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1st sponsored session 

COMPARATIVE ROLE OF PROSTACYCLIN IN THE RELAXATION INDUCED BY ATP 
AND ACH IN PULMONARY ARTERIES FROM PATIENTS WITH OR WITHOUT 
PULMONARY HYPERTENSION. 

A. HICHEM BADJI1, Heba Abdelazeem1,2, Dan Longrois1,3, Adam Silverstein4 and
Xavier Norel1

1) Université Paris Cité and Université Sorbonne Paris Nord, INSERM, LVTS, F-75018
Paris, France
2) Department of Pharmacology and Toxicology, Faculty of Pharmacy, Alexandria
University, Egypt
3) Hôpital Bichat-Claude Bernard, AP-HP, Université Paris Cité, Paris, France
4) United Therapeutics Corporation, Research Triangle Park, NC 27709, USA

Background: Pulmonary hypertension (PH) is a disabling chronic disorder of the 
pulmonary vasculature. It is characterized by endothelial dysfunction that leads to a 
reduction of prostaglandin I2 (PGI2) and nitric oxide (NO) synthesis. For Group III PH, 
which is secondary to lung diseases, few recent clinical trials (ref 1) have 
demonstrated a benefit for the conventional therapies. Extracellular nucleotides, such 
as ATP, are involved in the modulation of the vascular tone via purinergic receptors 
present in the human pulmonary arteries (HPA) (ref 2). It has also been proven that the 
vasodilatation induced by acetylcholine (ACh) in vessels through muscarinic receptors 
has been associated with the release of NO and PGI2 (ref 3). 

Aims: To compare ATP- and ACh- induced relaxation in HPA derived from Group III PH 
and non-PH patients and the endothelium-derived mediators involved in these 
responses. 

Methods: The relaxant effect of ATP and ACh was evaluated on the vascular tone of 
HPA derived from PH and non-PH patients by using an organ bath system. Organ 
bath supernatants were used for ELISA measurement of 6-keto-PGF1alpha (a stable 
metabolite of PGI2) after 30 min stimulation of HPA either with ACh 1 microM or ATP 
0.1 mM. 

Results: ATP and ACh produced endothelium-dependent relaxation of HPA and these 
effects were both PGI2 and NO dependent. However, the relaxations induced by ATP 
were more potent. In HPA from Group III PH patients, ATP- and ACh- induced 
relaxation were dramatically attenuated. 
In HPA derived from non-PH patients, ATP-induced relaxation was significantly 
inhibited when treated with either indomethacin or L-NOARG, and their combination 
had an additive inhibitory effect. 
The measurements of 6-keto-PGF1alpha could explain the different relaxations 
induced by ACh and ATP, will be presented. 

Conclusions: Our results demonstrate that the endothelial dysfunction observed in PH 
vessels could involve PGI2 and NO, in particular during ATP induced relaxations. 

References: References: 1. PMID: 33440084; 2. PMID: 32037507; 3. PMID: 15172959 



EFFECTS OF MICROSOMAL PROSTAGLANDIN E SYNTHASE-1 (MPGES-1) 
INHIBITION ON RESISTANCE ARTERY TONE IN PATIENTS WITH END STAGE 
KIDNEY DISEASE 

Julia Steinmetz-Spãh1, SAMSUL AREFIN2, Karin Larsson1, Jabin Jahan1, Neja 
Mudrovcic2, Lars Wennberg3, Peter Stenvinkel2, Marina Korotkova1, Karolina 
Kublickiene2, Per-Johan Jakobsson1 

1) Division of Rheumatology, Department of Medicine, Solna, Karolinska Institutet &
Karolinska University Hospital, Stockholm, Sweden
2) Division of Renal Medicine, Department of Clinical Science, Intervention and
Technology (CLINTEC), Karolinska University Hospital, Stockholm, Sweden
3) Division of Transplantation Surgery, Department of Clinical Science, Intervention
and Technology, Karolinska University Hospital, Karolinska Institutet, Stockholm,
Sweden

A major concern with NSAIDs, selectively inhibiting cyclooxygenase2 (COX-2), is the 
increased risk for severe cardiovascular events, especially in patients suffering from 
chronic inflammation. The cardiovascular adverse effects of NSAIDS are widely 
ascribed to be caused by an imbalance in pro-thrombotic versus anti-thrombotic 
mediators resulting in thrombotic events, increased arterial blood pressure and heart 

failure. Inhibition of mPGES-1 the terminal synthase of PGE2, resembles a novel 
approach for anti-inflammatory treatment leading besides the reduction of pro-

inflammatory PGE2 to a redirection of excess PGH2 into the vasodilating PGI2 
pathway. The microvasculature is a central target organ for early manifestations of 
cardiovascular diseases. Therefore, a better understanding of the prostaglandin 
system and characterizing the effects of mPGES-1 inhibition in this vascular bed are of 
interest. 

Here we studied the effects of mPGES-1 inhibition on constriction and relaxation of 
resistance arteries from patients with end stage kidney disease (ESKD) and controls 
using wire-myography in combination with immunological and mass-spectrometry 
based analyses. 

Inhibition of mPGES-1 in arteries from ESKD patients and controls significantly 
reduced adrenergic vasoconstriction, which was not affected by the COX-2 inhibitors 
NS-398, Etoricoxib or the COX-1/COX-2 inhibitor Indomethacin. Correspondingly, a 
significant increase in 

acetylcholine-induced dilatation and spared PGI2 levels were observed for mPGES-1 
inhibition only. Blockage of IP, EP4 or PPARÎ³ signaling did not restore the reduced 
constriction following mPGES-1 inhibition. Expression of mPGES-1, COX-1, PGIS and 
weak expression for COX-2 was found in ESKD and control arteries as well as receptor 

expression for PGE2 (EP1-4), thromboxane (TP) and PGI2 (IP). 

In conclusion, our study demonstrates vasoactive effects of mPGES-1 inhibition and 

suggests that several pathways besides shunting to PGI2 may be involved in the 
vasodilating effects following mPGES-1 inhibition in human microvasculature. The 
presented results motivate for further studies on mPGES-1 inhibition in diseases like 
Raynaud’s phenomenon or myocardial infarction. 



2nd Sponsored Session 
 

PRO-RESOLVING LIPID MEDIATORS ARE NOVEL SIGNALS IN RESOLUTION AND 
TISSUE REGENERATION 

CHARLES NICHOLAS SERHAN 

Center for Experimental Therapeutics and Reperfusion Injury, Brigham and Women's 
Hospital and Harvard Medical School, Boston, MA 02115, USA 

 

Specialized pro-resolving mediators (SPM) promote tissue regeneration, control infections 
and resolution of inflammation that will be reviewed in this presentation. These include 
resolvins, protectins, maresins and the newly identified conjugates in tissue regeneration 
(CTRs). We sought mechanisms of CTRs in activating primordial regeneration pathways in 
planaria (Dugesia japonica) using RNA-sequencing [PNAS. 2021;118(10): e2013374118]. 
The three CTRs (MCTR3, PCTR3 and RCTR3) share up-regulation of 175 known 
transcripts and 199 canonical pathways, including NF-κB pathways and an ortholog of 
human TRAF3. In human macrophages (MΦ) and mouse infections, CTRs regulate the 
TRAF3/IL-10 axis in enhancing phagocyte functions in resolution. CTR activation of TRAF3 
signaling is a molecular component of both regeneration and resolution of infectious 
inflammation. Neutrophil extracellular traps (NETs) play a critical role in bacterial and viral 
infections, as in SARS-CoV-2 infections. We tested whether the recently identified 13-series 
resolvins (RvTs) regulate NET formation. Using microfluidic devices capturing NETs with 
human whole blood, Resolvin D2 and the RvTs each potently (RvT1-RvT4; 2.5 nM) reduce 
NETs [Blood. 2022; 139(8): 1222–1233]. These results provide evidence that resolvins 
reduce NETosis and enhance macrophage NET clearance. 

The proposed 4S,5S-epoxy-resolvin intermediate in the biosynthesis of resolvin D3 and 
resolvin D4. Was prepared by total organic synthesis and we found that human neutrophils 
converted this synthetic intermediate to resolvin D3 and resolvin D4. M2 macrophages 
transformed this labile epoxide intermediate to resolvin D4 and a novel cysteinyl-resolvin 
that proved to be an isomer of RCTR1 without appreciable amounts of resolvin D3 (Shay 
et al PNAS e2116559118). M2 macrophages play key roles in the resolution of inflammation 

and wound healing. Human M2 macrophages also converted leukotriene A4 to lipoxins. 
The novel cysteinyl-resolvin significantly accelerated tissue regeneration of surgically 
injured planaria. In a model of human granuloma formation, this cysteinyl- resolvin isomer 
significantly inhibited granuloma development by human peripheral blood leukocytes. 
These results provide evidence for human cell type-specific role of 4S,5S-epoxy-resolvin in 
the biosynthesis of resolvin D3 by human neutrophils, resolvin D4 by both human M2 
macrophages and neutrophils, and a novel cysteinyl-resolvin positional isomer produced 
by M2 macrophages that processes potent activities in granuloma formation, resolution and 
tissue regeneration. 

 

  



Session 1 
 
INFLAMMATORY MACROPHAGE MEMORY IN NSAID-EXACERBATED 
RESPIRATORY DISEASE 

Pascal Haimerl, Ulrike Bernhardt, Sonja Schindela, Fiona Henkel, Antonie Lechner, Ulrich 
Zissler, Xavier Pastor, Dominique Thomas, Alexander Cecil, Yan Ge, Mark Haid, Cornelia 
Prehn, Janina Tokarz, Matthias Heinig, Jerzy Adamski, Carsten Schmidt-Weber, Adam 
Chaker, JULIA ESSER-VON BIEREN 

 
Center of Allergy and Environment (ZAUM), Technical University of Munich and Helmholtz 
Zentrum München, 80802 Munich, Germany 
 
 

Background - NSAID-exacerbated respiratory disease (N-ERD) is a chronic type-2 
inflammatory condition, which is driven by an aberrant arachidonic acid (AA) metabolism. 
Macrophages are major producers of AA metabolites and subject to metabolic 
reprogramming, but they have been neglected in N-ERD. 

Objective - We sought to elucidate a potential metabolic and epigenetic macrophage 
reprogramming in N-ERD. 

Methods - Transcriptional, metabolic and lipid mediator profiles in macrophages from N-
ERD patients and healthy controls were assessed by RNA sequencing, Seahorse assays 
and LC-MS/MS. Metabolites in nasal lining fluid (NLF), sputum and plasma from N-ERD 
patients (n=15) and healthy individuals (n=10) were quantified by targeted metabolomics 
analyses. Genome-wide methylomics were deployed to define epigenetic mechanisms of 
macrophage reprogramming in N-ERD. 

Results - We show that N-ERD monocytes/ macrophages exhibit an overall reduction in 
DNA methylation, aberrant metabolic profiles and an increased expression of chemokines, 
indicative of a persistent pro-inflammatory activation. Differentially methylated regions in N-
ERD macrophages included genes involved in chemokine signaling and acylcarnitine 
metabolism. Acylcarnitines were increased in macrophages, sputum, NLF and plasma of 
N-ERD patients. Upon inflammatory challenge, N-ERD macrophages produced increased 
levels of acylcarnitines, pro-inflammatory AA metabolites, cytokines and chemokines as 
compared to healthy macrophages. 

Conclusion - Together, our findings decipher a pro-inflammatory metabolic and epigenetic 
reprogramming of macrophages in patients suffering type-2 inflammation. 

  



Session 2 
 

ROLES OF AA AND DHA IN VIVO-FROM MEDIATORS TO MEMBRANE 

TAKAO SHIMIZU 

University of Tokyo, National Center for Global Health and Medicine, Japan 

 

Arachidonic acid (AA) and docosahexaenoic acid (DHA) are important precursors of lipid 
mediators involved in a variety of biological functions including inflammation and its 
resolution. These PUFAs are mostly esterified at sn-2 position of glycerophospholipids, and 
free fatty acids are released by mainly Ca-dependent phospholipase A2s. The questions 
are the mechanisms of how individual PUFAs are accumulated at sn-2 of 
glycerophospholipids, and in vivo functions of PUFAs in membrane other than mediator 
precursors roles (1-3). 

To answer these questions, we started to screen genes in the biosynthesis of 
glycerophospholipids with a variety fatty acid combinations (more than 1,000 species). We 
isolated 9 genes (6 in AGPAT and 3 in MBOAT family) with different donor (acyl-CoAs) and 
lysophospholipid acceptor specificities. Today, we present data focusing on 2 enzymes, 
LPCAT3 (lysophosphatidylcholine acyltransferase 3, LPLAT12 in new nomenclature) and 
LPAAT3 (lysophosphatidic acid acyltransferase 3, AGPAT3, LPLAT3), crucial players to 
incorporate AA and DHA to phospholipid membranes, respectively (3). 

LPCAT3-null mice are born normally but postnatally lethal. This is mostly due to malnutrition 
caused by the damage of intestine epithelium. Both intestinal cells and hepatocytes showed 
fatty degeneration containing excess triglycerides droplets ,while serum chylomicron and 
VLDL are markedly reduced. Together with biochemical analyses, we propose that AA-rich 
membrane in ER is critical for production of lipoproteins by uptake of cytosolic triglyceride 
with the help of microsomal triglyceride transfer protein (MTTP). LPAAT3 mice showed 
male infertility and light-independent blindness, caused by deficiency of DHA-phospholipids 
in Sertoli cells/sperm and photoreceptor cells, respectively. Noteworthy, while DHA is 
decreased in membrane phospholipids, AA appears increased as compensation, showing 
that total PUFA proportion is monitored and unchanged. Although detailed mechanism 
remains clarified, either docosanoids, DHA binding proteins or DHA-rich milieu would 
explain (4-6). 

 

Ref. 

1. Shimizu, T. (2009) Ann. Rev. Pharmacol. Toxicol. 49, 123 

2. Harayama, T. and Shimizu, T. (2020) J. Lipid. Res. 61, 1150 

3. Valentine, W. et al. (2022). J. Biol. Chem. 298, 101470 

4. Iizuka-Hishikawa, Y. et al. (2017) J. Biol. Chem, 292, 12065 

5. Shindou, H. et al. (2017) J. Biol Chem. 292, 10586 

6. Hishikawa, D. et al. (2020) iScience 22:23, 101495 

 

  



EXCESSIVE DIETARY LINOLEIC ACID PROMOTES PLASMA ACCUMULATION OF 
PRONOCICEPTIVE LIPID MEDIATORS AND THERMAL NOCICEPTIVE 
HYPERSENSITIVITY 

CHRISTIAN A. REYNOLDS, Toni Azar, Nada Birkic, Krishna Rao Maddipati, and Zeljka 
Minic Department of Emergency Medicine, Wayne State University School of Medicine, 
Detroit, Michigan, USA 

 

Various fatty acyl lipid mediators are derived from dietary polyunsaturated fatty acids 
(PUFAs) and modulate nociception. The modern diet is rich in linoleic acid, which may 
present a risk factor for developing pain conditions. Although recommendations about fatty 
acid intake exist for some diseases (e.g. cardiovascular disease), the role of dietary fatty 
acids in promoting pain disorders is not completely understood. Here we report that dietary 
linoleic acid content is associated with plasma accumulation of pronociceptive lipid 
mediators. From the time of weaning, male and female rats were randomized to receive 
one of two modified AIN-76A rodent diets each containing 5.1% fat. The standard corn oil 
was replaced with a custom triglyceride blend rich in either linolic acid (LA, 18:2n-6) or oleic 
acid (OA, 18:1n-9). At nine weeks of age, paw-withdrawal latencies were assessed in 
response to thermal stimulation and plasma was collected for fatty acyl lipidomic analysis. 
Thermal nociceptive hypersensitivity was observed in animals exposed to a LA-rich diet. In 
general, rats maintained on the LA-rich diet displayed greater plasma accumulation of fatty 
acyl lipid mediators derived from LA and arachidonic acid (AA), while accumulation of fatty 
acyl lipid mediators derived from eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) was greater in rats maintained on the OA-rich diet. Univariate analysis detected 28 
fatty acyl lipid mediators with a p-value < 0.05 and a log2fold change >1.5. Many of the fatty 
acyl lipid mediators that were elevated in animals maintained on the LA-rich diet are known 
to interact with transient receptor potential (TRP) channels. Our findings provide 
mechanistic insights into exaggerated nociceptive hypersensitivity associated with 
excessive dietary linoleic acid intake and highlight potential biomarkers for pain risk 
stratification. 

 

  



MOLECULAR REGULATION OF ENDOTHELIAL AND VASCULAR DYSFUNCTION BY 
PUFA-DERIVED LACTONE MEDIATORS 

Bar-Sheshet Michal, Ertracht Offir, Reuveni Tal, Atar Shaul, SZUCHMAN-SAPIR ANDREA 

MIGAL Research Institute, Tarshish 2, Kiryat-Shmoan, Israel 

 

Microvascular dysfunction is a known contributor to cardiovascular-related diseases. Under 
these conditions, nitric oxide-mediated endothelial dilation loss results in an alternative 
pathway regulating vascular tone by endothelial-derived hyperpolarizing factors (EDHFs). 
Previously, we showed that lactone metabolite derived from the arachidonic (AA-L) and 
eicosapentaenoic (EPA-L) acid metabolism induces endothelial-dependent vasodilation in 
isolated human microvessels. 

To further investigate and characterize the molecular mechanisms by which these 
metabolites mediate endothelial hyperpolarization in microvascular dysfunction in vivo, 
5/6Nx hypertensive rats were intravenously administrated with EPA-L (3mg/Kg) for five 
days. Blood pressure (BP), blood and urine chemistry, and kidney function were analyzed. 
A pressure myograph detected EPA-L-induced vascular dilation of microvessels isolated 
from hypertensive (HTN) versus normotensive volunteers. The signaling mechanism was 
investigated by potassium efflux with antagonists for GPCRs and the PLC-IP3 pathway in 
endothelial cells. Results: EPA-L significantly reduced BP and heart rate of 5/6Nx rats 
without affecting kidney function. EPA-L restored vessel relaxation response in 5/6Nx rat 
mesenteric arterioles. TRAM-34 and apamin significantly reduced the EPA-L relaxation. 
EPA-L initiates dose-dependent potassium efflux in endothelial cells, which was impaired 
by inhibiting the GPCR βγ subunit, PLC, IP3 receptor, and the calcium-dependent 
potassium channels IK and SK. In addition, gene expression analysis was performed using 
scRNA sequencing for the mesenteric arteries. We conclude that PUFA- derived lactones 
are novel EDHFs that reduce blood pressure by initiating microvascular dilation. The 
endothelial hyperpolarization mechanism depends on the GPCR-PLC-IP3 signaling 
pathway, activating calcium-derived potassium efflux. 

  



PERFORMANCE AND LIMITATION OF STATE-OF-THE-ART QUANTITATIVE 
ANALYSIS FOR SPECIALIZED PRO- RESOLVING MEDIATORS 

NILS HELGE SCHEBB 

Chair of Food Chemistry, University of Wuppertal, Gausstraße 20, 42119 Wuppertal, 
Germany 

 

In the last decades, specialized pro-resolving mediators (SPMs) have gained increasing 
attention due to their putative role in the resolution of inflammation. The required sensitivity 
and selectivity for oxylipin analysis including SPMs in biological samples can only be 
reached using chromatography coupled to mass spectrometry (MS). To date, only liquid 
chromatography coupled via electrospray ionization (ESI) to tandem MS – with almost 
identical instrumentation – is frequently used for quantitative SPM analysis. However, the 
reported lower limit of quantification (LLOQ) – which is the lowest concentration that can be 
reliably quantified in a sample – varies dramatically. In our hands, the state-of-the-art 
instruments operated as described above reach a sensitivity of 0.5 to 5 pg on column for 
SPMs. In fact, this is the same range as for other oxylipins which is consistent with their 
chemical structural similarity. However, several groups in the field of SPM research report 
a sensitivity which is 5-10-fold better (0.05 to 5 pg on column) using another definition of 
the sensitivity, i.e. the LLOQ. 

In the talk, the LC-MS-based quantification and its optimization for the detection of oxylipins 
including SPMs is briefly summarized and the common LLOQ definition e.g. established by 
the US Food and Drug Administration and the European Medicines Agency is explained. 

Based on that it is shown that the methods using an alternative LLOQ definition for SPM 
detection cannot be considered to allow a reliable determination of their concentration. 
Taking the reported SPM concentrations in most biological samples and a sound LLOQ into 
account, it can be concluded that SPM concentrations are too low to be detected and 
quantified reliably with state-of-the-art instrumentation. 

 

Schebb et al., Frontiers in Pharmacology, 13, 838782, doi 10.3389/fphar.2022 

 



Session 3 
 

MOLECULAR DISSECTION OF CERAMIDE-INDUCED APOPTOSIS USING LIGHT-
DRIVEN LIPID PROBES  

JOOST C. M. HOLTHUIS 

Molecular Cell Biology Division, Department of Biology/Chemistry &amp; Center for Cellular 
Nanoanalytics Osnabrueck, University of Osnabrueck, 49076 Osnabrueck, Germany 

 

Ceramides attract wide attention as tumor suppressor lipids that can act directly on 
mitochondria to trigger Bax-mediated cell death. While ceramide engagement in 
mitochondrial apoptosis is clinically relevant, molecular details of the underlying mechanism 
are largely unknown. A chemical screen for ceramide binding proteins combined with 
computer simulations and functional studies in cancer cells previously led us to identify the 
voltage-dependent anion channel VDAC2 as critical effector of ceramide-mediated 
apoptosis. VDAC residues involved in ceramide binding are also required for mobilizing 
hexokinase type-I to mitochondria, a potential checkpoint in apoptosis. 

Collectively, our data support a model in which ceramides function as modulators of VDAC-
based platforms to control mitochondrial recruitment of pro- and anti-apoptotic machinery. 
The central aim of the current project is to challenge fundamental aspects of this model by 
exploiting switchable ceramide transfer proteins and mitochondrial-specific release of 
photocaged ceramides in combination with live cell imaging and functional studies. 
Understanding the molecular principles by which ceramides commit cells to death may 
facilitate the development of novel strategies to enhance their anti-tumor potential for 
therapeutic treatment. 

 

  



ELUCIDATION OF THE BIOSYNTHETIC PATHWAYS OF THE PROTECTINS 

TROND VIDAR HANSEN 
 
Department of Pharmacy, University of Oslo, PO Box 1068, N-0316, Oslo, Norway. 
t.v.hansen@farmasi.uio.no 
 
 
Several ω-3 and the ω-6 polyunsaturated fatty acids are enzymatically converted during 
inflammation-resolution processes into various families of specialized pro-resolving 
mediators (SPMs).1 These distinct biosynthetic pathways result in the formation of unique 
families of SPMs coined lipoxins, D-, E- and T-series of resolvins, maresins, protectins and 
peptide conjugates. The SPMs promote clearance of bacteria and apoptotic cells, down 
regulate pro-inflammatory mediator production and stimulate the resolution of 
inflammation.1 

 
In this presentation, results from biosynthetic studies and biological evaluations of the 
protectin family of SPMs will be presented.2 

 

 

 
 
 
1. Serhan, C. N. Nature 2014, 510, 92.  
2. See the LIPCHEM web-site at www.mn.uio.no/farmasi/english/research/groups/lipchem/ 
for more information and recent publications. 
  



TRANSCELLULAR METABOLISM IN BINARY CELL INCUBATIONS DIFFERENTIALLY 
AFFECTS SPM BIOSYNTHESIS 

MARKUS WERNER and Lena Hegner, Oliver Werz 

Institute of Pharmacy, Philosophenweg 14, 07743 Jena, Germany 

 

Lipid mediators (LM) play pivotal roles in inflammation, from initiation to resolution. While 
prostaglandins and leukotrienes are key players in the acute phase of inflammation, the 
specialized pro-resolving mediators (SPM) are involved in the resolution phase. SPM 
formation typically relies on two sequential oxygenation steps of polyunsaturated fatty 
acids, involving 5-lipoxygenase (5-LO) and different types of 12- and 15-lipoxygenating 
paralogues (e.g., 15-LO1, 15-LO2, 12-LO). Specific cell types express primarily one or two 
major LM-producing enzymes, for example, 5‑LO in neutrophils, 12‑LO in platelets and 
15‑LO in M2 macrophages. Potentially, during an immune response such limited 
compartmentalization of LM production by specific enzymes in one cell type can be 
overcome and several cell types might cooperatively produce substantial amounts of SPM. 
Following this principle, coincubations of neutrophils (expressing 5-LO) with platelets 
(expressing 12-LO) were already confirmed as potential source for strong lipoxin formation. 
Along these lines, we here systematically studied different coincubations of LO-positive 
peripheral blood cells (platelets, neutrophils, and monocytes) as well as different 
macrophage subtypes (M0, M2c and M2a), which may physiologically appear during the 
transition of inflammation to its resolution trying to detect extraordinary strong sources of 
SPM formation. We first systematically compared these cells in single incubations regarding 
their potential to form LM using a total protein normalization approach. M2a macrophages 
are clearly the most potent SPM producers. Notably, the LM profiles are strongly dependent 

on the stimulus: in M2a macrophages the resolvin D5/LTB4 ratio is 1.3 for stimulation by 
exotoxin but only 0.1 upon stimulation by ionophore A23187. We confirmed strong 
synergistic lipoxin formation in neutrophil-platelets cocultures upon stimulation by bacterial 
exotoxins. Similar observations were made for monocytes-platelet cocultures and to a 
lesser extend for neutrophil-monocytes cocultures. Intriguingly, coincubations of 15-LO-1-
positive M2a with neutrophils strongly abolished resolvin D5, resolvin E4 and 5,15-diHETE 
formation versus M2a in single incubations, while coculture of M2c (high 15-LO-2 
expression) with neutrophils amplified SPM biosynthesis. Together, our data show that LM 
profiles of immunological active cells strongly differ depending on the stimulus and can vary 
remarkably in more complex but biological relevant coincubations versus single cell 
cultures. 

 

  



CHEMICAL PROBES FOR TARGETS IN LIPID SIGNALLING 

EUGEN PROSCHAK 

Goethe-University Frankfurt, Max-von-Laue Str. 9 D-60438 Frankfurt Germany 

 

Signalling through lipid modulators plays a major role in physiological and 
pathophysiological processes. Many targets involved in biosynthesis, signal transduction, 
and degradation of lipid modulators are in the focus of drug discovery. High-quality chemical 
probes and pharmacological tools are needed for target validation.1 Here, we present the 
development of two chemical probes for emerging targets. 

G2A (GPR132) is a proton sensing GPCR, which is also modulated by lipid modulators. 
Different endogenous ligands including 9-HODE and N-palmitoylglycine activate G2A, 
however, no synthetic agonists suitable for target validation have been reported so far. We 
performed HTS of 20,000 compounds using stably transfected CHO K1 cells to identify 
synthetic agonists. After optimizing the validated hit, we ended up with a potent and 
selective chemical probe, which allowed us to investigate the role of G2A in the context of 
leukemia. 

The emerging pharmacological target soluble epoxide hydrolase (sEH) is a bifunctional 
enzyme exhibiting two different catalytic activities that are located in two distinct domains. 
Although the physiological role of the C-terminal hydrolase domain is well-investigated, little 
is known about its phosphatase activity, located in the N-terminal phosphatase domain of 
sEH (sEH-P). We report on the discovery and optimization of the first inhibitor of human 
and rat sEH-P that is applicable in vivo. 

X-ray structure analysis of the sEH phosphatase domain complexed with an inhibitor 
provides insights in the molecular basis of small-molecule sEH-P inhibition and helps to 
rationalize the SAR. Our tool compound has an excellent pharmacokinetic and 
pharmacodynamic profile in rats and enables the investigation of the physiological and 
pathophysiological role of sEH-P in vivo. 

  



FUNCTIONAL CHARACTERISATION OF MAST CELL ACTIVATION BY IGE AND 
HYPEROSMOLARLARITY IN ISOLATED HUMAN SMALL AIRWAYS 

JESPER SÄFHOLM, Sven-Erik Dahlén, and Mikael Adner 

Karolinska Institutet, Biomedicum, Q5B, Solnavägen 9, 17177 Stockholm Abstract:  

 

Introduction: In asthmatics, acute mast cell induced bronchoconstriction can be initiated by 
allergens (IgE crosslinking) and exercise (local increase of osmolarity). The aim of this 
study was to characterise the role of prostaglandins in the reactions by performing 
pharmacomechanistic studies using isolated human bronchi. 

Methods: Human small airways (inner diameter of 0.5-2 mm) were isolated from 
macroscopically healthy human lung tissue specimens obtained from patients undergoing 
lobectomies (n=16). The segments were incubated overnight and mounted in tissue organ 
baths to measure smooth muscle contractions evoked by challenge with either 
hyperosmolar mannitol or a monoclonal anti-human IgE antibody (anti-IgE). 

Results: In control segments, exposure to hyperosmolar mannitol (850 mOsm) caused an 
acute contraction (Emax:49±5%) reaching maximum within 10 minutes. Anti-IgE (5 µg/mL) 
also induced a contractile response within the same timeframe that was more powerful 
(Emax:89±8%). Using a combination of receptor antagonists blocking histamine H1 and 
cysteinyl-leukotriene cysLT1 receptors reduced both the hyperosmolar and anti-IgE 
induced contractions by 20% and 52%, respectively. Furthermore, by also adding a 
thromboxane TP receptor antagonist, both the hyperosmolar and anti-IgE induced 
contractions were completely prevented. Likewise, global inhibition of the cyclooxygenase 
(COX) enzymes and inhibition of COX-1, in combination with the H1 and cysLT1 receptor 
antagonism, completely prevented the bronchoconstriction for both triggers. In contrast, this 
effect was not observed after COX-2 inhibition, which instead enhanced the 
bronchoconstriction for anti-IgE by 30%, but not for mannitol. 

Conclusion: It was confirmed that mast cell dependent contractions of human bronchi are 
mediated by histamine, cysteinyl-leukotrienes and COX-1 generated contractile 
prostanoids acting on the TP receptor. The relative contribution of the TP receptor was 
greater during hyperosmolarity than for anti-IgE challenge. Finally, the potentiation of the 
response to anti-IgE by COX-2 inhibition is most likely due to removal of bronchoprotective 

PGE2. 
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SPECIFICITY OF PHOSPHOLIPASE A2S REGULATE WHICH DOWNSTREAM PUFA-
DERIVED MEDIATORS ARE PRODUCED 

EDWARD A. DENNIS, Daiki Hayashi, and Varnavas D. Mouchlis 

Department of Chemistry and Biochemistry and Department of Pharmacology, School of 
Medicine, University of California at San Diego, La Jolla, California, 92093 USA 

 

Lipid mediators play critical roles in metabolic syndrome and inflammation, which 
encompass the major diseases of our times, and over 47,000 distinct molecular species of 
lipids have now been identified by the LIPID MAPS Consortium (www.lipidmaps.org). Our 
laboratory demonstrated that membranes interact allosterically with phospholipase A2 
(PLA2) enzymes to regulate cell signaling, membrane remodeling and lipid mediator 
production by their specificity at the molecular species level. We have recently developed 
substrate lipidomics using UPLC/MS coupled with molecular dynamics simulations to 
reveal enzyme specificity linked to highly specific hydrophobic binding sites for the specific 
sn-2 fatty acyl chains released in membrane phospholipid substrates [Mouchlis et al (2018) 
J Am Chem Soc]. Stereospecific inhibitors for optimal substrates have been designed for 
the specific hydrophobic sites [Mouchlis et al (2019) J Med Chem]. We have now 
discovered unexpected head-group and acyl chain specificity for each of the 4 major types 
of human PLA2’s that explains the observed specificity at a new atomic level. A unique 
hydrophobic binding site — and not each enzyme’s catalytic residues or polar head-group 
binding site — dominates each enzyme’s specificity. Each PLA2 shows unique specificity 
for its required sn-2 fatty acyl with cPLA2 favoring pro-inflammatory omega-6 arachidonic 
acid and sPLA2 favoring anti-inflammatory fish oil omega-3 DHA [Hayashi et al (2021) J 
Lipid Res]; others like iPLA2 favor omega-3 EPA and membrane remodeling linolenic acid, 
while LpPLA2/PAFAH favors oxidized fatty acids in LDL [Mouchlis et al (2022) Proc Natl 
Acad Sci USA]. Furthermore, plasmalogens or alkyl ethers in the sn-1 acyl chain can affect 
this selectivity [Hayashi et al (2022) Biochim Biophys Acta, Mol Bio Lipids]. We found that 
each PLA2 releases a specific fatty acid after the enzyme associates allosterically with 
membranes and extracts a single phospholipid substrate into its catalytic site [Review: 
Dennis (2022) J Biol Chem]. We can now correlate PLA2 specificity and inhibition potency 
with molecular structure and physiological function using a novel lipidomics platform that 
provides a paradigm at the molecular species specificity level for enzyme specificity in lipid 
metabolism and the selectivity for pro-inflammatory or anti-inflammatory lipid mediator 
production in macrophages in vivo. 

  



RESOLVIN D1 AND D2 REDUCE INFLAMMATORY RESPONSE TO SARS-COV-2 

ANTONIO RECCHIUTI, Domenico Mattoscio, Sara Patruno, Giulia Ferri, Matteo Mucci, 
Romina Pecce, Antonella Pomilio, Mario Romano 

Università “G. d'Annunzio”, University of Chieti Department of Medical, Oral, and 
Biotechnology Science, 66100 Chieti, Italy 

 

The COVID-19 pandemic has made sparkly clear that resolution of inflammation is essential 
avoid further damage due to an excessive host response and severe symptoms even in 
fully vaccinated people. This is mostly important in people with cystic fibrosis (CF) who have 
lung disease, chronic inflammation, and persistent respiratory infection. Given the important 
pro-resolutive functions of resolvin (Rv) D1 and D2, here we determined their bioactions on 
CF and non-CF macrophages (MF) following SARS-CoV-2 stimulus. 

In CF and non-CF MF stimulated (3 h) with the SARS-CoV-2 spike protein 1 (S1), RvD1 
and RvD2 (each 10 nM) significantly stopped the release of chemokines interleukin (IL)-8, 
monocyte chemoattractant protein 1 (MCP-1), and macrophage inflammatory protein 
(MIP)1 beta that are essential for driving further leukocyte recruitment during SARS-CoV-2 
infection. RvD1 and RvD2 also blunted tumor necrosis factor (TNF) alpha and IL-6 secretion 
that were increased by S1 selectively in non CF MF. These counterbalancing actions of 
RvD1 and RvD2 were also evident following a therapeutic administration of RvD1 and RvD2 
to MF after stimulation with S1. 

Mechanistically, we found that RvD1 and RvD2 both restored the expression of miR-16 and 
miR-29a that were downregulated by S1 in CF and non-CF MF and stop NF-kB signaling 
and MF hyperactivation. 

RvD1 and RvD2 also significantly activated bacterial clearing phagocytosis of CF and non-
CF MF during P. aeruginosa and S1 stimulation. 

Together, these findings provide the first evidence regulatory activities of resolvins on 
inflammation and anti-microbial responses of MΦ to SARS-CoV-2, highlighting the 
essential roles of SPM in the regulating human immunity against this virus. 

  



SMALL EXTRACELLULAR VESICLE-DERIVED MIR-574-5P REGULATES PGE2-
BIOSYNTHESIS VIA TLR7/8 IN LUNG CANCER 

Julia Donzelli, Eva Proestler, Anna Riedel, Sheila Nevermann, Brigitte Hertel, Andreas 
Guenther, Stefan Gattenlöhner, Rajkumar Savai, Karin Larsson, MEIKE J. SAUL 

Meike J. Saul Department of Biology Technische Universität Darmstadt, 
Schnittspahnstraße 10, 64287 Darmstadt/Germany 

 

Intercellular communication plays an essential role in lung cancer (LC). One of the major 
players in cell-cell-communication is small extracellular vesicles (sEV). SEV trigger various 
biological responses by transporting cellular cargo to target cells. One essential sEV 
component are microRNAs (miRs), whose transport has recently attracted increasing 
research interest. We report that prostaglandin E2 (PGE2), a key inflammatory lipid 
mediator, specifically induces the sorting ofmiR-574-5p in sEV of A549 and 2106T cells. 
We found that sEV-derived miR-574-5p activates Toll-like receptors (TLR) 7/8, thereby 
decreasing PGE2-levels. In contrast, intracellular miR-574-5p induces PGE2-biosynthesis. 
Consequently, the combination of intracellular and sEV-derived miR-574-5p controls 
PGE2-levels via a feedback loop. This was only observed in adeno- but not in squamous 
cell carcinoma, indicating a cell-specific response to sEV-derived miRs, which might be due 
to unique tetraspanin compositions. Hence, we describe a novel function of miR-574-5p 
unique to adenocarcinoma. Intracellular miR-574-5p induces PGE2 and thus the secretion 
of sEV-derived miR-574-5p, which in turn decreases PGE2-biosynthesis in recipient cells. 
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CYCLOOXYGENASE-2 AND HEART FAILURE WITH PRESERVED EJECTION 
FRACTION. 
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Hu Meng Nicholas F. Lahens, Tao Wang, Stanley Y. Shaw, Calum A. MacRae and Garret 
A. FitzGerald. 
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Nonsteroidal anti-inflammatory drugs (NSAIDs), which inhibit the activity of 
cyclooxygenases (COX)-1 and COX-2, are used to relieve pain and inflammation. Their use 
is associated with an increased risk of cardiovascular events, mainly atherothrombotic 
events and heart failure (HF). As well proven, atherothrombotic events are attributable to 
loss of cardioprotective 

COX-2 derived prostaglandins with unrestrained platelet COX-1-derived thromboxane. 
Less is known about HF and it is thought that it might develop through a COX-2 dependent 
hazard, unrelated to variable COX-1 dependent platelet inhibition, that causes 
cardiovascular remodeling and impairment of renal function. 

Here we investigated the type of HF, with reduced or preserved ejection fraction (HFpEF), 
that is associated with COX-2 disruption, its interaction with the syndrome's comorbidities 
(i.e. age and sex), and the underling mechanisms using a multi-species approach. 

In larval zebrafish, pharmacological inhibition of COX-2 by celecoxib caused a modest but 
significant reduction in heart rate and diastolic function, while the ejection fraction (EF) 
remained preserved. 

Furthermore, celecoxib caused a significant reduction in ventricular diastolic Ca2+ and an 
increase in ventricular Ca2+ transient amplitude, as seen in HFpEF. 

Postnatal deletion of Cox-2, as well as pharmacological inhibition of COX-2, did not impair 
cardiac function in adult male and female mice. In contrast, elderly male Cox-2 KOs 
presented increased vascular stiffness and elderly female Cox-2 KOs exhibited diastolic 
dysfunction compared to age- matched control mice. The EF was preserved in all groups 
of mice studied. 

The interrogation of the Harvard-Partners clinical EMR database of 314,000 subjects, using 
a multinomial multivariable regression approach, revealed an increased odds for HFpEF 
when subjects were exposed to COX-2 selective vs nonselective NSAIDs. 

In conclusion, deletion or inhibition of COX-2 results in an HFpEF phenotype in zebrafish, 
mice and humans. 

  



DHA, RVD1, RVD5 AND MAR1 REDUCE HUMAN CORONARY ARTERIES 
CONTRACTIONS INDUCED BY PGE2 

BOUHADOUN A, Manikpurage HD, Dubourdeau M, Urbach V, Longrois D and Norel X  

CHU X. Bichat, 46 rue Henri Huchard 75018 Paris, France 

 

Background: Specialized pro-resolving lipid mediators (SPM) are known to reduce the 

progression of atherosclerosis1. Results of our group showed that prostaglandin E2 (PGE2) 
synthesis is increased in human coronary arteries (HCA) with atherosclerosis and is 
responsible for their vasoconstrictions2. Beneficial effects of omega-3 polyunsaturated fatty 
acids have been shown in the regulation of vascular tone in patients with coronary artery 
disease3. 

Aims: In our study the effects of different SPM [eicosapentaenoic acid (EPA), 
docosahexaenoic acid (DHA), RvD1, RvD5 and MaR1] have been determined on the 
vascular tone of isolated HCA. We also report the HCA cellular expression of their 
respective receptors: FPR2/ALX, GPR32, and LGR6 measured by immunofluorescence. 

Methods: HCA were dissected from patient’s hearts obtained after transplantation. Small 
rings of HCA were incubated during 18 hours with or without one of the cited SPM. Rings 
were set-up in an organ bath system and Concentration-response curve (CRC) 

experiments using vasoconstrictors, PGE2 (1 nM-10 µM) or U46619 (TxA2 analogue, 0.1 
nM-1 µM), were realized. 

Results: Reduced PGE2-CRC (20-30%) were measured only in HCA rings incubated with 
DHA (100 µM, n=5), RvD1, RvD5 or MaR1 (100 nM, n=12), while treatment with EPA (100 
µM, n=6) showed no effect. In addition, both EPA and DHA (n=10-11) had no effect on 
U46619-CRC. Pre-incubation with indomethacin, a cyclooxygenase inhibitor (1.7 µM, n=6-

7) during 30 minutes didn’t modify subsequent PGE2-CRC. Interestingly, incubation with L-

NOARG, an inhibitor of NO-synthase (0.1 mM, n=7) reduced the PGE2 contractions 
induced with 0.1 µM and 1 µM, only in the RvD1 treated rings. 

Finally, our immunofluorescence results (n=3) showed the presence of FPR2/ALX, GPR32 
and LGR6 receptors in HCA endothelial and smooth muscle cells. 

Conclusions: DHA and some of its derived metabolites (RvD1, RvD5 and MaR1) decrease 

PGE2- induced contraction in HCA. They are probably mediated through their respective 
receptors detected in the vascular wall of HCA and are independent from prostanoids 
pathways. Our results suggest these SPM as a therapeutic approach to reduce coronary 
artery spasm. 

 

1) Fredman et al., Nat Commun, 2016; 2) Ozen et al., BPS e-journal, 2015; 3) Daci et al., 
Eur J Pharm Sci, 2020. 
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes coronavirus 
disease 2019 (COVID-19) with respiratory distress and systemic hyperinflammation. The 
primary objective of this single-blind randomized controlled proof-of-concept clinical trial 
was to establish the effects of intravenous (i.v.) omega-3 (n-3) polyunsaturated fatty acid 
(PUFA) treatment compared to placebo on inflammatory markers in COVID-19, 
represented by leukocytes as well as inflammatory protein and lipid mediators. Here we 
also present an exploratory analysis of the mechanisms of action to elucidate the potential 
to resolve the COVID-19 hyperinflammation through interfering with lipid mediators. 

Inclusion criteria were COVID-19 diagnosis and clinical status requiring hospitalization. 
Randomization was 1:1 to a once daily i.v. infusion (2 ml/kg) of either n-3 PUFA emulsion 
containing 10 g of fish oil per 100 ml or placebo (NaCl) for 5 days. Results from 22 older 
subjects (mean age 81±6.1 years) were analyzed. The neutrophil-to-lymphocyte-ratio was 
significantly decreased after n-3 PUFA administration. Liquid chromatography mass 
spectrometry (LC-MS/MS)-based lipid metabolite analysis established increased 
proresolving lipid mediator precursor levels and decreased formation of leukotoxin and 
isoleukotoxin diols by n-3 PUFA treatment. The mechanistic exploration revealed 
decreased immunothrombosis and preserved interferon-response. Finally, n-3 PUFA 
treatment may serve to limit cortisone-induced immunosuppression, including preserving 
leukocyte phagocytic capacity. In conclusion, i.v. n-3 PUFA administration was safe and 
feasible during hospitalization of multimorbid older subjects for COVID-19. The results 
identified n-3 PUFA treatment mediated lipid signature of increased proresolving precursor 
levels and decreased leukotoxin diols in parallel to beneficial immune responses. EudraCT: 
2020-002293-28; clinicaltrials.gov: NCT04647604. 
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MACROPHAGES ACQUIRE A TNF-DEPENDENT INFLAMMATORY MEMORY IN 
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Infectious agents can reprogram or train macrophages and their progenitors to 
respond more readily to subsequent insults. However, whether such an inflammatory 
memory exists in type-2 inflammatory conditions such as allergic asthma was not 
known. Therefore, we aim to elucidate the role of trained immunity, especially of 
macrophages, in allergic airway inflammation. 
 
We used clinical sampling of house dust mite (HDM)-allergic patients, HDM-induced 
allergic airway inflammation (AAI) in mice and an in vitro training set-up to analyze 
persistent changes in macrophage eicosanoid-, cytokine- and chemokine production 
as well as underlying metabolic and epigenetic mechanisms. Transcriptional profiles 
of patient-derived and in vitro trained macrophages were assessed by RNA 
sequencing and LC-MS/MS analysis, respectively. 
 
We found that macrophages differentiated from bone marrow- or blood monocyte- 
progenitors of HDM-allergic mice or asthma patients showed inflammatory 
transcriptional reprogramming and excessive mediator (TNF, CCL17, leukotriene, IL-
6) responses upon stimulation. Macrophages from HDM-allergic mice initially 
exhibited a type-2 imprint, which shifted towards a classical inflammatory training over 
time. In vitro HDM-induced macrophage training was mediated by a formyl-peptide 
receptor 2 (FPR2)-TNF-axis, resulting in an M2-like macrophage phenotype with high 
CCL17 production. TNF blockade by etanercept or genetic ablation of Tnf in myeloid 
cells prevented the inflammatory imprinting of bone marrow-derived macrophages 
from HDM-allergic mice. 
 
Our findings suggest that allergen-triggered inflammation drives a TNF-dependent 
innate memory, which may perpetuate and exacerbate chronic type-2 airway 
inflammation and thus represents a potential target for asthma therapy. 
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Macrophages are major regulators of the innate immune response to infection or 
trauma and orchestrate the initiation, perpetuation and resolution of inflammation 
through the release of immunomodulatory mediators. A key characteristic of these 
phagocytes is their ability to adapt to the surrounding microenvironment through 
polarization towards a pro-inflammatory (M1) or pro- resolving phenotype (M2) and to 
release prostaglandins (PG) and leukotrienes (LT) or specialized pro- resolving 
mediators (SPM), respectively. These processes are vital for tissue-resident 
macrophages (TRMs) such as peritoneal macrophages (PM) to maintain tissue 
homeostasis and successfully combat invading pathogens. However, aging is known 
to markedly impact the effectiveness of the innate immune system and to increase the 
susceptibility of elderly individuals towards infection. Thus far, the influence of aging on 
the function of TRMs and the subsequent impact on their ability to exert distinct roles 
during inflammation remain elusive. Here, we provide comprehensive insights into age-
associated aberrations of murine PM activation and polarization with concomitant 
alterations to the metabololipidome during bacterial challenge. We found that aging 
reduces the expression of both cyclooxygenase-1 and 5-lipoxygenase-activating 
protein in resting murine PM which impairs their ability to release adequate amounts of 
PGE2 and LTB4 after infection with pathogenic E. coli. Even though aging itself does 
not alter the polarization state of resting PM, they are limited in their capability to adapt 
functional M1- or M2 phenotypes when subjected to lipopolysaccharide and interferon-
gamma or interleukin (IL)-4, respectively. While M1 macrophages become impaired in 
their abilities to phagocytose bacterial debris and to release cytokines in a temporal 
manner, we found striking aberrations in the metabololipidome of M2 macrophages 
with very low levels of SPMs. Our results indicate age-associated alterations of 
inflammatory pathways in PMs, which persist across ex vivo polarization and impair 
the temporal release of immunomodulatory mediators during bacterial infection. By 
combining state-of-the art mass spectrometry-based metabololipidomic and proteomic 
profiling, we uncovered molecular mechanisms of immunosenescence in TRMs that 
can be targeted to improve therapeutic strategies for elderly individuals with 
inflammatory diseases. 
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SUCNR1 is a sensor of extracellular succinate, a Krebs cycle intermediate 
generated in excess during oxidative stress and has been linked to metabolic 
regulation and inflammation. While mast cells express SUCNR1, its role in mast cell 
reactivity and allergic conditions such as asthma remains to be elucidated. 
 
Methods: Cord-blood derived mast cells and human mast cell line LAD-2 challenged 
by SUCNR1 ligands were analyzed for activation and mediator release. Effects on 
mast cell-dependent bronchoconstriction was assessed in guinea pig trachea and 
isolated human small bronchi challenged with antigen and anti-IgE, respectively. 
 
Results: SUCNR1 is abundantly expressed on human mast cells. Challenge with 
succinate, or the synthetic non-metabolite agonist cis-epoxysuccinate, renders mast 
cells hypersensitive to IgE- dependent activation, resulting in augmented 
degranulation and histamine release, de novo biosynthesis of eicosanoids and 
cytokine secretion. The succinate-potentiated mast cell reactivity was attenuated by 
SUCNR1 knockdown and selective SUCNR1 antagonists, and could be tuned by 
pharmacologically targeting protein kinase C and extracellular signal-regulated 
kinase. Both succinate and cis-epoxysuccinate dose-dependently potentiated 
antigen-induced contraction in a mast cell- dependent guinea pig airway model, 
associated with increased generation of cysteinyl-leukotrienes and histamine in 
trachea. Similarly, cis-epoxysuccinate aggravated IgE-receptor-induced contraction 
of human bronchi, which was blocked by SUCNR1 antagonism. 
 
Conclusion: SUCNR1 amplifies IgE-receptor induced mast cell activation and allergic 
bronchoconstriction, suggesting a role for this pathway in aggravation of allergic 
asthma, thus linking metabolic perturbations to mast cell-dependent inflammation. 

 

 
  



COULD MACROPHAGES BE REGULATED BY NEO-DHA? 
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Context: Macrophages constitute a heterogeneous population of immune cells found 
in all tissues of the organism which play a key role in the inflammation process. Their 
activation by lipopolysaccharides (LPS), toll-like receptors ligands, or interferon-
gamma (IFN), induces the secretion a range of pro-inflammatory mediators (tumor 
necrosis factor-alpha, cytokines, nitric oxide, reactive oxygen species (ROS)…), 
driving the inflammation to kill pathogens. This pro-inflammatory profile (M1), switch 
progressively to an anti-inflammatory profile (M2) to resolve the inflammation process 
by secreting IL 10 and transforming growth factor beta. 
Docosahexaenoic acid is an omega-3 fatty acid known to have anti-inflammatory 
properties by itself and the synthesis of bioactive metabolites such as resolvins, 
protectins, and maresins. These metabolites resulted of an enzymatic oxidation of 
DHA and are well studied. 
 
However, in the context of oxidative stress (ROS production) DHA produces non-
enzymatic metabolites (named NEO-DHA) such as neuroprostanes and neurofuranes 
which can have potent anti-inflammatory activities among other things through 
Peroxisome Proliferator-Activated Receptor (PPAR) activation. We hypothesized that 
these NEO-DHA are able to regulate macrophages activity by favoring the resolution 
of inflammation. 
 
Methods: RAW 264.7 cells are deprived of fetal bovine serum one hour before being 
treated with DHA (10µM), LPS (10ng/mL), IFN  (100ng/ml) and hydrogen peroxide 
H2O2 (1mM). Cells are incubated for another hour before viability and ROS 
production analysis is performed by flow cytometry.  
 
Preliminary data: cell viability test: viability is not affected by treatments: LPS 87%, 
DHA+LPS 89% or DHA+LPS+IFN 83%. However, the addition of H2O2 decreased 
cell viability from 89 to 80%.  
ROS production measurement: ROS production is affected when inflammation is not 
primed by IFN : LPS 24%, DHA+LPS 16%, LPS+IFN 23%, DHA+LPS+IFN 27%. 
However, H2O2 addition decreased ROS production from 63 to 58%.  
 
In conclusion, this study would help to determine if DHA and/or NEO-DHA play a role 
in the process of macrophage activation and/or polarization. 

  



THE IRE1ALPHA INHIBITOR KIRA6 BLOCKS LEUKOTRIENE BIOSYNTHESIS IN 
HUMAN PHAGOCYTES  
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Inflammation and the endoplasmic reticulum (ER) stress take place concurrently in 
different pathophysiological conditions. Alterations in the ER homeostasis trigger a 
cascade of ER-mediated intracellular signaling pathways, collectively called the 
Unfolded Protein Response (UPR), which also results in increased biosynthesis of 
pro-inflammatory lipid mediators. 
 
In the current study, we investigated the effect of the inhibition of UPR, specifically the 
Inositol- requiring Enzyme 1 Alpha (IRE1alpha), on the production of leukotrienes. We 
demonstrated that the potent IRE1alpha inhibitor, KIRA6, blocks the biosynthesis of 
leukotriene B4 and cysteinyl leukotrienes in human macrophages and neutrophils 
which were activated with lipopolysaccharide (LPS) and N-formyl-methionyl-leucyl-
phenylalanine (fMLP) or the ER-stress enhancer, thapsigargin (Tg). The production 
of leukotrienes was attenuated at submicromolar concentration of KIRA6. The 
production of leukotrienes in IRE1alpha-deficient macrophages was still sensitive to 
KIRA6 thus indicating that the effect by the inhibitor can be also IRE1alpha-
independent. KIRA6 did not have any direct inhibitory effect on key enzymes in the 
LT pathway, such as phospholipase A2 (PLA2), 5-lipoxygenase (5-LOX), LTA4 
hydrolase (LTA4H), and LTC4 synthase (LTC4S), which was determined by the 
activity measurements with cell lysates. However, KIRA6 dose-dependently blocked 
the phosphorylation of mitogen-activated protein kinases (MAPKs), p38 and ERK, that 
play important role in activating cytosolic PLA2 alpha (cPLA2alpha) and 5-LOX. 
Therefore, the reduction of p38 and ERK phosphorylation resulted in a decreased 
phosphorylation of cPLA2alpha and attenuated leukotriene production. Furthermore, 
KIRA6 inhibits p38 activity in vitro which was supported by molecular docking 
simulations, indicating that the inhibitor can directly interact with the ATP-binding 
pocket of p38. 
 
In summary, we demonstrated that this potent and unexpected effect of KIRA6 on 
MAPKs and LT biosynthesis may contribute to the novel immune-modulating 
properties of this widely used IRE1alpha inhibitor. 
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Bioactive metabolites of arachidonic acid (AA) control chronic inflammation, 
particularly in therapy-resistant airway disease. Helminth products have been 
suggested as natural immunoregulators for treating inflammatory diseases. Here, we 
identified an anti-inflammatory glutamate dehydrogenase (GDH) enzyme in the larval 
extract of the helminth Heligmosomoides polygyrus bakeri (Hpb). We particularly 
assessed whether Hpb GDH regulates type 2 immune responses (i.e. allergy or anti-
helminth immunity) by modulating immune cell metabolism. 
Effects of Hpb GDH on the metabolism of monocyte derived macrophages (MDM), 
were quantified by mediator profiling by LC-MS/MS (eicosanoids, TCA metabolites) 
and Seahorse analysis. Furthermore, Hpb GDH treated MDM were subjected to RNA 
sequencing to assess effects on gene expression profile. For characterization of 
immune regulatory effects in vivo, mice were treated with Hpb GDH during house dust 
mite (HDM)-induced allergic airway inflammation or during different parasite 
infections. 
In macrophages, Hpb GDH induced the production of prostanoids and 2-
hydroxyglutarate (2-HG), which contributed to the suppression of pro-inflammatory 
cysteinyl leukotrienes. Moreover, Hpb GDH treated MDM showed an induction of 
regulatory and type 2 suppressive genes, which partially depended on histone 
acetylation via p300 HAT. Treatment of mice with Hpb GDH attenuated allergic airway 
inflammation in mice, while the treatment during Hpb infection results in a significant 
increase in worm burdens. 
 
Our findings thus suggest that helminthic GDH regulates type 2 immune responses 
by modulating the eicosanoid and TCA metabolite output as well as gene 
expression in macrophages. Thus, anti- inflammatory modulation of the macrophage 
metabolism by Hpb GDH may be translated into new immunomodulatory strategies 
for the treatment of inflammatory diseases. 
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Over 400 million reported cases and over 6 million deaths have been globally ascribed 
to the ongoing coronavirus disease (COVID-19) pandemic. Despite the 
unprecedented effort of the scientific community, there are still many open questions 
regarding the pathophysiology of the disease, the therapy, and the management of 
patients. The key role of inflammation in COVID-19 induced many authors to study 
the cytokine storm, whereas the role of the oxylipin storm is still poorly understood. 
Oxylipins are bioactive lipids generated from both ω-3 and ω-6 polyunsaturated fatty 
acids through enzymatic and non-enzymatic oxidation reactions. During inflammation, 
oxylipins switch from pro-inflammatory effectors to both anti-inflammatory and 
specialized pro-resolving lipid mediators, which could promote its resolution. 
In the present work, a very powerful analytical platform, based on micro-extraction by 
packed sorbent (MEPS) coupled to liquid chromatography-tandem mass 
spectrometry (UHPLC-ESI-MS/MS), was proposed for the determination of 60 
plasmatic oxylipins in a single run at ppt levels. Our powerful in-house oxylipidomics 
platform was successfully employed for a comprehensive characterization of the 
inflammatory cascade in COVID-19. A chemometric approach was employed to 
compare inflammatory metabolites coming from both cytokine and oxylipin storms 
between Intensive Care Unit (ICU) and non-ICU patients. 
 
Unlike cytokines, oxylipins provided such a clear separation between ICU and non-
ICU patients, when considered in a multivariate way by principal component analysis. 
More severe COVID-19 patients showed higher levels of pro-inflammatory 
isoprostanoids and a selective deficiency of anti- inflammatory and pro-resolving lipid 
mediators originating from their enzymatic conversion, thus leading to a prolonged 
and unsolvable pro-inflammatory status. The presence nearby the ICU-cluster of 
subjects who would have ended up in ICU from 1 to 4 days after the oxylipin 
quantitation, suggested a potential predictive role of our panel of lipid mediators. A 
multivariate ROC curve was obtained by application of the UNEQ class-modelling 
strategy, thus showing an area under the curve equal to 0.92. As far as we know, our 
observational study is one of the first to suggest the importance of targeting the lipid 
mediator class switching for a timely picture of the patient ability to respond to SARS-
CoV-2 infection 
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Oxylipins are oxygenated compounds that are formed from mono- and 
polyunsaturated- fatty acids (PUFAs). The most studied class of oxylipins are 
eicosanoids, which are derived from C-20- containing PUFAs. Given the high 
abundance of C-18-containing PUFAs in the human diet, C-18- derived oxylipins 
(termed octadecanoids) are produced at higher concentrations relative to 
eicosanoids. However, their role in human pathophysiology has only recently started 
to be investigated and studies suffer from a lack of available analytical standards. 
There is accordingly a need to synthesize new octadecanoids to facilitate the 
investigation of their role in health and disease. 
 
Microbes and bacteria are human symbionts that influence the health of their hosts 
by transforming dietary fatty acids into bioactive molecules. An initial series of 8 known 
linoleic acid (LA) and alpha- linolenic acid (ALA)-derived microbial metabolites were 
screened for phagocytotic activity. Two ALA- derived metabolites, 10-hydroxy-
12(Z),15(Z)-octadecadienoic acid (10-HODE-ALA) and 10- 
oxo-12(Z),15(Z)-octadecadienoic acid (10-KODE-ALA), increased phagocytosis 
activity 30-40% at a concentration of 10-9 and 10-11 M, respectively. 
 
To perform a broader structure activity relationship study, a new series of microbial 
metabolites was synthesized derived from the C-18 fatty acids oleic acid (OA), LA, 
ALA, and gamma-linolenic acid (GLA). The series possesses a hydroxyl or a ketone 
on the 13-position: 13-hydroxy-octadecanoic acid (13-HODA), 13-oxo-octadecanoic 
acid (13-KODA), 13-hydroxy-9(Z)-octadecenoic acid (13-HOME), 13- oxo-9(Z)-
octadecenoic acid (13-KOME), 13-hydroxy-9(Z),15(Z)-octadecadienoic acid (13-
HODE-ALA), 13-oxo-9(Z),15(Z)-octadecadienoic acid (13-KODE-ALA), 13-hydroxy-
6(Z),9(Z)-octadecadienoic acid (13-HODE-GLA) and 13-oxo-6(Z),9(Z)-
octadecadienoic acid (13-KODE-GLA). Metabolites were obtained in 9-to-13 steps, 
with global yields from 0.7-2.2%, and as racemic mixtures for the hydroxylated 
metabolites. The developed synthetic strategies will be presented, which used a 
coupling reaction between halogenated intermediates and terminal alkynes as the key 
step, followed by a Lindlar hydrogenation to build the unsaturated carbon chains 
possessing cis-alkene moieties. 
 
The chemotaxis and phagocytosis activity of these new compounds is currently being 
assayed, and results will be presented. Due to the general unavailability of 
octadecanoid analytical standards, these compounds will be useful in the 
development of analytical methods for quantification of these novel microbial 
metabolites. In particular, these metabolites will be helpful for investigating the role of 
gut microbiota in transforming dietary fatty acids into bioactive lipid mediators. 
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Tuberculosis caused by the pathogen Mycobacterium tuberculosis (M.tb) is a leading 
cause of death globally, where the development of multidrug-resistant mycobacteria 
further fosters the health concern. In humans, M.tb infects and resides primarily in 
macrophages. M.tb infection of human macrophages elevates cyclooxygenase-2 
(COX-2) expression and upregulates formation of both pro-inflammatory and anti-
inflammatory prostaglandins (PGs). The prostaglandins J2 are cyclopentenone 
containing derivates of PGD2, which have anti-inflammatory activities. However, 
whether or not PGJ2 regulates host defense against M.tb infection still remains 
elusive. In this study, we show that M.tb (H37Rv strain)-conditioned medium (MTB-
CM) can stimulate human monocyte- derived M1 macrophages to elevate expression 
of COX-2 along with enhanced release of PGJ2. PGJ2 indeed exerts anti-inflammatory 
effects by downregulating MTB-CM-induced COX-2 expression and PG formation. 
We further found that in MTB-CM-stimulated M1 macrophages PGJ2 decreases the 
release of pro-inflammatory cytokines, such as IL-6 and IL-1β, while it increases the 
anti-inflammatory cytokine IL-10 and the M2 marker genes Arg1 and CD163.  
 
Our results show that PGJ2 mediates these anti-inflammatory effects in M1 
macrophages by impairing the activation of the TAK1/NFκB p65/ MAPK pathway, but 

independent of PPARγ. Together, our findings reveal that M.tb induces PGJ2 
formation in human M1 macrophages with consequently anti-inflammatory effects, 
which might be exploited for the development of a host-directed therapy (HDT) 
strategy against tuberculosis. 
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Introduction: The nasal mucosal inflammation in patients with Chronic Rhinosinusitis 
(CRS) is heterogenous. Current literature implicates that arachidonic acid-derived 
leukotrienes (LTs) and prostaglandins (PGs) may be involved in the pathogenesis. 
Management of CRS with nasal polyps (NPs; CRSwNP) commonly requires repeated 
sinus surgery, due to recurrence of NPs. Prior studies rarely consider the extent of 
NP severity when evaluating the nasal inflammatory milleu and the disease 
progression in CRS. We sought to assess mucosal and urinary levels of lipid 
mediators in patients with CRS with different NP severity compared to Aspirin 
Exacerbated Respiratory Disease (AERD). Lipid mediator levels were also analysed 
post-surgery over time and compared between NP recurrent and non-recurrent cases. 
 
Methods: Nasal secretions non-invasively collected with swabs in the nostrils and 
urine samples were obtained pre-surgery from CRS patients without NP (CRSsNP), 
CRSwNP with or without AERD and non-CRS controls. CRSwNP was further 
subdivided based on NP score (a measure of NP severity from 0-8); NP-low (≤4) or 
NP-high (≥5). Levels in nasal secretion of LTE4, LTB4, PGE2, PGD2,15(S)- 
hydroxyeicosatetraenoic acid (15(S)-HETE) and urinary LTE4 and the PGD2 
metabolite 11-beta-PGF2- alpha were quantified by specific immunoassays. Mediator 
levels were compared between subgroups and correlated to clinical parameters as 
fractional exhaled nitric oxide (FeNO), blood eosinophil count and smell test score. A 
subset of patients was followed six- and 12-months post-surgery. 
 
Results: Nasal LTE4 in CRSwNP-AERD were higher as compared to NP-low (p 
=.005). NP-high had elevated levels of nasal PGD2 as opposed to NP-low (p =.026). 
Urinary 11 beta-PGF2 alpha was elevated in NP-high and CRSwNP-AERD as 
opposed to CRSsNP (p =.048, resp. p =.033) and correlated with smell test score (r 
=-.41; p =.045). Nasal LTE4 correlated to lowered smell test score (r=-.52; p =.001) 
as well as to elevated FeNO (r =.63; p =.002). Results from analyses of mediators 
post- surgery will also be discussed. 
 
Conclusion: Patients with different NP severity and /or AERD may be distinguished 
by levels of lipid mediators in nasal mucosa in readily available and non-invasively 
collected nasal secretions. 
Furthermore, lipid mediator levels may relate to the degree of smell loss and FeNO. 
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Acute inflammation caused by bacterial infections is an essential biological defense 
mechanism of the host, leading to neutralizing and clearing of invaders and returning 
to homeostasis. But how the host resolves infectious inflammation, and the underlying 
mechanisms are incompletely understood. The biosynthesis of specialized pro-
resolving mediators (SPMs) is one hallmark of inflammation resolution. SPMs are 
crucial in promoting resolution of inflammation by enhancing bacterial clearance, 
tissue repair, and efferocytosis by acting via specific G-protein coupled receptors. 
Staphylococcus (S.) aureus is able to induce SPM formation in mammals. But which 
virulence factors are involved in the induction of SPM formation is still elusive. We 
found that intact S. aureus but also S. aureus- conditioned medium (SACM) induce 
SPM formation in human M2-like macrophages with the same strength, implicating 
that liberated virulence factors may induce SPM formation after exposure of the host 
to pathogenic bacteria. Thereby, we revealed that alpha-hemolysin (Hla), a major 
exotoxin from S. aureus, acts as a potent elicitor of SPM biosynthesis in human M2-
like macrophages and also in mouse peritoneum via selective activation of host 15-
lipoxygenase-1 (15-LOX-1) by signaling through ADAM10 (a disintegrin and 
metalloproteinase domain-containing protein 10), the main receptor for Hla. Moreover, 
we provide evidence that SPM formation in M2-like macrophages is strongly 
dependent on 15-LOX-1 using selective knock-down of ALOX15A. We further 
discovered that Hla- deficient S. aureus mutants failed to induce SPM formation in 
M2-like macrophages, implicating a unique effect of Hla in S. aureus infections. 
Furthermore, Hla but not zymosan triggered massive SPM formation devoid of 
leukocyte infiltration and pro-inflammatory cytokine secretion in the peritoneum of 
mice in vivo. The importance of SPM in tissue regeneration is demonstrated by lipid 
mediators derived from Hla-treated M2-like macrophages which in the planarian 
tissue self-repair model accelerated tissue regeneration. Conclusively, our results 
unravel novel roles of exotoxins in bacterial infections; thus, besides harming the host, 
Hla may also exert beneficial functions by stimulating SPM production to promote the 
resolution of infectious inflammation. 
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Docosahexaenoic acid (DHA, C22:6 n-3) is a fatty acid highly abundant among acyl chains 
of membrane phospholipids. Upon release from phospholipids, DHA undergoes enzymatic 
reactions resulting in synthesis of bioactive docosanoids and prostanoids, but also non-
enzymatic reactions leading to a more complex pattern of metabolites (isoprostanoids), all 
of them termed oxylipins. In this study, 12 isoprostanoids which include F1-phytoprostanes, 
F2-isoprostanes, F3- neuroprostanesDPAn-3 and F4-neuroprostanesDHA derived from 
ALA (C18:3 n-3), AA (C20:4 n-6), DPA (C22:5 n-3) and DHA respectively were evaluated 
for their cytotoxic activities using PC-3 cell line from a bone metastasis of grade IV prostatic 
adenocarcinoma and a control cell line fibroblast. They all show an effect on the PC-3 
viability compared to the control cells. Among the tested compounds, the non-enzymatic 
oxidized metabolite of DHA (NEO-DHA), 4(RS)-4-F4t-neuroprostane (4-F4t-NeuroP), had 
the most important effect on PC-3 cell viability. To increase the molecule selectivity, we 
encapsulated 4-F4t-NeuroP in liposomes. By modulating the liposome composition, we 
designed a set of particles characterized by different membrane fluidities as a key 
parameter to obtain selective uptake from fibroblast or prostate tumor cells. 

In summary, these findings demonstrated that 4-F4t-NeuroP has an anti-tumor activity, 
affecting the viability of highly aggressive PC-3 cell line, and this activity can be increased 
by encapsulation in liposomes. Lipid nanoparticles which encapsulate 4-F4t-NeuroP, are 
an interesting example of drug carriers, as they can be easily designed to promote the 
fusion of liposomes with their target membrane and ensure drug selectivity. 

 

Keywords: 4(RS)-4-F4t-neuroprostane, PC-3, liposomes, encapsulation 
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Inflammatory bowel diseases (IBD) are a group of life-threatening disorders 
characterized by a chronic inflammation in the digestive tract. While the available 
treatments alleviate some symptoms and improve morbidity, patients suffering from 
IBD can still experience debilitating symptoms affecting their quality of life. 
 
The etiology of IBD is not fully elucidated. It is presumed that they result from an 
aberrant immune response to the microbiota creating a sustained inflammatory state 
in genetically predisposed individuals. Like many other autoimmune diseases, gender 
related differences have been reported. These include for example the prevalence of 
IBD, the age of onset, as well as response to therapy. Research from the last two 
decades brought into the spotlight a class of bona fide lipid mediators called 
oxysterols. Notably these works provided evidence for the immunoregulatory roles of 
these lipids. We and others previously showed that the levels of several oxysterols 
(e.g. 25-hydroxycholesterol and 7alpha,25-dihydroxycholesterol) are altered in murine 
models of colitis as well as in colon biopsies from patients with IBD. Our group also 
showed that the administration of 4beta-hydroxycholesterol exacerbates DSS-induced 
colitis while 25-hydroxycholesterol has no effect on the disease’s hallmarks. 
 
Here, using different models of intestinal inflammation, we delved into studying the 
contribution of four oxysterols: 25-hydroxycholesterol, 7alpha,25-
dihydroxycholesterol, 25-hydroxycholesterol-3-sulfate and 4beta-hydroxycholesterol 
to IBD pathogenesis. Using colon explants obtained from DSS-induced colitis mice, we 
confirmed the pro-inflammatory effects of 4beta-hydroxycholesterol. Interestingly, we 
observed that 7alpha,25-dihydroxycholesterol and 25-hydroxycholesterol-3-sulfate 
decreased cytokine production in colon explants from female mice with DSS colitis but 
not in those from male mice. 7alpha,25-dihydroxycholesterol also decreased cytokine 
expression in mouse colon organoids, a model of intestinal epithelial tissue. Finally, as 
macrophages play an important role in gut immune system, we assessed the effect of 
these four oxysterols on a macrophage cell line (PMA-differentiated THP-1 cells). 
7alpha,25-dihydroxycholesterol and 25-hydroxycholesterol-3-sulfate also decreased 
the activation of THP-1 macrophages induced by lipopolysaccharides and interferon 
gamma. Our data suggest that 7alpha,25-dihydroxycholesterol could initiate a 
signaling pathway that results in the dampening of the inflammatory response in 
macrophages. 
 
Our ongoing works aim to investigate whether this pathway involves GPR183 
activation. 
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Unresolved chronic inflammation is a key driver of atherosclerosis and related 
cardiometabolic pathologies. The human GPR32 (hGPR32) receptor is activated by several 
pro- resolving ligands, which it shares with the receptor ALX/FPR2, to stimulate resolution 
of inflammation. However, due to the lack of murine homologs of the hGPR32, little is known 
about its role in vivo. By generating a new hyperlipidemic transgenic mouse model 
expressing hGPR32 on a Fpr2×ApoE double-KO background (hGPR32myc×Fpr2–/–
×Apoe–/–), we showed that hGPR32 is atheroprotective and limits aortic inflammation in 
vivo (Arnardottir & Thul et al. 2021. JCI). Furthermore, the transgenic mice had significantly 
lower body weight (BW) compared to the non-transgenic Fpr2–/–×Apoe–/– littermates 
without any alterations in metabolic features. The aim of this study was to investigate the 
role of GPR32 in adipose tissue (AT) and its impact on BW in mice. Using our transgenic 
mouse model and the 

STARNET (Stockholm-Tartu Atherosclerosis Reverse Networks Engineering Task) 
database, we investigated the role of GPR32 in AT associated with cardiometabolic 
conditions. Female hGPR32myc×Fpr2–/–×Apoe–/– mice had ~20-30% lower BW 
compared to Fpr2–/–×Apoe–/– littermates that was maintained throughout their lifespan 
(<12 months). Body fat distribution assessed by magnetic resonance imaging (MRI) 
showed no difference in total fat (0.91±0.27 vs.0.70±0.05cm3, p=0.977) or VAT (0.50±0.21 
vs. 0.34±0.05 cm3, p=0.982) volumes, or the %fat of BW (4.13±0.99 vs. 3.4±0.12 cm3, 
p=0.911) between the genotypes in chow fed mice. Similar results were observed for the 
male littermates. High fat diet increased AT volume in both genotypes, however the total 
fat (14.2±1.01 vs. 9.48±1.0 cm3, p=0.035) and VAT (8.96±1.1 vs. 5.69±0.71 cm3, 
p=0.0163) aswell as the %fat of BW (39.0±0.65% vs. 32.67±2.3%, p=0.017) were 
significantly lower in hGPR32myc×Fpr2–/–×Apoe–/–mice compared to Fpr2–/–×Apoe–/– 
littermates. GPR32 signaling in AT was further supported when interrogating the STARNET 
containing data on GPR32 expression in both SAT and VAT from patients with coronary 
artery disease. Taken together, these results indicate that GPR32 does not impact AT 
distribution under basal conditions, but may have a role in limiting high-fat induced obesity 
by attenuating AT deposits. 
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Prostaglandins (PG) produced by cyclooxygenase (COX)-2 are potent pro-
inflammatory lipid mediators (LM) that play crucial roles in inflammation. Currently, 
non-steroidal anti-inflammatory drugs (NSAIDs) are the major available 
pharmaceutical therapeutics targeting the biosynthesis of PGE2. Since detrimental 
side-effects on the gastrointestinal tract and cardiovascular system are common for 
NSAIDs, the discovery of new potent compounds with different modes of action 
becomes a necessity. In this context, protein kinases like glycogen synthase (GSK)-
3 beta and cyclin-dependent kinases (CDKs) could be suitable targets for the 
treatment of inflammatory disorders, as they regulate a large number of associated 
signaling networks. Therefore, research on novel protein kinase inhibitors, such as 
indirubins, has gained increasing interest in recent years, yet their potential to 
influence inflammatory processes remains largely unknown. During a structure guided 
synthesis approach, we introduced substituents mainly in the 5’ and 6’-position of 
indirubins, rendering them suitable for selective inhibition of CDKs and GSK 3 beta, 
respectively. Here we show the influence of these novel indirubin derivatives and 
other selective GSK-3 beta inhibitors on PG formation and cytokine release from 
human monocytes after bacterial challenge. In a structure-activity-relationship 
analysis, we found that especially 6-bromo-substituted compounds are able to 
effectively downregulate the formation of pro-inflammatory PGs by inhibiting the 
expression of cyclooxygenase (COX)-2 in a concentration dependent-manner without 
marked modulation of other LMs. Furthermore, the compounds decreased the release 
of major pro inflammatory cytokines like interleukin (IL)-1 beta and tumor necrosis 
factor (TNF)-alpha. Interestingly, we found a superior inhibition of COX-derived LMs by 
5-bromo-substituted indirubin derivatives, which unfortunately correlated with an 
increase in cytotoxicity. Our results demonstrate that indirubin-derivates are potent 
protein kinase inhibitors and possess an intriguing therapeutic potential to inhibit pro-
inflammatory LM formation via COX-2. Taken together, we described novel protein 
kinase inhibitors as promising candidates for the therapy of inflammatory diseases 
and established the close relation between optimization of compound structures and 
their activities in the cellular context. 
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Introduction: Pulmonary hypertension (PH) secondary to a lung disease (group-III) is 
characterized by an elevation in the mean pulmonary artery pressure (>20 mmHg) and high 

mortality. The classical mechanisms are a reduced synthesis of prostacyclin (PGI2) and 

nitric oxide (NO) in human pulmonary artery (HPA). PGI2 analogues [iloprost (ILO), 
treprostinil (TRE)], NO pathway activators (Sildenafil (SILD)) and combinations are PH 
therapeutics; however, there are few studies comparing their effectiveness in isolated HPA. 
 

Aim of the study: to investigate the effect of combination treatments (PGI2 analogues +/-
SILD) on cAMP and cGMP content, on the enzymes responisble for PGI2 and NO 
synthesis, and on the vasorelaxations of HPA derived from patients +/-PH group-III. 
 
Methods: HPA from non-PH (n=8) and PH group-III patients (n=3), were incubated (18h) 
with SILD, ILO, TRE, SILD+ILO or SILD+TRE (10-6M - 10-5M). PGI2-synthase (PGIS) and 
endothelial NO-synthase (eNOS) protein expressions were quantified by Western blot. 

cAMP, cGMP and/or 6ketoPGF1α (stable metabolite of PGI2) levels were analysed by 
ELISA. An organ bath system was also used to measure changes in HPA vasorelaxations 
induced by these drugs. Molecules are from Cayman-Chemical.  

Results: cAMP content in HPA from PH-patients (without stimulation) was significantly 
lower than HPA from non-PH patients, a similar tendency was observed for cGMP. 
(SILD+ILO) stimulations decreased the cAMP content in comparison to ILO alone. In 
contrast, (SILD+TRE) stimulation increased cAMP concentration compared to TREP alone. 
In non-PH patients HPA, an additive increased cGMP content was obtained with 
(SILD+ILO) or (SILD+TRE) treatments in comparison to ILO or TRE treatments alone. The 
enzymes (PGIS and eNOS) expressions were slightly increased depending of the 
treatments. Vasorelaxations of HPA were reduced with SILD+ILO stimulation in comparison 
to those induced by ILO alone. SILD+TRE versus TRE vasorelaxations were not 
significantly different. 

 
Conclusion: Only in HPA from PH patients, cAMP content was modulated by SILD and/or 

PGI2 analogue, while changes of cGMP were only detected in non-PH HPA. The effects of 
combination treatment were strongly different between ILO and TRE when used in 
combination with SILD. These preliminary results are less in favor of the use of ILO+SILD 
in terms of HPA vasorelaxation. 
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Ulcerative colitis (UC) and Crohn's disease (CD) are chronic inflammatory disorders of 
the gastrointestinal tract collectively described as inflammatory bowel diseases (IBD). 
While rarely lethal, IBD shows increasing prevalence and incidence and profoundly 
affects patients’ quality of life. The therapeutic strategies available to control the 
symptoms of IBD produce important side effects and progressively lose their efficacy. 
Thus, there is a need to explore new ways to modulate IBD. 
 
Bioactive lipids stand up as important modulators of inflammation. For instance, 
endocannabinoids, and their COX-2-derived metabolites, are anti-inflammatory and 
pro-apoptotic. Besides fatty acids, COX-2 can also metabolize the endocannabinoids 
2-arachidonoylglycerol (2-AG) and N-arachidonoylethanolamine (AEA), thus 
producing glycerol ester (PG-Gs) and ethanolamide (PG-EAs) derivatives, 
respectively, of the prostaglandins. PG-Gs and PG-EAs, although barely studied, are 

promising lipid mediators to modulate inflammation. We have shown that PGD2-G 
decreases macrophage activation and has anti-inflammatory properties in the colon. 
However, not all the PG-Gs and PG-EAs exert anti-inflammatory effects. For instance, 

PGE2-G possesses pro-inflammatory properties. Also, PGD2-EA induces apoptosis in 
colorectal cancer (CRC) cell lines. 
 
When epithelial cells are stimulated with LPS and INFγ, NF-kB translocates to their 
nucleus activating the transcription of pro-inflammatory cytokines, such as IL-8 or 
MIP2α. To understand better the role of PG-Gs and PG-EAs in the inflammation of 
colon epithelial cells, we used two colorectal cancer cell lines (HT29 and Caco2) and 

primary mouse colon organoids. PGD2, PGD2-G, and PGD2-EA enhanced the nuclear 
translocation of NF-kB in HT29 cells. Also, they increased the expression of IL-8 in 
HT29 and Caco2 cells, as evaluated by ELISA and qPCR. Similarly, these molecules 
increased the expression of KC (a mouse homolog for IL-8) in mouse colon organoids, 
although not significantly. 
 
The enhancement of inflammatory signals in these epithelial models contrasts with their 

previously described anti-inflammatory role indicating a different effect of PGD2, PGD2-

G, and PGD2-EA in epithelial and immune cells. 
 
Thus, our results point out the necessity to delve into the effects of PG-Gs and PG-
EAs in colon epithelial cells and their potential role in the interaction between epithelial 
and immune cells in colon inflammation. 
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Various fatty acyl lipid mediators derived from dietary polyunsaturated fatty acids 
(PUFAs) modulate nociception. Many of these lipid mediators can directly bind ion 
channels located on sensory nerves, including the transient receptor potential vanilloid 
1 (TRPV1) channel. 
 
Linoleic acid, the most abundant PUFA in the modern diet, is a precursor of many 
pronociceptive lipid mediators with potential for TRPV1 binding, and excessive dietary 
linoleic acid intake is associated with exaggerated nociceptive hypersensitivity. 
Although recommendations about dietary fatty acid intake exist for some diseases (e.g., 
cardiovascular disease), the role of dietary fatty acids in promoting pain disorders is 
not completely understood. Molecular dynamic simulation offers a powerful strategy for 
interrogating lipid mediator-TRPV1 interactions. All-atom simulations of the TRPV1 
channel were prepared using CHARMM-GUI Membrane Builder and OPMprotocols 
were used to position and orient the channel in a membrane bilayer. The composition 
in the membrane bilayer in this all-atom system is as follows: 1-palmitoyl-2-oleoyl-
phosphatidylcholine (POPC), 1-palmitoyl-2-oleoyl-phosphatidylethanolamine (POPE), 1-
palmitoyl-2-oleoyl-phosphatidic acid (POPA), 1-palmitoyl-2-oleoyl-phosphatidylserine 
(POPS), N-palmitoyl-sphingomyelin (PSM), 1-palmitoyl-2-oleoyl-phosphatidylinositol 
(POPI), cholesterol (CHOL). Multi-scale molecular dynamics simulations were used 
to identify amino acid residues that are most affected by lipid mediator binding in each 
of the four subunits. Each step in the peristaltic motion was described down to the 
individual atoms using all-atom approaches and statistical analysis of the correlated 
motion between sub-units. Each molecular dynamic simulation of lipid mediator-bound 
TRPV1 structures was compared to the TRPV1 structure with no bound agonist and to 
the capsaicin-bound TRPV1 structure. Taken together, this molecular dynamic 
workflow can help elucidate molecular mechanism underlying modulation of 
nociception by fatty acyl lipid mediators. 
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Abstract: N-acylethanolamines (NAEs) are endogenous bioactive lipids linked to the 
endocannabinoid system. They are implicated in numerous biological processes 
including pain and inflammation. Some NAEs, such as the anti-inflammatory compound 
N-palmitoylethanolamine (PEA) and the endocannabinoid N-
arachidonoylethanolamine (AEA), have been more studied than others; however other 
single NAE species can also reduce LPS-induced macrophage activation. 
The levels of NAEs and therefore their actions can be controlled by modulating the 
activity of their two hydrolytic enzymes, fatty acid amide hydrolase (FAAH) and N-
acylethanolamine acid amidase (NAAA). Given that much more is known about FAAH, 
we decided to investigate how lung inflammation affects NAAA expression and NAE 
levels. We then wanted to investigate if NAAA inhibition could increase NAE levels in 
vivo and thus decrease macrophage activation. The effects of NAAA inhibition were 
studied in primary alveolar macrophages and neutrophils to see if NAAA inhibition 
could be an interesting strategy to decrease lung inflammation. 

 
Effects of lung inflammation on NAE levels and NAAA expression were studied in three 
different murine models. Inflammation was induced either by lipopolysaccharides (i.p. 
injection during 10days or a single i.t. administration) or house dust mites intra nasal 
administrations. The latest model was used to mimic allergic inflammation. Alveolar 
macrophages and PBMC were activated by incubation with for 8hours. The NAAA 
inhibitor (AM9053) or vehicle were added one hour prior to LPS. Neutrophils were 
co-incubated with LPS and AM9053 for 4hours. mRNA expression of pro-inflammatory 
cytokines and enzymes was measured by RT-qPCR. Levels of pro-inflammatory 
cytokines were measured by ELISA in the medium of cells. NAEs were quantified by 
HPLC-MS. 

 
Our data show that lung inflammation increased NAAA expression while having few 
effects on NAE levels. Moreover, administration of AM9053 to mice with chronic LPS-
induced inflammation exerts anti-inflammatory effects in the lung. NAAA inhibition also 
decreases LPS-induced activation of murine and human alveolar macrophages as well 
as LPS-activated PBMC and murine neutrophils. 

 
This work highlights the beneficial effects of NAEs and NAAA inhibition on macrophage 
activation and shows a protective effect of NAAA inhibition in vivo on lung 
inflammation. Therefore, these data support NAAA inhibition as an interesting anti-
inflammatory strategy.  
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Cardiac fibrosis is a major cause of heart failure (HF). The balance between 
inflammation and resolution is crucial in the pathogenesis of remodeling and thus for 
cardiac functionality. The production, the metabolic pathway and the role of 
specialized pro-resolving mediators (SPM: resolvin (Rv), protectin (PD) and maresin 
(MaR) in the myocardial inflammatory response are lacking. 
 

Aims: Using heart left ventricle (LV) samples obtained from donors and HF patients, 
we have compared the production of some docosahexaenoic acid (DHA) -derived 
metabolites. We have also investigated the MaR metabolic pathway in LV: the receptor 
LGR6 and the biosynthetic enzymes lipoxygenase enzymes: 15-LOX-1, 15-LOX-2 and 
12-LOX. 

 
Methods: Fresh LV samples derived from n=16 patients with or without HF were 
incubated (18h in RPMI with antibiotics, 70 mg LV/ml) with or without DHA (0.1 mM) 
before storage at -80°C. After homogenization of the samples, concentrations of 
protein were measured by BCA assay and levels of RvD1-5, PDX, PD1, MaR1-2 and 
7S-MaR1 (an epimer of the active MaR1) were measured by LC-MS (Ambiotis SAS). 
Results are expressed in pg/µg of proteins, and statistical analysis were performed 
using 2 way-ANOVA. In addition, in these samples, we measured mRNA expression 
level of MaR1 receptor (LGR6) and ALOX15A by RT-qPCR. 
 
Results: Without stimulation, RvD1-4 and Mar2 were the lowest concentrations 
measured in LV while the highest were 20-30 fold greater: RvD5 0.13±0.04 pg/µg and 
MaR1 0.24±0.10 pg/µg. After stimulation with DHA the productions of RvD, MaR and 
PD were significantly increased. This increase in LV preparations derived from heart 
failure patients were significantly 3 times greater (versus non-heart-failure patients 
derived samples) only for MaR1 and 7S-MaR1. The RT-qPCR experiments showed 
that gene mRNA expression of ALOX15 and LGR6 in LV samples derived from HF 
patients are significantly increased (n=7-8). Our immunofluorescence results (n=4) 
showed that 15-LOX-1, 15-LOX-2 and 12-LOX are expressed in cardiomyocytes. 
 
Conclusions: Our results suggest that the increased production of MaR1 and 7S-
MaR1 and the MaR1-receptor expression may have an important role during the 
resolution phase in human heart failure. 
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Disturbances in lipid mediators belonging to the omega-6 lipid pathway have been 
observed in Multiple Sclerosis (MS), where they are believed to be related to an 
uncontrolled or chronic neuro- inflammatory response. However, as lipid mediators 
are also involved in various other physiological processes, we hypothesized that 
disturbances in this and/or other lipid pathways could also relate to different 
pathological processes as observed in MS patients. To address this hypothesis, we 
here investigated bioactive lipids belonging to the ω-3 / ω-6 lipid classes in MS by 
using a lipidomics approach on a unique patient cohort (Project Y) consisting of 
primary progressive MS (PPMS), relapse-remitting MS (RRMS) or secondary 
progressive MS (SPMS) patients all born in the same year: 1966. This is essential as 
age normally is one of the biggest confounding factor in MS research. 
 
Method: Lipidomic analysis was performed on plasma samples of control subjects (n 
= 125) and patients with RRMS (n = 169), PPMS (n = 36) and SPMS (n = 80) using a 
HPLC MS/MS. Besides plasma collection, clinical parameters including Expanded 
Disability Status Scale (EDSS), neurofilament light (NFL; biomarker for axonal 
damage), glial fibrillary acidic protein (GFAP; astrocyte activation marker) 
concentration and amount/location of brain lesions and atrophy (MRI) were obtained 
from this unique patient cohort. 
 
Results: Several lipid mediators were found to be upregulated, predominantly, in the 
SPMS group compared to healthy controls, most of which showed an association with 
enzymes belonging to the lipoxygenases (LOX) enzyme family. Correlations between 
these plasma lipid levels and clinical parameters such EDSS, sNFL and GFAP 
revealed a potential involvement of these lipids in neurodegeneration and astrocyte 
activation. In addition, the ALOX-15B associated lipid 15(S)-HETE positively 
correlated with atrophy in several brain areas of SPMS patients and lesion volume, 
highlighting its potential involvement in progressive MS pathology. 
 
Conclusion: Changes in lipids belonging to the omega-6 lipid pathway are 
predominantly observed in progressive MS patients and could relate to key processes 
in MS pathogenesis including neurodegeneration. 
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Eicosanoids are essential lipid mediators involved in modulating the immunological 
response and cardiovascular system, which - upon dysregulation  - are implicated in 
inflammatory and cardiovascular disease. Utilizing a limited range of polyunsaturated 
fatty acids (PUFA), blood cells generate a wide spectrum of distinct eicosanoid 
species, resulting in the formation of characteristic lipid mediator profiles. 
 
While these profiles are cell-type and stimulus-dependent, they are also amenable to 
pharmacological intervention, including natural products. Ginsenosides, glycosides 
isolated from the traditional medicinal plant Panax ginseng, are known to exert a wide 
variety of biological effects, including the downregulation of pro-inflammatory 
prostaglandins, but little is known about their effect on the eicosanoid profile at large or 
on specialized pro-resolving mediators (SPM). Here, we use UHPLC-MS/MS-based 
metabololipidomics with human polymorphonuclear leukocytes (PMNL), macrophage 
phenotypes (M0/M1/M2), and platelets treated with ginsenosides to reveal distinctive 
lipid mediator signatures depending on the cell-type, treatment period, and stimulus.  
 
Furthermore, we evaluated the expression of various lipid mediator-biosynthetic 
enzymes, such as cyclooxygenases (COX) and lipoxygenases (LOX), on both mRNA 
and protein level, as well as the activity of these enzymes in response to ginsenosides. 
Interestingly, marked differences were demonstrated between various ginsenosides, 
including compound K, which resulted in the general downregulation of COX and LOX 
products; ginsenoside Rg3, which affected PUFA liberation and the upregulation of 
LOX products (including SPM); and the existence of inert ginsenosides such as Rg1.  
 
These results demonstrate the utility of metabololipidomics by helping to explain how 
Panax ginseng can exert a vast range of biological activities - and indeed opposite 
effects - depending on the type of extract used, the treatment duration, and diagnosis. 
Ultimately, this delineation between active and inactive ginsenosides may aid in the 
development and targeted use of natural products for the treatment of inflammatory 
and circulatory diseases.
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Inflammation is a cause for many chronic and non-chronic widespread diseases 
including asthma, rheumatoid arthritis and atherosclerosis. This is partially caused by 
an imbalance in the arachidonic acid cascade towards leukotrienes, produced by 5-
lipoxygenase and/or prostaglandins (PG) synthesized via the cyclooxygenase (COX) 
pathway. Nowadays, non-steroidal anti-inflammatory drugs (NSAIDs) that inhibit 
cyclooxygenase are the primary therapeutics, even though they are associated with 
severe adverse side effects especially in long term use due to the inhibition of 
homeostatic PGs. Gastrointestinal complications and asthma caused by NSAIDs could 
be avoided by using a smart targeting approach, that is, aiming at inhibiting both the 
COX-downstream enzyme microsomal prostaglandin E2 synthase-1 (mPGES-1) and 
5-LO. Since inhibition of one single enzyme would cause a shunt to the other pathway, 
dual inhibition of 5-LO and mPGES-1 may be a more beneficial approach. Endogenous 
vitamin E metabolites in this sense have proven themselves as potent 5-LO inhibitors. 
By screening a library of semi-synthesized vitamin E derivatives using cell-free and 
cell-based assays, we aimed at identifying dual inhibitors of 5-LO and mPGES-1. Then, 
we tested the most potent hits in additional test systems for inhibition of COX1, COX2, 
and soluble epoxide hydrolase as well as for broad lipid mediator (LM) profiles, 
cytokines release, macrophage phenotype surface markers, and LM-biosynthetic 
enzyme expression in different immune cells. Finally, we assessed the bioactivity of 
these hit compounds in human whole blood to confirm the pharmacological relevance 
of the proposed target interaction. In parallel further screening studies are ongoing, 
revealing even more potent compounds. With these findings we hope to get closer to 
get promising anti-inflammatory drugs that displays dual inhibition of the two crucial 
enzymes with less adverse side effects. 
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Nasal polyposis is currently the focus of intensive research, since this condition has 
been recognized as one of the most prominent expression of the type-2 inflammatory 
endotype, along with severe asthma and atopic dermatitis. Moreover, innovative 
monoclonal antibody-based therapies, such as dupilumab, have been recently 
approved by the regulatory Agencies for this disease. 
Here, we report on investigations on arachidonate metabolism and expression and 
activity of relevant enzymes in nasal polyps. 
 
Thus, 19 polyp specimens (from 14 patients), obtained by surgical excision, were 
studied by RT-PCR, Western blotting and enzyme assay, performed in polyp 
homogenates. 

Results. RT-PCR revealed a discrete expression of 5-LO: 0.284 A.U. ± 0.220, by using 
beta-actin as the reference constitutive gene. Expression of COX-1, COX-2 and LTC4-
syntase was also investigated. Accordingly, a substantial expression of immune-
reactive 5-LO was detected by Western blotting. In contrast, only modest amounts of 
immune-reactive COX-1 and COX-2 were identified. However, by a competitive ELISA 
assay, we demonstrated that a measurable cycloxigenase activity was present in polyp 
homogenates, as documented by PGE2 formation (from 2.9 to 140 pg/mg of protein). 
The amounts of PGE2 measured by this assay increased up to 20-fold if the samples 
were incubated in the presence of exogenous arachidonic acid (50 micromolar). The 
biosynthesis of lypoxigenase derivatives was studied by RP-HPLC, upon incubation 
of homogenates with exogenous arachidonic acid (50 micromolar). Discrete amounts 
of 15-HETE and 12-HETE were detected, suggesting that both 15-LO and 12-LO are 
expressed in this pathologic material. Finally, RP-HPLC also revealed the presence of 
two peaks of unknown origin. 
 
These data indicate that arachidonic acid derivatives play a not negligible role in the 
much complex scenario of the type-2 inflammation, which characterizes nasal 
polyposis. 

  



POSTER 14 

 
STUDY OF THE CONVERSION OF LEUKOTRIENE A4 TO LEUKOTRIENE B4 
DRIVEN BY LEUKOTRIENE A4 HYDROLASE 

 
MIQUEL CANYELLES-NIÑO, Àngels González-Lafont, José María Lluch 
 
Departament de Química, C/ dels Til·lers, s/n, Bellaterra (Cerdanyola del Vallès) 08193, 
Barcelona, Spain 

 
 
LTA4H is a bifunctional zinc metalloenzyme that converts leukotriene A4 (LTA4) into 
leukotriene B4 (LTB4), one of the most potent chemotactic agents involved in acute and 
chronic inflammatory diseases. In this reaction, LTA4H acts as an epoxide hydrolase 
with a unique and fascinating mechanism, which includes the stereoselective 
attachment of one water molecule to the carbon backbone of LTA4 several methylene 
units away from the epoxide moiety. 
 
By combining Molecular Dynamics simulations and Quantum Mechanics/Molecular 
Mechanics calculations, we obtained a very detailed molecular picture of the different 
consecutive steps of that mechanism. By means of a rather unusual 1,7-nucleophilic 
substitution through a clear SN1 mechanism, the epoxide opens and the triene moiety 
of the substrate twists in such a way that the bond C6-C7 adopts its cis (Z) 
configuration, thus exposing the R face of C12 to the addition of a water molecule 
hydrogen-bonded to ASP375. Thus, the two stereochemical features that are required 
for the bioactivity of LTB4 appear to be closely related. The noncovalent π-π stacking 
interactions between the triene moiety and two tyrosines (TYR267 and, especially, 
TYR378) that wrap the triene system along the whole reaction explain the preference 
for the cis configuration inside LTA4H. 
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The composition of lipids is highly dynamic and affected by the diet. Long chain omega-
3 polyunsaturated fatty acids (PUFA) present in fish oils such as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) are essential nutrients showing anti-
inflammatory properties. n3-PUFA supplementation leads to a dose dependent change 
of the fatty acid (Am. J. Clin. Nutr.,2012, 96, 748) as well as oxylipin pattern in the blood 
(Am. J. Clin. Nutr.,2019, 109, 1251). However, information about the lipid species which 
are thereby strongest modulated are scarce. 
 
Here, plasma from human subjects receiving n3-PUFA capsules (EPA and DHA) 
corresponding to 4 portions of fatty fish per week over 12 months was analyzed. Lipids 
at baseline and following 12 months were measured by untargeted lipidomics using 
liquid chromatography (LC)-high resolution mass spectrometry (HRMS) and semi-
quantified using SPLASH internal standards (IS). The lipids which were modulated 
strongest after n3-PUFA supplementation were then quantified by means of targeted 
LC-MS/MS. Lipids were extracted from plasma by liquid-liquid extraction after addition 
of IS using methanol and methyl tert-butyl ether. 
 
For both methods, the chromatographic separation was achieved using an Acquity 
Premier CSH C18 column (2.1 x 100 mm, 1.7 µm). For untargeted lipidomics, samples 
were analysed using a Q Exactive HF within two separate runs for positive and 
negative mode. Data were evaluated using MS-DIAL. Targeted analysis was performed 
on a QTRAP 6500+ MS, after negative electrospray-ionization in multiple reaction 
monitoring mode using specific ion transitions. 
 
Combination of untargeted lipidomics and targeted LC-MS/MS allowed to characterize 
the lipid profile modulated in response to n3 PUFA supplementation and to select those 
which are modulated strongest for accurate quantification. Following n3-PUFA 
supplementation most pronounced changes were observed in plasma 
phosphatidylcholines and EPA containing lipids were strongest elevated. 
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Albumin infusions are therapeutically used to revert hypoalbuminemia and to replace 
the extensively oxidized albumin molecule circulating in patients with acutely 
decompensated (AD) cirrhosis. Since albumin has high affinity for lipids, here we 
characterized the albumin lipidome in AD patients and explored the albumin effects on 
the release of fatty acid (FA)-derived lipid mediators by peripheral leukocytes.  
 
Lipids and lipid mediators were measured by LC-MS/MS in albumin-enriched and 
albumin-depleted plasma fractions separated by affinity chromatography and in 
leukocyte incubations from 18 AD patients and 10 healthy subjects (HS).Lipid 
mediators were also measured in 41 AD patients included in an albumin therapy trial. 
The plasma lipidome associated with AD cirrhosis was characterized by generalized 
suppression of all lipid classes except FAs. In contrast to HS, albumin from AD patients 
had lower content of polyunsaturated FAs (PUFAs), especially of the omega-3-PUFA 
docosahexaenoic acid. Consistent with this, the PUFA-derived lipid mediator 
landscape of albumin from AD patients was dominated by lower content of 
monohydroxy FA precursors of anti-inflammatory/pro-resolving lipid mediators (i.e. 15-
hydroxyeicosatetraenoic (15-HETE)). In addition, albumin from AD patients was 
depleted in prostaglandin (PG) E2, suggesting that this proinflammatory PG mainly 
travels disassociated to albumin in these patients. Incubation of leukocytes with 
exogenous albumin reduced PG production while inducing 15-lipoxygenase 
expression and 15-HETE release. Similar effects were seen under lipopolysaccharide 
plus N-formylmethionyl-leucyl-phenylalanine-stimulated conditions. Finally, PG levels 
were lower in AD patients receiving albumin therapy whereas 15-HETE was increased 
after albumin treatment compared to baseline.  
 
Conclusion: Our findings indicate that the albumin lipid composition is severely 
disorganized in AD cirrhosis and that administration of exogenous albumin has 
potential to redirect leukocyte biosynthesis from pro-inflammatory to pro-resolving lipid 
mediators. 
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The aim of this study is to establish the efficacy of omega-3 supplementation in settings 
of inflammatory arthritis and to investigate the cellular and morphological effects, with 
the ultimate aim to associated them to specific lipid mediators. Mice were treated with 
K/BxN arthritic serum injection and fed either with normal, Omega-3-enriched or 
western diet for two weeks prior to and throughout the duration of experimental 
arthritis. In the omega-3 -enriched diet group, mice exhibited reduced i) arthritic score, 
ii) loss of weight when compared to normal or western diet group, respectively. Paw 
oedema was reduced in omega-3 mice, as compared to both normal and western diet 
receiving mice. These macroscopic changes were associated with regulation of 
leukocytes and fibroblasts phenotypes. Specifically, at peak of arthritis, the pro-
resolution macrophages MerTK+CD206+ and the protective CX3CR1+ macrophage 
subsets were increased in the omega-3 enriched diet group, compared to animals on 
normal or western diet. Lipid mediator profiling of the arthritis paws identified higher 
levels of EPA-derived RvE2 and RvE4 in omega-3-enriched diet animals. Initial 
cellular analyses revealed that RvE2 and RvE4, used alone or in combination, 
promoted anti-catabolic effects in C28/I2 chondrocytes micromasses. In vivo 
experiments in K/BxN-serum treated mice are ongoing. 
 
Collectively these data identify novel molecular and cellular determinants of the 
beneficial properties of omega-3 diet supplementation in preclinical settings, opening 
avenues for innovative therapeutic approaches for the treatment of people with RA. 

  



POSTER 18 

 
SUSTAINABLE EXTRACTS OF MICROALGA CHLOROCOCCUM 
AMBLYSTOMATIS RICH IN OMEGA-3 LIPIDS WITH ANTIOXIDANT AND ANTI-
INFLAMMATORY POTENTIAL FOR SKIN DISEASES 

 
TIAGO CONDE, Daniela Couto, TÃ¢nia Melo, Ana S. P. Moreira, Paula Ferreira, 
Margarida Costa, Joana Silva, Bruno Neves, Pedro Domingues, Maria R. Domingues 

 
Centre for Environmental and Marine Studies, CESAM, Department of Chemistry, 
Santiago University Campus, University of Aveiro, 3810-193 Aveiro, Portugal 

 
 
The prevalence of inflammatory skin diseases continues to increase impairing the 
daily lives of the affected children and adults. Chronic inflammatory response, 
overproduction of pro-inflammatory mediators and reactive oxygen species (ROS) are 
involved in the pathophysiology of these diseases. Algae lipids are well-known natural 
antioxidant and anti-inflammatory agents, and some have been applied to modulate 
skin diseases. However, the comprehension of the relationship between algae lipids 
and their bioactive potential remains scarcely studied. In this work, we evaluated the 
antioxidant and anti-inflammatory potential of freshwater microalga Chlorococcum 
amblystomatis extracts obtained with a sustainable and green methodology using 
ethanol and ultrasonication (UAE). The composition in polar lipids were evaluated by 
liquid-chromatography mass spectrometry (LC-MS) to understand the relation between 
lipid composition and bioactivity. The UAE extracts of C. amblystomatis revealed high 
antioxidant capacity evaluated through inhibition of the ABTS and DPPH radicals. In 
addition, these lipid extracts showed anti-inflammatory potential through 
cyclooxygenase-2 (COX-2) inhibition, both important to treat inflammatory skin 
diseases, like eczema or atopic dermatitis [1]. 
 
The UAE extracts of C. amblystomatis had a higher purity of lipids (91.8±4.5 %) in 
relation to extraction with chlorinated solvent (81.2±4.0). The polar lipid profile revealed 
a high abundance in diacylglyceryltrimethylhomo-serine (DGTS) and 
monogalactosyldiacylglycerol (MGDG) classes. The glycolipids, including MGDG were 
previously reported with anti-inflammatory properties [2,3], but little is known about 
bioactivities of betaine lipids. Moreover, these classes were abundant in esterified 
omega-3 fatty acids, such as eicosapentaenoic acid (EPA) and alpha-linolenic acid 
(ALA), important precursors of anti-inflammatory mediators, some of which were 
already reported with anti-inflammatory activity, e.g. MGDG(34:7) and DGTS(40:10) 
[2,3]. Taken together these results show the high potential of polar lipids rich extracts 
obtained with a sustainable technique from a natural source, C. amblystomatis, to 
modulate mediators involved in the pathophysiology of inflammatory namely in skin 
diseases. 
 
1. Conde, T.; Lopes, D. Metabolites 2022, 12, 96, 
2. Banskota, A.H. Journal of Applied Phycology 2013, 25, 1513 -1521, 
3. Banskota, A.H. Natural Product Research 2013, 27, 1084 -1090, 
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Rheumatoid arthritis (RA) is linked to an increase in cardiovascular risk. RA patients 
have a 30% to 50% higher risk of thrombotic events, compared to the healthy 
population, however the mechanisms behind this are so far unknown. 

 
Hydroxyeicosatetraenoic acid -phospholipids (HETE-PLs) are oxidized phospholipids, 
which can be enzymatically generated by lipoxygenases (LOXs), termed eoxPLs. 
They can enhance clotting through supporting PS-dependent binding and the activity 
of coagulation factors. Their levels are elevated in human thrombotic disorders, 
namely abdominal aortic aneurysm, and anti-phospholipid syndrome. To determine 
whether eoxPLs are elevated in arthritis-associated coagulopathies, antigen-induced 
arthritis (AIA) was induced in WT, Il27ra-/-, Il6ra-/- and Il6-/- mice. These develop 
distinct histological phenotypes similar to human histopathology - lymphoid, myeloid, 
fibroid (or pauci-immune) and low inflammation, respectively. 
 
WT and Il27ra-/- AIA mice showed elevated eoxPLs, primarily 12-HETE-PEs in blood 
cells, as well as higher thrombin-antithrombin complexes (TAT), especially at a chronic 
time point. However, neither Il6ra-/- nor Il6-/- mice exhibited increased levels of TATs 
or eoxPLs during AIA. Chiral LC-MS/MS demonstrated 12(S)-HETE was the 
predominant HETE isomer in the esterified lipid pool and its increased levels were 
maintained upon deletion of Alox15, suggesting platelets as the primary source of these 
lipids. Similarly, a human RA patient study showed increased oxPLs levels in platelets, 
white blood cells and extracellular vesicles (EVs), compared to healthy volunteers. 
Furthermore, an increased plasma IgG immunological response was seen against 
HETE-PLs in these patients. In addition, coagulation studies revealed that EV-
enriched plasma from RA patients generates more thrombin compared to healthy 
volunteers. 

 
Overall, these results indicate that eoxPLs are elevated and may play a role in the 
increased coagulation observed in arthritis, and platelets (or platelet-derived EVs), are 
important players in the elevated systemic coagulation in this disease. 

  



POSTER 20 

 
ANTI-INFLAMMATORY 6-BROMO-INDIRUBIN-3’-GLYCEROL-OXIMETHER 
(6BIGOE) SELECTIVELY DOWNREGULATES COX-DERIVED LIPID MEDIATORS 
VIA GSK-3 INTERFERENCE IN HUMAN PRIMARY MONOCYTES 

 
ANNA CZAPKA1, Christian Grune2, Patrick Schädel1, Vivien Bachmann1, Carlo 
Pergola1, Karl Scheuer3, Michael Dirauf4,5, Christine Weber4,5, Alexios Leandros 
Skaltsounis6, Klaus D. Jandt3,5, Ulrich S. Schubert4,5, Dagmar Fischer2,5,7 and Oliver 
Werz1,5 

 
1) Department of Pharmaceutical/Medicinal Chemistry, Institute of Pharmacy, Friedrich-Schiller-
University Jena, Philosophenweg 14, 07743 Jena, Germany 
2) Pharmaceutical Technology and Biopharmacy, Institute of Pharmacy, Friedrich-Schiller-
University Jena, Lessingstrasse 8, 07743 Jena, Germany 
3) Chair of Materials Science (CMS), Otto Schott Institute of Materials Research, Faculty of 
Physics & Astronomy, Friedrich-Schiller-University Jena, Jena, Germany 
4) Laboratory of Organic and Macromolecular Chemistry (IOMC), Friedrich-Schiller-University 
Jena, Humboldtstrasse 10, 07743 Jena, Germany 
5) Jena Center for Soft Matter (JCSM), Friedrich-Schiller-University Jena, Philosophenweg 7, 
07743 Jena, Germany 
6) Department of Pharmacy, Division of Pharmacognosy and Natural Products Chemistry, 
University of Athens, Panepistimiopolis Zografou, GR-15771 Athens, Greece 
7) Division of Pharmaceutical Technology, Department for Chemistry and Pharmacy, Friedrich 
Alexander University Erlangen Nürnberg, Cauerstrasse 4, 91058 Erlangen, Germany 
 
Monocytes are innate immune cells that produce lipid mediators which are central to the 
initiation and progression of inflammation and can therefore be exploited as therapeutical 
targets. Inhibition of glycogen synthase kinase (GSK)-3 is of particular interest as it 
governs numerous inflammation-related processes, and differentially regulates pro- and 
anti-inflammatory mediators. Natural product-derived indirubins are potent GSK-3 
inhibitors designed by structure-guided synthesis for improved water solubility and kinase 
binding. The indirubin derivative 6-bromoindirubin-3’-glycerol-oxime ether (6BIGOE) 
exhibits potent effects in the cellular context and inhibits 5-lipoxygenase albeit at high 
concentrations. Yet, the pharmacological profile regarding the metabololipidome and the 
mode of action of 6BIGOE in human monocytes remain unclear. Here, we show that 
6BIGOE acts as a potent GSK-3 inhibitor in monocytes already at a low nanomolar range 
with a dualistic functionality regarding modulation of inflammatory mediators. Using a mass 
spectrometry-based approach, we provide comprehensive lipid mediator profiling revealing 
selective downregulation of cyclooxygenase (COX)-derived product formation mediated 
via inhibition of COX-2 expression. Other lipid mediators and precursor fatty acids were 
affected to a lesser extent or not at all. Via GSK-3 inhibition 6BIGOE additionally 
downregulates pro-inflammatory cytokines while simultaneously promoting release of anti-
inflammatory IL-10. To overcome unfavorable physicochemical parameters such as high 
lipophilicity, 6BIGOE was encapsulated into polymer-based nanoparticles and the impact 
on biological functionality was assessed. Encapsulation of 6BIGOE into poly(lactic-co-
glycolic) acid (PLGA)-based nanoparticles circumvented cytotoxicity at high 
concentrations while retaining its anti-inflammatory capacity. In ongoing experiments, we 
assess to which extend 6BIGOE is able to influence macrophage polarization, in particular 
in regard to IL-10 release and the implications for the resulting macrophage phenotype in 
terms of lipid mediator formation. We conclude that 6BIGOE is a dualistic modulator of 
inflammation, which additionally promotes a pro-resolving microenvironment. The 
obtained results on encapsulation of 6BIGOE mark an innovative approach for the efficient 
application of lipophilic indirubins and their development as therapeutical agents targeting 
lipid mediators. 
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Post-Traumatic Stress Disorder (PTSD) is a psychiatric pathology that occurs following 
a stressful confrontation with death. This pathology generates several extremely 
disabling symptoms at social, family and professional levels. Despite medical 
treatment, this chronic pathology remains difficult to treat and its primary prevention 
seems to be a better choice. For this, it is necessary to identify potential biomarkers 
of vulnerability. Thus, we have developed an animal model allowing an incomplete 
induction of PTSD, in order to study the vulnerability in mirror of the non-vulnerability. 
This model mimics a predator attack. Animals were divided into two groups: stressed 
and controls. The study of the behavior of the stressed subjects allowed a classification 
into two subgroups: development vs non-development of the PTSD phenotype. The 
control animals have been separated into two subgroups: vulnerable or non-vulnerable, 
based on the frequency of an Electroencephalography wave; a biomarker previously 
validated (1). 
 
Serum samples, collected at the time of sacrifice, were analyzed using a Shimadzu 
workpackage method (2, 3). This method allow the profile analysis for 196 lipidic 
mediators of inflammation. In addition to eicosanoids originating in an arachidonic acid 
(AA) cascade, docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and other 
polyunsaturated-fatty-acid metabolites, these include major mediators such 
ethanolamide compounds, leukotrienes and platelet activating factor (PAF), as well as 
their metabolites. These lipidic mediators were analyzed by ultra-high performance 
liquid chromatography coupled to a mass spectrometer 
 
LC40-TQ8060 (Shimadzu) using MRM mode. For a majority of the compounds, the 
ESI- ionization mode was used. However, the ESI+ mode was used in particular for 
leukotrienes and ethanolamide compounds. 
Data were analyzed using SIMCA software (version XX). An OPLS-DA model was used 
to separate PTSD animals from non-PTSD (RÂ²Y = 0.922 and a QÂ² =0.446) by 
highlighting 12 lipid mediators with a correlation higher than 0.55 and lower than -0.20.  
 
However, no model could be created to highlight potential biomarkers of this mediator’s 
family to identify a PTSD vulnerability in the control group 

 
(1) Claverie (2016) 
(2) Hamabata (2018) 
(3) Yamada (2015) 
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The most common malignant brain tumor in adults is the wild type isocitrate 
dehydrogenase (IDH) glioblastoma multiforme (GBM). With a poor median survival of 
approximately 15 months despite surgical resection, chemo- and radiotherapy, new 
therapy approaches are required. It is known that beta oxidation of fatty acids (FAs) 
plays an important role in the energy production of GBM. The results of several studies 
revealed different mechanisms in GBM for FA synthesis as well as uptake from the 
blood. Yet it is unclear how FA uptake or synthesis contribute to substrate needs and/ 
or malignant behavior of the tumor. 
 
In this study we established fatty acid measurements from glioblastoma tissue in order 
to better understand fatty acid and lipidome changes in GBM, in an approach to expand 
previous data in GBM (Martin et al. Lipids. 1996;31(12):1283-8). 
 
Thirteen patients with histopathologically verified GBM were included, and in a first step 
fatty acid composition was measured using gas chromatography (GC). In 
correspondence with the previous data, we found differences in the fatty acid 
composition between nontumor (access) brain tissue and tumor tissue with decreased 
levels of omega-3 polyunsaturated fatty acids in tumor tissue and increased levels of 
omega-6 polyunsaturated fatty acids. Furthermore, in oxylipin analyses using LC-
MS/MS measurements we found increased levels of a wide range of oxylipins in tumor 
as compared to nontumor brain tissue. 
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Background: We previously demonstrated that the endothelium-dependent flow-mediated 
dilation of conduit arteries is mainly due to the release of nitric oxide and 
epoxyeicosatrienoic acids and that a decreased bioavailability of these factors contribute to 
the endothelial dysfunction in hypertensive and type 2 diabetic patients [1]. However, one-
third of the dilatory response is regulated by mechanisms that are still unknown and that 
can also be altered in human pathologies. This study addressed the hypothesis that the 
arachidonic acid-derived lipoxygenase metabolites hydroxyeicosatetraenoic acids (HETEs) 
are also released during flow stimulation to regulate the endothelial vasomotor function of 
conduit arteries in physiological and pathophysiological conditions. 

Methods: This study was conducted in 16 healthy subjects, 6 essential hypertensive 
patients, 18 type 2 diabetic patients with hypertension and 8 diabetic subjects without 
hypertension. Endothelial function was assessed using radial artery flow-mediated dilation 
induced by hand skin heating (34 to 44°C) [1]. Local blood sampling were performed at 
baseline and during the maximal flow stimulation allowing to quantify plasma total 
(free+esterified) form of 5-, 8-, 9-, 11-, 12- and 15-HETE, according to a slightly modified 
validated LC-MS/MS analytical method [2]. 

Results: Radial artery flow-mediated dilatation in response to hand skin heating was 
reduced by type 2 diabetes and/or hypertension, confirming endothelial dysfunction. No 
difference between groups regarding HETE regioisomer concentrations was observed at 
baseline. Furthermore, no change in the plasma level of HETEs was observed during the 
endothelial stimulation in control subjects but also in patients with diabetes and/or 
hypertension. 

Conclusions: This study shows that HETEs are not released by the endothelium of conduit 
arteries to regulate flow-mediated dilatation and do not contribute to the endothelial 
dysfunction at this level in essential hypertension and type 2 diabetes. However, further 
investigations focusing on the quantification of free forms of HETEs, which are thought to 
be the biologically active form, could be interesting to confirm these results. 

 

1) Duflot T, Moreau-Grangé L, Roche C, et al. Altered bioavailability of epoxyeicosatrienoic 
acids is associated with conduit artery endothelial dysfunction in type 2 diabetic patients. 
Cardiovasc Diabetol. 2019;18(1):35. 

2) Duflot T, Pereira T, Roche C, et al. A sensitive LC-MS/MS method for the quantification 
of regioisomers of epoxyeicosatrienoic and dihydroxyeicosatrienoic acids in human plasma 
during endothelial stimulation. Anal Bioanal Chem. 2017;409(7):1845-1855. 
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Alpha-linolenic acid (ALA), an essential omega-3 polyunsaturated fatty acid found in 
plants, exerts neuroprotection and anti-inflammatory effects in chronic and acute CNS 
disease models. However, the underlying mechanisms are not yet understood. Since 
ALA is not incorporated into the brain, the observed health benefits may result from 
some of its metabolites. The putative formation of dihydroxylated ALA derivatives 
(called linotrins) was recently shown in vitro in the presence of lipoxygenases. 
However, the in vitro biosynthesis of linotrins was neither stereoselective nor 
quantitatively efficient for studying their physiological roles as enantiomeric pure forms. 
Herein, we report the first stereo-controlled synthesis that features regio- and 
stereoselective hydrometalations of alkynes for assembling the sensitive E,Z,E-
conjugated trienes, as well as LC-MS investigations that provide evidence of linotrins 
occurrence in plants. Moreover, strong anti- inflammatory effects on microglia highlight 
the potential physiological importance of linotrins and open new perspectives in search 
of CNS therapeutics. 
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Breast milk is a complex mixture containing underexplored bioactive lipids. We 
performed an observational case-control study to compare the impact of delivery 
mode: caesarean section (CS) and vaginal birth (VB); and term (preterm and term 
delivery) on the levels of lipokines in human milk at different stages of lactation. 
Metabolomic analysis of the milk identified triacylglycerol estolides as a metabolic 
reservoir of the anti-inflammatory lipid mediator 5-palmitic acid ester of hydroxystearic 
acid (5-PAHSA). We found that triacylglycerol estolides were substrates of carboxyl 
ester lipase and 5-PAHSA-containing lipids were the least preferred substrates among 
tested triacylglycerol estolide isomers. This explained exceptionally high colostrum 
levels of 5-PAHSA in the VB group. CS and preterm birth negatively affected colostrum 
lipidome, including 5- PAHSA levels, but the lipidomic profiles normalized in mature 
milk. Mothers delivering term babies vaginally produce colostrum rich in 5-PAHSA, 
which could contribute to the prevention of intestinal inflammation in newborns. 
Keywords: human breast milk, lipidomics, PAHSA, colostrum, elective caesarean 
section, preterm birth 
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The abundance of docosahexaenoic acid (DHA) in brain membrane phospholipids has 
stimulated studies to explore its role in neurological functions. Upon released from 
phospholipids, DHA undergoes enzymatic reactions resulting in synthesis of bioactive 
docosanoids and prostanoids. 
 
However, these phospholipids are also prone to non-enzymatic reactions leading to 
more complex pattern of metabolites. A non-enzymatic oxidized product of DHA, 
4(RS)-4-F4t-Neuroprostane (44FNP), has been identified in cardiac and brain tissues. 
In this study, we examined effects of the 44FNP on oxidative and inflammatory 
responses in microglial cells treated with lipopolysaccharide (LPS). The 44FNP 
attenuated LPS-induced production of reactive oxygen species (ROS) in both primary 
and immortalized microglia (BV2). It also attenuated LPS-induced inflammation 
through suppressing NFκB-p65 and levels of iNOS and TNFalpha. In addition, 44FNP 
also suppressed LPS-induced mitochondrial dysfunction and upregulated the Nrf2/HO-
1 antioxidative pathway. In sum, these findings with microglial cells demonstrated 
neuroprotective effects of this 44FNP and shed light into the potential of nutraceutical 
therapy for neurodegenerative diseases. 
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Cardiometabolic disease risk factors, including obesity, insulin resistance, high blood 
pressure, and dyslipidemia, are associated with elevated oxidative stress biomarkers like 
oxylipins. Increased adiposity by itself induces various isomers of this oxidized lipid family, 
while dietary polyphenols show benefits in its regulation. Previously, we showed that 
specific co-abundant microorganisms characterized the gut microbiota of Colombians and 
associated differentially with diet, lifestyle, obesity, and cardiometabolic health status, which 
led us to hypothesize that urinary oxylipins would reflect the intensity of oxidative 
metabolism linked to gut microbiota dysbiosis. Thus, we selected a convenience sample of 
105 participants (age: 40.2 ± 11.9 years, 47.6% women), grouped according to microbiota, 
cardiometabolic health status, and body mass index (BMI); and evaluated 33 urinary 
oxylipins by HPLC-QqQ-MS/MS (e.g., isoprostanes, prostaglandins, and metabolites), 
paired with anthropometry and blood chemistry information and dietary antioxidants 
estimated from a 24-hour food recall. In general, oxylipins did not show differences among 
individuals who differed in gut microbiota. While the unmetabolized oxylipin levels were not 
associated with BMI, the total content of oxylipin metabolites was highest in obese and 
cardiometabolically abnormal subjects (e.g., insulin resistant), mainly by prostaglandin-D 
(2,3-dinor-11β-PGF2α) and 15-F2t-IsoPs (2,3-dinor-15-F2t-IsoP and 2,3-dinor-15-epi-15-
F2t-IsoP) metabolites. The total polyphenol intake in this cohort was 1070 ± 627 mg/day. 
After adjusting for body weight, the polyphenol intake was significantly higher in lean than 
overweight and showed an inverse association with dinor-oxylipin levels in principal 
component analysis. These results suggest that the 2,3-dinor-oxylipins could be more 
specific biomarkers associated with BMI than their parent oxylipins and that are sensitive to 
be regulated by dietary antioxidants. 

 
Keywords: Oxylipins, Dietary antioxidants, Biomarkers, Obesity, Oxidative Stress, 
Inflammation. 
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Lipophenols (also called phenolipids) are polyphenolic compounds acylated by a fatty acid 
(saturated, mono or polyunsaturated). Lipophenols have recently been identified in food 
matrices naturally rich in both polyphenols and fatty acids, making them natural derivatives 
present in human diet. The identification of natural lipophenols present in vegetables is 
particularly relevant to understand their pharmacological actions, metabolism or to use them 
as analytical standards. This study starts by the total synthesis of lipophenol derivatives 
which is an interesting challenge for organic chemistry due to the multiple reactive positions 
on polyphenols. 
 
As an example, hydroxytyrosol (HT) linked to polyunsaturated fatty acids (PUFA) is 
naturally present in extra virgin olive oil and should participate to antioxidant properties of 
olive oil [1,2]. In the present work, chemical synthesis of HT lipophenols will be presented 
to access HT-PUFA standards. UHPLC MS/MS quantitative study in extra virgin olive oil 
was realised during a 12 months period, mimicking both commercial and inappropriate 
conditions of storage. The results highlighted HT-OA as a relevant marker for the monitoring 
of oil storage conditions and quality. The chemical synthesis of biomimetic lipophenols is 
also of interest to enhance the interesting properties of polyphenols (antioxidants, 
anticarbonyl stress action) and improve their pharmacological profile, particularly their 
bioavailability. Moreover, combining both therapeutic aspects of specific lipids, such as 
omega-3 PUFAs, and natural polyphenols in a single lipophenolic molecule is also a 
pharmacological strategy to obtain a synergistic potency.  
 
Recently, we demonstrated that flavonoids-PUFA derivatives leads to the protection of 
retinal cells against carbony and oxidative stresses, both toxic mechanisms involved in 
retina dystrophy such as macular degeneration. We also showed that a proper alkyl 
substituent allowed to dramatically increase their anti-carbonyl stress capacity leading to 
strong interest on quercetine derivative bearing both an isopropyl and a PUFA part (Q-iP-
DHA) [3]. In the work reported here the chemical synthesis of Q-iP- DHA allowing the 
access to gram scale lipophenol will be presented. Such high scale pathway was crucial to 
validate in vivo potency of this flavonoid lipophenol in a light induced photoreceptors 
degeneration mouse model.  
 
All together, these results presented on natural and biomimetic lipophenols highlighted the 
importance of those new molecules in both analytical, nutrition and therapeutic purposes. 
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Alzheimers disease (AD) is a neurodegenerative disease with complex aetiology. Due 
to high content of polyunsaturated fatty acids (PUFA), brain is highly susceptible to 
free radical-mediated oxidative damage. As a result, isoprostanes (IsoP) and 
neuroprostanes (NeuroP) are commonly observed lipid peroxidation products in brain. 
However, due to low abundance, these metabolites are difficult to measure using 
traditional analytical tools. The aim of this work is to develop a highly sensitive and 
robust multiple reaction monitoring based LC-MS/MS method for the quantification of 
24 different non-enzymatic F2-IsoP and F4-NeuroP and to utilise this method to 
analyse post-mortem brain samples from patients with AD. 
 
This study analysed ten patients with AD and matched control frozen brain tissue 
samples (0.1 mg) received from Brains for Dementia, UK. Samples were homogenised 
in 100% methanol and spiked with internal standards (d4-4(RS)-4-F4t-NeuroP, d4-10-
F4t-NeuroP and d4-10-epi-10-F4t-NeuroP). Metabolites were enriched using two-step 
solid phase extraction (SPE) using a polymeric SPE column (HLB PRiME, Waters) and 
further separation was achieved by LC-MS/MS. This assay has a linear dynamic range 
(R2 > 0.93) between 0.04ng/ml-20ng/ml for the 24 F-IsoP and F4-NeuroP. High intra- 
and inter-day precision (CV < 11%) was observed from the QC samples. 
 
Overall, F-IsoP and F4-NeuroP were present in higher levels in AD patient brain tissue 
compared to healthy subjects. Adrenic acid derived dihomo-Isofurans and 
docosahexaenoic acid derived F4â? NeuroP were significantly higher in AD patients 
compared to healthy subjects (P<0.01). This data with suggest that analysis of 
different classes of IsoP and F4-NeuroP will provide new opportunities to study lipid 
peroxidation in the neurodegenerative diseases such as AD. 
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An increasing number of novel lipid derivatives such as oxylipins, lipophenols, and 
lipopeptides have been synthesized and detected in biological samples. These 
compounds have shown bioactive and biomarker properties in different scenarios, 
however, the assessment of their specific distribution (including isomer distribution) 
among the different matrices is not always straightforward. In this regard, the re-
analysis of public tandem mass spectrometry (MS/MS) datasets is a powerful tool that 
can help to hypothesis generation for synthesis and analytical method developments. 
 
In this work, a MSMS-Chooser workflow and MASST tool from GNPS 
(https://gnps.ucsd.edu/) were employed to analyze MS/MS data from novel lipids 
synthesized in our laboratory including 40 oxylipins, 15 lipophenols, and 35 
lipopeptides. MS/MS spectra were acquired with a flow injection method on Orbitrap 
system working on ESI+ and ESI- modes. Then, the MS/MS peaks were assigned, and 
spectra were submitted to MASST. Finally, the matches were curated and summarized. 
 
Six different phytoprostanes and one phytofuran were the only oxylipins that shown 
matches, distributed mostly in plant datasets. Furthermore, it was found matches for 
four lipophenols derived from hydroxytyrosol, three from resveratrol, and one from 
quercetin. These lipophenol matches were found in human and plant datasets but this 
finding should be considered with caution due to the low number of MS/MS peaks in 
lipophenol spectra (less than 5). For lipopeptides, ten compounds matched with the 
public datasets. 
 
Considering these results, we hypothesize that the limit of detection of MS/MS public 
datasets is above the concentration of the majority of the oxylipins. Also, we noted that 
most datasets are only ESI+ mode (in which the lipids are bad ionized) and the 
protocols employed often do not include saponification step to release the oxylipins 
from phospholipids. Additionally, we propose the synthesis of lipids with richer 
fragmentation patterns that can provide more accurate matching. 
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Microalgae are photosynthetic microscopic organisms, at the base of the food chain 
in aquatic environments that can synthesize a wide variety of molecules, such as 
polyunsaturated fatty acids (PUFAs) of the ω3 and ω6 series. Some microalgae 
produce high levels of ALA, EPA or DHA leading to different specific lipid peroxidation 
fingerprints. This oxidation degradation results from a radical or enzymatic action to 
form oxylipins, respectively, isoprostanoids and eicosanoids. These oxylipins known 
for their bioactive properties, hold great promise for many applications in the field of 
nutrition and wellness in particular. 
 
Our current investigation aimed at profiling isoprostanoids and eicosanoids from four 
microalgae, grown under controlled conditions with an optimal medium in 10-liter 
photo-bioreactors. During their stationary phase, microalgae were centrifuged and the 
fresh biomass was harvested. A Folch extraction was performed before SPE 
separation. The samples were then analyzed by LC-MS/MS to determine the 
qualitative and quantitative profile of enzymatic and non-enzymatic oxylipins for each 
species. 
 
The four selected microalgae revealed a high diversity of metabolites, up to 25 
different isoprostanoids (including 5 Phytofuranes, 6 Phytoprostanes, 11 Isoprotanes 
and 8 Neuroprostanes), and 17 different eicosanoids (including linotrin, 1 HEPE, 2 
HDHAs, protectin, resolvin, 2 HODEs, 4 HETEs, 5 EETs) present in different 
concentrations. 
Moreover, these results shown a correlation between the most abundant PUFAs 
produced by different species and their oxylipins profiles. 
 
Taken together, these findings highlight the interest of marine microalgae as a source 
of bioactive lipids mediators that could favour the resolution of inflammation in 
therapeutics or nutraceuticals. This rich mixture of oxylipins found in these marine 
organisms carries biological activities especially for human health benefits like 
antioxidant, anti-inflammatory, anti-arrhythmic, neuroprotector and also 
immunomodulator. 
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Candida albicans in humans is anticipated as both: a benign colonizer but also a life-
threating opportunistic pathogen. As colonizer in healthy individuals it is origin of 
superficial mucocutaneous mycoses. However, in immunosuppressed patients, C. 
albicans can cause nosocomial life-threatening blood-stream infections. Until today, 
only a small number of effective anti-Candida drugs are licensed, as fungal 
pathogenicity mechanisms and evading strategies are only partially understood. 
Inflammatory processes are substantial defence mechanisms mediated by human 
immune cells to eradicate the pathogen and restore tissue homeostasis. As part of the 
general inflammatory response armoury, activated 5-lipoxygenase (5-LOX) converts 
free arachidonic acid (AA) to potent pro-inflammatory and chemoattractant leukotrienes 
(LT), which are essential in the host immune defence. 
 
Here we investigated the capacity of C. albicans to trigger 5-LOX activation and LT 
biosynthesis as part of the host’s immune defence during infection. C. albicans grows 
as distinct morphological forms, specified as yeast and hyphae. The latter being 
associated with infections and increased virulence particularly due to the cytolytic toxin 
Candidalysin. We found that vital C. albicans germ tubes, stimulate AA-release, LT 
formation and 5-LOX redistribution at the nuclear membrane of human neutrophils. 
Simultaneously C. albicans yeast cells, inactivated C. albicans hyphae and 
Candidalysin itself failed in this respect. 
 
Deciphering the activation pathway, we identified Spleen Tyrosine Kinase (SYK) and 
Myeloid differentiation primary response 88 (MYD88) as essential signalling molecules 
for C. albicans-stimulated LT formation. Downstream activation of 5-LOX is mediated 
via p38 mitogen-activated protein kinases (p38 MAPK) and extracellular-signal 
regulated kinases 1/2 (ERK1/2), whereas Ca2+ mobilization is only from subordinate 
importance. 
 
Collectively, we demonstrate that the virulent morphological of C. albicans (hyphae) 
stimulates 5-LOX activation and LT formation via SYK- and MYD88-dependent 
receptors and transmission of the proinflammatory signal via p38 MAPK and ERK-
pathways. 
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Mast cells have the potential to play an important role in the resolution of inflammation 
through the synthesis and degranulation of a broad spectrum of biologically active 
mediators, such as interleukin (IL)-4, or prostaglandin (PG)E2. Also, omega-3 
polyunsaturated fatty acids (PUFA)-derived specialized pro-resolving mediators 
(SPM), such as resolvins, protectins and maresins, have been reported to actively 
support resolution of inflammation. Targeted screenings for cytokines, chemokines 
and lipid mediators known to promote resolution of inflammation showed a robust 
synthesis of 14(S)-hydroxy docosahexaenoic acid (14(S)-HDHA) in mast cells in 
response to TLR2 activation. 14(S)-HDHA is a precursor of maresin 1, a lipid probably 
formed by 12-lipoxygenase (12-LOX), which has been shown to promote resolution of 
inflammation. Accordingly, dramatic increases of 14(S)-HDHA levels were detected in 
inflamed tissue during resolution of zymosan, LPS or Complete Freund's adjuvant 
(CFA)-induced inflammation. In order to identify the potential target cells for the 14(S)-
HDHA we determined the cellular neighbours of mast cells during resolution of 
inflammation using the MELC technology multiple sequential immunohistology. We 
found that during resolution of a TLR2-mediated inflammation the mast cells are 
located in an anti-inflammatory microenvironment, which consists of M2-like 
macrophages, eosinophils and dendritic cells. In addition, depletion of mast cells using 
Mcpt5-DTA-Cre-/+ mice resulted in a marked change in the distribution of 
differentiated dendritic cells within the inflammatory site suggesting that these cells are 
the main targets of mast cell-derived mediators. 
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5-lipoxygenase (5-LO), mainly expressed in leukocytes, is the key enzyme in 
leukotriene (LT) biosynthesis and part of the initiate immune system. Its enzymatic 
activity is embedded in a complicated network regulating LT synthesis by various 
factors dependent on the cell type and nature of the stimulus in intact cells. 5-LO 
overexpression is very well documented in various solid cancers, among them colon 
cancer where it is correlated with poor prognosis regarding patient survival. In addition, 
5-LO products like LTs were shown to promote the proliferation of tumor cells, but those 
cells were reported to release only very low amounts of LTs themselves [1]. Today, 
the exact role of 5-LO in cancer development and its regulation remains still not 
completely resolved. 
 
A systematic approach dealing with 5-LO expression and LT biosynthesis under three 
dimensional (3D) cell culture has not been investigated, yet. Cancer development, as 
well as progression are strongly dependent on the tumor microenvironment. In 
monolayer culture of cancer cell lines, cell-matrix and cell-cell interactions present in 
native tumors are lacking. Here, cells develop artificial polarity due to cytoskeletal 
rearrangements as a cause of layer growth [2]. Furthermore, it is already known, that 
various colon cancer cell lines dysregulate several important signaling pathways due to 
3D growth [3]. 
 
In the present study we aimed to investigate the expression of proteins involved in LT 
biosynthesis as well as LT formation of the 5-LO overexpressing colon cancer cell lines 
HT-29 and HCT-116. In addition, the influence of the PI3K/mTOR and MEK/ERK 
signaling pathways on 5-LO expression in monolayer culture was investigated. 
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AKT-mTOR-S6K signaling and drug responses. J Cell Sci. 2017 Jan 1;130(1):203-218. 
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Eicosanoids are an important class of lipid mediators including prostaglandins, 
leukotrienes and hydroperoxyl fatty acids that are formed in the arachidonic acid 
cascade. These mediators play a crucial role in a variety of physiological and 
pathophysiological processes like allergic reactions, inflammation and tumor 
diseases1-3. They were commonly believed to mediate their signaling actions as free 
acids while newer studies indicate that they also occur attached to phospholipids or 
glycerol. Although the signaling actions of lipid mediators are well studied today, only 
few information is available on their esterified counterparts. First studies demonstrate 
that they seem to be involved in the regulation of immune reactions and coagulation4, 
which might be a promising starting point for the development of new drugs. Thus, the 
need to investigate this new class of mediators, where a major part, concerning the 
effects of several esterified lipids together with their mode of action, is unknown4, 
arises. Unfortunately, when it comes to study these lipid mediators as well as their 
signaling actions, one has to overcome the fact that these compounds are either quite 
expensive or that they are not commercially available at all. 
 
Therefore, we aim to establish a biosynthetic approach combining a recombinant 
version of the human long-chain acyl CoA synthetase 4 (ACSL4) and a human cell line 
overexpressing the human lysophosphatidylcholine acyltransferase 2 (LPCAT2). 
Using this approach, polyunsaturated fatty acids can be activated by an ACSL4 
catalyzed conversion into Co-enzyme A thioesters and then transferred by LPCAT2 into 
lysophospholipids, in vitro. This allows a highly flexible synthesis of a large variety of 
phospholipids in order to facilitate the investigation of esterified lipid mediators in a more 
cost-efficient manner. 
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The gut microbiota plays a critical role in the regulation of intestinal immune 
responses, contributing to gut health and diseases including inflammatory bowel 
disease (IBD) and bowel cancer. Dysbiosis of the gut microbiota is a hallmark of IBD 
and cancer, which can be induced by multiple factors such as the host immune 
functions, genetic and epigenetic alterations, lifestyle, and environmental risk factors.  
 
As a well-known mediator of inflammation, prostaglandin E2 (PGE2) is essential for the 
maintenance of the gut epithelial integrity and plays a critical role in tissue inflammation 
and bowel cancer. However, the actions of lipid mediators in gut microbiota-dependent 
regulation of intestinal T cells responses remain unclear. Here we report that in the 
steady state, blockade of biosynthesis of endogenous PGs by COX inhibition increases 
accumulation of regulatory T cells (Tregs) in the mouse intestine. This is reversed by 
activation of the PGE2 receptor, EP4. Regulation of intestinal Tregs by PGE2-EP4 
signalling is not observed in mice treated with antibiotics, suggesting a role of the gut 
microbiota. 16S rRNA sequencing results suggest that PGE2-EP4 signalling diminishes 
Treg-favorable commensal microbiota, and transfer of the gut microbiota that has been 
modified by PGE2-EP4 signalling modulates mucosal Treg responses and exacerbates 
intestinal inflammation. Furthermore, PGE2-dependent Treg inhibition depends on EP4 
signalling in mononuclear phagocytes. On the other side, we have also found that 
PGE2-EP4 signalling promotes pathogenic T cell responses and intestinal 
inflammation, which is abrogated by antibiotics treatment or by EP4 deficiency. Taken 
together, our results provide emergent evidence that the interaction between PGE2 
and the gut microbiota promotes intestinal inflammation through reciprocal regulation 
of mucosal regulatory versus inflammatory T cell responses. 
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The imbalance between pathogenic and protective T cell subsets is a cardinal feature of 
autoimmune disorders such as multiple sclerosis (MS). Emerging evidence indicates that 
endogenous and dietary-induced changes in fatty acid metabolism have a major impact on 
both T cell fate and autoimmunity. To date, however, the molecular mechanisms that 
underlie the impact of fatty acid metabolism on T cell physiology and autoimmunity remain 
poorly understood. Here, we report that stearoyl-CoA desaturase-1 (SCD1), an enzyme 
essential for the desaturation of fatty acids and highly regulated by dietary factors, acts as 
an endogenous brake on regulatory T cell (Treg) differentiation and augments autoimmunity 
in an animal model of MS. Guided by RNA sequencing and lipidomics analysis, we found 
that absence of Scd1 promotes hydrolysis of triglycerides and phosphatidylcholine through 
adipose triglyceride lipase (ATGL). ATGL-dependent release of docosahexaenoic acid 
enhanced Treg differentiation by activating the nuclear receptor peroxisome proliferator-
activated receptor gamma. Our findings identify fatty acid desaturation by SCD1 as an 
essential determinant of Treg differentiation and autoimmunity, with potentially broad 
implications for the development of novel therapeutic strategies and dietary interventions 
for autoimmune disorders. 

  



POSTER 38 

 
LIPOTEICHOIC ACID FROM STAPHYLOCOCCUS AUREUS DETERMINES 
EICOSANOID AND SPECIALIZED PRO-RESOLVING MEDIATOR PRODUCTION 

 
KERSTIN GÜNTHER1, Laura Miek1, Paul M. Jordan1, Simona Pace1, Lorena 
Tuchscherr2, Jana Gerstmeier1, Charles N. Serhan3, Oliver Werz1 

 
1) Department of Pharmaceutical/Medicinal Chemistry, Institute of Pharmacy, 
Friedrich-Schiller- University Jena, Jena, Germany 
2) Institute of Medical Microbiology, Jena University Hospital, Jena, Germany 
3) Department of Anesthesiology, Perioperative and Pain Medicine, Harvard Medical 
School, Center for Experimental Therapeutics and Reperfusion Injury, Brigham and 
Women’s Hospital, Boston, Massachusetts, USA 

 
 
Increasing antibiotic resistance in bacteria pose a major health risk, calling for thorough 
investigation of the underlying molecular mechanisms. Being a reason for serious 
infections, Staphyloccocus (S.) aureus is a serious adversary in life-threatening 
disorders, such as sepsis or osteomyelitis. The underlying inflammatory processes are 
orchestrated by distinct lipid mediators (LMs) secreted from innate immune cells like 
macrophages, which play a major role in removal of the pathogen. These LMs comprise 
on one hand pro-inflammatory prostaglandins (PGs) and leukotrienes (LTs) derived 
from arachidonic acid via cyclooxygenases (COX) and 5-lipoxygenase (5-LOX), 
respectively. On the other hand, macrophages are able to produce specialized pro-
resolving mediators (SPMs) derived from omega-3-fatty acids by several LOX, 
especially 15-lipoxygenase-1 as key enzyme. The role of LMs as well as their 
biosynthetic pathways in S. aureus infections remain vague. 

 
Recently, we found that pathogenic S. aureus can induce LM formation in human 
macrophages in short-term incubations (<3 h); however, host-bacteria interactions 
and modulation of key LM enzyme expression and macrophage phenotypes in long-
time infection are rather unknown. Here, we revealed that S. aureus elevates 
cyclooxygenase-2 and microsomal prostaglandin E2 synthase-1, but impaired the 
levels of 15-lipoxygenase-1, which was in line with increased PG levels and decreased 
SPM formation, respectively. Moreover, S. aureus shifts macrophages from M2-like 
towards an M1-like phenotype. These effects were still achieved, when heat-
attenuated S. aureus was applied to the cells, implying that the ability to modulate LM 
signatures did not occur due to the vitality of S. aureus in long-term incubations. 
Furthermore, lipoteichoic acid (LTA), as one of the major constituents of the cell wall of 
gram-positive bacteria, mimicked the impact of S. aureus by massively elevating PGE2 
formation. This upregulation of COX-2 expression involves the Toll-like receptor-2/NF-
kappa B - signalling axis, whereas blocking of 15-lipoxygenase-1 expression was 
connected to diminished levels of Lamtor1 during M2 polarization. Our results increase 
the knowledge about how S. aureus infections impact acute inflammation and 
resolution and will be of relevance for pharmacological interventions with S. aureus 
infections by adjusting favourable LM profiles besides or in combination with antibiotics. 
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Background - NSAID-exacerbated respiratory disease (N-ERD) is a chronic type-2 
inflammatory condition, which is driven by an aberrant arachidonic acid (AA) 
metabolism. Macrophages are major producers of AA metabolites and subject to 
metabolic reprogramming, but they have been neglected in N-ERD.  
 
Objective - We sought to elucidate a potential metabolic and epigenetic macrophage 
reprogramming in N-ERD. 
 
Methods - Transcriptional, metabolic and lipid mediator profiles in macrophages from 
N-ERD patients and healthy controls were assessed by RNA sequencing, Seahorse 
assays and LC-MS/MS. Metabolites in nasal lining fluid (NLF), sputum and plasma 
from N-ERD patients (n=15) and healthy individuals (n=10) were quantified by 
targeted metabolomics analyses. Genome-wide methylomics were deployed to define 
epigenetic mechanisms of macrophage reprogramming in N-ERD. 
 
Results - We show that N-ERD monocytes/ macrophages exhibit an overall reduction 
in DNA methylation, aberrant metabolic profiles and an increased expression of 
chemokines, indicative of a persistent pro- inflammatory activation. Differentially 
methylated regions in N-ERD macrophages included genes involved in chemokine 
signaling and acylcarnitine metabolism. Acylcarnitines were increased in 
macrophages, sputum, NLF and plasma of N-ERD patients. Upon inflammatory 
challenge, N-ERD macrophages produced increased levels of acylcarnitines, pro-
inflammatory AA metabolites, cytokines and chemokines as compared to healthy 
macrophages. 
 
Conclusion - Together, our findings decipher a pro-inflammatory metabolic and 
epigenetic reprogramming of macrophages in patients suffering type-2 inflammation. 
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Cisplatin (cis-diaminedichloroplatinum (II)) is widely used for the treatment of many 
malignancies. The efficacy of cisplatin is dose dependent, however, high-dose therapy 
with cisplatin is limited by its cumulative nephrotoxicity and neurotoxicity. The results 
of recently investigations established that combination of steroid hormone estradiol 
and cisplatin in chemotherapy treatment schemes decreased cisplatin induced 
toxicities. 
 
Our previous results showed the reliable changes in phospholipids in rat brain nuclear 
preparations after the separate in vivo action of cisplatin as well as under the alone 
action of estradiol. 
 
The total amount of phospholipids and the amount of all individual lipids from rat brain 
nuclear preparations were decreased after the separate action of cisplatin. On the 
contrary estradiol, increase the total content of phospholipids up to 29%, and the 
amount most of individual phospholipids. Thus in case of separate action each of this 
drugs demonstrated its own abilities suppress or stimulate metabolic processes. 
Unlike these, cisplatin and estradiol combinated treatment restored the baseline level 
of the total amount of phospholipids and leads to peculiar summary effect in case of 
each individual phospholipid fraction. 
 
Taking into consideration the dose depended active part of nuclear lipids in regulating 
of many essential cellular processes, it is impossible to exclude the significance of 
nuclear lipids quantitative alterations for reducing of cisplatin toxicity and eliminating 
of its side effects in case of joint use of cisplatin and estradiol. 
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Background: During pregnancy, the immune system adapts in order to tolerate the 
presence of the fetus in what can be viewed as an inflammatory state. As important 
regulators of inflammation, oxylipins are highly relevant to explore in relation to the 
pregnancy complication hyperemesis gravidarum (HG). HG is characterized by severe 
nausea and excessive vomiting, and affects around 2% of all pregnancies. 
 
Objective: Oxylipins in HG have not been investigated before. The purpose of this pilot 
study was to apply our previously validated LC-ESI-MS/MS protocol to screen for 
oxylipins associated with HG at 12 weeks of gestation. 
 
Methods: The LC-ESI-MS/MS protocol included multiple custom synthesized standards 
(epoxides and diols) to extend the coverage of the detected analytes. It enabled 
analysis of 66 oxylipins in this pilot study comparing levels between HG patients (n=3), 
and healthy pregnant women (n=3). 
 
Results: Unpaired t-test showed that the Î±-linolenic acid (ALA) metabolite 15,16-
dihydroxy-octadecadienoic acid (15,16-DiHODE), and the eicosapentaenoic acid 
(EPA) metabolite 14,15-dihydroxy-eicosatetraenoic acid (14,15-DiHETE) were lower 
in the serum of HG patients than those in the healthy control group (p < 0.05). The 
linoleic acid (LA) metabolite 12(13)-epoxy-9-keto-octadecenoic acid (EKODE) was 
higher in the serum of HG patients as compared to healthy controls (p < 0.05). 
 
Conclusion: In this pilot study, three oxylipins were associated with HG. Two were 
decreased in serum samples collected from HG patients (the diols 15,16-DiHODE and 
14,15-DiHETE derived downstream in the cytochrome P450 CYP enzymatic pathway), 
and one was increased (the auto-oxidative product EKODE) compared to healthy 
controls. This initial pilot suggests that CYP-derived oxylipins are important analytes in 
studies with larger sample size. Expansion of the oxylipin panel with in-house 
synthesized ALA-derived epoxides and diols proved useful, since 15,16-DiHODE was 
one of the HG-associated oxylipins that otherwise would have not been detected. 
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The use of non-steroidal anti-inflammatory drugs (NSAIDs) for long term treatment or 
prophylaxis of diseases and symptoms are problematic due to the risk of severe side 
effects. Therefore, new alternatives for inhibition of prostaglandin formation are 
needed. We have studied the effects of green, black and Rooibos tea extracts and 
selected polyphenols on the formation of prostaglandin E (PGE)2 in human primary 
monocytes. We found that all tea extracts and the polyphenols epigallocatechin gallate 
(EGCG) and quercetin inhibited the lipopolysaccharide and calcium ionophore 
induced PGE2 formation in a dose-dependent manner. Green and black tea extracts 
inhibited PGE2 with a similar potency and efficacy, whereas Rooibos tea extract was 
less potent. Further, effects of the tea extracts on the protein expression of enzymes 
involved in the PGE2 synthesis pathway was studied, including cPLA2, COX-1, COX-
2, and mPGES1. Inhibition of PGE2 was shown to mainly be mediated by inhibiting the 
protein expression of COX-2 and mPGES-1, with the most prominent effects observed 
for mPGES-1. Cell-free assays were also performed to study direct effects of the tea 
extracts and the polyphenols EGCG and quercetin on COX and PGE synthase 
activity. All studied tea extracts and polyphenols induced a partial inhibition of the 
enzymes, observed as reduced formation of PGE2; however, the direct inhibitory 
effects on the enzymes required much higher doses compared to the doses required 
to inhibit the protein expression of COX-2 and mPGES-1. The effects of green tea were 
likely mainly attributed to its EGCG content whereas other polyphenols likely are 
responsible for the effects observed for black and Rooibos tea. In conclusion, green 
and black tea, and to a lesser extent 
 
Rooibos tea are potent inhibitors of PGE2 formation in human monocytes and mediate 
their effects by inhibiting expression of enzymes in the PGE2 synthesis pathway, 
especially mPGES-1. 
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Ferroptosis is a form of regulated cell death that depends on iron and lipid peroxidation. 
Alternatively activated M2 macrophages (AAM) play key roles in type 2 immune 
responses (e.g. during infection with helminth parasites) and they are particularly 
susceptible to lipid peroxidation and ferroptotic cell death. Here, we interrogated 
mechanisms that may regulate ferroptosis and thus loss of AAM in the context of 
helminth infection. We found abundant lipid peroxidation in the granuloma of helminth-
infected mice, which correlated with high numbers of macrophages and eosinophils 
expressing 15-lipoxygenase, a key pro-ferroptotic enzyme. This suggested a pro- 
ferroptotic cellular environment in helminth infected tissues. We further observed that 
macrophages in the lung or peritoneal cavity of mice infected with nematode parasites 
upregulated transglutaminase-2 (TG2), an enzyme involved in the regulation of 
phospholipase activity. 

Macrophages from TG2 deficient mice showed an enhanced capacity to generate lipid 
hydroperoxides (particularly oxPE species) and an increased PUFA/MUFA ratio in 
membrane phospholipids. Thus, the upregulation of TG2 in type 2 immunity may 
protect macrophages from lipid peroxidation and ferroptotic cell death and thereby 
prevent the loss of an effector cell population with essential roles in anti-helminth 
immunity. 
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Arachidonic acid lipoxygenases (ALOXs) have been implicated in the immune 
response of mammals. The reaction specificity of these enzymes is decisive for their 
biological functions and ALOX classification is based on this enzyme property. 
Comparing the amino acid sequences and the functional properties of selected 
mammalian ALOX15 orthologs we previously hypothesized that the reaction specificity 
of these enzymes can be predicted based on their amino acid sequences (Triad 
Concept) and that mammals, which are ranked in evolution below gibbons, express 
arachidonic acid 12-lipoxygenating ALOX15 orthologs. In contrast, Hominidae involving 
the great apes and humans possess 15-lipoxygenating enzymes 
(EvolutionaryHypothesis). These two hypotheses were based on sequence data of 
some 60 mammalian ALOX15 orthologs and about half of them were functionally 
characterized. 
 
To put the Triad Concept and the Evolutionary Hypothesis on a broader experimental 
basis we compared the ALOX15 sequences of 152 mammals representing all major 
mammalian subclades, expressed 44 novel ALOX15 orthologs and performed 
extensive mutagenesis studies of their triad determinants. 23 novel Alox15 were 
identified from genomic sequences and the corresponding cDNA were deposited in the 
Third Party Annotation database. We found that ALOX15 genes are absent in extant 
Prototheria but that corresponding enzymes frequently occur in Metatheria and 
Eutheria. 
 
More than 90% of them catalyze arachidonic acid 12-lipoxygenation and the Triad 
Concept is applicable to all of them. Mammals ranked in evolution above gibbons 
express 15-lipoxygenating ALOX15 orthologs but enzymes with similar specificity are 
only present in less than 5% of mammals ranked below gibbons. These mammalian 
species violate the Evolutionary Hypothesis. Gibbons constitute a transition taxon and 
the ALOX15 orthol ogs of different gibbon subspecies express ALOX15 orthologs with 
either pronounced dual reaction specificity or 15-lipoxygenating enzymes. Taken 
together, this data suggests that ALOX15 orthologs have been introduced during 
Prototheria-Metatheria transition and put the Triad Concept and the Evolutionary 
Hypothesis on a much more reliable experimental basis. Since the lipoxin and resolvin 
E4 synthase activity of 15-lipoxygenating ALOX15 orthologs is higher than that of 12-
lipoxygenating enzymes the evolutionary switch in reaction specificity may be part of 
an evolutionary concept optimizing the immune system during late mammalian 
evolution. 
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Objective - Hydroxylated metabolites of polyunsaturated fatty acids (PUFAs) such as 
resolvin and protectin are called lipid mediators and act as signaling transduction 
molecules. From the recent studies, hydroxylated PUFAs are revealed to show 
various physiological properties such as anti-inflammatory, anti-infective, 
neuroprotective, tissue-healing activities. For further analysis, large quantities of 
hydroxylated PUFAs are required. However commercial scale production of these 
molecules have not been established. To accomplish this problem, we tried to produce 
hydroxylated PUFAs using genetically engineered microorganism. 
 

Methods Used - There are several attempts for hydroxylated PUFA production by 
enzymatic conversion of PUFA. Enzymes such as lipoxygenase or cyclooxygenase 
are used in these studies. However, due to limited solubility of PUFAs to water and 
instability, the productivity of enzymatic conversion process could not reach to 
industrial demand. To overcome this problem, we tried to produce hydroxylated 
docosahexaenoic acid inside the bacterial cells. 
 

Results - As a first step, we constructed docosahexaenoic acid (DHA) producing E. 
coli by introducing DHA synthesizing PUFA synthase from Aurantiochytrium sp. And 
next step, we introduced bacterial lipoxygenase to the strain for hydroxylation. We 
tried several types of lipoxygenases and found the optimal combination. The 
engineered strain could produce 133 mg/L hydroxylated DHA directly from glycerol. 
After purification, we confirmed produced hydroxylated DHA showed neuroprotective 
function in cultured PC12 cells. 
 

Conclusions - We achieved to produce hydroxylated DHA directly from glucose which 
would be useful for functional analysis of these hydroxylated PUFAs. By applying 
same strategy, we can produce other hydroxylated PUFAs such as hydroxylated 
eicosapentaenoic acid and hydroxylated arachidonic acid by changing types of PUFA 
synthase and lipoxygenase. 
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Background Macrophages are highly versatile immune cells that play multiple roles in 
inflammation, including secretion of lipid mediators and cytokines. Mono Mac 6 is a 
widely used monocytic cell line which could be differentiated to macrophage with 
vitamin D3 and TGF-β. 
 
Aims: This study aims to assess lipid mediator production in different macrophage 
subsets.  
 
Methods: We isolated human peripheral blood mononuclear cells (PBMCs) and 
differentiate them towards M1 and M2 macrophages. As for MM6 cells differentiation, 
we used Vitamin D3 plus TGF-β. We analyzed lipid mediator production and related 
key enzyme expression in these cells. In addition, TNF-α and IL-10 expression were 
measured as macrophage polarization markers.  
 
Results: M1 macrophages had a higher 5-Lipoxygenase (5-LO) expression both on 
mRNA and protein level, associated with abundant level of leukotriene B4 (LTB4) 
produced upon stimulation by A23187, while M2 cells expressed more 5-
Lipoxygenase-1(15-LO-1). Differentiated MM6 cells gained dramatic upregulation of 
5-LO expression. Upon activation with A23187, they produced abundant cysteinyl 
leukotrienes (CysLTs) and LTB4, and some LXA4 when 15-Hydroxyeicosatetraenoic 
acid (15(S)-HETE) was added as the substrate. qPCR analysis shows that 5-LO and 
15-Lipoxygenase-2 (15-LO-2) expression were upregulated after differentiation. In 
addition, differentiation led to lower TNF-α and higher IL-10 expression in MM6 cells. 
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Pro-resolving lipid mediators (SPMs) are naturally produced by immune cells by enzymatic 
conversion of essential fatty acids, mainly from omega-3 but also from arachidonic acid. 
SPMs exert potent actions on the resolution of inflammation. However, little is known about 
the intrinsic biorhythms of SPMs production. This study aimed to explore the 24-hour 
endogenous biosynthesis of omega-3 and omega-6-derived lipid mediators. A total of 23 
lipid molecules were characterized in the blood of ten healthy individuals. 

This is an experimental study in which 10 participants were intervened with 100ml of a 
marine oil enriched in SPMs. Blood samples from each subject were obtained at 0, 3, 6, 9, 
12 and 24 hours for each control (standard diet) and intervention phases. Their lipid 
mediator metabolome was determined in plasma and serum by LC-MS/MS. Time and 
intervention effects on lipid mediators were performed, as well as pharmacokinetic 
parameters and Partial Least Squares Discriminant Analysis (PLS-DA). 

Five women and five men took part in the study. The average age was 31.81 ± 5.95 years 
and the BMI of 23.94 ± 3.41 kg/m2. In reference to time-dependent effects, no changes 
were detected in the control experiment over time, but there was a time-dependent effect 
on SPMs after intervention. 

Related to intervention-dependent effects: 1) Supplementation lead to increased plasma 
concentrations of w-3 fatty acids EPA and DPA at all times registered with no changes in 
DHA and AA concentrations versus control; 2) While 18-HEPE increased after 
supplementation compared to control, RvE1 production was not observed; 3) Dietary 
supplementation induced greater levels of PGE2 six hours after intervention; 4) Significant 
increases in 14-HDHA, and 17-HDHA, precursor of protectins and resolvins were found 
after intervention (3-6 hours), resulting in greater concentrations of RvD1, RvD3, RvD5, 
Mar-2, and PDX. 

With regards to pharmacokinetic parameters, the marine oil enriched in SPMs increased 
Cmax and AUC in EPA, 14-HDHA, 17-HDHA, and 18-HEPE together with a reduction in 
Tmax for 14-HDHA. Increments in Cmax and AUC were also found for DPA as it is 
contained by the marine oil enriched in SPMs and probably also generated by elongation 
of EPA. We also found higher Cmax and AUC in RvD5 and Mar-2, a higher AUC in PDX, 
and a reduction in Tmax of PD1 after supplementation. Results showed that the SPMs, their 
production, and also their pharmacokinetic parameters change noticeably between plasma 
and serum. Importantly, these results were confirmed by PLS-DA in both plasma and 
serum. 

These data are a foundation to quantitatively explore modes of action of SPMs from blood, 
with medical benefits of Omega3´s enriched in SPMs still to be discovered. 
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Lipid mediators, also termed oxylipins, are metabolites of omega-3 and omega-6 
polyunsaturated fatty acids (PUFAs). Among them, the most well-known to play an 
important part of mast cell biology are the prostaglandins and leukotrienes, but in 
theory hundreds of different lipid mediators may be synthesized from arachidonic acid 
and other PUFAs. A lot of what is known about mast cell lipid mediator release has 
been gained from animal models, however, there are large variations between species. 
Here we will present results from a screen of lipid mediators (in total 1153 included in 
the assay) secreted from human lung mast cells (HLMC) under steady state and after 
IgE-receptor activation. In order to examine further the enzymatic origin and 
interdependencies of lipid mediator production, we blocked the COX and 5-
lipoxygenase pathways. This revealed that COX-1 is the predominant COX enzyme in 
HLMC prostanoid production, that shunting occurs within the COX-1 pathway and that 
the COX-1 and 5-LOX pathways are disconnected. We also show that 15-HETE, often 
used as a marker for 15-lipoxygenase activity, is in HLMC in fact not generated by the 
15-lipoxygenase pathway. Using this large and sensitive mass spectrometry panel, we 
have an unbeatable tool to look at the broad and detailed picture of lipid mediator 
production, which can detail the flow of lipid mediators and their metabolites along 
their biosynthetic routes. 
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Epoxy- and hydroxy-fatty acids (-FA) are physiologically active lipid mediators which 
are formed from arachidonic acid and other fatty acids by cytochrome P450 
monooxygenase (CYP) catalytic activity. These oxylipins play an essential role in the 
regulation of blood pressure: While the effects of epoxy-FA, primarily formed by CYP2J 
and CYP2C, are generally vasodilative, the product of omega-hydroxylation of 
arachidonic acid, 20-HETE, acts vasoconstrictively in the vascular system. In contrast, 
in the kidney, 20-HETE exerts anti-hypertensive properties. The formation of 20-HETE 
in humans is dominantly catalyzed by two CYP enzymes: CYP4F2 and CYP4A11. The 
role of CYP4F2 and CYP4A11 in different tissues and the physiological relevance of 
20-HETE formed by these isoenzymes remain to be elucidated. However, no specific 
CYP4A or CYP4F inhibitors have been described so far. 
 
We recently characterized several naturally occurring flavonoids as potent CYP 
hydroxylase and epoxygenase inhibitors [1]. In the present study, we evaluated the 
structure-activity relationship of flavonoids for the inhibition of CYP-catalyzed oxylipin 
formation. 65 flavonoid derivatives were synthesized and tested in a natural substrate 
assay. We deduced structural features which lead to specific inhibition of the omega-
hydroxylases, without reducing epoxygenase activity. A selective and potent CYP4F-
inhibitor was found that does not inhibit CYP4A. The compound is active in human 
microsomes and microsomes from rodent tissues with IC50-values in the sub-
micromolar range. Based on the results of pharmacokinetic characterization, we can 
conclude that at least moderate oral bioavailability is likely. Due to its remarkably high 
metabolic stability, a long half-life in vivo is expected. This novel CYP4F-selective 
inhibitor will allow further investigation of the role of CYP4F2 and its omega-hydroxylase 
activity in human physiology. 

 
[1] Kampschulte et al. (2020), J Agric Food Chem, 68 (34) 9235-9244 
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Polyunsaturated fatty acid (PUFA) metabolites generated by the sequential action of 
cytochrome P450 (CYP) and soluble epoxide hydrolase (sEH) enzymes are important 
modulators of vascular function and integrity. Given the reported role of the sEH in 
regulating vascular stability in the retina, this study aimed to explore the effects of the 
PUFA metabolites generated by CYP/sEH on pericyte-endothelial cell junctions and 
to characterize the effects of sEH related PUFAs on vessel in the diabetic heart. 
 
A comparison of wild-type mice and animals with type1 diabetes (Ins2Akita mice), 
revealed higher cardiomyocyte expression of the sEH in the diabetic group. The 
diabetic mice also displayed characteristics of heart failure with preserved ejection 
fraction (HFpEF) at the age of 6 months, and developed heart failure with reduced 
ejection fraction (HFrEF) by 12 months. Immunohistochemistry revealed a significant 
increase in left ventricular capillary density in 12-month-old Ins2Akita mice versus their 
non-diabetic littermates. However, pericyte coverage was markedly reduced in the 
diabetic mice. Consistent with the change in sEH expression, fatty acid profiling of the 
left ventricle reveled increased levels of sEH-derived PUFA diols, e.g. 12,13-
dihydroxy-octadecenoic acid (12,13-DiHOME) and 14,15-dihydroxyeicosatrienoic acid 
(14,15-DHET) in the diabetic group. In vitro studies with 12,13-DiHOME revealed that it 
targeted endothelial cell-endothelial cell interactions to disrupt ba rrier function and 
increase permeability. Similarly, 12,13-DiHOME disrupted pericyte -endothelial cell 
junctions, and induce on pericyte migration.  
 
Taken together our data indicate that the increase in sEH expression in cardiomyocytes 
of the diabetic heart increases the generation of 12,13-DiHOME, which disrupts 
endothelial cell-pericyte junctions and contributes to a decrease in vascular pericyte 
coverage. Studies are ongoing to determine the consequences of sEH inhibition and 
overexpression on pericyte coverage and vascular density in the diabetic heart. 
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Background and aim: Oxidoreductases such as protein disulphide isomerases (PDI) regulate the 
function of many proteins and PDIA1 inhibition results in anti-thrombotic and anti-platelet effects. 
However, it is not known if PDI-dependent mechanisms contribute to endothelial dysfunction 
and NO- and eicosanoid-dependent vascular function. Here we assessed the effects of PDIA1 
inhibition on nitric oxide (NO) bioavailability, oxidative stress and vasoactive eicosanoid 
biosynthesis in Ang II-induced endothelial dysfunction in mice. 
Methodology: Endothelial dysfunction was induced in C57BL/6 male mice by Ang II administration 
via osmotic pumps. To inhibit PDIA1, the solution of bepristat 2a was simultaneously administered 
with Ang II to selected animals. The endothelial function and vascular stiffness were assessed 
in vivo using magnetic resonance imaging (MRI) and pulse wave velocity (PWV) techniques, 
respectively. The vascular function was also measured ex vivo using myograph-based isometric 
tension measurements and stimulated NO aortic production by an electron paramagnetic 
resonance (EPR) spin trapping approach. The systemic bioavailability of NO was evaluated 
based on the plasma nitrite/nitrate levels and S-nitrosylhaemoglobin in erythrocytes. The ROS 
formation and eNOS uncoupling were assessed in aortic cryosections based on the DHE staining, 
while the expression of pro-inflammatory molecules was analysed immunohistochemically. The 
changes in eicosanoid profile were measured in plasma using ultra-p ressure liquid 
chromatography-triple quadrupole mass spectrometry (UPLC-MS/MS). Results and conclusions: 
The inhibition of PDIA1 by bepristat 2a in Ang II-treated mice improved NO-dependent 
vasodilation of the aorta in response to acetylcholine in vivo and ex vivo, decreased vascular 
stiffness and increased systemic NO bioavailability as well as aortic production of eNOS-derived 
NO. Moreover, PDIA1 inhibition diminished Ang II-induced overproduction of ROS, eNOS 
uncoupling and overexpression of pro-inflammatory vWF, however did not affect the systemic 
production of prostanoids and epoxyeicosatrienoic acids (EETs). Taking together, PDIA1 
inhibition in Ang II-treated mice resulted in the improvement of endothelial function, suppression 
of vascular inflammation and remodelling that were linked to the normalisation of NO- and ROS-
dependent mechanisms, but did not affect the biosynthesis of COX- and CYP450-derived 
eicosanoids underscoring independent regulation of NO/ROS and eicosanoids in vascular wall in 
the model of Ang II-induced endothelial dysfunction. 
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from Team Tech–Core Facility program of the FNP (Foundation for Polish Science) co-financed 
by the European Union under the European Regional Development Fund (project No 
POIR.04.04.00-00-5CAC/17–00).
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Numerous studies show that a sufficient supply with the long-chain polyunsaturated 
fatty acids (PUFA) eicosapentaenoic acid (EPA, C20:5 n3) and docosahexaenoic acid 
(DHA, C22:6 n3) is essential for human health. It reduces the risk of coronary heart 
disease, enables optimal brain and visual function, and their oxidation products are 
believed to have anti-inflammatory effects. Thus, the German Nutrition Society and the 
American Heart Association among other recommend a daily intake of at least 250 mg 
EPA and DHA by consuming a minimum of 1-2 servings of (oily) cold water fish per 
week or by using n3-PUFA supplements. However, to date reports about the accuracy 
of EPA and DHA declaration and primary oxidation state of these supplements are 
inconsistent and new quality parameters beyond peroxide values are needed. 
 
We developed a combined LC-MS based method for simultaneous quantification of 
precursor fatty acids and their oxidation products (eicosanoids and other oxylipins) 
from one sample allowing the analysis of > 200 oxylipins [Prostag Oth Lipid M 2020. 
146, 106384] and 41 fatty acids [Anal Bioanal Chem 2021. 413, 5439 -5451]. Dilution 
of oils in iso-propanol, simple cleavage of esterified fatty acids by saponification and 
purification by solid phase extraction for oxylipins makes both accessible to LC-MS 
analysis. Eleven n3-PUFA supplements based on fish, algae and krill oil which are 
available over-the-counter were analyzed [J Agric Food Chem 2022. 70, 13, 3979 -
3988]. The determined EPA and DHA content was in line with manufacturer declaration 
- however, the overall fatty acid profile was diverse. It appears technically possible to 
achieve an oxidation rate as well as a non-esterified fatty acid content of < 0.1% in 
refined oils, whereas considerably higher values were present in unrefined krill oil. 
Interestingly, algae oil had high concentrations of the terminal hydroxylation products 
of EPA and DHA (20-HEPE, 22-HDHA), which were low in the other oils.  
 
Our results show that LC-MS based fatty acid and oxylipin analysis i) is relevant for 
assessing the quality of the supplements, ii) provides information on the production of 
the oils as well as iii) allows an evaluation of authenticity. 
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Introduction: Pathogen-induced inflammation consists of pro-and anti-inflammatory 
processes, which need to ensure pathogen removal and containment of the pro-
inflammatory activities simultaneously. Eosinophil granulocytes are one type of immune cell 
that could influence these processes by producing, storing, and releasing a great variety of 
pro-inflammatory and anti-inflammatory mediators, e.g., chemokines, cytokines, and lipids. 
This study investigates the development of spatial anti-inflammatory structures and their 
maintenance throughout the course of an innate toll-like receptor (TLR) 2-mediated paw 
inflammation and characterizes the role of eosinophils and Interleukin 4 released by 
eosinophils during inflammation. 

Material & Methods: Local inflammation was caused through the injection of zymosan 
(3m/ml) in the hind paws of BL6 wild-type mice. Eosinophils were depleted with 
intraperitoneal injections of an anti-Siglec F antibody. Interleukin-4 was administrated as 
IL-4c (murine IL4+ anti-IL4). Behavior and edema formation tests showed the course of 
inflammation. The tissue of the mouse paws was analyzed with Flow Cytometry, Multi-
Epitope-Ligand- Cartography, or Multiplex-Cytokine Assays. 

Results: Within 24 hours after pathogen injection, an inflammation structure appeared, 
which comprised a pathogen containing core region, defined by neutrophils and pro-
inflammatory M1-macrophages, a bordering M1-macrophage-containing pro-inflammatory 
zone, and a surrounding area with anti-inflammatory M2-macrophages. Interleukin (IL)-4 
expressing eosinophils appeared early in the inflammation and were present in all three 
inflammatory regions. Eosinophil depletion reduced IL-4 levels and prolonged the resolution 
of edema formation and mechanical and thermal hypersensitivity. On the cellular level, the 
pro-inflammatory and antiinflammatory region became undistinguishable with increasing 
neutrophil numbers and decreasing efferocytosis and M2 macrophage polarization. IL-4 
administration restored the inflammation structure in the eosinophil depleted mice with three 
different regions and normalized neutrophil numbers, efferocytosis, M2-macrophage 
polarization, and resolution of thermal hypersensitivity. 

Conclusion: Forming a spatial organization containing a core region, a pro-inflammatory 
region, and an anti-inflammatory area is essential for resolving inflammation. Eosinophils 
support the formation through the release of Interleukin-4, which is crucial to the 
arrangement of the anti-inflammatory framework. Destruction of the correct zoning by 
eosinophil depletion affects neutrophil recruitment, efferocytosis, and macrophage 
polarization. 
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Eicosanoids play distinguished roles in inflammatory processes and may increase or 
attenuate inflammatory responses, along with a major impact on cell proliferation, cell 
migration, phagocytosis and cytokine production. They are formed from arachidonic 
acid (AA) by lipoxygenases (LOXs), cyclooxygenases (COXs), and cytochrome P450 
enzymes. The round leaf sundew (Drosera rotundifolia) is growing on nutrient-poor 
raised bogs and was already used in the Middle Ages to treat respiratory diseases. 
 
However, drainage and fertilization of the peatland resulted in a significant decline of 
Drosera species. Currently, only Finland provides D. rotundifolia for wild collection but 
until the last years, the cultivation started in peat-exhausted moorland areas in the 
northeast of Germany in order to combine climate protection and pharmaceutical 
usage. Here, we aimed to evaluate the impact of D. rotundifolia extracts on leukotriene 
formation in human immune cells, beside the reported antibiotic effects. Extracts were 
prepared in house by different extracting agents gaining fractions with enrichments of 
various natural compound classes as flavonoids or naphthoquinones. 
 
Different extracts of D. rotundifolia exhibit anti-inflammatory properties as they 
effectively reduce leukotriene formation by inhibition of 5-LOX. While the whole herbal 
extract obtained by ethanol extraction suppresses the 5-LOX product formation in Ca-
ionophore-stimulated human neutrophils with an IC50 of 30 mikro-g/mL, extracts 
containing highly concentrated flavonoids such as quercetin, showed a 30-fold 
stronger inhibition (IC50 = 1 mikro-g/mL). Interestingly, naphthoquinone-containing 
extracts failed to improve inhibitory potency. Furthermore, extracts from international 
commercial Drosera herbs were inactive to hamper 5-LOX product formation in 
neutrophils emphasizing the influence of the extract generation. 
 
Moreover, we confirmed a direct inactivation of 5-LOX, as recombinant 5-LOX was 
inhibited by the specific extracts with even higher effectiveness (whole extract: IC50= 
0.5 mikro-g/mL, flavonoid-rich extract: IC50 = 0.1 mikro-g/mL). Interestingly, extracts 
from regional cultivated D. rotundifolia show better inhibitory characteristics compared 
to extracts from commercial purchased Drosera herbs. 
 
In summary, the extracts from carnivorous plant D. rotundifolia interferes directly with 
5-LOX and reduced proinflammatory leukotriene formation and thus presents an 
interesting potential for pharmaceutical usage with simultaneous moor restoration and 
associated climate protection. 
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Arachidonic acid lipoxygenase isoforms (ALOX) have been implicated in cell differentiation 
and programed cell death but also in the pathogenesis of inflammatory, neoplastic and 
neurological diseases. To explore the precise roles of these enzymes in mouse disease 
models knock-out and/or transgenic overexpressing mice have been developed and these 
animals have frequently been employed. Using the Crispr/Cas9 technology we recently 
developed novel genetically modified mouse strains, in which the genes encoding for 
Alox15, Alox15b and Alox5 were modified and these modifications altered the reaction 
specificities of the enzymes. The physiological and patho- physiological consequences of 
our genetic manipulations are currently explored in different mouse inflammation and 
atherosclerosis models. A brief description of the different genetically modified mouse 
strains is given below: 

i) Alox15 knock-in mice (Alox15-KI): Mouse Alox15 is an arachidonic acid 12-
lipoxygenating ALOX15 ortholog. In contrast, human ALOX15 is an arachidonic acid 15-
lipoxygenating enzyme. We created mice expressing an Alox15 with humanized reaction 
specificity (L353F mutant) instead of the 12-lipoxygenating wildtype enzyme. 

ii) Alox15b knock-in mice (ALOX15b-KI): Mouse Alox15b is an arachidonic acid 8-
lipoxygenating ALOX15 ortholog. In contrast, human ALOX15B catalyzes arachidonic 
acid 15-lipoxygenation. We created mice expressing an Alox15b with humanized 
reaction specificity (Y603D+H604V mutant) instead of the 8-lipoxygenating wildtype 
enzyme. 

iii) Alox5 knock-in mice (ALOX5-KI): Mouse and human ALOX5 exhibit similar reaction 
specificities. Mutation of the major triad determinants (F359W+A424I+N425M) alters the 
reaction specificities of both enzymes in favor of arachidonic acid 15-lipoxygenation. 
These mice are leukotriene deficient, produce more 13-HODE but were not protected in 
the DSS-colitis model. 

iv) ALOX15 overexpressing transgenics (aP2-mice): Alox15-/- have frequently been used 
to explore the role of Alox15 in mouse disease models. Unfortunately, in most dases 
genetic rescue studies have not been performed. To overcome this problem, we created 
mice expressing human ALOX15 under the control of the aP2 promoter. This promoter 
directs expression of the transgene into mesenchymal cells. Including adipocytes and 
bone marrow cells. When crossed with Alox15-/- mice expression of the transgene 
rescued the hematopoietic defects induced by Alox15 deficiency. 

In addition, we developed two strains of genetically modified mice (Grsf1-knock-out, Gpx4-
knock-in) with indirect impact on eicosanoid biosynthesis. 
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The guanine-rich RNA sequence binding factor 1 (GRSF1) is an RNA-binding protein 
of the hnRNP H/F family and has been implicated in a variety of different cellular 
functions such as embryogenesis and mitochondrial RNA metabolism. Furthermore, 
through translational regulation of Glutathione peroxidase 4 it has been shown to play 
a role in regulation of lipid peroxidation. Only recently, the first in vivo study described 
the muscular phenotype of skeletal muscle specific Grsf1 knockout mice. To further 
gain insights into the role of Grsf1 in vivo we created a mouse strain that carries a 
compromised Grsf1 gene lacking exons 4 and 5 (Grsf1-/-) and compared the basic 
functional properties of these animals with those of wildtype mice. We found that 
Grsf1-deficient mice are viable and reproduce normally. Interestingly, we found an 
elevated monocyte count of Grsf1-deficient animals. However, other basic 
hematological parameters did not differ significantly. Female body weight kinetics of 
Grsf1-deficient mice were almost identical to wildtype control animals. Meanwhile, 
after week 15 Grsf1-deficient male mice consistently gained less weight than the 
corresponding control animals. We subsequently profiled mRNA concentration of 
Grsf1 in different tissues and found highest expression in testes. We thus performed 
transcriptomic analysis of testes from wildtype and Grsf1-deficient mice and GO term 
analysis of the differentially regulated transcripts revealed steroid biosynthesis to be 
most significantly upregulated. In conclusion, for the first time, we could show that 
conditional Grsf1 knockout mice show no major phenotypic alterations but distinct 
transcriptomic alterations in testicular tissue, hinting at a role for Grsf1 in steroid 
biosynthesis. 
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Arachidonic acid lipoxygenase (ALOXs) isoforms form a family of lipid peroxidizing 
enzymes, which metabolize free and esterified polyunsaturated fatty acids to bioactive 
hormones commonly known as eicosanoids. The enzymes have been implicated in 
cell differentiation and maturation but also in the pathogenesis of inflammatory and 
metabolic diseases, such as atherosclerosis, cancer, diabetes and neurological 
disorders. Mammalian ALOX15 orthologs are capable of oxygenating complex lipid-
protein assemblies such as biomembranes and lipoproteins and exhibit dual 
functionality during inflammation. Pro- and anti-inflammatory effects have been 
reported for these enzymes. Traditionally, ALOX isoforms have been regarded as 
monomeric enzymes containing a single substrate binding pocket. However, more 
recently, kinetic data have been published, which can only be explained when allosteric 
mechanisms are permitted. For the time being, the detailed mechanisms of allosteric 
regulation of ALOX15 orthologs remain unclear and two opposing hypotheses have 
been suggested: i) Existence of an allosteric regulatory center at the monomeric 
enzyme. ii) Dimer model in which one monomer functions as allosteric regulatory 
subunit. In crystals rabbit ALOX15 is present as mixed protein dimer. The two 
monomers (conformers A and B) have slightly different structures and interact via their 
Î±2 and Î±18 helices. Numerous contacts between the two helices restrain the mobility 
of the two monomers within the ALOX15 dimer. In aqueous solutions, the enzyme is 
present in a dynamic equilibrium between monomers and dimers. Mutagenesis 
studies, SAXS measurements and MD-simulations suggested the importance of the 
structural integrity of the hydrophobic intermonomer interface for ALOX15 stability and 
its catalytic properties. Rearrangements of inter- and intra-molecular contacts of helix 
18 might impact the volume of the substrate binding pocket of the catalytic monomer 
in the ligand bound dimer and thus, may fine-tune the reaction specificity of the 
enzyme. Such intermolecular cooperativity allows modulating the activity of ALOX15 
orthologs with different fatty acid substrates. We developed a set of imidazole and 
indole based ALOX15 inhibitors, which constitute potent inhibitors of linoleic acid 
oxygenation (IC50 30-40 nM), but do not impact the oxygenation of arachidonic acid at 
these concentrations. This substrate-specific inhibitory activity strongly suggests an 
allosteric mode of inhibition. 
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Abstract: Arachidonic acid lipoxygenase isoforms (ALOX) are non-heme iron-
containing dioxygenases that metabolize polyunsaturated fatty acids and are widely 
distributed among animal and plant species including a few bacteria. Humans contain 
six functional ALOX isoforms (ALOX5, ALOX15, ALOX12, ALOX15B, ALOX12B, 
ALOXE3). The mouse genome involves a single ortholog for each human gene but in 
addition, an Aloxe12 gene is present, which is a corrupted pseudogene in humans. The 
human ALOX15B gene encodes for 15-lipoxygenase-2 that metabolizes arachidonic 
acid (AA) extensively to 15-hydroxyeicosatetraenoic acid (15-HETE). However, the 
mouse ortholog (Alox15b) produces 8-HETE and thus, this enzyme is sometimes 
called 8-LOX. Sequence determinants that are responsible for the distinct positional 
specificities of these enzyme orthologs have been explored before. 
 
Based on this knowledge we generated a human ALOX15B mutant (D602Y+V603H) 
exhibiting a murinized reaction specificity. Moreover, we created a mouse Alox15b 
mutant (Y603D+H604V) that exhibited a humanized reaction specificity. These 
enzymes and the corresponding wildtype variants were expressed as N-terminal his-
tag fusion proteins in E. coli and their catalytic properties were explored. As expected, 
the murinized human mutant and the wildtype mouse enzyme metabolized AA and EPA 
to the corresponding 8-hydro(pero)xy derivatives. However, with DHA as substrate the 
murinized human mutant produced 7-HDHA instead of 10-HDHA, which was the major 
DHA oxygenation product of the wildtype enzyme. The humanized mouse Alox15b 
and the wildtype human enzyme converted AA and EPA to the n-6 oxygenation 
products (15-HETE, 15-HEPE) and 17-HDHA was identified as major DHA 
oxygenation product. When 15-HETE and 8-HETE were used as substrates we found 
that wildtype mouse Alox15b rapidly metabolized 15-HETE forming 8,15-diHETE 
whereas 8-HETE was not oxygenated. For 15-HETE formation the substrate aligns at 
the active-site in tail first orientation whereas for 8-HETE the head first orientation is 
preferred. 
 
Thus, for arachidonic acid oxygenation by human ALOX15B and the humanized mouse 
Alox15b tail-first substrate orientation was predicted. In contrast, for mouse Alox15b 
and murinized human mutant head-first orientation should dominate. Substrate 
docking studies and MD-simulations confirmed these mechanistic predictions. When 
head-first orientation is restricted by using phospholipids and biomembranes as 
substrates, 15-HETE was the dominant product of all analyzed enzyme variants. 
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Leukotrienes (LT) play a pivotal role in acute and chronic inflammation. LTA4, the 
precursor of LTB4 and cysteinyl-LTs (cysLTs), is formed by oxygenation of arachidonic 
acid (AA) via the 5-lipoxygenase (5-LOX)-pathway. For sufficient cellular LT 
biosynthesis, 5-LOX translocation to the nuclear membrane and complex formation 
with the 5-lipoxygenase-activating protein (FLAP) is a prerequisite. Therefore, targeting 
FLAP is an interesting pharmacological approach to interfere with LT formation. 
However, to date most of the potent candidates inhibiting FLAP by competing with AA 
for the binding site, failed in clinical trials due to unfavourable pharmacokinetics. As the 
5-LOX/FLAP complex assembly is required for LT formation, the interaction site may 
provide an interesting alternative target site to modulate LT biosynthesis. Here, we 
aimed at identifying crucial residues of FLAP that are involved in the 5-LOX/FLAP 
interaction. Substitutions and deletions of different FLAP residues were achieved by 
site-directed mutagenesis and HEK293 cell lines were generated that stably co-
express 5-LOX with FLAP and its mutants, respectively. Stimulated cells were 
examined for LT formation, 5-LOX translocation and in situ 5-LOX/FLAP interaction by 
the proximity ligation assay. We found that modifications within the second cytosolic 
loop (C2) of FLAP implicate an altered or abolished 5-LOX/FLAP interaction. More 
specifically, Ser108 seems to play an important role as mutation to Ala resulted in a 
delayed and diminished complex formation. Substitution by Asp or Ser108-deletion 
even abolished 5-LOX/FLAP interaction and diminished LTA4 formation. Furthermore, 
in HEK cells that express the S108Î" or S108D FLAP mutant, 5-LOX product formation 
could not be prevented by the well-known FLAP inhibitor MK-886, which suggests a 
disturbed binding site for the inhibitor and possibly also for AA that mediates the 5-
LOX/FLAP complex formation. As expected, 5-LOX translocation was not inhibited by 
all FLAP mutants. 
 
Here, we identified Ser108 as crucial residue within the C2-region of FLAP for 5-
LOX/FLAP interaction. These insights enable new strategies to design modulators that 
interfere with LT biosynthesis without directly competing with AA for the binding site. 
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Hepatocellular carcinoma (HCC) is a leading cause of cancer death, and medical 
treatment options are limited. The multikinase inhibitor sorafenib was the first approved 
drug widely used for systemic therapy in advanced HCC. Sorafenib might affect 
epoxyeicosanoid levels, as it is also a potent inhibitor of the soluble epoxide hydrolase 
(sEH), which catalyzes the conversion of epoxides derived from long-chain 
polyunsaturated fatty acids (PUFAs), such as arachidonic acid (AA) and omega-3 
docosahexaenoic acid (DHA), into their corresponding diols. Experimental studies with 
AA-derived epoxyeicosatrienoic acids (EETs) have shown that they can promote tumor 
growth and metastasis, while DHA-derived 19,20-epoxydocosapentaenoic acid (19,20-
EDP) was shown to have anti-tumor activity in mice. In a small pilot study, we found a 
significant increase in 11,12-EET and 14,15-EET levels in HCC patients treated with 
sorafenib and a trend towards increased levels of omega-3 DHA-derived 19,20-EDP. 
We were now able to confirm this finding, in blood samples from a large well established 
HCC patient population treated with sorafenib. 
 
Furthermore, we also found increased levels of 19,20-EDP with increased blood DHA 
content and sorafenib treatment in these patient samples, supporting a rationale for 
supplementation with the n-3 PUFA DHA to increase levels of potentially beneficial 
19,20-EDP in humans. 
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Background and aim: Mast cells are important for allergic reactions and the 
development of asthma. The Mas-related G-protein coupled receptor member X2 
(MRGPRX2) has been suggested to cause a non-immunological mast cell activation, 
however, its role during antigen-induced mast cell activation and bronchial contraction 
has not previously been investigated. The aim of this study was to investigate the 
effect of MRGPRX2 agonist on antigen induced bronchoconstriction and mediator 
release in house dust mite (HDM) sensitized guinea pigs. 
 
Methods: Animals were sensitized to HDM with a single intraperitoneally injection. 
Tracheas were isolated two weeks later. After pretreatment with MRGPRX2 agonist 
(Compound (C) 48/80, 15 µg/ml, for one hour), smooth muscle contractions induced 
by increasing concentrations or a bolus dose of HDM were assessed in an organ bath 
system. Cumulatively adding of histamine to baths were performed to study the 
pretreatment effect on histamine H1 receptors. An unselective cyclooxygenase (COX) 
inhibitor (indomethacin) was presented to remove the COX-mediated guinea pig basal 
tone. The release of histamine and lipid mediators after HDM challenges were 
assessed using ELISA and mass spectrometry. 
 
Results: Segments pre-exposed to C48/80 demonstrated increased potency (pEC50) 
of HDM concentration dependent response (5.1±0.1) compared to controls (4.6±0.1). 
Similarly, C48/80 pretreatment increased the maximal contraction of a bolus dose of 
HDM (0.01 µg/mL) from 14 ±6 to 47±6% of the maximal contractions. In addition, 
pretreatment with C48/80 caused an increase of the HDM-induced release of 

histamine (2-fold, p&lt;0.05) and leukotriene (LT) B4 (3-fold, p=0.0556) compared to 
HDM alone. Cysteinyl leukotrienes were not detected in neither of the groups. 
Furthermore, the C48/80 pretreatment reduced several of lipid mediators from 
arachidonic acid, α-linolenic acid, and linolenic acid. 
 
Conclusion: Priming segments with the non-immunological mast cell agonist C48/80 
potentiated the antigen induced bronchoconstriction in guinea pigs. The release data 
indicate that this potentiating effect is mediated by an increase release of histamine. 
This interaction of these two mast cell activation pathways may have implications for 
allergy and asthma. 
 

  



POSTER 62 
 
 
STRUCTURAL CHARACTERIZATION OF C-18 OXYLIPINS BY MEANS OF LC-MS 
AND GC-MS 

 
ARIANE LOEWEN, Elisabeth Koch, Nils Helge Schebb 

 
Chair of Food Chemistry, Faculty of Mathematics and Natural Sciences, University of 
Wuppertal, Gaussstrasse 20, 42119 Wuppertal, Germany 

 
 
Linoleic acid (C18:2n6, LA) and Î±-linoleic acids (18:3n3, ALA) are oxidized by various 
enzymatic and non-enzymatic processes resulting in a complex pattern of oxylipins. 
While some of them have distinct biological activity such as leukotoxins, neither 
formation route nor structure of several 18-C oxylipins has been uncovered. 

 
We have developed a strategy to characterize oxylipins by liquid chromatography-
mass spectrometry (LC-MS) and gas chromatography-mass spectrometry (GC-MS) to 
get information regarding the molecular formula, the position of hydroxy-group(s) and 
double bonds. 

 
The characterization by LC-(ESI-)-HRMS allows the analysis of the [M-H]- ion, from 
which the molecular formula, and the number of oxygen atoms and double bonds can 
be calculated. The product ion spectrum revealed based on the Î±-cleavage next to 
hydroxy-groups information regarding the position of the hydroxy-group. The exact 
mass of the fragment ions also allows to characterize the number of double bonds 
within the fragment. 

 
Analysis of the oxylipins by GC-MS after derivatization with trimethyl diazomethane 
and N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA) to the fatty acid methyl ester 
trimethylsilyl ether provides further information regarding the position of the hydroxyl 
group(s). Methylthiolation of the double bounds by iodine-catalyzed addition of 
dimethyl disulfide (DMDS) was used to elucidate the position of the double bond 
positions based on the intense fragmentation of the C-C bound between the inserted 
methyl sulfide groups. 

 
With these strategy, a structural characterization of unknown oxylipin becomes 
possible. This is demonstrated on the poster for different mono hydroxylated 18-C-
oxylipins. 
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Brain resident microglia are essential in maintaining the brain homeostasis and 
performing immune defense. In addition, they are the first responders activated upon 
injury (e.g. in ischemic stroke). Defining the oxylipin lipidome of microglia and mapping 
the inflammatory and anti-inflammatory lipid mediators provides useful information 
about the lipid profile in different physiological and pathological conditions. Here we 
assess the activity of dioxygenases present in microglia and test different cell 
modulators to induce the production of various oxylipins in vitro. 
In the current study, a mouse microglial cell line, BV2, was used to determine the 
biosynthesis of lipid mediators upon different stimuli. 
 
Naive and IFN-gamma-polarized microglia were treated with Thapsigargin, 
Lipopolysaccharide (LPS) + Phorbol 12-myristate 13-acetate (PMA), calcium 
ionophore (A23187) or mesencephalic astrocyte-derived neurotrophic factor (MANF) 
for 1, 3 and 6 h. The biosynthesis of cyclooxygenase (COX) products, PGE2, PGD2, 
PGF2α, TXB2, and leukotrienes (LT), LTB4, CysLTs, were determined in BV2 cells with 
specific ELISA kits. In addition, biosynthesis with radiolabeled arachidonic acid (AA) 
was conducted with cell homogenates to determine the dioxygenase activity. Oxylipin 
profiles were determined by RP-HPLC/MSMS connected with DAD. 
Treatment of intact BV2 cells with LPS+PMA resulted in activation of the COX 
pathway. The most abundant lipid mediator was PGD2 while the levels of TXB2, PGF2α 
and PGE2 remained ten folds lower. Other stimuli did not induce the production of PGs 
as well as LTs. At the same time, there was no difference in the production of tested 
eicosanoids in naive and microglia activated by INF gamma. In addition, products 
formed from radiolabeled AA remained undetected and further method optimization is 
required. 
 
In the current study, only LPS+PMA was able to induce the production of 
prostaglandins in BV2 microglia. These results are in correlation with the lipid profiles 
of mouse macrophage-like cell line, RAW264.7 (Norris and Dennis 2012, PNAS), 
indicating the lower activation of 5-LOX-dependent pathways. 
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Epidemiological and observational studies have shown that consumption of marine omega-
3 polyunsaturated fatty acids (n-3 PUFAs) is associated with lower cardiovascular risk. 
However, interventional clinical trials aimed at reducing cardiovascular incidents by 
supplementation of n-3 PUFAs have yielded inconsistent results. Eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) likely have differential TG independent effects in 
the cardiovascular system, which may be responsible for the disparate clinical 
observations. In healthy volunteers that are supplemented with EPA-enriched or DHA-
enriched n-3 PUFAs, EPA was found to be much more effectively incorporated into HDL 
particle phospholipids compared to DHA. EPA-enriched HDL particles and DHA-enriched 
HDL particles have similar anti-inflammation and cholesterol efflux functions. However, 
EPA-enriched HDL particles have stronger anti-platelet function than the DHA-enriched 
HDL particles. Furthermore, EPA but not DHA substantially alleviated accelerated 
thrombogenesis in mice fed with a high-fat diet. This differential effect is possibly mediated 
by differential HDL-mediated production of specialized pro-resolving mediators (SPMs) that 
are derived from EPA or DHA. Although almost all of SPMs have pro-resolving effects on 
inflammation, different SPMs may differentially regulate platelet function. Resolvin E1 
derived from EPA reduces adenosine diphosphate (ADP) activation and aggregation. 
However, Maresin 1 and the precursor of Resolvin Ds, 17-HDHA, both derived from DHA, 
significantly enhance platelet activation and aggregation. These findings provided insights 
for inconsistent outcome results, as well as the rationale for optimized n-3 PUFAs 
supplementation for various human diseases and conditions. 
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Background: Polyunsaturated fatty acids (PUFAs) play essential roles in mediating 
inflammation and its resolution. PUFA metabolites generated by the cytochrome P450 
(CYP) - soluble epoxide hydrolase (sEH) axis are known to regulate macrophage 
activation/polarization but little is known about their role in the resolution of 
inflammation. 
 
Methods: Monocytes were isolated from murine bone marrow or human peripheral 
blood and differentiated to naive macrophages (M0). Thereafter cells were polarized 
using LPS and IFNgamma (M1), IL-4 (M2a), or TGFbeta1 (M2c). Gene expression was 
analyzed by RNA sequencing, RT-qPCR and Western blotting. Phagocytosis of 
zymosan and oxo-LDL were also assessed in vitro. Zymosan-induced peritonitis 
combined with immune cell profiling was used to evaluate the resolution of inflammation 
in vivo. 
 
Results: The expression of sEH was comparable in M0, M1 and M2a macrophages 
but markedly elevated in M2c polarized cells. The increase in sEH expression elicited 
by TGF-beta relied on the TGF-beta receptor ALK5 and the phosphorylation of 
SMAD2, which was able to bind to the sEH promoter. In macrophages lacking sEH, 
M2c polarization was incomplete and characterized by lower levels of pro-resolving 
phagocytosis associated receptors (Tlr2 and Mrc1), as well as higher levels of the pro-
inflammatory markers; Nlrp3, IL-1beta and TNFalpha. Fitting with the failure to 
upregulate phagocytosis associated receptors, the uptake of zymosan and ox-LDL was 
less efficient in M2c macrophages from sEH-/- mice. The latter animals also 
demonstrated a retarded resolution of inflammation (zymosan-induced peritonitis) in 
vivo with fewer resident macrophages and recruited macrophages. PUFA profile 
analysis indicated decreased sEH substrates e.g., 11,12-EET, as well as increased 
sEH products e.g., 11,12-DHET, indicating an increased sEH activity in M2c 
macrophages. At the molecular level, 11,12-EET contributed to impaired M2c 
macrophage polarization by activating its associated receptor. 
 
Conclusions: Taken together, our data indicates that sEH expression is required for the 
effective M2c polarization of macrophages and thus the resolution of inflammation. 

 
Keywords: sEH, TGF-beta1, resolution of inflammation, PUFAs, Phagocytosis, 11,12-
EET. 
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Abstract: The PGE2 is defined as an inflammatory mediator with a bronchodilatory 
effect mediated by EP4 receptor. We hypothesized that a deregulated expression of 
COX-2, mPGES1 and EP receptors may contribute to lung function decline and 
changes in bronchus smooth muscle cells relaxation in chronic obstructive pulmonary 
disease patients (COPD). 
PGE2 synthesis enzymes (COX-2 and mPGES1) and EP receptors expression in 
human bronchi from control subjects and patients suffering from COPD were 
assessed by RT-PCR, western blot and immunohistochemistry. We have investigated 
changes in bronchial smooth muscle cells tone in response to muscarinic agonist 
(carbachol) and PGE2 were evaluated using isolated organ bath system. 
In human bronchi homogenates, COX-2 and mPGES1 mRNA and protein expression 
were increased in COPD patients when compared to controls (P<0.05). EP4 protein 
and mRNA expression were significantly reduced in COPD group compared to controls 
(P<0.05). However, EP1, EP2 and EP3 protein expression was similar between groups 
(P>0.05). 
There were no significant differences (P>0.05) between COPD patients and controls 
neither for carbachol-induced bronchus smooth muscle contraction nor for PGE2-
induced bronchus smooth muscle relaxation. 
Increased expression of COX-2 and mPGES1 in human bronchi isolated from COPD 
patients suggest the co-induction of these two enzymes by cigarette smoke to provide 
more PGE2 in small airways. However, reduced EP2 and EP4 expression observed in 
bronchi homogenates from COPD patients may compensate and maintain the 
bronchial tone induced by PGE2 at a similar 
level as in non-COPD control preparations. On the other hand, PGE2 increased level 
could contribute to chronic inflammation. 
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Sexual dimorphisms in immune function and immunological responses account for 
disparities in prevalence, severity and pathogenesis in infectious diseases between 
women and men. Hormonal mediators play a crucial role in these discrepancies, 
particularly in innate immunity. 
 
Macrophages as major effector cells of innate immune responses contribute to the 
defense against pathogens and maintain homeostatic clearance and wound-healing 
processes through the release of bioactive lipid mediators (LM), respectively. 
Endogenous danger signals as well as sex hormones can alter macrophage 
phenotypes from classical to alternative activation, modulate their maturation, and 
regulate immune responses. Research on sex-based differences in innate immunity 
gained increasing interest, however, cellular characteristics and signaling pathways 
underlying the sex differences in the response of macrophages to infection need further 
elucidation. Here we show the influence of sex and sexual hormones on the 
metabololipidome of human monocyte-derived macrophages (MDM) in the context of 
bacterial infection/stimulation. Through side-by-side comparison of pro-inflammatory 
(M1) and pro-resolving (M2) MDMs, stimulated with pathogenic E. coli or S. aureus, 
we revealed sex-specific LM signature profiles and document the influence of the sex 
hormones 5alpha-dihydrotestosterone, 17beta-estradiol and progesterone on the 
metabololipidome. Analysis of the polarization state and the phagocytic capabilities of 
MDMs imply distinct macrophage phenotypes after sex hormone treatment beyond 
the classical M1 and M2 dichotomy. Our results emphasize a multi-facetted sex-bias in 
the metabololipidome of human MDMs in the context of bacterial infections, 
highlighting the impact of sex hormones on both, MDM differentiation and polarization. 
Together, we identified sex disparities in the innate immune response focusing on 
macrophage plasticity connected to LM. These findings may advance the field to 
properly address sex differences in inflammation research and provide a starting point 
for personalized therapeutic interventions for inflammatory diseases. 
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Sepsis is a serious, life-threatening condition in which the immune system response 
to an infection leads to multi organ failure. While the aberrant immune response is the 
acknowledged cause, cellular metabolism is known to be severely disrupted as well. 
In this study we looked at changes in lipid metabolism of saturated and poly-
unsaturated fatty acids in sepsis by measuring lipids in plasma samples of adult 
sepsis patients and healthy controls using LC-MS. Our focus of interest is on medium-
chain fatty acids that bind to the receptor GPR84, a G-protein coupled receptor 
significantly upregulated in sepsis. Since medium-chain fatty acids previously have 
only been measured in low amounts or were not detected in plasma of healthy controls, 
we wanted to establish if they are present in the plasma of sepsis patients. To this 
end we established a sensitive, targeted method to quantify these lipids using 
extraction, derivatisation and LC-MS. Indeed, we measured medium-chain fatty acids 
able to bind GPR84 in the plasma of a subset of sepsis patients in sufficient amounts 
to activate the receptor. Other measured lipids were significantly changed between 
sepsis patients and healthy controls as well, including acylcarnitines and lipid mediator 
precursors: arachidonic acid and eicosapentaenoic acid. To further elucidate the 
potential role the medium-chain fatty acid  - GPR84 axis plays in sepsis, the 
relationship between medium-chain fatty acids, other lipids and clinical measurements 
and was examined. Furthermore, the role of GPR84 was addressed by analysing its 
transcriptional regulation using an in silico approach. These findings suggest that 
GPR84 is upregulated early in the immune response and in response to inflammatory 
stimuli. Taken together, our results suggest that in a subset of sepsis patients the 
MCFA - GPR84 axis may amplify the innate immune response early in infection. 
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Cytochrome P450 (CYP) enzymes are membrane bound, heme containing terminal 
oxidases that metabolize endogenous poly-unsaturated fatty acids (PUFAs) to their 
corresponding epoxides, generating bioactive lipid mediators that have been attributed 
anti-inflammatory properties.These bioactive epoxides are further metabolized by the 
soluble epoxide hydrolase (sEH) to corresponding less active diols. 
 
PUFA metabolism is highly active in the skin but little is known about the role of the 
CYP-sEH axis in this organ. LC-MS/MS based free fatty acid analyses revealed that 
dorsal skin from wild-type mice is enriched in sEH-derived PUFA diols, that were 
lacking in skin from sEH-/- mice. 
 
Phenotypically, the proliferation of basal keratinocytes was greater in sEH-deficient 
mice, which also demonstrated thicker differentiated spinous and corneocyte layers 
than wild-type mice. In the latter animals, the topical application of a sEH inhibitor 
induced a similar hyperkeratosis phenotype. Although the inhibition of the sEH is 
generally associated with anti-inflammatory effects, sEH deletion made skin more 
prone to inflammation triggered by mechanical as well as to chemical stress. 
Mechanical stress induce by depilation (milder stress) or stripping (severe stress) 
resulted in pronounced skin irritation and the infiltration of immune cells including 
neutrophils, Langerhans cells, monocytes and macrophages within 24 hours of 
depilation of sEH-/- mice. sEH-/- mice were also more sensitive to Imiquimod-induced 
psoriasis and developed thicker psoriasis plaques compared to the control group. This 
phenomenon was also associated with increased neutrophil infiltration and was 
coincident with an increase in 12,13-epoxyoctadecenoic acid (EpOME) and leukotrine 
B4 (LTB4). Both 12,13-EpOME and LTB4 have been reported to attract and activate 
neutrophils in the skin of burn victims. Ex vivo studies revealed that 12,13-EpOME 
significantly increased neutrophil adhesion and neutrophil elastase activity. 
 
In summary, the sEH is highly active in murine skin and its deletion alters the 
abundance of local fatty acids in different skin layers, which has consequences on 
keratinocyte proliferation and differentiation in the epidermis. The deletion of the sEH 
resulted in an exaggerated immune response during atopic dermatitis which was 
partially attributed to altered fatty acid profile, suggesting that this may be an important 
side effect of sEH inhibitor therapy. 
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Problem drinking is a major health problem and accurate biomarkers are needed to report 
cumulative intake, drinking patterns, as well as alcohol-induced organ damage. Traditional 
indirect markers of alcohol ingestion, including the percent of transferrin with improper 
glycosylation (%CDT), have certain limitations; so direct biomarkers Phosphatidylethanol 
(PEth), ethyl glucuronide (EtG) and ethylsulfate (EtS) are gaining increased use and 
acceptance. The effect of drinking patterns on these non-oxidative ethanol metabolites is 
not well understood. We enrolled 30 social drinkers in a controlled drinking study to evaluate 
and compare biomarkers for ethanol consumption. Two groups of drinkers (binge and 
consistent) consumed similar amounts of alcohol for one week with three weeks of 
abstinence both before and after drinking week.  We sampled urine for EtS/EtG, serum for 
%CDT, and blood for PEth; and monitored drinking compliance by ankle bracelet (SCRAM 
for Secure Continuous Remote Alcohol Monitoring). We found that for both patterns, direct 
biomarkers were superior to indirect biomarkers for detecting alcohol consumption at 1, 7 
and 21 days-post drinking. We also observed that the SCRAM bracelets helped to deter 
and detect off-protocol drinking even if they were not perfectly sensitive. 
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Pregnancy is an inflammatory state during which the immune system adapts in order 
to tolerate the presence of the fetus. These immune system adaptations change the 
levels of certain oxylipins that can be detected by LC-ESI-MS/MS, but it is unknown to 
which extent in bitches. By monitoring oxylipin profiles during the reproductive cycle 
of the domestic bitch, putative biomarkers for ovulation and pregnancy may be 
identified. To that end, canine serum, plasma and urine were analyzed for oxylipin 
profiles for the long-term goal of developing non-invasive and early diagnosis of canine 
pregnancy and of ovulation.  
 
Methods: Using our previously validated LC-ESI-MS/MS protocol for oxylipin 
quantification, 66 oxylipins were probed for in canine serum (n=6), plasma (n=6), and 
urine (n=3) to investigate oxylipin profiles in different sample types. As a pilot study, the 
same analytical protocol was used for analyzing serum samples collected from bitches 
before ovulation (n=10), during ovulation (n=10), and after ovulation (n=10). The day 
of ovulation was estimated based on serum progesterone concentrations.  
 
Results: The method was successfully applied to all three sample types. The largest 
number of oxylipins was detected in serum (up to 51) compared to plasma (up to 47) 
and urine (up to 24). In the pilot study, nine oxylipins (Resolvin D1, 20-HETE, 5-HEPE, 
7,8-DiHDPE, 12,13-DiHODE, 8-HETE, 17-HDoHE, and PGE2) were detected at levels 
that differed significantly (p<0.1) from those at ovulation, either before or after 
ovulation. 
 
Conclusions: The LC-ESI-MS/MS method employed for oxylipin profiling was able to 
detect a large array of oxylipins in canine serum and plasma. Serum samples collected 
at different time points during the canine reproductive cycle could be discriminated 
based on their levels of nine oxylipins. The method needs further development and 
validation for application to urine samples before being used in larger studies on bigger 
cohorts of dogs. 
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Detrimental chronic inflammation drives Alzheimer’s disease (AD) pathology, 
indicating that the resolution process that terminates inflammation is impaired in AD. 
The resolution is mediated by lipid mediators (LMs), so called specialized pro-
resolving lipid mediators (SPMs) including lipoxins (LX), maresins (MaR), resolvins 
(Rv) and protectins (PD) which are produced from the poly-unsaturated fatty acids 
(FAs) omega-3 (n-3) and n-6 FAs, and act on G-protein-coupled receptors and 
peroxisome proliferator-activated receptors (PPAR). We have shown reduced levels 

of SPMs such as LXA4 and MaR1, and altered levels of receptors for SPMs in the 
brain in AD, indicating a dysfunctional resolution that may lead to the chronic 
inflammation in the AD brain. Recent data show reduced levels of SPMs and 
increased levels of pro-inflammatory lipids in cerebrospinal fluid (CSF) samples from 
patients with AD and mild cognitive impairment compared to cases with subjective 
cognitive impairment (SCI). Our in vitro studies show that SPMs stimulate amyloid β 
(Aβ)  phagocytosis by microglia and reduce Aβ-induced pro-inflammatory phenotype, 
NF-κB activation and NLRP3-inflammasome activation in microglia, as well as reduce 
neuronal cell death, all of which conceivably would be beneficial in the brain in AD. 
 
We have investigated the effects of SPMs in a mouse AD model based on knock-in 
of humanised amyloid precursor protein (APP) (AppNL-G-F homozygotic mice) and 
showed that intranasal administration of a mixture of SPMs improved cognitive 
function and decreased neuroinflammation in the brain in 6-month-old mice. 
Furthermore, the treatment restored gamma oscillation deficits. The data support that 
targeting the dysfunctional resolution of inflammation in AD is a potential future 
treatment option. 
 
 
The support by The Swedish Research Council, The Swedish Alzheimer Foundation, 
The Swedish Brain Foundation, Åhlén Foundation and Dementia Foundation, is 
gratefully acknowledged. 
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S1P and its receptors have been reported to play important roles in the development 
of renal fibrosis. Although S1P5 has barely been investigated so far, there are 
indications that it can influence inflammatory and fibrotic processes. Here, we report 
the role of S1P5 in renal inflammation and fibrosis. Male S1P5 knockout mice and wild-
type mice on a C57BL/6J background were fed with an adenine-rich diet for 7 days or 
14 days to induce tubulointerstitial fibrosis. The kidneys of untreated mice served as 
respective controls. Kidney damage, fibrosis, and inflammation in kidney tissues were 
analyzed by real-time PCR, Western blot, and histological staining. Renal function 
was assessed by plasma creatinine ELISA. The S1P5 knockout mice had better renal 
function and showed less kidney damage, less proinflammatory cytokine release, and 
less fibrosis after 7 days and 14 days of an adenine-rich diet compared to wild-type 
mice. S1P5 knockout ameliorates tubular damage and tubulointerstitial fibrosis in a 
model of adenine-induced nephropathy in mice. Thus, targeting S1P5 might be a 
promising goal for the pharmacological treatment of kidney diseases. 
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The sequential metabolism of arachidonic acid by cyclooxygenases (COXs) and 
prostaglandin synthases results in the production of the well -characterized 
prostaglandins. The seminal work by the group of Marnett demonstrated that the 
endocannabinoids 2-arachidonoylglycerol (2-AG) and N-arachidonoylethanolamine 
(anandamide, AEA) follow the same pathway resulting in the production of two new 
families of lipid mediators namely the prostaglandin-glycerol esters (PG-G) and 
prostaglandin-ethanolamides (PG-EA). While their biosynthetic pathway is well 
characterized, there is still a knowledge gap regarding their biological properties and 
roles. For some of them a role in the modulation of inflammation has been put forth. 
However, it is still unclear if these compounds play roles in early or late inflammatory 
phases or if they have physiological roles besides inflammation as reported for 
prostaglandins. To push the field forward, there is a need for quantification methods 
allowing to quantify their levels in vitro and in vivo. For those reasons, we developed a 
quantification method allowing for the analysis of the classical prostaglandins as well 
as their glycerol (i.e. PG-G) and ethanolamide (i.e. PG-EA) derivatives. One of the main 
challenges in their analysis is the low endogenous abundance of some of these lipid 
mediators. We therefore decided to use a tandem quadrupole to develop a UPLC-
MS/MS - based method. We describe here the different steps leading to the validation 
of a sensitive method. We first developed a liquid-liquid extraction followed by a 
purification on SPE columns. The extract was then analysed on an Acquity UPLC class 
H - Xevo TQ-S instrument (Waters). An Acquity BEH C18 column was selected to 
efficiently resolve the isomers (i.e. PGD2 and PGE2 series). A gradient was optimized 
using water and acetonitrile containing acetic acid as mobile phases. An ESI source 
operating in positive ionization mode was used and the MRM transitions were 
determined using the optimized analytical conditions we selected. Due to the low 
endogenous abundance of the PG-G and PG-EA in biological matrices we aimed for 
limits of detection in the order of fmol/column. Altogether these steps should allow us 
to detect several prostaglandin derivatives in biological matrices. 

  



POSTER 75 
 
 
CANNABIDIOL ACTIVATES HUMAN MACROPHAGES TO PRODUCE 
SPECIALIZED PRO-RESOLVING MEDIATORS (SPMS) 

 
LUKAS K. PELTNER1, Lars Gluthmann1, Rossella Bilancia2, Simona Pace1, Antonietta 
Rossi2, Paul M. Jordan1, Oliver Werz1 

 
1) Institute of Pharmacy, Friedrich-Schiller-University Jena, Philosophenweg 14, 
07743 Jena, Germany 
2) Rossella Bilancia, Antonietta Rossi (Department of Pharmacy, School of Medicine 
and Surgery, University of Naples Federico II, Via Domenico Montesano 49, 80131 
Naples, Italy 

 
 
The plant Cannabis sativa and its constituents have been used as an anti-inflammatory 
remedy for centuries. As one of the most abundant active substances in Cannabis 
sativa, cannabidiol (CBD) has recently been discussed as treatment for a large number 
of inflammatory diseases such as Chrons disease, ulcerative colitis, and inflammatory 
skin diseases. CBD and other cannabinoids exert pleiotropic effects on several 
immune cells, but how they influence lipid mediator (LM) formation in innate immune 
cells is still elusive. Human monocyte-derived macrophages (MDM) orchestrate the 
inflammatory response through production of a broad spectrum of bioactive lipid 
mediators and were thus employed as suitable test system in this study. Bioactivity 
screening of various cannabinoids contained in Cannabis sativa revealed cannabidiol 
(CBD) as the most potent substance regarding the ability to stimulate the production 
of specialized pro-resolving mediators (SPMs) and SPM precursors while 
simultaneously inhibiting 5-lipoxygenase (LOX) product formation. Upon investigating 
how CBD stimulates SPM production, we found that CBD exerts these effects by 
liberating fatty acids through cytosolic phospholipase A2 (cPLA2) and calcium-
independent activation of 15-LOX-1. We further reveal that CBD activates both 15-
LOX-1 and -2 in cell-based assays using M2 macrophages and HEK293 transfected 
with various LOXs. Similar to macrophages, we also found that neutrophils and 
platelets synthesize high amounts of SPM precursors in the presence of CBD. 
Furthermore, by administration of CBD to mice in a zymosan-induced peritonitis in 
vivo model, we found enhanced SPM and 12-LOX product levels in the peritoneal 
cavity, while 5-LOX and COX product formation remained unchanged. 
 
Conclusively, this suggests that the anti-inflammatory actions of Cannabis sativa might 
be based, in part, on the effects of cannabinoids (i.e. CBD) on the production of SPMs 
and suppression of pro-inflammatory lipid mediators. Further research into the 
mechanisms may help to enhance treatment strategies and to foster the development 
of new drugs exploiting these pathways. 
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Introduction: Type 1 diabetes (T1D) is a chronic autoimmune disease leading to the 
selective destruction of insulin-producing beta cells by autoreactive T lymphocytes. Recent 
evidence supports an important contribution of innate immune cells to T1D pathogenesis 
at early stages of the disease. In mice, islet-resident macrophages display a basal pro-
inflammatory state, resembling to those present in barrier tissues. We hypothesized that 
resolution of inflammation is impaired in T1D, leading to beta cell death in the islets and 
contributing to the loss of immune tolerance and the propagation of autoimmunity. 

Methods: To identify different pro-inflammatory / specialized pro-resolving mediator (SPM) 
profiles associated to T1D, we have performed plasma lipidomics from healthy (n=25) and 
T1D subjects (n=25). For mouse lipidomics, we have used a spontaneous and progressive 
model of T1D (NOD mouse) and quantified lipid mediator levels for both, plasma and 
pancreas, at different stages of the disease (young, young pre-diabetic and diabetic). Islet-
resident macrophages from NOD and age- matched C57BL/6 mice were phenotyped by 
flow cytometry to characterize the expression of SPM receptors (FPR2, GPR18, BLT1, 
ChemR23 and LGR6). 

Results: The metabolomes of arachidonic, eicosapentaenoic and docosahexaenoic acid 
were found altered in T1D patients. Mostly significant increased levels of pro-inflammatory 

lipids (TXB2, PGE-2, 5,12 and 15-HETE) but also of anti-inflammatory SPMs (LXA4, Mar1 
and 2) and their precursors (14 and 17-HDOHE) were obtained. Similarly, results found in 
mice showed an altered circulating signature in diabetic versus pre-diabetic animals but no 
differences between young and pre-diabetic groups. Moreover, in pancreatic islet-
macrophages, a higher expression of SPM receptors was found in NOD vs C57BL/6 strain 
(especially for GPR18, BLT1 and ChemR23). 

Conclusions: These findings support the use of lipid mediator signatures as T1D biomarkers 
and identify some axis present in islet-macrophages (i.e. Resolvin E1-2 – chemR23 or 
Resolvin D2 – GPR18) that can be explored as therapeutic targets. 
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(Chronic) Inflammation is hallmark of many diseases. In order to deal with this rising 
issue, it is crucial to better understand the regulation of inflammation and find new 
approaches suppressing severity of inflammatory processes. Macrophages play 
central role in inflammation and host defense producing important downstream 
signaling molecules. Of these molecules, oxylipins are of particular interest which are 
important lipid mediators formed via the arachidonic acid (ARA) cascade. 
 
In order to better understand the regulation of the ARA cascade in human 
macrophages we developed a quantitative multi-omics approach. Combining liquid-
chromatography mass spectrometry based targeted oxylipin metabolomics and 
targeted proteomics enables quantitative analysis of the oxylipin levels as well as the 
protein abundance from a single cell pellet. This method allows us to quantify all human 
cyclooxygenases (COX-1 and -2) and relevant lipoxygenase (LOX) pathway enzymes 
(5-, 12, 15-LOX, 15-LOX-2 and FLAP) as well as more than 200 oxylipins in parallel. 
Primary human macrophages derived from blood monocytes were differentiated into 
M0-, M1- and M2-like using colony-stimulating factor (CSF)-1 (M2-like) or CSF-2 (M1-
like) for 8 days and additional IL-4 (M2-like) or IFNgamma (M1-like) for the last 48 h. 
The different types of polarization led to specific protein patterns and corresponding 
oxylipins: M0-like macrophages show only low amounts of 12-LOX and COX-1 which 
probably originate from platelet impurities. In addition to COX-1, 5-LOX and FLAP 
were also present in M1-like macrophages leading to relevant formation of COX- and 
5-LOX-products. Only M2-like macrophages showed 15-LOX and 15-LOX-2 
abundance and overall higher oxylipin levels compared to other types. Stimulation 
with bacterial lipopolysaccharide led to a remarkable induction of COX-2 abundance 
and products whereas LOX pathways were not affected. 
 
On poster we show a successful application of a newly developed multi-omics 
approach on the investigation of the ARA cascade in immune cells. From a single cell 
pellet, the formation of oxylipins can be directly correlated to the abundance of the 
enzymes of the ARA cascade. This method will help us to gain a more comprehensive 
understanding of the regulation of inflammatory processes and to investigate its 
modulation by novel anti-inflammatory drugs and phytochemicals. 
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Oxylipins consist of a broad group of lipids that are formed from fatty acids by pathways 
involving at least one step of dioxygen-dependent oxidation. The most well-studied 
class of oxylipins are the eicosanoids derived from 20-carbon fatty acids. 
Octadecanoids are broadly defined as oxylipins derived from 18-carbon fatty acids 
both by enzymatic and radical-mediated oxidation. Even though 18-carbon fatty acids 
are the primary dietary lipid source, the role of octadecanoids has commonly been 
overlooked in human physiology. Recent investigations have shown their involvement 
in multiple disease processes including pain modulation and thermogenesis, as well 
as regulation of inflammation and immune function. A major impediment to the study 
of octadecanoids is a lack of dedicated analytical methods. Enzymatic biosynthesis of 
octadecanoids results in the enzyme-dependent stereospecific production of 
compounds, whereas synthesis by autoxidation produces racemic mixtures. We 
therefore developed an integrated workflow combining chiral separation by 
supercritical fluid chromatography (SFC) and reversed-phase liquid chromatography 
(LC) coupled to tandem-MS detection for quantification of a broad panel of 
octadecanoids. The platform includes 70 custom-synthesized analytical and internal 
standards to extend the coverage of the octadecanoid synthetic pathways. A total of 
103 octadecanoids could be separated by chiral SFC and complex enantioseparations 
could be performed in <13 minutes, while the achiral LC method separated 67 species 
in 13.5 minutes. The LC method provided a robust complementary approach with 
greater sensitivity relative to the SFC method. Both methods were validated in solvent 
and surrogate matrix in terms of linearity, lower limits of quantification (LLOQ), 
recovery, accuracy, precision, and matrix effects. Instrumental linearity was good for 
both methods (R2>0.995) and LLOQ ranged from 0.03-6.00 ng/mL for SFC and 0.01-
1.25 ng/mL for LC. The average accuracy in solvent and surrogate matrix ranged from 
89-109% in SFC and from 106-220% in LC, whereas coefficients of variation (CV) were 
<14% (at medium and high concentration) and 26% (at low concentration). Validation 
in surrogate matrix showed negligible matrix effects (<16% for all analytes) and average 
recoveries ranged from 71-83%. The combined methods provide a platform to 
investigate the biological activity of octadecanoids and expand our understanding of 
these little-studied compounds. 
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The COVID-19 pandemic has made sparkly clear that resolution of inflammation is essential 
avoid further damage due to an excessive host response and severe symptoms even in 
fully vaccinated people. This is mostly important in people with cystic fibrosis (CF) who have 
lung disease, chronic inflammation, and persistent respiratory infection. Given the important 
pro-resolutive functions of resolvin (Rv) D1 and D2, here we determined their bioactions on 
CF and non-CF macrophages (MF) following SARS-CoV-2 stimulus. 

In CF and non-CF MF stimulated (3 h) with the SARS-CoV-2 spike protein 1 (S1), RvD1 
and RvD2 (each 10 nM) significantly stopped the release of chemokines interleukin (IL)-8, 
monocyte chemoattractant protein 1 (MCP-1), and macrophage inflammatory protein 
(MIP)1 beta that are essential for driving further leukocyte recruitment during SARS-CoV-2 
infection. RvD1 and RvD2 also blunted tumor necrosis factor (TNF) alpha and IL-6 secretion 
that were increased by S1 selectively in non CF MF. These counterbalancing actions of 
RvD1 and RvD2 were also evident following a therapeutic administration of RvD1 and RvD2 
to MF after stimulation with S1. 

Mechanistically, we found that RvD1 and RvD2 both restored the expression of miR-16 and 
miR-29a that were downregulated by S1 in CF and non-CF MF and stop NF-kB signaling 
and MF hyperactivation. 

RvD1 and RvD2 also significantly activated bacterial clearing phagocytosis of CF and non-
CF MF during P. aeruginosa and S1 stimulation. 

Together, these findings provide the first evidence regulatory activities of resolvins on 
inflammation and anti-microbial responses of MΦ to SARS-CoV-2, highlighting the 
essential roles of SPM in the regulating human immunity against this virus. 

  



POSTER 80 

 

PCOS: A CHRONIC DISEASE THAT FAILS TO PRODUCE ADEQUATELY SPE-
CIALIZED PRO-RESOLVING LIPID MEDIATORS (SPMS). 

PEDRO-ANTONIO REGIDOR1,7*, Xavier de la Rosa2, Anna Müller3, Manuela Sailer4, 
Fernando Gonzalez Santos5, Rafael Gracia Banzo6 and Jose Miguel Rizo7 

1) Exeltis Healthcare. Adalperostr. 84, 85737 Ismaning, Germany 

2) Center for Experimental Therapeutics and Reperfusion Injury, Department of Anesthesiology, 
Perioperative and Pain Medicine, Brigham and Women’s Hospital and Harvard Medical School, 
Boston. 60 Fenwood Road Boston, MA 02115; USA; xdelarosa@bwh.harvard.edu. 

3) Exeltis Healthcare. Adalperostr. 84, 85737 Ismaning, Germany; anna.mueller@exeltis.com. 

4) Exeltis Healthcare. Adalperostr. 84, 85737 Ismaning, Germany; manuela.sailer@exeltis.com. 

5) Solutex SA. Avenida de la Transición Espanola 24, 28108 Alcobendas. Spain; 
fgsantos@solutexcorp.com. 

6) Solutex GC SL. Parque Empresarial Utebo, Avda. Miguel Servet nº 81, 50180 Utebo, Spain; 
rafael.gracia@insercolab.com. 

7) OTC Chemo. Manuel Pombo Angulo 28- 4th floor, 28050 Madrid. Spain; josemi- 
guel.rizo@chemogroup.com 

 

Introduction: Polycystic Ovary Syndrome (PCOS) is an endocrinologic disorder that affects 
5-15 % of women of their reproductive age and is a frequent cause of infertility. Major 
symptoms include hyperandrogenism, ovulatory dysfunction, and often obesity and/or 
insulin resistance. PCOS also represents a state of chronic low-grade inflammation that is 
closely interlinked with the metabolic features. "Classical" pro-inflammatory lipid mediators 
like prostaglandins (PG), leukotrienes (LT), or thromboxanes (TX) are derived from 
arachidonic acid (AA) and are crucial for the initial response. Resolution processes are 
driven by four families of so-called specialized pro-resolving mediators (SPMs): resolvins, 
maresins, lipoxins, and protectins. The study aimed to establish lipid mediator profiles of 
PCOS patients compared to healthy women to identify differences in their resolutive and 
pro-inflammatory lipid parameters. 

Material and Methods: Fifteen female patients (18-45 years) were diagnosed with PCOS 
according to Rotterdam criteria, and five healthy women, as comparator group, were 
recruited for the study. The main outcome measures were: Pro-inflammatory lipid mediators 
(PG, LT, TX) and their precursor AA; SPMs (Resolvins, Maresins, Protectins, Lipoxins), 
their precursors EPA, DHA, DPA, and their active biosynthesis pathway intermediates (18-
HEPE, 17- HDHA, 14-HDHA). 

Results: The level of pro-inflammatory parameters in serum was significantly higher in 
PCOS-affected women. The ratio [(sum of pro-inflammatory molecules) / (sum of SPMs 
plus hydroxylated intermediates)] reflecting the inflammatory state was significantly lower 
in the group of healthy women. 

Conclusion: There is a strong pro-inflammatory state in PCOS patients. Further research 
will clarify whether supplementation with SPMs or their precursors may improve this state. 
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Mammalian arachidonic acid lipoxygenases (ALOXs) have been implicated in the 
pathogenesis of inflammatory diseases and pro- as well as anti-inflammatory effects 
have been reported for different ALOX-isoforms. Human ALOX15 and human 
ALOX15B oxygenate arachidonic acid (AA) to 15-hydroperoxy arachidonic acid (15S-
HpETE), whereas 12S- and 8S-HpETE are dominantly formed by their mouse 
orthologs. This functional difference impacts the biosynthetic capacity of the enzymes 
for pro- and anti-inflammatory eicosanoids. To explore the functional consequences 
of humanization of the reaction specificity of mouse Alox15 and Alox15b in vivo, we 
developed Alox15 (Leu353Phe) and Alox15B (Tyr603Asp+His604Val) knock-in mice 
(KI) expressing AA 15-lipoxygenating proteins instead of the AA 12- or 8-lipoxygenating 
wildtype enzymes and characterized these mice with respect to their basic functional 
properties. Alox15-KI and Alox15b-KI mice are viable and reproduced normally. Male 
Alox15b-KI mice gained significantly less body weight than outbred wildtype controls 
and this premature growth arrest may be related to a defective hematopoietic system 
of the genetically modified animals. Such developmental retardations were not 
observed for Alox15-KI mice. 
 
Next, we tested the two genetically modified mouse strains in two different mouse 
inflammation models. In the dextran sodium sulfate induced experimental colitis model 
female Alox15-KI mice lost significantly less bodyweight during the acute phase of 
inflammation and recovered faster during the resolution phase when compared with 
outbred wildtype controls. On the other hand, female Alox15b-KI mice lost significantly 
more bodyweight during the acute phase of inflammation and recovered less rapidly 
during resolution. These data suggested that humanization of the reaction specificity 
of Alox15 protected mice from experimental colitis whereas the humanization of 
Alox15b sensitized the animals in this colitis model. 
 
When we tested the two genetically modified mouse strains in the Freund’s complete 
adjuvant induced paw edema model humanization of the reaction specificity of Alox15b 
protected the genetically modified mice from inflammation when the paw volume was 
used as readout parameter. In contrast, pressure (von Frey-test) and heat 
(Hargraeves-test) induced pain sensations were not significantly different when 
genetically modified mice and outbred wildtype controls were compared. For Alox15-
KI mice we did not observe significant differences in either of these model systems. 
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Inflammation in newborns can disturb respiration and lead to life-threatening apneas. 

One of the inflammatory mediators involved in this process is Prostaglandin E2 

(PGE2). Here we investigate how PGE2 modulates the generation of the inspiratory 
rhythm in the preBötzinger complex (preBötC). Rhythmic medullary slice preparations 

were exposed to increasing concentrations of PGE2 (1nM-1µM) and changes in motor 

output recorded. While low concentrations of (1-10nM) PGE2 slowed the inspiratory 
rhythm, a higher concentration (1µM) sped it up. Probing the prostanoid receptors 
(EP1-4R) with specific pharmacology revealed that both EP2R and EP3R are involved 

in PGE2’s effect on the inspiration rhythm. Selective activation of EP3R is sufficient to 
lengthen the burst period, while activation of EP2R shortens it. However, 

simultaneous activation of both is necessary for the biphasic response to PGE2 at low 
and high concentration. Single-cell RNA-Seq data revealed that EP2R transcripts 
(Ptger2) are differentially expressed in putatively excitatory neurons of the preBötC, 
while EP3R transcripts (Ptger3) are preferentially found in mixed inhibitory neurons. 

Astrocytes in the brainstem respiratory centers are known to release PGE2 in 
response to stress. Using dual calcium imaging of astrocytes and neurons in the 

preBötC we investigate the effect of low concentrations of PGE2 on calcium signaling. 
In summary, the inspiratory rhythm generator has a biphasic response to increasing 

concentrations of PGE2, which is mediated by EP2R and EP3R. 
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Fatty acid esters of hydroxy fatty acids (FAHFAs) are a recently discovered class of 
lipids. This discovery of FAHFAs opened a new horizon in bioactive lipid research. 
Although little is yet known about the biosynthesis of these lipids, it has been 
established that they are produced endogenously in the great number of combinations 
of the two acyl chains linked by estolide bond. Triacylglycerols in adipose tissue are 
considered as a reservoir for these lipid molecules derived from adipose tissue i.e. 
lipokines that act as hormonal regulators and coordinate an array of cellular processes. 
Among those biological activities described to date, FAHFAs have anti-diabetic and 
anti-inflammatory effects and they protect against colitis by regulating gut innate and 
adaptive immune responses. Also, recently discovered is the androgen-dependent 
tissue factor pathway inhibitor regulating protein (ADTRP), which is likely to play an 
important role in diseases associated with bleeding and blood clotting. Later research 
revealed no less interesting ability of ADTRP to hydrolyze FAHFA at the estolide 
binding site. Our work focuses on the direct link between two separately reported 
mechanisms for regulating ADTRP gene expression by androgens and the ability of 
ADTRP to affect FAHFA levels in the organism. In the results, we can see significantly 
higher concentrations of FAHFA levels in wild-type female mice compared to male mice 
in perigonadal adipose tissue. Later in our experiments, we tried to replicate the same 
concentration pattern by depletion of androgens using castration surgery of 9 weeks 
old male rats in the group of FAHFA analytes. Measured data are supported by 
lipidomics analysis and quantitative determination of the ADTRP gene by qPCR. 
 
Supported by Czech Academy of Sciences (Lumina quaeruntur LQ200111901) 
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Abstract: Osteoclasts (OCs) are multinucleated bone-resorbing cells that work in 
concert with bone-forming osteoblasts to maintain physiological bone remodelling. In 
certain diseases (i.e., rheumatoid arthritis (RA)), the balance is tipped in favour of 
OCs, resulting in uncontrolled bone destruction. Specialised pro-resolving mediators 
(SPMs) are lipids biosynthesised from essential fatty acids. They play a crucial role in 
resolution of inflammation and recent studies suggest a role in bone remodelling. 
Notably, resolvin E1 (RvE1) inhibits osteoclastogenesis and 
bone resorption in an inflammatory murine model (1) and RAW264.7 cell lines (2). 
However, the capacity of RvE1 to inhibit primary human 
pre-cursors into mature osteoclasts is not known. Moreover, the expression 
of SPM receptors known to bind RvE1 (e.g., CMKLR1, ALX4) on this lineage is not 
well understood. 
In this study, we focussed on the expression of known SPM receptors in human OCs 
and OC pre-cursors. Initial analysis used RNAseq data of healthy monocytes versus 
monocytes from patients with different autoimmune diseases, as well as healthy 
osteoclasts. Protein expression in OC cultures was confirmed via immunofluorescence 
staining. We further evaluated the effect of RvE1 on OC differentiation and function in 
the presence of the receptor activator of nuclear factor-kappa B ligand 
(RANK-L) ± tumour necrosis factor (TNF), where TNF was added to mimic the 
inflammatory environment. 
The results suggest that SPM receptors are differentially expressed in monocytes 
isolated from healthy donors compared to those from a range of inflammatory diseases, 
including RA, systemic lupus erythematosus, and systemic sclerosis. Furthermore, 
expression of SPM receptors changed between monocytes and mature OCs. Further 
validation via imaging also revealed differences in CMKLR1 and ALX4 expression in 
OCs and OC pre-cursors. Finally, exposure to RvE1 via these receptors reduced OC 
formation and bone resorption in the presence of RANK-L and TNF, but not with RANK-
L alone. 
In conclusion, our study demonstrates a specific expression pattern of SPM receptors 
in diseases and confirms the role of RvE1 in OC differentiation and function. These 
data highlight the importance of investigating the effects of SPMs in disease and 
provide rationale for further research into their potential role as a novel treatment 
modality. 

 
 
(1) El Kholy, K., Freire, M., Chen, T., &amp; Van Dyke, T. (2018). Resolvin E1 Promotes Bone 
Preservation Under Inflammatory Conditions. 
Frontiers In Immunology, 9. doi: 10.3389/fimmu.2018.01300 
(2) Funaki, Y., Hasegawa, Y., Okazaki, R., Yamasaki, A., Sueda, Y., &amp; Yamamoto, A. et 
al. (2018). Resolvin E1 Inhibits Osteoclastogenesis and Bone Resorption by Suppressing IL-17-
induced RANKL Expression in Osteoblasts and RANKL-induced Osteoclast Differentiation. 
Yonago Acta Medica, 61(1), 008-018. doi: 10.33160/yam.2018.03.002 
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Eicosanoids form a class of lipid-mediators that have been implicated in 
physiological processes but also in the pathogenesis of inflammatory, 
hyperproliferative and neurological diseases. Eicosanoids are biosynthesized via 
three different pathways (COX-pathway, LOX-pathway, Cyt-P450-pathway). 
Eicosanoid synthesizing enzymes are widely distributed in highly developed plants 
and animals. In lower plants, in protozoa and in metazoa they occur less frequently 
and in the genomes of currently sequenced procaryotes corresponding genes are 
rare. A systematic search for lipoxygenase genes in the genomes of currently 
sequenced bacteria suggested that less then 0.5 % of all Bacteria carry ALOX 
genes. No ALOX genes have been identified in Archaea. In mammals, ALOX genes 
occur more frequently and ALOX15 orthologs have been described in more than 
160 metatherian and eutherian species. Interestingly, no ALOX15 genes have been 
detected in Prototheria but genes encoding for other ALOX-isoforms (ALOX5, 
ALOX15B, ALOXE3) were present in this class of ancient mammals. 
 
Fish represent a major clade of vertebrates and almost two thirds of all terrestrial 
vertebrates are classified as fish. We screened the genomic databases for ALOX15 
sequences in bony fish and only obtained 7 hits. Some of these sequences were 
incomplete or lacked the non-heme iron ligands. For expression and functional 
characterization, we selected the sequences of Nothobranchius furzeri 
(XP_015813570.1), Pundamilia nyererei (XP_005753048.1) and Scleropages 
formosus (XP_018588735.1). The coding sequences of these genes were cloned 
into pro- and/or eukaryotic expression vectors, the enzymes were expressed as N-
terminal his-tag fusion proteins in E. coli and/or in Sf9 insect cells and the 
recombinant enzymes were characterized with respect to their protein-chemical 
and enzymatic properties. We found that neither of these enzymes followed the 
Triad Concept of reaction specificity. Moreover, they violated the Ala-vs-Gly 
hypothesis and similar observations have previously been made for zebrafish 
LOX1. Dual amino acid alignments with all human and mouse ALOX isoforms 
revealed a similar degree of amino acid conservation (40-50%), which made it 
impossible to assign these enzymes to any of the human isoforms. Since all 
characterized fish ALOX-isoforms lack a sizeable membrane oxygenase activity 
they may not constitute ALOX15 orthologs despite the faulty database annotations. 
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Background: Group 2 innate lymphoid cells (ILC2s) play a critical role in asthma 
pathogenesis. Non-steroidal anti-inflammatory drug (NSAID)-exacerbated 
respiratory disease (NERD) is associated with reduced signaling via EP2, a 

receptor for prostaglandin E2 (PGE2). However, the respective roles for the PGE2 
receptors EP2 and EP4 (both share same downstream signaling) in the regulation 
of lung ILC2 responses has yet been deciphered. 
 
Methods: The roles of PGE2 receptors EP2 and EP4 on ILC2-mediated lung 
inflammation were investigated using genetically modified mouse lines and 
pharmacological approaches in IL-33- induced lung allergy models. The effects of 
PGE2 receptors and downstream signals on ILC2 metabolic activation and effector 
function were examined using in vitro cell cultures. 
 
Results: Deficiency of EP2 rather than EP4 augments IL-33-induced lung ILC2 
responses and eosinophilic inflammation in vivo. In contrast, exogenous agonism 
of both EP2 and EP4 markedly restricts IL-33-induced lung ILC2 responses and 
eosinophilic inflammation. Mechanistically, PGE2 directly suppresses IL-33-
dependent ILC2 activation through the EP2/EP4-cAMP pathway, which 
downregulates STAT5 and MYC pathway gene expression and ILC2 energy 
metabolism. Blocking glycolysis diminishes IL-33-dependent ILC2 responses in 
mice lacking endogenous PG synthesis but not in PG-competent mice. 
 
Conclusion: We have defined a mechanism for optimal suppression of lung ILC2 
responses by endogenous PGE2-EP2 signaling which underpins the clinical 
findings of defective EP2 signaling in patients with NERD. Our findings also indicate 
that exogenously targeting the PGE2-EP2/EP4-cAMP and energy metabolic 
pathways may provide novel opportunities for treating ILC2-initiated lung 
inflammation in asthma and NERD. 
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Oxysterols are oxidized derivatives of cholesterol that are formed by enzymatic 
processes or through the action of reactive oxygen species. 4b-hydroxycholesterol, 
an LXR agonist, is the most abundant circulating oxysterol in mice. It is synthesized 
by the CYP3A4 and CYP3A5, in humans, or their murine orthologues Cyp3a11 and 
Cyp3a13. 
4β-hydroxycholesterol levels are decreased in inflammatory pathologies such as 
Crohn’s disease and obesity. Surprisingly, apart from its long half-life of several 
days, little is known about its catabolic pathway. 
 
27-hydroxycholesterol is an oxysterol formed by CYP27A1. It is also implicated in 
inflammatory processes, mainly through its action on LXR, ERalpha and 
RORgamma. As 4β-hydroxycholesterol, its levels were decreased in patients 
suffering from inflammatory bowel diseases (IBD), which was directly correlated 
with the decreased expression of CYP27A1, CYP3A4 and CYP3A5. 
 
In this context, we decided to investigate the catabolism of 4b-hydroxycholesterol, 
and more specifically its 27-hydroxylation by Cyp27a1. 
 
First, we set up an in vitro Cyp27a1-activity assay to measure the 27-hydroxylation 
of 4β-hydroxycholesterol. Mitochondria-enriched fractions were isolated from mouse 
liver and the protocol was validated using cholesterol as a substrate. Then, the 
protocol was applied to the 27-hydroxylation of 4β-hydroxycholesterol. Using an 
HPLC-MS Orbitrap with high mass resolution, we observed four peaks 
corresponding to hypothetical 4β-hydroxycholesterol metabolites. Their levels were 
decreased by Cyp27a1 inhibitors. In order to identify these metabolites of 4β-
hydroxycholesterol, we incubated different oxysterols with CYP3A4, the enzyme 
responsible for the 4b-hydroxylation of cholesterol. We selected three oxysterols, 
based on their retention times: 27-hydroxycholesterol, 24(S)-hydroxycholesterol, 25-
hydroxycholesterol. The results support the identification of 4β,27-
dihydroxycholesterol, 4β,24(S)-dihydroxycholesterol and 4β,25-dihydroxycholesterol. 
 
Finally, we observed an increased signal of putative 4β,27-dihydroxycholesterol in 
mouse liver and plasma following intraperitoneal administration of 4β-
hydroxycholesterol. 
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Abstract: Bioactive lipids govern many cellular processes, including cell growth, 
death, and migration, and are key players in inflammatory processes. [1-4] While 
approaches have been made to develop an assay for a few of these lipid classes [5], 
there is yet no comprehensive workflow that can measure all relevant lipid classes 
in one analytical run. Challenges include a high dynamic range and, most of all, the 
very different structures and chemical properties of these analytes. [1-5] 
 
We selected analytes from more than 15 different lipid classes to establish our 
method, including eicosanoids, fatty acids and conjugates, fatty amides, sphingoid 
bases, ceramides, glycerophosphotidylserines, glycerophosphotidylinositols, and 
phosphatidic acids. In the first step, we optimized the collision energy and chose 
adequate transitions for all analytes on a QTrap 6500+. We then tested different 
solvent compositions and additives with a standard C18 column. Solvents with 
formic or acetic acid proved to be the best choice for ionization efficiency and 
chromatographic separation. However, lysolipids could not be separated using this 
setup, as they showed very poor peak shape and high carryover. 
 
This problem was overcome by adding 5 mM ammonium formate or ammonium 
acetate  - however, this negatively influenced signal intensity and peak shape of 
many lipid mediators and specific sphingoid bases. Thus, we then tested columns 
with similar column dimensions but different column chemistry and particle size. 
Finally, we selected the column that achieved the best performance (signal intensity, 
chromatographic separation, and peak shape) for all analytes with only formic or 
acetic acid as solvent additives. Therefore, we report the first LC-MS method that 
enables the simultaneous measurement of more than 15 different bioactive lipid 
classes in one LC-MS run. 

 
 
Literature: 

 
[1] Peng, B., Geue, S., Coman, C., et al., Blood. 2018, 132(5), e1-e12. 
[2] Moolenaar, W.H., Ann. N. Y. Acad. Sci. 2000, 905, 1-10. 
[3] ChiurchiÃ¹, V., Leuti, A., Maccarrone, M., Front. Immunol. 2018, 9:38. 
[4]  Obinata, H., Hla, T., Int Immunol. 2019, 31(9), 617-625 
[5] Schoeman, J. C., Harms, A. C., van Weeghel, M., Berger, R., Vreeken, R. J., 
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Introduction: Maresin-conjugates in tissue regeneration (MCTRs) are recently 
discovered lipid mediators proposed to reduce inflammation. The aim was to investigate 
the influence of MCTR3 on interleukin (IL)-13- induced airway hyperreactivity. 

Methods: Isolated human small bronchi and tracheas from wild type and genetically 
modified mice were during culture procedures exposed to IL-13 during 2-4 days in the 
presence or absence of MCTRs. After culture, responsiveness to contractile agonists 
were assessed using myographs. 

Results: IL-13 treatment increased contractions (Emax) to histamine (His; 143±5% vs. 
113±6% for control, p<0.05) leukotriene D4 (LTD4; 155±12% vs. 88±8% for control, 
p<0.05) and carbachol (CCh; 137±6% vs. 93±5% for control, p<0.05) in human small 
bronchi, and to 5-hydroxytryptamine (5-HT; 59±4% vs. 25±2% for control, p&lt;0.05) in 
mouse trachea. Co-incubation of the explanted tissues with MCTR3 reduced the IL-13 
induced enhancement of contractions in human bronchi (His: 123±7%, LTD4: 117±9% 
and CCh: 115±8%, p<0.05) and in mouse trachea (5-HT: 23±6%, p<0.05). In mouse 
trachea, this inhibitory effect of MCTR3 was blocked by three different CysLT1 
antagonists during IL-13 exposure (p<0.05). Likewise, MCTR3 failed to reduce the IL-
13-induced 5-HT responsiveness in mice deficient of the CysLT1 receptor. In contrast, 
co-incubation with LTD4 neither altered the IL-13-induced 5-HT responsiveness, nor the 
MCTR3-induced reduction of contraction. 

Conclusion: Co-culture of IL-13 and MCTR3, but not LTD4, decreased airway 
hyperreactivity by activation of the CysLT1 receptor. The distinct actions of the two lipid 
mediators on the CysLT1 receptor suggest an alternative signalling pathway appearing 
under IL-13 induced inflammatory conditions. 
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BACKGROUND: Interlukin-6 is a proinflammatory cytokine involved in many 
physiological and pathological processes acting via multiple intracellular signaling 
pathways. Recent investigations have shown that cytokines such as IL-6 possess 
important abilities that influence glucose and lipid metabolism; however, the 
underlying mechanisms remain not completely understood. The main aim of this 
study was to assess associations of IL-6 and metabolism measured by targeted 1H-
NMR metabolomics in three independent cohorts of adult individuals. 
 
METHODS: In three population-based cohorts of adult individuals from Sweden: the 
Epidemiology for Health cohort [PIVUS, n = 2353, median age 60 years], the Prospective 
Investigation of the Vasculature in Uppsala Seniors [PIVUS, n = 590, median age 80 
years]; and the Prospective Investigation of Obesity and Energy Metabolism [POEM, 
n = 501, median age 50 years] plasma IL-6 concentrations were determined using routine 
clinical chemistry. Targeted metabolomics was performed using proton nuclear magnetic 
resonance spectroscopy (1H-NMR). Associations of IL-6 and targeted metabolomics 
signatures was assessed using a discovery-validation approach with multivariable linear 
regression. 
 
RESULTS: In the discovery cohort EpiHealth163 non-targeted metabolomic features 
out of 220 could be associated with IL-6 concentrations following adjustment for age, 
sex, and correction for multiple testing. 83 associations could then be replicated in 
PIVUS and POEM. Notably, most of these relationships were negative. The top 
metabolism markers being replicated in were glycoprotein acetyls, phenylalanine, 
and several lipid related metabolites. 
 
CONCLUSIONS: Using a targeted 1H-NMR metabolomics discovery-validation 
approach, we confirmed some of the previously reported association between IL-6 
and lipid related metabolites and identified and replicated novel associations. Our 
results encourage additional studies investigating the underlying mechanisms of our 
findings. 
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An inflammation can be roughly divided in two phases, the proinflammatory phase 
and the resolution of inflammation. Importantly, an inflammation is formed by several 
very different regions, which depend on the distance to the center of the 
inflammation as well the local tissue characteristics (e.g. immune cells, resident 
cells, vascularization etc.). 
 
These regions present different microenvironments for the immune cells recruited to 
the tissue inducing specific answers (i.e. production of interleukin (IL)-4, IL-1b or 

prostaglandin E2), tailored for the specific needs of each region. While the regulation 
of the activity of immune cells is well investigated, their localization during an 
inflammation and the spatial relationships to each other, which reflect the complex 
interactions between several immune cell types in vivo, are less well understood. 
Therefore, we quantitative evaluated the spatial distribution of immune cells and 
signaling mediators in the time course of a zymosan-induced  inflammation. 
For characterization of immune cell architecture, we used Multi-Epitope-Ligand-
Cartography (MELC) technology, a specialized immunohistological imaging 
technology that allows us to routinely visualize more than 40 fluorescence tags (i.e. 
fluorescence-labeled antibodies) on the same tissue slice in an automated process. 
As a result of this process the marker colocalization in regard to their 
microenvironment and position in the inflamed area can be quantitatively assessed 
using bioinformatic approaches. To overcome the huge amount of MELC image 
data, we established an analysis pipeline, starting with generation of a single cell 
segmentation mask that defines fluorescence signals as cells, based on nuclear 
staining and pan-cell marker CD45. 
 
Defined cells undergo dimension reduction, phenotype clustering and neighborhood 
analysis using histology topography cytometry analysis toolbox (histoCAT). 
This analysis enables us to identify, group and assign cell phenotype cluster to their 
cellular neighborhood and superordinate region. We identified different regions 
arising during an innate inflammation and characterized the inflammatory 
architecture focusing on the spatial interactions of immune cells with each other 
and in regard to their distance to the core region (neighborhood analysis). Further, 
we observed a change in this architecture by application of the non-steroidal anti-
inflammatory drug (NSAID) Meloxicam. 
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Eicosanoids are lipid mediators with pro- and antiinflammatory properties that are 
generated from arachidonic acid (AA). While prostaglandins (PG) and thromboxane 
(TX) are formed via cyclooxygenases, lipoxygenases convert AA to leukotrienes, 
lipoxins and hydroxyeicosatetraenoic acids (HETE). Despite these lipid mediators 
are known for decades, quantitative determination in biological samples is still 
challenging due to minute occurrence, instability and existence of regio- and 
stereoisomers. Additionally, a broad range of polarity requires prolonged run times 
for chromatographic separation, which is inconvenient in the daily routine, cost 
intensive and ecologically harmful. The orthogonality of supercritical fluid 
chromatography (SFC) along with unique properties of supercritical CO2 such as 
low viscosity and high diffusivity facilitate efficient and enhanced lipid mediator 
separation in terms of shorter runtimes, less solvent consumption and additional 
isomer recognition. 
 
Here, we aimed to develop and validate a SFC-MS method for quantification of 
typical occurring eicosanoids in biological samples without required collision-
induced fragmentation. Methanol, a commonly applied modifier and silica-based 
columns did not provide sufficient separation of regioisomers. Chiral amylose-based 
columns instead offered improved separation and isomer recognition. Furthermore, 
modifier combination of 2-propanol and acetonitrile increased resolution while 
reducing retention time. We revealed a baseline separation of isobaric eicosanoids 
within 15 min, which enables detection of 11 oxylipins by MS covering a range from 
78 ng/mL to 2,5 microg/ml. The method got validated in terms of linearity, LOQ, 
accuracy, precision and recovery according to EMA guidelines. 
 
Finally, we proved the applicability of the method by quantifying eicosanoid levels 
in human primary blood cells. In conclusion, we established a SFC-MS method to 
quantify different eicosanoids with a wide range of polarity while maintaining 
baseline separation of isobaric analytes without complex technical requirements for 
multiple reaction monitoring. 
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The MAPEG (Membrane Associated Proteins in Eicosanoid and Glutathione 
metabolism) family consists of various membrane integrated proteins which are 
present in the endoplasmic reticulum (ER) and nuclear membrane (NM)1. These 
proteins play important roles in human physiology and diseases, such as allergic 
and chronic inflammation. Thus, these membrane proteins are important targets for 
development of new anti-inflammatory drugs1,2. Some MAPEGs are microsomal 
glutathione S-transferases (MGSTs), which are important for detoxification, 
protection against lipid peroxidation and also LTC4 formation from LTA42. In recent 
times, some family members have been structurally and functionally 
characterized1,2. MGST2 high resolution protein structure was recently solved in apo 
and GSH bound conformation by lipidic cubic phaseprotein crystallization method2. 

 
In this study, we are using both protein crystallization and Cryo EM techniques to 
determine high resolution structures (in apo and substrate bound conformation) of 
two human MAPEG proteins, MGST1 and MGST3, along with biochemical 
characterization. MGST1 and MGST3 are expressed in Pichia pastoris and further 
stable protein has been purified in detergent solution which was used for biochemical 
analysis and also for protein crystallization. These human membrane proteins are 
first purified in n-dodecyl-Î²-D-maltopyranoside (DDM) detergent and then analysed 
for thermal stability enzyme activities. Our initial results indicate that MGST3 protein, 
but not MGST1, catalyses leukotriene C4 (LTC4) synthesis via conjugation of 
glutathione (GSH) and LTA4, a transient epoxide intermediate which is derived from 
metabolism of arachidonic acid along the 5-lipoxygenase pathway. MGST3 also 
displays GSH dependent lipid peroxidase activity against hydroperoxyl fatty acids. 

 
 
1. Thulasingam, M., and Haeggström, J.Z. Integral Membrane Enzymes in Eicosanoid 
Metabolism: Structures, Mechanisms and Inhibitor Design J Mol Biol 423,18,4999-5022, 
2020. 
2. Thulasingam, M., Orellana, L., Nji, E., Ahmad, S., Rinaldo-Matthis, A., and Haeggström, 
J.Z. Crystal structures of human MGST2 reveal synchronized conformational changes 
regulating catalysis. Nat Commun 12, 1728, 2021. 
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High-throughput drug screening is undoubtedly a valuable resource for detecting novel 
anti-cancer agents. So far, monolayer cell cultures have been the most prevalent models 
in drug screening endeavors. However, these models failed to recapitulate the complex 
microenvironment of solid tumors and displayed low bench-to-bed translational 
efficiency. In contrast, three-dimensional (3D) cell cultures, such as multicellular tumor 
spheroids (MCTS), are becoming a crucial tool in cancer research, as they mimic the 
architecture and microenvironment of in vivo tumors. These models provide a great 
potential for studying the biological assets of cancers and represent a promising platform 
for drug discovery. In this work, we aimed to develop neuroblastoma (NB) MCTS for 
high- content drug screening with an mPGES-1 inhibitor. We also set out to shed the 
light on the potential mechanism of action of mPGES-1 inhibitor-drug combinations 
acting highly synergistically. Multiple conventional agents, across a variety of therapeutic 
categories and with different modes of action, were tested. Following systematic 
examination of the combination effects of single-drugs and pairwise combinations, GFP-
transfected MTCS were used in a secondary screen to better characterize the hits. 
Finally, real-time kinetic caspase 3/7 apoptosis and efflux pumps inhibition effects were 
assessed. In summary, this work illustrates how NB MCTS-based high-throughput drug 
screening yields potential to reveal previously unrecognized mPGES-1 inhibitor-drug 
combinations. It also highlights the concept of synergy and gives some insights into the 
mechanism of synergy between an mPGES-1 inhibitor and chemotherapeutics. 
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Background: Infants born extremely preterm are at risk of postnatal deficit of long-
chain polyunsaturated fatty acids (LCPUFAs) with potential effects on morbidities 
and neurodevelopment. 

 
Objective: In preterm infants, determine longitudinal fatty acid profiles and 
modification with enteral supplementation with the LCPUFAs arachidonic (AA) and 
docosahexaenoic acid (DHA), and parenteral lipids. 

 
Design: Secondary analysis of a randomized control study of infants born <28 
weeks of gestation (GA). Infants in the intervention group (n=101) received an 
enteral single-cell oil supplement containing AA:DHA at 100:50 mg/kg/day; the 
control group (n=103) received standard care. Serum samples (n=1660) were 
collected from birth to term equivalent age, phospholipid fatty acids were 
determined by GC-MS, and levels expressed in relative (mol%) and absolute (µmol-
l) units. 

 
Results: Infants in the AA:DHA and control groups were well matched with a mean 
(SD) GA of 25.5 (1.4) weeks. Infants receiving the lipid enteral supplement reached 
higher relative levels of AA between postnatal week 7 and 13 (range in mean 
difference 0.78 to 2.19 mol%) and of DHA between week 8 and 13 (0.26 to 0.46 
mol%), and higher absolute levels of AA between week 9 and 11 (48.3 to 59.5 µmol-
l). Other quantified fatty acids were unaffected by the supplementation. 

 
Fatty acids profiles of cord blood and day 1 were similar in all individuals, then 
showed heterogeneity until four weeks of life, then became similar towards the end 
of the study at 40 weeks postmenstrual age. The high variability in fatty acid profiles 
during the first weeks coincided with differences in parenteral lipid intake. High 
parenteral lipid intake was associated with lower serum levels of AA and DHA. 

 
Conclusion: Enteral AA:DHA supplementation increases these fatty acids in infant 
serum with little effect on other fatty acids. Parenteral delivery of lipids strongly 
impacts both relative and absolute LCPUFA levels. 
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15-deoxy-Δ12,14-prostaglandin J2 (15dPGJ2), an endogenous ligand of PPAR 
gamma receptor, is a bioactive metabolite of prostaglandin D2 (PGD2). It has been 
shown to have pro-resolving effects in many pre-clinical models. By forming Michael 
adducts with cysteine residues on targeted proteins, 15dPGJ2 inhibits inflammation 
through interference/interaction with several signalling pathways like NFκB, Keap1 
or Hif1. 
 
Here, we studied the biosynthesis and metabolism of 15dPGJ2 via the conjugation 
to GSH, forming 15dPGJ2-GS and 15dPGJ2-Cysteine (15dPGJ2-Cys) conjugates in 
murine (Raw 264.7 and BMDM) and human (primary mast cells) cells under natural 
stimuli, such as LPS and IgE antibody. Our data also suggested the involvement of 
microsomal glutathione S-transferase 3 (MGST3) in the formation of 15dPGJ2 
conjugates. Moreover, by inhibiting microsomal prostaglandin E synthase-1 
(mPGES-1), which catalyses the conversion from PGH2 to pro-inflammatory PGE2, 
we observed clear shunting into PGD2/15dPGJ2/15dPGJ2-Cys pathway. 
 
Altogether, this study highlights the endogenous formation of 15dPGJ2-GS and 
15dPGJ2-Cys in murine and human immune cells, which was preserved and 
elevated upon mPGES-1 inhibition. The present study encourages further 
investigations on the potential bioactivities of these novel cyclopentanones, as well 
as the pro-resolving actions upon mPGES-1 inhibition. 
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A major concern with NSAIDs, selectively inhibiting cyclooxygenase2 (COX-2), is 
the increased risk for severe cardiovascular events, especially in patients suffering 
from chronic inflammation. The cardiovascular adverse effects of NSAIDS are widely 
ascribed to be caused by an imbalance in pro-thrombotic versus anti-thrombotic 
mediators resulting in thrombotic events, increased arterial blood pressure and heart 

failure. Inhibition of mPGES-1 the terminal synthase of PGE2, resembles a novel 
approach for anti-inflammatory treatment leading besides the reduction of pro-

inflammatory PGE2 to a redirection of excess PGH2 into the vasodilating PGI2 
pathway. The microvasculature is a central target organ for early manifestations of 
cardiovascular diseases. Therefore, a better understanding of the prostaglandin 
system and characterizing the effects of mPGES-1 inhibition in this vascular bed are 
of interest. 

 
Here we studied the effects of mPGES-1 inhibition on constriction and relaxation of 
resistance arteries from patients with end stage kidney disease (ESKD) and controls 
using wire-myography in combination with immunological and mass-spectrometry 
based analyses. Inhibition of mPGES-1 in arteries from ESKD patients and controls 
significantly reduced adrenergic vasoconstriction, which was not affected by the 
COX-2 inhibitors NS-398, Etoricoxib or the COX-1/COX-2 inhibitor Indomethacin. 
Correspondingly, a significant increase in 

acetylcholine-induced dilatation and spared PGI2 levels were observed for mPGES-
1 inhibition only. Blockage of IP, EP4 or PPARÎ³ signaling did not restore the reduced 
constriction following mPGES-1 inhibition. Expression of mPGES-1, COX-1, PGIS 
and weak expression for COX-2 was found in ESKD and control arteries as well as 

receptor expression for PGE2 (EP1-4), thromboxane (TP) and PGI2 (IP). 
 
In conclusion, our study demonstrates vasoactive effects of mPGES-1 inhibition 

and suggests that several pathways besides shunting to PGI2 may be involved in the 
vasodilating effects following mPGES-1 inhibition in human microvasculature. The 
presented results motivate for further studies on mPGES-1 inhibition in diseases like 
Raynaud’s phenomenon or myocardial infarction. 
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Leukotriene A4 hydrolase (LTA4H) is a bifunctional zinc-containing enzyme that 
catalyzes the biosynthesis of a potent pro-inflammatory and immune-modulating 
lipid mediator, leukotriene B4 (LTB4), and also performs the peptidolytic cleavage 
of a neutrophil chemoattractant, Pro-Gly-Pro (PGP). Therefore, LTA4H is an 
important drug target for the resolution of inflammation in different 
pathophysiological conditions. Elucidation of the crystal structure of LTA4H in a 
complex with different ligands revealed the binding mode of the LTA4 substrate and 
PGP in the L-shaped substrate channel. Based on the structural information, 
inhibitors can be designed to selectively block only the formation of LTB4 without 
affecting the aminopeptidase activity. A lead compound, 4-(4-benzylphenyl)-thiazol-
2-amine (ARM1), has been designed and co-crystallized together with PGP 
analogue in the substrate pocket of LTA4H. 
The objective of this work was to synthesize new ARM1-type inhibitors via 
chalcogen-replacement, and assess their potency and binding properties using 
different biochemical-biophysical approaches. 
 
Synthesized selective inhibitors, 4-(4-benzylphenyl)-selenazol-2-amine (TTSel) 
and 4-(4-benzylphenyl)-oxazol-2-amine (TTOx), were used in the hydrolase and 
aminopeptidase assays of LTA4H. The inhibition of hydrolase activity was assessed 
based on the biosynthesis of LTB4 by recombinant LTA4H or activated 
polymorphonuclear neutrophils (PMNs). Both assays indicated that ARM1 is slightly 
more potent than TTSel and TTOx. 
Aminopeptidase assay was carried out with naturally-occurring PGP, and artificial 
peptides, para-nitroanilide or 7-amido-4-methylcoumarin derivatives. All three 
inhibitors spared the aminopeptidase activity of LTA4H with PGP, however, the 
peptidolysis of peptide analogues containing N-terminal hydrophobic amino acids 
was increased significantly by the inhibitors. Dissociation constants of ARM1, TTSel 
and TTOx with LTA4H were determined using isothermal titration calorimetry and 
ThermoFluor assay. The affinity around 300 nM with different inhibitors indicated 
their similar affinity to LTA4H. Moreover, ThermoFluor assay demonstrated that all 
selective inhibitors stabilize LTA4H in a similar manner. Finally, the crystal structure 
of LTA4H in a complex with TTSel or TTOx revealed the similar binding mode and 
domain movements that were observed with the lead compound, ARM1. 
 
Current results indicate that single chalcogen replacements were not sufficient to 
improve the potency and binding properties of ARM1, nevertheless, this encourages 
us to proceed with development and characterization of pharmacologically relevant 
LTA4H inhibitors. 

  



POSTER 99 
 
 
THE INFLUENCE OF FADS1 (RS174547) AND FADS2 (RS1535) GENETIC 
VARIANTS ON BOTH CIRCULATING LEVELS OF LIPID MEDIATORS AND 
CYTOKINES IN OBESITY. 

 
ESTHER TITOS1,3,4,7, Cristina López-Vicario1,3, Mireia Casullerasa3, Andrea González-
Boullin1, Ferran Aguilar6, Juan José Lozano3, José Alcaraz-Quilesa3, Roger Flores-
Costa1,3, Marta Duran-Güella3, Ainitze Ibarzábal2, Juan José Espert2, Noelia Pérez-
Romero5, and Joan Clària1,3,4,6,7. 
 
1) Biochemistry and Molecular Genetics Service and 2) Gastrointestinal Surgery Department, 
Hospital Clínic-IDIBAPS, Barcelona, Spain 
3) CIBERehd, Madrid, Spain 
4) Molecular Biology CORE, Biomedical Diagnostic Center, Hospital Clínic, Barcelona, Spain 
5) Gastroenterology Department, Hospital Universitari Mútua de Terrassa, Terrassa, Spain 
6) EF-Clif and Grifols Chair, Barcelona, Spain 
7) Department of Biomedical Sciences, University of Barcelona, Barcelona, Spain. 
 
Background and Aim: Obesity is a worldwide health concern of polygenic nature 
characterized by the presence of an unresolved state of low-grade inflammation and a 
lipid metabolism imbalance between omega-6 and omega-3 polyunsaturated fatty acids 
(PUFA). Delta-5 and delta-6 desaturases are enzymatic activities that control the 
processing and availability of omega-6 and omega-3 PUFA. They are encoded by 
FADS1 and FADS2, respectively, which are considered candidate genes affecting 
obesity traits. The aim of the current study was to determine whether previously 
recognized functional genetic variants rs174547 (FADS1) and rs1535 (FADS2) are 
associated with obesity, circulating lipid mediators, and cytokines. 
 
Subjects and Methods: Participants were categorized according to body mass index 
(BMI, kg/m2) as non-obese (BMI < 29.9, n=102) or obese (BMI > 29.9, n=288). DNA 
samples were genotyped using TaqMan SNP Genotyping assays. Cytokine levels were 
measured by high-throughput multiplex immunoassay and lipids were analyzed by 
means of UPLC-MS/MS targeted approach in a representative cohort. 
 
Results: Frequencies of FADS1 and FADS2 genotypes were found to be not different 
between non-obese and obese individuals under none of the inheritance models 
analyzed. In both the FADS1 and the FADS2 SNPs, heterozygous carriers of the minor 
alleles (C and G, respectively) showed decreased levels of a series of pro-inflammatory 
and vasoactive lipid mediators derived from the omega-6 arachidonic acid. In the 
rs174547 variant, we found significantly decreased levels of 5-HETE, 8,9-DiHETrE, 
11,12-DiHETrE, PGF2a, 14,15-DiHETE and increased ratio of DHA to EPA (3,17 vs 2,03, 
respectively, p=0.010) in CT individuals compared to TT individuals. In the rs1535 
variant AG, individuals showed decreased levels of 8-HETE, 20-HETE, 11,12-DiHETrE, 
and PGE1, as compared to AA subjects. The association analysis with plasmatic 
cytokine levels revealed no significant associations with heterozygous carriers of the 
minor alleles. On the contrary, both minor allele homozygous genotypes (CC-FADS1 
and GG- FADS2) were associated with increased levels of various pro-inflammatory 
cytokines such as IL-6 as well as decreased levels of those with immunomodulatory 
activity (IL-RA and CD40L). 
 
Conclusion: rs174547 and rs1535 genetic variants may have a protective effect against 
omega-6 derived inflammation and an immunomodulatory role on cytokine pathways in 
obese individuals.  
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Metabolism of lipids goes far beyond energy storage and membrane synthesis. 
Many lipid metabolites contribute to regulation of whole body disease and can 
positively or negatively affect disease states. We study one such class of lipid 
metabolites, the N-acyl taurines (NATs), which are conjugates of a fatty acid and 
taurine. These FAAH-hydrolyzed lipids can directly stimulate GLP-1 secretion 
through receptor activation and indirectly increase this incretin through slowing lipid 
absorption, leading to improved insulin sensitivity and lower hepatic lipid 
accumulation. We recently identified the synthase for these lipids, in order to study 
the necessity of NATs in normal metabolism and disease. We have found that 
humans synthesize NATs in the liver and in response to dietary supplementation of 
specific fatty acids. We are also investigating the role of a specific NAT in hepatic 
inflammation and lipid accumulation and preliminary results are promising for a 
specific NAT. Understanding regulation and necessity of these lipids will both 
improve our basic understanding of metabolism and potentially provide novel 
pathways to target in treatment of metabolic disease. 
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Cardiovascular disease (CVD) is a disease of the cardiac and circulatory system. 
Dyslipidemia is a major risk factor for cardiovascular disease. Blood lipids, and in 
particular low-density lipoprotein (LDL) cholesterol, play an important role in the 
development of cardiovascular disease. Lipoprotein apheresis (LA) and evolocumab 
are two highly potent treatments to lower LDL cholesterol, but there is still little 
known about the effects of these two treatments on fatty acids and lipid mediators. 
 
We analyzed blood samples from 37 patients receiving different treatments. 
Patients were stratified according to receiving LA treatment (n=19) and evolocumab 
treatment (n=18). Serum FA analysis was performed by gas chromatography. Lipid 
mediator analysis was done by liquid-chromatography with tandem mass 
spectrometry (LC-MS/MS). 
 
We were able to show that evolocumab, as compared to LA treatment, significantly 
lowered arachidonic acid (AA) levels, but not eicosapentaenoic acid (EPA) or 
docosahexaenoic acid (DHA) levels in the plasma. Furthermore, there was a trend 
towards lower levels of a variety of lipoxygenase- as well as cyclooxygenase- and 
cytochrome P450 enzyme-derived lipid mediators in evolocumab treated patients, 
with 
EPA-derived (and possibly anti-inflammatory) 15-hydroxyeicosapentaenoic acid (15-
HEPE) showing a trend towards an increase due to evolocumab treatment. 

 
This work was supported by a Grant from Amgen. 
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Previous studies have indicated that activity of fatty acid desaturases (FADS), 
namely FADS1, is involved in cardiometabolic risk. 

While initial studies in patients with coronary artery disease indicated increased risk 
of atherosclerosis with genotypes leading to higher levels of FADS1 activity, other 
studies indicate that instead the knock-down of FADS1 expression confers 
increased cardiometabolic risk. Several human studies support this finding and have 
reported an association between genotypes with decreased FADS1 activity and 
obesity, nonalcoholic fatty liver disease (NAFLD) and other metabolic disturbances. 
We assessed FADS1 genotype and fatty acid profiles in a cohort of 85 patients with 
NAFLD. In this cohort we were able to confirm previous observations with 
significantly different blood fatty acid profiles depending on FADS1 genotype. 
Patients with lower FADS1 activity as indicated by delta-5-desaturase index and 
rs174556 genotype had higher levels of fibrosis as measured by noninvasive 
Fibroscan measurements. Further analyses are now on-going to further characterize 
lipidomic and clinical characteristics in this cohort. 
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Aging is often accompanied by an increased pro-inflammatory status leading to 
chronic, systemic and sterile inflammation promoting many age-related diseases. 
This process is termed inflammaging. As caloric restriction (CR) - in contrast to high 
caloric intake - has been implicated to have positive effects on life span and 
inflammation, we investigated its impact on inflammatory signaling pathways and 
whether it can alleviate inflammaging mediated by lipid mediators (LM) and 
cytokines. However, organ-specific effects of short-term CR on inflammatory 
processes, in particular in the context of LM signaling, remain elusive. Here, we 
provide an extensive assessment of the influence of age on the hepatic proteome, 
cytokine secretome and metabololipidome and to what extent they can be altered in 
18-month-old mice by short-term CR (4 weeks). Additionally, we tested if the CR-
mediated effects can be maintained after a re-feeding period, by allowing ad libitum 
food intake for two days after initial CR. Surprisingly, our results show that aging 
did not lead to a significant increase in levels of pro-inflammatory LMs like 
prostaglandins or leukotrienes within the liver of aged mice. Further, CR failed to 
revert the metabolipidome back to levels of young animals. Instead, we found a 
pronounced increase in monohydroxylated precursors while the majority of both 
bioactive prostanoids and specialized pro-resolving mediators (SPM) were 
substantially reduced following CR. Interestingly, re-feeding did not reverse the 
observed CR effects but rather compromised the metabololipidome even further. 
Our findings reveal that short-term limitation of food intake is not able to restore the 
metabololipidome back to juvenile levels within the liver of aged mice. 
 
Together, we shed light on the need of accounting for both, beneficial and 
detrimental effects of nutritional intervention to aid in therapeutic approaches 
towards inflammation and disease in the elderly. 
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Eicosanoids and other oxylipins are potent lipid mediators which are involved in the 
regulation of numerous physiological processes and therefore of high interest in 
biological samples. Modern analytical methods used for the quantification of 
oxylipins in biological samples are largely based on liquid chromatography-mass 
spectrometry (LC-MS). However, the precursor polyunsaturated fatty acids (PUFA) 
are serval orders of magnitude higher concentrated in biological samples compared 
to the oxylipin levels. Thus, a simultaneous quantification of PUFA is hardly possible 
using a single method. 
Here, we developed a method that allows the parallel quantification of fatty acids and 
oxylipins from a single sample with a combined sample preparation. Biological 
samples are prepared by protein precipitation using 2-propanol. An aliquot of the 
supernatant is diluted in ethanol for the LC MS-based analysis of non-esterified fatty 
acids and the remaining supernatant is hydrolyzed with potassium hydroxide in 
methanol/water and neutralized with acetic acid. An aliquot of this solution is directly 
analyzed by LC-MS for total fatty acid analysis, while oxylipins are analyzed by LC-
MS from the remaining solution after solid-phase extraction (Talanta, 2020, 217, 
121074). 
 
For quantification of fatty acids, a targeted LC-MS method for 41 fatty acids and 11 
isotopically labeled fatty acids was developed (Anal. Bioanal. Chem. 2021, 413, 
5439-5451). Chromatographic separation was carried out within a run time of 15 min 
using a C8 reversed-phase column and water/acetonitrile/methanol/acetic acid 
(solvent A) and acetonitrile/methanol/acetic acid (solvent B) as eluents. The mass 
spectrometric detection was performed in pseudo scheduled reaction monitoring 
mode following negative electrospray ionization. 
 
The developed method can be used for different biological samples such as cells, 
tissue or plasma and allows a reliable quantification of the (oxidized) fatty acids. A 
comparison of the determined total fatty acid levels in plasma by means of LC-MS 
with gas chromatography flame ionization standard methods revealed high accuracy 
of the developed method (agreement 80-120%). In addition, interday and intraday 
variances < 15% were observed underlining the good precision of the method. 
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Group 2 innate lymphoid cells (ILC2) function is heavily regulated by members of 
the eicosanoid family of lipid mediators. Depending on the species, eicosanoids 
exert potent activating- or inhibitory function, as seen for the prostanoids 

prostaglandin D2 (PGD2) and PGE2, respectively. Moreover, in the context of 

cytokine stimulation, human ILC2 produce endogenous PGD2, which they require 

for their activation. Eicosanoid metabolism and function across human ILC subsets, 
however, remains poorly understood. 
 
The aim of our study was to delineate this aspect of human ILC biology. Analysis 
of existing RNA-seq data of ILC subsets revealed several transcripts involved in 
eicosanoid-synthesis, that were previously not associated with ILC biology. Using 

mass-spectrometry we confirmed the production of PGD2 from alarmin-stimulated 

human tonsil ILC2s. We also detected the production of PGE2, its downstream 

metabolite PGB2, and PGE1, suggesting an active PGE2-synthesis. We additionally 

detected PGE2- production from human tonsil ILC3, at levels higher than for human 

ILC2. Exogenous PGE2 had a stimulatory function on human ILC3, promoting type 

3 cytokine production. These data suggest analogous functions of PGD2 on ILC2 

and PGE2 on ILC3, and a dichotomic effect of PGE2 on ILC2 and ILC3, raising the 

possibility for a role of prostanoids in ILC2-ILC3 plasticity. 
 
Understanding the role of endogenous and exogenous prostanoids in ILC 
regulation has important therapeutic implications for conditions such as allergy and 
asthma. 
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Immune checkpoint (ICI) therapy has an increasingly important role as antitumor 
therapy for various tumor entities. Lipid mediators have an important role in the 
modification of immune responses. 
 
The aim of this pilot study was to assess effects of treatment regimens for lung 
cancer consisting of chemotherapy as well as immune checkpoint inhibitor therapy 
on blood content of essential fatty acids as well as lipid mediators. 
 
A total of eleven patients receiving chemotherapy plus ICI therapy for lung 
carcinoma were recruited. Blood samples were taken from each patient, before 
initiation of the treatment cycle, immediately after administration of compounds, and 
24 hours after treatment. 
 
There were no significant changes in fatty acid composition of blood cells before and 
after treatments. In contrast, we found relevant differences in levels of oxylipins. In 
particular, several epoxyeicosatrienoic acid (EET) compounds were significantly 
reduced after treatments. 
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Arachidonic acid lipoxygenase isoforms (ALOX) have been implicated in 
atherogenesis. Although ALOX15 expression was minimal in advanced human 
lesions specific ALOX15 products have been detected in human and rabbit plaques. 
ALOX15 and ALOX15B occur in human lesions implicating these enzymes in human 
atherogenesis. When the Alox15-/- gene was functionally inactivated in apoE-/- and 
LDL-R-/- mice the animals were protected from lipid deposition in the arterial wall. 
These data suggested a pro-atherogenic role of the arachidonic acid 12-
lipoxygenating mouse Alox15. In contrast, when human ALOX15 was 
overexpressed in mice and rabbits an anti-atherogenic effect of the transgene was 
observed. In fact, transgenic ALOX15 overexpressing animals were protected from 
lipid deposition in the arterial wall and this effect was related to an increased 
formation of anti-inflammatory and/or pro-resolving mediators. The molecular basis 
for the controversial effects observed with the Al ox15-/- and the transgenic 
ALOX15 overexpressing animals remain unclear but the different reaction 
specificities of mouse (arachidonic acid 12-lipoxygenating) and human (arachidonic 
acid 15-lipoxygenating) ALOX15 may contribute. 
 
To explore the hypothesis that the reaction specificity of Alox15, Alox15b and Alox5 
is important for the potential role of these enzymes in mouse atherosclerosis models, 
we created three different genetically modified mouse strains expressing Alox-
isoforms with altered reaction specificity: i) Alox15 knock-in mice (Alox15-KI) 
expressing an Alox15 mutant (L353F) with humanized reaction specificity 
(arachidonic acid 15-lipoxygenating) instead of the arachidonic acid 12-
lipoxygenating wildtype enzyme. ii) Alox15b knock-in mice (Alox15b-KI) expressing 
an Alox15b mutant (Y603D+H604V) with humanized reaction specificity 
(arachidonic acid 15-lipoxygenating) instead of the arachidonic acid 8-
lipoxygenating wildtype enzyme. iii) Alox5 knock-in mice (Alox5-KI) expressing an 
Alox5 mutant (F359W+A424I+N425M) exhibiting a dominant arachidonic acid 15-
lipoxygenating activity. Homozygous allele carriers are currently cross with apoE-/- 
mice and individuals carrying the knock-out/knock-in alleles at both gene loci will be 
selected. As control groups individuals carrying the knock-out allele at the apoE 
locus but the wildtype allele at the Alox15, Alox15b or Alox5 loci will be bred out. The 
aortic lipid deposition will be quantified by conventional morphometric methods and 
by HPLC analyses of the tissue concentration of free cholesterol and different 
cholesterol esters. 

  



POSTER 108 
 
INVESTIGATING A MODULATION OF THE ARACHIDONIC ACID CASCADE IN 
HUMAN MACROPHAGES BY DRUGS AND PHYTOCHEMICALS 

 
LILLI ZINNERT, Rebecca Pfaff, Nicole M. Hartung and Nils Helge Schebb 

 
Chair of Food Chemistry, Faculty of Mathematics and Natural Sciences, University 
of Wuppertal, Gaussstrasse 20, 42119 Wuppertal, Germany 

 
 
The arachidonic acid (ARA) cascade and its lipid mediators play a key role in 
inflammatory processes. Especially the products of cyclooxygenases (COX) and 
lipoxygenases (LOX) generate well described highly potent oxylipins. Established 
pharmaceuticals such as nonsteroidal anti-inflammatory drugs (NSAIDs) relieve 
pain, fever and inflammation intervening in these enzymatic pathways. Moreover, 
several secondary plant metabolites are described to have anti-inflammatory effects, 
which might be caused by a modulation of the ARA cascade. 
 
Here, we investigate the modulation of the ARA cascade in differentiated (Vit-D3, 
TGF-beta1) THP-1 cells and human blood derived monocytes differentiated into M1-
like macrophages using CSF-2 + IFNgamma and M2-like macrophages using CSF-
1 and IL-4 with and without stimulation with bacterial lipopolysaccharide (LPS). The 
effects of specific and non-specific pharmaceuticals on oxylipin pattern and enzyme 
abundance were quantified by LC-MS based targeted metabolomics and targeted 
proteomics analysis. 
 
In order to comprehensively characterize modulatory effects of ARA cascade, we 
intensely tested specific COX and LOX inhibitors in differentiated THP-1 cells and 
primary macrophages. 
 
Nearly complete blockage of COX-derived oxylipin formation was achieved using 
indomethacin which inhibits both COX-1 and COX-2 activity. Partial inhibition of 
COX-derived oxylipins such as PGE2 was achieved using celecoxib, a selective 
COX-2 inhibitor. Thus, selectivity of the used COX-inhibitors is strongly related to 
the resulting oxylipin patterns. Moreover, COX-2 activity and abundance was 
decreased in a dose-dependent manner using dexamethasone. 
 
Investigating the LOX pathways, 5-HETE formation was blocked dose-dependently 
without affecting 5-LOX enzyme abundance using PF4191834 in THP-1 cells. 
Similarly, 15-LOX activity was inhibited by ML351 reflected in reduced 
concentrations of 15-LOX oxylipin products in primary M2-like macrophages. 
 
Targeted metabolomics and proteomics analysis of human macrophages allows the 
detailed investigation of the effect of a pharmaceutical modulation of the ARA 
cascade: The selectivity, site effects on other enzymes as well as a shunt towards 
other pathways of the ARA cascade can be depicted. This provides the possibility to 
monitor effects of new drugs and phytochemicals on macrophages and the ARA 
cascade in detail. Based on this opportunity new substances will be characterized 
for modulation of ARA cascade enzymes and further anti-inflammatory potential. 
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Eicosanoids are signaling lipids involved in many respiratory and circulatory 
diseases such as asthma and atherosclerosis as well as neurodegenerative 
diseases including Alzheimer (Dennis and Norris, 2015; Herbst-Robinson et al., 
2015). These lipid mediators are rapidly metabolized and excreted through urine, 
thus making this biofluid a useful analytical target to monitor their systemic release 
and turnover rate. Of significant interest, eicosanoids are 20 carbon-length lipids 
arising from the metabolism of arachidonic acid and have been extensively studied 
as targets for treatment of inflammatory diseases. Particularly, LTE4 and 2,3-dinor-
11-beta-PGF2a, metabolites of the cysteinyl leukotriene and PGD2 pathway 
respectively, have been shown to correlate well with asthma severity characterized 
by type 2 inflammation (Kolmert et al., 2021). In addition, linoleic acid-derived lipids, 
such as 9,10-diHOME and 12,13-diHOME, have recently gained interest due to their 
elevation in feces of neonates at high risk of developing asthma (Levan et al., 2019). 
Common treatments for asthma management include inhaled and/or oral 
corticosteroids. Herein, we present an integrated urinary lipid and drug metabolite 
platform that is able to determine the concentration of 22 oxylipins from arachidonic 
acid, linoleic acid and DHG-Linolenic acid, and 15 parent drug/or drug metabolites 
including COX-inhibitors and synthetic as well as endogenous steroids (e.g., 
prednisolone and cortisol). The analytes are extracted from urine using an 
automated 96-well format, making the method suitable for analysis of large clinical 
cohorts. Limit of quantification ranges from 0.03-0.3 ng/mL for the oxylipin 
metabolites with a linear range of 0.11-176 ng/mL on average. For the drug panel, 
the limit of quantification ranges from 0.06-120 ng/mL with a linear range of 0.011-
0.90 ug/mL on average. Furthermore, the analysis of more than 2000 urine samples 
over eight weeks evidenced a precision of 3-17 % coefficient of variation (CV) during 
the whole data acquisition period (drug panel 9-29 %CV). Overall, 17 out of 20 
urinary eicosanoids were reported in more than 90% of the samples analyzed, and 
prednisolone was detected in 82%. This method will be useful for large-scale 
investigation of the role of eicosanoid metabolism in health and disease. 
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