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(1) Intracellular Signaling Mechanisms Regulating 
Prostaglandin Biosynthesis in Immunoinflammatory 
Cells (Spanish Ministry of Science and Technology, 
ref. BMC2001-2244) (2001-2004) 

The prostaglandins are a family of oxygenated derivatives 
of arachidonic acid that potently mediate a wide variety of 
physiological and pathophysiological processes, most 
notably those of inflammatory nature. The goal of the 
current project proposal is to increase our knowledge on 
the molecular mechanisms that govern prostaglandin 
biosynthesis. This project focuses on the characterization 
of those intracellular regulatory systems that modulate the 
expression and/or activity of phospholipases and 
cyclooxygenases, i.e. the final effectors of the 
prostaglandin biosynthetic response. This project consists 
of three main interrelated objectives, as follows: 1) 
expression levels of group V phospholipase A2; 2) role of 
cell activation-induced plasma membrane alterations 
(asymmetric movement of phospholipids and importance 
of membrane rafts); 3) novel regulatory pathways 
mediated by polyphosphoinositides.  

Publications derived from this grant (1-10). 

(2) Signal Transduction Mechanisms Involved in the 
Activation of Phagocytic Cells (Regional Government 
of Castile and León, Department of  Education, ref. 
CSI 4/02) (2002-2004) 

The prostaglandins are a family of oxygenated derivatives 
of arachidonic acid that potently mediate a wide variety of 
physiological and pathophysiological processes, most 
notably those of inflammatory nature. The main goal of 
the current project is to increase our knowledge on the 
molecular mechanisms that govern prostaglandin 
biosynthesis by immunocompetent cells. This project 
consists of two objectives, namely: 1) expression levels of 
group V phospholipase A2. This enzyme is involved in 
generating the prostaglandin metabolic precursor free 
arachidonic acid; 2) role of cell activation-induced plasma 
membrane alterations (asymmetric movement of 
phospholipids and importance of membrane rafts) on 
phospholipase A2 activation.  

Publications derived from this grant (2-8). 

(3) The Lipid Hypothesis in Schizophrenia, a Novel 
Therapeutic Approach. Inhibitors of Calcium-
independent Phospholipase A2: Synthesis, Enzyme 
Inhibition, and Signal Transduction (Fundació La 
Marató de TV3, ref. 011232) (2002-2004) 

The overall goal of this research proposal is the generation 
of novel inhibitors of calcium-independent phospholipase 
A2, as well as the analysis of the impact of these inhibitors 
on lipid metabolism in brain. We propose three objectives: 
(i) chemical synthesis, (ii) biochemical characterization of 
the inhibitors, and (iii) effect of these compounds on cell 
signaling mediated by the nuclear receptors PPARγ and 
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RXR through activation of MAP kinases. Different lines 
of evidence have suggested that signal transduction 
pathways involving retinoid and polyunsaturated fatty 
acid signaling may be important factors in the ethiology 
of schizophrenia. Release of polyunsaturated fatty acids 
from phospholipids is mediated by phospholipase A2 
enzymes, some of which may be augmented in 
schizophrenic patients. Our working hipothesis, based on 
the very well known role of phospholipase A2 in signal 
transduction is that inhibition of this class of enzymes may 
contribute to prevent signaling leading to depletion of 
polyunsaturated fatty acids, a hallmark of schizophrenia.   

Publications derived from this grant (2-10,11). 

(4) Regulation of Cyclooxygenase-2 Expression by 
Phospholipase A2-derived Lipid Products (Spanish 
Ministry of Education and Science, ref. BFU2004-
01886/BMC) (2004-2007) 

The eicosanoids are derivatives of arachidonic acid that 
play important roles in inflammation by mediating the 
signs that are strikingly associated to the illness. 
Inflammation is a hallmark of numerous pathologies, 
ranging from septic shock to rheumatoid arthritis or 
Alzheimer’s Disease. Thus, it is important to find new 
molecular targets to produce anti-inflammatory drugs 
with improved selectivity and, as much as possible, devoid 
of side-effects. Group V secreted phospholipase A2 as an 
enzyme responsible for generating free arachidonic acid 
to be used for the biosynthesis of prostaglandins. In 
addition, group V phospholipase A2 regulates the 
expression of the cyclooxygenase-2 (COX-2) gene itself. 
This regulation appears to take place through the 
production of an unidentified metabolite downstream of 
phospholipase A2 activation. In the present grant project 
we plan to study: 1) the molecular nature of the metabolite 
responsible for COX-2 gene expression; 2) the cellular 
regulation of the enzymes involved in the synthesis of this 
metabolite; 3) changes in gene expression utilizing 
microarray techniques; and 4) identify the cellular targets 
of this metabolite.  

Publications derived from this grant (8-18). 

(5) Regulation of Cyclooxygenase-2 Expression and 
Activity in Alzheimer’s Disease (Fundación La Caixa, 
ref. BM05-248-0) (2005-2008) 

Prostaglandins and other lipid mediators regulate key 
aspects of neural membrane biology in the central nervous 
system. However overproduction of these substances may 

cause cellular injury. Prostaglandins derive from the 
enzymatic oxygenation of arachidonic acid, a fatty acid 
that is released from its phospholipid storage sites by 
phospholipase A2. Disregulated phospholipase A2 activity 
has been correlated with several forms of acute and 
chronic brain injury, including cerebral trauma, cerebral 
ischaemia, epilepsy, schizoprenia, and in particular, 
Alzheimer’s Disease. The expression of both 
phospholipase A2 and cyclooxygenase-2 activities is 
strongly up-regulated during Alzheimer’s Disease, 
indicating the importance of inflammatory gene pathways 
as a response to brain injury. Previous studies from the 
applicants have established that phospholipase A2 not only 
provides the substrate for cyclooxygenase-2 to act upon 
(i.e. free arachidonic acid), but also controls 
cyclooxygenase-2 gene induction through generation of a 
metabolite of unknown structure. Backed up by our 
experience in this area of research, we propose: (1) to 
establish the identity of the compound that is responsible 
for cyclooxygenase-2 gene induction; (2) to study the 
molecular regulation of the enzymes involved in its 
synthesis; (3) to study the expression of putative cellular 
targets for the aforementioned compound by microarray 
technology; and (4) to study the molecular regulation of 
these targets during an inflammatory injury. These studies 
will be conducted on microglial cells and astrocytes and 
will eventually allow us to establish trends to look for 
molecular targets against which to develop new drugs with 
anti-inflammatory potential that can be used in the 
treatment of chronic inflammatory diseases of the brain 
such as Alzheimer’s Disease.  

Publications derived from this grant (16-18). 

(6) A Lipidomics Approach to the Study of the Innate 
Immune Response: Mechanisms Governing 
Arachidonic Acid Availability and Metabolism in 
Macrophages (Spanish Ministry of Science and 
Technology, ref. BFU2007-67154/BMC) (2007-2010) 

Inflammatory diseases bear strong social repercussions 
because of the elevated number of individuals suffering 
from them and the high costs of heath care involved. 
Illnesses clearly involving an inflammatory component 
include rheumatoid arthritis, stroke, metabolic syndrome, 
neurological disorders such as Alzheimer's disease, and 
some types of cancer. A common feature of all of these 
illnesses is the existence of imbalances in lipid metabolic 
pathways. On the other hand, the innate immune system 
plays key regulatory roles in the initiation, development 
and resolution of inflammatory diseases. Lipids contribute 
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quite significantly to the pool of bioactive mediators of the 
inflammatory response, in particular those derived from 
enzymatic oxygenation of arachidonic acid (AA). 
Although much advance has recently been made in the 
understanding of biochemical pathways and biological 
actions of proinflammatory lipid mediators, technological 
limitations have greatly difficulted the accurate 
characterization of species that typically occur in 
quantities as low as pmoles. The introduction of 
electrospray mass spectroscopy to the lipid field has been 
the major breakthrough that now makes it possible to 
profile the lipidomes of cells and tissues under a variety 
physiological and pathophysiological situations. The 
present research proposal focuses on the application of a 
mass spectrometry-based lipidomics approach to the study 
of AA availability and oxidative metabolism in 
macrophages, the innate immune cells by excellence. We 
propose the following aims: (i) to establish the profile of 
eicosanoid metabolites (eicosanomes) produced under 
stimulation with various stimuli of the innate immune 
response, (ii) to identify the individual phospholipid 
species from which AA is released during 
proinflammatory stimulation, (iii) to determine the 
individual lysophospholipid acceptors involved in the 
reacylation reactions, and (iv) to study sphingolipid 
metabolism during apoptotic cell death induced by excess 
free AA. Completion of these aims will increase our 
knowledge of the regulatory features of AA homeostasis 
during innate immunity and inflammation and help 
identify novel molecular targets for pharmacological 
intervention in treating these diseases with an 
inflammatory component.  

Publications derived from this grant (18-30). 

(7) Role of Calcium-independent Phospholipase A2 in 
Oxidative Stress and Apoptosis (Regional Government 
of Castile and León, Department of  Education, ref. 
CSI09A08) (2008-2010) 

Oxidative damage is a pathophysiological condition that 
accompanies a variety of inflammatory states. Phagocytic 
cells produce substances with high oxidant capacity 
during inactivation and phagocytosis of invading 
pathogens. However, an uncontrolled production of these 
oxidants may lead to damage and hence, may constitute a 
very serious problem for the host. Oxidative damage 
usually occurs in parallel with the mobilization of free 
fatty acids such as arachidonic acid (AA) from membrane 
phospholipids. It is likely that these two processes are 
causally related, although the mechanisms involved are 

not understood. The current research proposal focuses on 
the elucidation of the molecular mechanisms through 
which phospholipase A2 activity is augmented during 
oxidative stress and the apoptotic processes that ordinarily 
ensue. Previous work by our group has shown that 
calcium-independent phospholipase A2 (iPLA2) is 
responsible for the mobilization of free fatty acids during 
oxidative stress. Based on these previous findings, we 
propose to study: (i) the molecular nature of the oxidized 
phospholipid species that are produced during cellular 
exposure to hydrogen peroxide, and their potential effects 
on iPLA2; (ii) the molecular mechanisms associated to 
hydrogen peroxide-induced apoptosis; (iii) changes in 
iPLA2 activity and/or physical state that may account for 
its enhanced capacity to destroy membrane phospholipid; 
(iv) the role of iPLA2-derived products, free fatty acids 
and lysophospholipids, during oxidant-induced apoptosis; 
and (v) the role of iPLA2 on the phagocytosis of apoptotic 
cells by phagocytes.   

Publications derived from this grant (22, 23, 25-30). 

(8) Mass Spectrometry Lipidomic Profiling of Human 
Macrophage Polarization (Spanish Ministry of Science 
and Education, ref. BFU2010-18826/BMC) (2011-
2013) 

Macrophages are innate immune cells with well 
established roles in the primary response to pathogens, but 
also in tissue homeostasis, coordination of the adaptive 
immune response, inflammation, resolution, and repair. 
Initial responses to pathogens are mediated by 
engagement of innate immune receptors on the surface of 
macrophages, most of which are coupled to the generation 
of arachidonic acid-derived mediators (i.e. the 
eicosanoids). Although much progress has recently been 
made in understanding the role of bioactive lipids in 
mediating innate immune reactions, very little is known 
on the regulation by lipids of adaptive immune responses 
triggered by polarized M1 or M2 macrophages. Polarized 
activation of macrophages is critically determined by 
cytokine microenvironment, and endows the cells with 
highly specialized functional properties. The present 
research proposal focuses on the application of a mass 
spectrometry-based lipidomics approach to establish the 
lipidome of polarized M1 and M2 macrophages, with 
particular attention to the eicosanome (arachidonate-
derived eicosanoids) and arachidonome (cellular 
arachidonate-containing lipids). With this information, 
molecular “fingerprints” of each macrophage state will be 
obtained that permits the identification of specific traits of 
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the adaptive immune response in terms of lipid metabolic 
pathways involved. We propose the following aims: (i) to 
conduct a global lipidomic profiling of polarized M1 and 
M2 macrophages, (ii) to apply a metabolipidomic 
approach to study fatty acid uptake and esterification 
processes in polarized macrophages, (iii) to establish the 
profile of AA oxygenated metabolites produced by 
polarized macrophages, (iv) to identify phospholipid 
sources for AA mobilization, and (v) to study changes in 
the expression of AA-metabolizing enzymes. Completion 
of these aims will increase our knowledge of key 
regulatory aspects of the adaptive immune response and 
may help identify new molecular markers and signatures 
which represent candidate targets with potential for 
pharmacological intervention.   

Publications derived from this grant (30-47). 

(9) Mechanisms governing the availability and 
oxidative metabolism of arachidonic acid in human 
macrophages: a lipidomic study (Regional 
Government of Castile and León, Department of  
Education, ref. CSI007U13) (2013-2014) 

Inflammatory-based illnesses such as diabetes and 
cardiovascular disease bear strong social repercussions 
because of their high prevalence. Cells of the innate 
immunity plays a role in the initiation and resolution of 
these processes. Pro- and anti-inflammatory lipid 
derivatives of arachidonic acid (AA) play key roles in the 
inflammatory response. Not until recently, the scientific 
community has had the appropriate methodology for the 
study of these substances. The use of mass spectrometry 
as a tool for analysis of the species lipid cell (lipidomas) 
has opened a huge universe in the study of these 
metabolites. This project focuses on the application of 
mass spectrometry to the study of the availability of AA 
in macrophages, cells of the innate immune system par 
excellence, during inflammatory processes. Specific 
objetives of this proposal include: (i) to define the full 
lipidomic profile of phospholipids and neutral lipids of 
human macrophages; (ii) to identify the lysophospholipids 
lisofosfolipids that incorporate AA during the immune 
response via reacylation reactions; (iii) to establish the 
profile of AA oxygenated metabolites produced by 
macrophages in response to different stimuli of the innate 
immune response; and (iv) yo identify the species of 
phospholipids from which of the AA is released. This will 
allow a better understanding of lipid species that are 
involved in the innate innune response, allowing the 

identification of new therapeutic targets for the control of 
diseases with a clear inflammatory component.  

Publications derived from this grant (46,47). 

(10) Anti-inflammatory lipid pathways regulating 
activation of the inflammasome: roles of omega-3 fatty 
acids and lipin-2 (Spanish Ministry of Economy and 
Competitiveness, ref. SAF2013-48201-R)  (2014-2016) 

The inflammasome is an intracellular multiprotein 
complex responsible for generating IL-1β, which 
participates in the destruction of pathogenic 
microorganisms. It is activated by pathogen-associated 
molecular patterns and also by endogenous molecules 
generated by the body during situations of risk or damage. 
Because of the latter, inflammasome activation is also 
central to the development of nonmicrobial diseases such 
as type 2 diabetes, rheumatoid arthritis and 
atherosclerosis. The general objective of this project is to 
define novel routes for the involvement of omega-3 fatty 
acids in the inhibition of inflammasome activation via 
generation of lipids containing omega-3 fatty acyl esters, 
as well as to establish the molecular mechanisms by which 
lipin-2 dampens inflammasome activation, and verify 
whether they involve generation of these novel omega-3 
lipid molecules. The proposal is divided into four specific 
objectives which are defined as follows: (i) to establish the 
omega-3 lipidome of human monocytes and macrophages, 
(ii) to isolate and/or chemically synthesize/derivatize 
potentially interesting omega-3 lipid esters and deliver 
them into cells, (iii) to explore the biological role of 
specific omega-3-contining lipid esters within anti-
inflammatory pathways, and (iv) to define novel anti-
inflammatory routes regulated by lipin-2, potentially 
involving omega-3 lipid esters. Overall we will generate 
new data to better understand the biology of the 
inflammasome and its implications in pathophysiology. 
Our work will define new omega 3-derived molecules and 
pathways involved in the inhibition of inflammasome, the 
manipulation of which could be used for the development 
of therapeutic strategies for the treatment of inflammatory 
conditions where the inflammasome plays a central role.  

Publications derived from this grant (46-56).  

(11) Positional isomers and oxidized derivatives of 
palmitoleic acid as novel mediators of inflammation 
(Regional Government of Castile and León, 
Department of  Education, ref. CSI073U16) (2016-
2018) 
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Recent studies have put palmitoleic acid, an n-7 
monounsaturated fatty acid, in the spotlight of 
inflammatory lipid research owing to its protective effect 
on hepatic steatosis and improvement of insulin signaling 
in murine animals of metabolic disease. Thus, palmitoleic 
acid has been defined as a lipid hormone that coordinates 
metabolic crosstalk between liver and adipose tissue. 
However, studies performed in human subjects have 
provided contradictory outcomes. A major problem in this 
area is that the mechanism of action and active form of 
palmitoleate are unknown. Moreover, the direct actions of 
palmitoleate on immunoinflammatory cells remain largely 
unexplored. A consistently ignored fact is that palmitoleic 
acid isomers do occur in mammalian cells. It could be that 
the multiplicity of effects and the compartmentalized 
manner in which the palmitoleic acid effects are reported 
to occur is due to the overlapping actions of such isomers 
being present at the same or neighboring locations. The 
present research proposal is articulated around three major 
objectives, all of them exploring completely uncharted 
territory, that should provide key information to 
understand the physiological and pathophysiological 
implications of palmitoleic acid and its isomers. These 
objectives are: (i) to establish the occurrence of 
palmitoleic acid isomers in human monocytes and 
macrophages, and the biochemical pathways for their 
synthesis and compartmentalization, (ii) to analyze the 
formation of hydroxylated derivatives of palmitoleic acid 
and its isomers, and (iii) to develop strategies and assays 
to unveil the bioactive form of palmitoleic acid. 
Completion of these aims will ultimately result in the full 
characterization of the active form of the palmitoleic acid 
that is responsible for the variety of biological activities 
ascribed to this fatty acid, and may open up new horizons 
and opportunities for the development of new strategies to 
treat inflammatory and metabolic diseases.  

Publications derived from this grant (57-60). 

(12) Molecular mechanisms of action and in vivo 
activity of a novel anti-inflammatory fatty acid, cis-7-
hexadecenoic acid (16:1n-9) (Spanish Ministry of 
Economy, Industry and Competitiveness, ref. 
SAF2016-80883-R) (2017-2019)  

Excessive or prolonged inflammation is a key cause for 
the development and persistence of many disorders, 
including those of metabolic origin. Lipid metabolism is 
known to be at the center of many of these diseases, and it 
is now appreciated that lipid mediators are produced 
during the course of inflammatory reactions in two 

temporally distinct waves with opposite effects, such that 
the cells switch the type of mediators produced from pro- 
to anti-inflammatory. This process, termed “class 
switching”, initiates resolution of inflammation and the 
return to homeostasis. Thus cells intrinsically possess 
programed mechanisms to dampen inflammation so as to 
avoid excessive damage that might lead to irreversible 
injury. In this regard, our previous work demonstrated that 
potent pro-inflammatory lipids such as free arachidonic 
that are released by cells at various sites of injury, may act 
on innate immune cells to ultimately promote the 
synthesis and accumulation in these cells of an unusual 
fatty acid with opposing, anti-inflammatory effects, 
preventing in this manner excessive damage. This fatty 
acid, unambiguously identified by mass spectrometry as 
cis-7-hexadecenoic acid (16:1n-9), was found primarily 
esterified in neutral lipids within cytoplasmic lipid 
droplets of human monocytes. This distribution is in stark 
contrast with that of all other fatty acids of human 
monocytes, which localize primarily in membrane 
phospholipids. Based on these previous observations, it is 
conceivable that metabolic changes underlying the 
formation and accumulation of this novel fatty acid into 
specific lipid classes are instrumental in showcasing 
effector functions of monocytes and macrophages toward 
the re-establishment of homeostasis during the course of 
inflammation processes. The present research proposal is 
articulated around four specific objectives that should 
provide key information to understand the biochemical 
pathways, cellular regulation, mechanisms of action, and 
spectrum of biological activity in vivo of 16:1n-9. These 
objectives are formulated as follows: (i) to characterize the 
full lipidome of species containing 16:1n-9: dynamics of 
incorporation into and remodeling between cellular lipids 
during inflammatory activation; (ii) to chemically 
synthesize/ derivatize potentially interesting lipids 
containing 16:1n-9 moieties and deliver them into cells; 
(iii) to delineate the signaling pathways and molecular 
mechanisms involved in the anti-inflammatory effects of 
16:1n-9; and (iv) to define the role of 16:1n-9 on 
inflammatory-based metabolic diseases by using animal 
models. Completion of this proposal will lay a solid 
foundation for understanding, at a molecular level, new 
concepts on anti-inflammatory mechanisms in a number 
of diseases that share inflammation as a common 
ethiopathogenic factor, and permit the identification of 
master regulators of this novel class switching involving 
16:1n-9 that may open the door to future therapeutic 
manipulation.  

Publications derived from this grant (54-72). 
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(13) Novel lipid mediators of inflammation: 
palmitoleic acid isomers and derivatives (Spanish 
Ministry of Economy and Competitiveness, ref. 
SAF2015-73000-EXP)  (2017-2019) 

Recent studies have put palmitoleic acid, an n-7 
monounsaturated fatty acid, in the spotlight of 
inflammatory lipid research owing to its protective effect 
on hepatic steatosis and improvement of insulin signaling 
in murine animals of metabolic disease. Thus, palmitoleic 
acid has been defined as a lipid hormone that coordinates 
metabolic crosstalk between liver and adipose tissue. 
However, studies performed in human subjects have 
provided contradictory outcomes. A major problem in this 
area is that the mechanism of action and active form of 
palmitoleate are unknown. Moreover, the direct actions of 
palmitoleate on immunoinflammatory cells remain largely 
unexplored. A consistently ignored fact is that palmitoleic 
acid isomers do occur in mammalian cells. It could be that 
the multiplicity of effects and the compartmentalized 
manner in which the palmitoleic acid effects are reported 
to occur is due to the overlapping actions of such isomers 
being present at the same or neighboring locations. The 
present research proposal is articulated around three major 
objectives, all of them exploring completely uncharted 
territory, that should provide key information to 
understand the physiological and pathophysiological 
implications of palmitoleic acid and its isomers. These 
objectives are: (i) to establish the occurrence of 
palmitoleic acid isomers in human monocytes and 
macrophages, and the biochemical pathways for their 
synthesis and compartmentalization, (ii) to analyze the 
formation of hydroxylated derivatives of palmitoleic acid 
and its isomers, and (iii) to develop strategies and assays 
to unveil the bioactive form of palmitoleic acid. 
Completion of these aims will ultimately result in the full 
characterization of the active form of the palmitoleic acid 
that is responsible for the variety of biological activities 
ascribed to this fatty acid, and may open up new horizons 
and opportunities for the development of new strategies to 
treat inflammatory and metabolic diseases.  

Publications derived from this grant (57–60). 

 (14) Novel phospholipid signatures involved in 
metabolic activation of macrophages by saturated 
fatty acids (Spanish Ministry of Science and 
Innovation, ref. PID2019-105989RB-I00)  (2020-2023) 

Chronic low-grade inflammation, a distinctive feature of 
obesity, is directly related to the development of a number 

of diseases that are commonly diagnosed to obese 
individuals, including, but not limited to, type 2 diabetes, 
cardiovascular disease, and some types of cancer. In 
obesity, stressed adipocytes release high amounts of 
saturated fatty acids, due to dysregulated lipolysis. 
Macrophages present in the tissue are activated by the 
fatty acid overload, producing proinflammatory 
cytokines, which perpetuates an inflammatory state. It is 
now recognized that inflammasomes, i.e. intracellular 
multiprotein machineries that generate mature interleukin-
1β, play a fundamental role in the onset of obesity-
associated type-2 diabetes and cardiovascular disease. 
However, the molecular mechanisms that control 
inflammasome activation in such a context still remain to 
be elucidated.  We have previously found that a key 
enzyme in lipid metabolism, the phosphatidic acid 
phosphatase lipin-2, restricts the classical activation of the 
NLRP3 inflammasome in macrophages. In preliminary 
experiments we have noted that lipin-2 also restricts 
inflammasome activation during saturated fatty acid 
overload, suggesting that this enzyme may function as a 
cellular brake that reduces the deleterious effects of 
cellular stressors which activate the inflammasome. The 
present research proposal is articulated around four 
specific objectives, all of them exploring completely 
uncharted territory, that should provide key information to 
understand how dysregulated lipid metabolism and the 
appearance of new lipid signatures activates the NLRP3 
inflammasome, and the antagonistic role played by lipin-
2. (i) to analyze by mass spectrometry-based lipidomic 
approaches lipid species that change as a consequence of 
metabolic activation of macrophages; (ii) to identify and 
characterize the enzymatic pathways involved in the 
generation of those lipids and assess their impact on 
inflammasome activation; (iii) to synthesize potentially 
interesting lipids as a tool to unveil their impact on 
interleukin-1β production; and (iv) to evaluate the 
involvement of specific molecular species of the lipids 
identified in previous aims in animal models of 
inflammasome activation and obesity. Completion of this 
proposal will lay a solid foundation for understanding, at 
a molecular level, new concepts on lipid metabolism 
during inflammation, and on lipin-2-mediated 
mechanisms to oppose inflammation that may open the 
door to future therapeutic manipulation.  

Publications derived from this grant (69,71–86). 

 (15) Regulation of inflammasome activity by anti-
inflammatory lipids (Regional Government of Castile 
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and León, Department of  Education, ref. CSI141P20) 
(2021-2023) 

The inflammasome is an intracellular multiprotein 
complex responsible for generating IL-1β, which 
participates in the destruction of pathogenic 
microorganisms. It is activated by pathogen-associated 
molecular patterns and also by endogenous molecules 
generated by the body during situations of risk or damage. 
Because of the latter, inflammasome activation is also 
central to the development of non-microbial diseases such 
as type 2 diabetes, rheumatoid arthritis and 
atherosclerosis. Therefore, it is important to understand 
the mechanisms that antagonize inflammasome 
activation, as a strategy to cure or alleviate the 
aforementioned diseases. Recently, it has been described 
that omega-3 fatty acids can inhibit inflammasome 
activation, although the molecular mechanisms involved 
have not been well defined. Preliminary experiments in 
our laboratory suggest that the incorporation of these fatty 
acids into cell lipids is a necessary step for the inhibitory 
omega-3 effect on IL-1β  generation to be observed. Also, 
we have found that a lipid metabolic enzyme called lipin-
2, exerts inhibitory effects on inflammasome activation. 
As a matter of fact, mutations of this enzyme produce in 
humans an autoinflammatory disease (Majeed syndrome) 
whose symptoms are alleviated by anti-IL-1β therapy. 
Lipin-2 possesses phosphatidic acid phosphohydrolase 
activity and could, therefore, participate in the generation 
of potential inhibitor lipids of the inflammasome. Based 
on these observations, the general objective of this project 
is to define novel routes for the involvement of omega-3 
fatty acids in the inhibition of inflammasome activation 
via generation of lipids containing omega-3 fatty acyl 
esters, as well as to establish the molecular mechanisms 
by which lipin-2 dampens inflammasome activation, and 
verify whether they involve generation of these novel 
omega-3 lipid molecules. The proposal is divided into four 
specific objectives which are defined as follows: (i) to 
establish the omega-3 lipidome of human monocytes and 
macrophages, (ii) to isolate and/or chemically 
synthesize/derivatize potentially interesting omega-3 lipid 
esters and deliver them into cells, (iii) to explore the 
biological role of specific omega-3-contining lipid esters 
within anti-inflammatory signaling pathways, and (iv) to 
define novel anti-inflammatory routes regulated by lipin-
2, potentially involving omega-3 lipid esters. Overall we 
will generate new data to better understand the biology of 
the inflammasome and its implications in patho-
physiology. Our work will define new omega-3-derived 
molecules and pathways involved in the inhibition of the 

inflammasome, the manipulation of which could be used 
for the development of therapeutic strategies for the 
treatment of inflammatory conditions where the 
inflammasome plays a central role.  

Publications derived from this grant (77–83). 

(16) Plasmalogen Metabolism and Regulation in 
Innate Immunity and Inflammation. Role of Lipin-2 
(Spanish Ministry of Science, Innovation and 
Universities, ref. PID2022-140764OB-I00) (2023-2026) 

Lipin-2, a Mg2+-dependent phosphatidic acid phos-
phatase that participates in the de novo pathway of 
phospholipid biosynthesis, has taken center stage in 
inflammation research in recent times because of its 
central involvement in the regulation of NLRP3 
inflammasome assembly, i.e. the multicomponent 
platform that mediates the processing of interleukin-1β 
(IL-1β) in response to infectious agents and cellular 
stressors. In prelimary experiments we have noted that the 
levels of a relatively minor phospholipid class, the 
ethanolamine plasmalogen, are elevated in mitochondria 
from lipin-2-deficient cells compared to wild type cells. 
These elevations are specific to mitochondria, as they are 
not observed when whole cell homogenates are utilized 
for the lipidomic analyses. It is therefore clear that 
something unique must exist to the ethanolamine 
plasmalogens in mitochondria that links them to lipin-2-
regulated functions. Unraveling this “something”, i.e. the 
molecular mechanisms and actions involving 
ethanolamine plasmalogens and their relationship to lipin-
2-mediated responses, constitutes the main goal of the 
present proposal. Plasmalogens have traditionally 
received relatively little attention compared with many 
other lipid classes over the years. However, lately 
plasmalogens have begun to attract more interest due to 
their association with several degenerative and metabolic 
disorders as well as aging. Of special importance, the 
vinyl ether bond that is characteristic of this class of 
phospholipids is an excellent oxidant scavenger. This 
could provide a molecular basis to explain the elevated 
levels of mitochondrial plasmalogens in the lipin-2-
deficient cells; the increased production of oxidants under 
these conditions might trigger an elevation of 
plasmalogens as a response mechanism to counteract 
oxidative damage. The present research proposal is 
articulated around three specific objectives, all of them 
exploring completely uncharted territory, that should 
provide key information to understand how lipin-2, by 
modulating plasmalogen metabolism, acts as a brake that 
reduces the deleterious effects of cellular stressors which 
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activate the inflammasome. These objectives are 
formulated as follows: (i) to establish the regulatory 
principles of plasmalogen biosynthesis and degradation in 
macrophages; (ii) to define the impact of plasmalogen 
metabolism on macrophage proinflammatory activation; 
and (iii) to evaluate the role of plasmalogens in animal 
models of disease where inflammasome activation is key. 
Completion of this proposal will lay a solid foundation for 
understanding, at a molecular level, new concepts on lipid 
metabolism during inflammation, and on lipin-2-mediated 
mechanisms to oppose inflammation that may open the 
door to future therapeutic manipulation.  

Publications derived from this grant (87–93). 

 (17) TMEM164/CoA-IT at the Crossroads of 
Plasmalogen Metabolism and Innate Immunity 
(Spanish Ministry of Science, Innovation and 
Universities, ref. PID2025-175063OB-I00) (2026-2029)  

Lipin-2 CoA-independent transacylase (CoA-IT; EC 
2.3.1.147), an enzyme encoded by the TMEM164 d 
catalyzes the CoA-independent transfer of 
polyunsaturated fatty acids, primarily arachidonic acid, 
from choline phospholipids to a relatively minor 
phospholipid class, the ethanolamine plasmalogens, 
thereby contributing to maintain high levels of this fatty 
acid in this phospholipid species. In preliminary 
experiments, we have noted that macrophages from 
TMEM164-deficient mice exhibit significant alterations 
in the distribution of arachidonate among phospholipid 
species, most notably, the absence of arachidonate-
containing plasmalogens and a compensatory increase in 
this fatty acid within diacyl phospholipids. In addition, 
TMEM164-deficient cells challenged with bacterial 
lipopolysaccharide do not display the expected reduction 
of mitochondrial oxygen consumption that is 
characteristic of these activated cells, and produce 
markedy elevated levels of a number of pro-inflammatory 
cytokines. These findings suggest that the enzyme 
encoded by TMEM164, CoA-IT, by sustaining 
plasmalogen levels in macrophages, attenuates the 
intensity of the inflammatory insult triggered by LPS 
stimulation, thereby modulating inflammatory output. The 
present research proposal is articulated around three 
specific objectives, all of them exploring completely 
uncharted territory, that are formulated as follows: (i) to 
establish the complete lipidome of arachidonate-

containing species in macrophages and changes mediated 
by TMEM164/CoA-IT during innate immune activation; 
(ii) to define the impact of TMEM164/CoA-IT in 
modulating macrophage activation and innate immune 
responsiveness; and (iii) to evaluate the role of 
TMEM164/CoA-IT in an animal model of metabolic 
disease: atherosclerosis. The project combines 
mechanistic, metabolic, and immunological analyses to 
investigate this previously unexplored role of 
TMEM164/CoA-IT and arachidonate-containing 
plasmalogens in macrophage function. By integrating 
advanced techniques, including Seahorse-based metabolic 
flux analyses, targeted inhibition of mitochondrial 
substrates, reactive oxygen species quantification, 
multiparametric inflammasome profiling, ferroptosis-
specific assays, patch-clamp recordings, and lipidomic 
characterization, our approach provides a multidi-
mensional view of macrophage activation, polarization, 
and cell death. The study is highly novel, addressing gaps 
in the understanding of how plasmalogens regulate innate 
immune responses and linking these mechanisms to 
disease-relevant processes such as atherosclerosis. 
Moreover, the use of well-characterized mouse models 
and collaborations with experts in metabolism, 
electrophysiology, and cardiovascular biology enhance 
feasibility and translational relevance, positioning the 
project at the forefront of immunometabolic research.  

Publications derived from this grant (00– 
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