measured using a targeted HPLC-MS method covering
250 targets, including fatty acids, bile acids, oxylipins, endocannabinoids, and lysophospholipids[2].

Results and discussion:

A total of 114 metabolites were identified in non-lesional and peri-lesional blister fluid, and 127 metabolites in plasma. At
baseline, significant metabolic differences were observed between patients and healthy volunteers, particularly in peri-
lesional blister fluid compared to plasma, underscoring the relevance of local skin metabolism in psoriasis pathophysiology.
Post-treatment, the differences between patients and healthy volunteers notably reduced in blister fluid but less consistently
in plasma, suggesting a stronger impact of guselkumab on the local biochemical environment.

Key findings included elevated sphingosine species in perilesional blisters pre-treatment and decreased post-treatment,
consistent with reduced keratinocyte activation upon IL-23 suppression. Polyunsaturated fatty acids from the omega-3 and
omega-6 families were downregulated in blister fluid. This aligns with previous serum-based observations, although the
effect on plasma in our study was limited.

Oxylipins showed preferential metabolism of arachidonic acid via the lipoxygenase (LOX) pathway (13-HODE, 15-HETE, and
15-HETrE) rather than the cyclooxygenase (COX) pathway (PGE2, PGA2, and 8-iso-PGE1). This is in line with the known
defective COX-2 induction in psoriatic fibroblasts, which persists despite. While LOX pathway activity declined with
guselkumab, mirroring reduced Th17-driven inflammation. COX activity remained impaired despite increased arachidonic
acid substrate availability, potentially indicating alternative metabolic adaptations.

At baseline, bile acid alterations were the most consistent across compartments. The secondary bile acid deoxycholic acid
(DCA) was reduced at baseline but normalized in peri-lesional blisters after treatment and remained suppressed in plasma.
As secondary bile acids are known to be decreased in psoriasis, these findings suggest compartment-specific recovery
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during IL-23 blockade.

Conclusion:
These findings reveal distinct local and systemic metabolic changes in psoriasis, with guselkumab showing more pronounced
effects in the skin than in systemic circulation. Targeted lipidomics in paired suction blister fluid and plasma samples
provides valuable insights into disease mechanisms and potential metabolic biomarkers for monitoring therapeutic response.
These findings advance understanding of psoriasis pathology and may guide future biomarker development and treatment
strategies.
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Introduction and Aims:

Physical activity is essential for good health, known to produce large changes in the concentrations of multiple metabolites,
including lipids, and widely recommended to prevent and treat obesity-related complications such as type 2 diabetes
mellitus (T2DM). Metformin is a first-line anti-hyperglycemic drug for T2DM treatment and was shown to also alter plasma
lipid composition. In a recent study it was found that high-intensity interval exercise (HIIE) affected metformin
pharmacokinetics compared to rest (1). In this scenario, changes in the plasma concentrations of individual lipids could play
an important role in the response to HIIE under metformin intake.Thus, the aim of this work was to explore the dynamic
changes in the plasma lipidome over a timeframe of several hours between HIIE and rest, both under metformin intake.

Material and Methods:

In this study, nine healthy male individuals participated in two sessions lasting 24h. In both sessions they took 1000mg of
metformin in the beginning and afterwards performed either a HIIE test or rested. Blood samples were collected before
taking metformin and during each session at 13 timepoints and plasma was obtained by centrifugation. A single-phase lipid
extraction was performed using methanol and methyl-tert-butylether and samples were analyzed using an Agilent 1290
Infinity 1l UHPLC system coupled to an Agilent 6545 QTOF mass spectrometer. Data were acquired in both ionization modes
in separate runs. Lipid annotation was achieved by using LipidAnnotator, MS-DIAL, a published in-house plasma lipid
database (2) and manual inspection of fragmentation patterns from iterative-MS/MS runs. Paired Wilcoxon test was applied
to compare each timepoint between the two sessions.

Results:

The annotation process yielded 247 lipids from 16 lipid classes. The statistical comparison between HIIE and rest at the
different timepoints revealed dynamic changes of these lipids, mainly sphingomyelins, glycerophosphocholins,
triacylglycerols, fatty acids and acyl carnitines. These changes were followed in time up to 12 h, also showing the effect of
meals taken during the sessions. We hypothesize the changes are a synergistic effect of HIIE and metformin on the lipidome,
with the effect of HIIE predominating.

Conclusions:

The observed changes provide crucial insights into understanding the dynamic and complex physiological response of
humans to HIIE under an antidiabetic drug and pinpoint the main biological processes implicated in maintaining a healthy
status.
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Gallbladder (GB) cancer is the most aggressive malignancy of the biliary tract, and its diagnosis may benefit from analytical
approaches targeting bile, a fluid in direct contact with the tumor. In this study, we developed a paper spray ionization mass
spectrometry (PSI-MS) method for direct bile analysis with minimal pretreatment, aiming to identify metabolite signatures
specific to GB cancer. Diluted bile samples (n=74) from healthy individuals and patients with gallstones, GB polyps,
hepatocellular carcinoma (HCC), and GB cancer were analyzed by PSI-MS. The use of alum-treated PSI tips and alcohol-based
spraying solvents efficiently generated bile metabolite fingerprints with reduced spectral complexity, even for these high-
salinity bile samples. Initial PSI-MS screening revealed a distinct reduction in phospholipid-related signals (m/z 731-860) in
the GB cancer group. Ratiometric analysis further identified a significantly elevated signal at m/z 732, corresponding to the

protonated ion of phosphatidylcholine (PC) 32:1, and a decreased signal at m/z 758 ([PC 34:2 + H]*) in GB cancer bile
compared to other groups. These trends in GB cancer fingerprints were further validated by targeted selected reaction
monitoring (SRM), confirming the enhanced PC 32:1 ratio in GB cancer bile. Our findings demonstrate that PSI-MS enables
rapid, direct profiling of bile metabolites and holds strong potential as a minimally invasive clinical tool for GB cancer
diagnosis.
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Introduction and Aim:

Obesity is a major public health concern, closely associated with oxidative stress, systemic inflammation, and
neurodegenerative risk factors (1). High-fat diets can disrupt brain lipid homeostasis, leading to altered cholesterol
metabolism and accumulation of toxic oxysterols such as 27-hydroxycholesterol (27-HC), implicated in Alzheimer's and
Parkinson’s diseases (2). Brassica vegetables, including Raphanus sativus cv. Sango sprouts, are rich in bioactive
compounds such as isothiocyanates and anthocyanins, known for antioxidant and lipid-modulating properties. Based on prior
evidence of Sango sprout juice (SSJ) mitigating redox imbalance and dyslipidemia in obese rats, the present study aimed to
evaluate the effect of SSJ supplementation on brain lipid composition and cholesterol oxidation in a non-genetic model of
diet-induced obesity.

Materials and Methods:

Thirty-five male Sprague Dawley rats were divided into regular diet (RD, 4.5% fat) and high-fat diet (HFD, 34% fat) groups.
After 10 weeks, HFD-fed animals were subdivided into four groups: continued HFD, HFD switched to RD, HFD supplemented
with SSJ (75 mg/kg/day), and HFD switched to RD with SSJ supplementation. SSJ was prepared by freeze-drying sprout juice.
After a 28-day intervention, brains were collected, and lipid extraction performed using the Folch method. Fatty acid
composition was determined via GC-FID, sterols and cholesterol oxidation products (COPs/oxysterols) via Fast-GC/MS, and
statistical analysis applied (ANOVA, PCA).

Results:

HFD increased brain lipid infiltration compared to RD but did not significantly alter overall fatty acid composition, which
remained predominantly unsaturated (T58%). Notably, linoleic acid (LA) content was halved under HFD. Brain cholesterol
levels decreased with HFD compared to RD but increased significantly when switched back to RD, regardless of SSJ. The
sterol profile was largely dominated by cholesterol (T99%). HFD markedly elevated cholesterol oxidation (total oxysterols
63.1 mg/g), particularly increasing 27-HC infiltration across the blood-brain barrier compared to RD (0.24 vs 0.13 mg/g). SSJ
supplementation with HFD reduced oxysterol accumulation, with effects comparable to switching from HFD to RD, especially

lowering 27-HC and a-epoxycholesterol. Although 24(S)-hydroxycholesterol showed only a non-significant increasing trend
under HFD, PCA revealed that SSJ was inversely associated with 24(S)-HC and 27-HC, indicating a protective effect against
cholesterol oxidation.

Conclusions:

The present study demonstrated that while SSJ did not influence overall brain lipid infiltration or fatty acid profile, it
significantly counteracted cholesterol oxidation in rats fed a high-fat diet, particularly reducing neurotoxic oxysterols. These
findings highlight the potential of Raphanus sativus Sango sprout juice as a dietary intervention to mitigate diet-induced
brain oxidative imbalance and possibly lower the risk of neurodegenerative processes. Further studies are needed to clarify
the mechanistic link between LA levels, cholesterol metabolism, and oxysterol regulation in the brain.
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Introduction and Aims:

Colon cancer (CC) is one of the most preventable yet common and lethal cancers. Evidence shows that lifestyle, body
composition, and metabolic dysfunction play roles in its aetiology and progression. Research has largely examined tumour
biology in isolation from systemic metabolic dynamics, overlooking their potential interrelation. An interesting, yet less
studied, phenomenon is that cancer patients often present with dysregulated lipid metabolism and altered plasma lipid
profiles. Previously, we demonstrated that patients with CC show decreased content of plasma esterified fatty acids by
approximately 60%. To further explore this observation, we analysed plasma at the lipid species level to investigate whether
stage-specific alterations could be identified.

Material and Methods:

Patients were recruited at the University Hospital Son Espases (Palma, Spain). The cohort consisted of healthy controls
(n=20, 8F/12M) and patients with CC (n=137), classified according to the TNM Staging System: pT1 [n=16, 5F/11M], pT2
[n=17, 7F/10M], pT3 [n=69, 33F/36M], and pT4 [n=35, 15F/20M]). Lipid profile was established using reverse-phase LC-MS.
FABP4, insulin, leptin, and resistin plasma concentrations were measured using a multiplex human cytokine magnetic bead
panel (Luminex®, R&D Systems). Relevant clinical data on inflammatory biomarkers (fibrinogen and C-reactive protein)
were also collected.

Results:

The results showed a profound and consistent decrease in plasma linoleic acid (LA)-containing species, particularly affecting
cholesteryl esters and phospholipids at absolute and relative levels. Remarkably, the decrease was TNM-stage and sex-
dependent, being more pronounced in men than in women, which could partly account for the well-established higher
incidence of CC in men. Unexpectedly, the triacylglycerol class was barely affected. These observations concur with stage-
dependent changes in FABP4, insulin, leptin, and systemic inflammatory markers. A subset of patients with CC were sorted
using the Consensus Molecular Subtype (CMS) classification, solely based on tumour differential transcriptomic profile: CMS1
(MSI immune, n=8 [6F/2M]), CMS2 (canonical, n=17 [9F/8M]), CMS3 (metabolic, n=5 [3F/2M]), and CMS4 (mesenchymal,
n=18 [7F/11M]). CMS4, characterized by strong stromal infiltration and a poor prognosis, showed the most altered content in
LA-species.

Conclusions:

Altogether, plasma lipidome proved to be highly sensitive to the presence and progression of CC, while providing unique
information regarding the potential underlying mechanisms of the disease.
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N-3 polyunsaturated fatty acids (n-3 PUFAs) play important roles in cognitive functions. In natural sources of N-3 PUFAs are
mainly present in the form of glycerolipids, with triacylglycerols (TGs) being the dominating lipid class in marine species.
Previous research has shown that differ marine resources may differ in the positional distribution of n-3 PUFAs in TG
molecules. However, there is a lack of knowledge on how such difference in positional distribution of n-3 PUFAs may lead to
potentially different the metabolic impact. Therefore, the aim of this research was to study the impact of regio- and stereo-
specific positioning of n-3 PUFAs in dietary TGs on the metabolomics profile in liver and brain in rats.

Rats in a state of mild n-3 PUFA deficiency were fed daily with 360 mg structured TGs containing DHA (docosahexaenoic
acid) at sn (stereospecific numbering)-1, 2, or 3 positions and stearic (18:0) at remaining positions, or an equal amount of
tristearin for 5 days. Groups fed with n-3 deficient diet and normal n-3 adequate diet were included as controls. The
metabolic profiles of the brain and liver were studied using nuclear magnetic resonance (NMR)-based metabolomics. Several
metabolites of significance in membrane integrity and neurotransmission, and glutamate, in particular, are significantly
lower in the brain of the groups fed with sn-1 and sn-3 DHA compared to the sn-2 DHA group. Further, the tristearin and DHA
groups show a lower lactate level compared to the groups fed on normal or n-3 deficient diet, suggesting a prominent role of
stearic acid in regulating energy metabolism. This study sheds light on the impact of stereospecific positioning of DHA in
triacylglycerols and indicated a potential role of dietary stearic acid on metabolism in the brain and liver.
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Oxylipins, oxygenated derivatives of polyunsaturated fatty acids (PUFA), are common fungal-derived intermediates and play
important roles in skin immunology, keratinocyte biology, and inter-kingdom signalling. While octadecanoids and
eicosanoids are consistently detected on superficial skin, their biological role and origin remain unclear (1). Malassezia are
lipid-dependent yeasts that dominate the human skin mycobiome and are implicated in inflammatory skin conditions,
including dandruff and seborrheic dermatitis. Beyond their pathogenic associations, Malassezia are increasingly recognised
as active metabolic contributors to skin homeostasis.

Our in vitro studies have shown that Malassezia can secrete octadecanoids, including the dihydroxy fatty acids 9,10-
dihydroxyoctadecenoic acid (9,10-DiHOME) and 9,10-dihydroxyoctadecanoic acid (9,10-DiHODA) (approximately 7 and 17 ng
per 1x105 colony-forming units, respectively). Other octadecanoids, such as trihydroxyoctadecenoic acids (TriHOME), are
also secreted at lower concentrations. Using stable isotope tracing, we confirmed that oleic and linoleic acid are metabolised
by Malassezia, forming 9,10-DiHODA and 9,10-DiHOME, respectively. Furthermore, we have shown that secretion of oxylipins
by M. restricta and M. globosa, two Malassezia species commonly detected on healthy skin, is significantly higher than that
of species not commonly detected, such as M. furfur. These findings suggest Malassezia may contribute to human skin-
surface oxylipins. Indeed, our previous work comparing the skin of pre-pubescent children and adults, including pre- and
post-menopausal females, revealed that M. restricta abundance positively correlates with skin 9,10-DiIHOME, suggesting a
potential age- and microbe-dependent contribution to skin oxylipins (2).

To assess the microbial origin of scalp skin surface oxylipins through targeted Malassezia suppression, we performed a
clinical intervention study and quantified both oxylipins and microbes, before and after an antifungal treatment. We
recruited 67 healthy adults (34 males, 33 females; aged 21-65 years). Microbes were harvested by swabs, and oxylipins
were collected by ethanolic scalp washes, before and after treatment with an antifungal shampoo (1% selenium disulfide, an
effective inhibitor of Malassezia). Oxylipins (37), including PUFA-derived mono-, di-, and poly-hydroxy, epoxy, and ketone
oxygenated derivatives, were quantified using targeted lipidomics by UPLC/ESI-MS/MS. The abundance of key scalp
commensals (M. restricta, M. globosa, Cutibacterium acnes, and Staphylococcus epidermidis) was measured by quantitative
PCR.

This work will clarify the contribution of Malassezia to oxylipin production on human scalp and their role in skin health
relevant host-microbe signalling. As fungal oxylipins could mediate inflammatory and barrier-related processes leading to
the development of itch, flaking, and irritation, this study may highlight pathways underpinning the interaction between skin
and microbiota in common skin disorders.
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Introduction and Aims:

Anaphylaxis is the most severe type of allergic reaction, characterised by a rapid onset and potentially fatal consequences
such as hypotension, vasodilation, bronchospasm, erythema, arrhythmia, or death. Reactions to factors such as insect
stings, drugs and foods remain a serious problem and are becoming more frequent. Various biological organs such as sking,
lung or brain can be affected. However, how the liver can be affected in anaphylaxis is still not known. The liver plays a
pivotal role in lipid metabolism, for this reason, it is crucial to examine the changes in the liver's lipidome that occur during
an anaphylactic reaction (1). The aim of this study was to detect significant lipidomic differences in the liver between three
groups of mouse models: control, sensitized, and anaphylaxis.

Material and Methods:

In our study, mice were sensitized epicutaneously during 6 weeks with the major peach allergen in the Mediterranean area,
Pru p 3, and animals were challenged one week after. Anaphylaxis was assessed by measuring the drop of temperature after
challenge. Liver samples were taken and studied within groups: sensitized (n=6), with anaphylaxis (n=6), and control (n=6).
Lipid extraction was performed using methanol containing internal standards and MTBE and samples were analyzed by
untargeted lipidomics in a UHPLC system coupled to a quadrupole time-of-flight (QTOF) mass spectrometer. Data were
acquired in both ionization modes in separate runs: positive ionization (ESI+) and negative ionization (ESI-). A highly reliable
in-house lipid database (2) was used to extract lipids from the acquisition data files using Profinder. After quality assurance,
the data were normalized by the total useful signal (TUS). ANOVA or Kruskal-Wallis tests were performed based on the
distribution of each metabolite for the univariate statistical analysis.

Results:

The targeted profinder analysis yielded a total of 265 lipids in positive and 75 lipids in negative ionisation modes. The
following lipid categories were found: fatty acyls, glycerolipids, glycerophospholipids, sphingolipids, and sterol lipids. The
PCA model of these data shows clustering of QC samples, indicating good quality of the data. We identified significant
differences between groups: control-sensitized (32 lipids), control-anaphylaxis (30 lipids), and sensitized-anaphylaxis (13
lipids). Most of the significant lipids had higher levels in the sensitized and anaphylaxis groups compared to the control.
Especially triacylglycerols, glycerophosphocholines, sphingolipids and fatty acids seem to play an important role.

Conclusions:

The results indicate major differences between the sensitised and anaphylaxis groups compared to the control group. These
findings provide key insights into the lipid metabolism in the liver of sensitized and food anaphylaxis mice, which may help
to understand the underlying mechanisms.
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