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While favorable metabolic and anti-inflammatory properties have been attributed to palmitoleic acid 
(16:1n-7), the exact molecular mechanism remains obscure. In evaluating how phagocytic cells process this 
lipid, we discovered that approximately half of the cellular pool accumulates within a unique phospholipid 
species, PC(16:0/16:1). Administering this intact phospholipid to macrophages robustly mitigated LPS-
induced inflammatory signals, yielding effects that were equal to or greater than those of the free fatty acid. 
Through the use of pharmacological inhibitors, antisense-mediated depletion of iPLA2β, and a 
phospholipase-resistant ether analog, we established that the release of free palmitoleic acid is not required 
for its biological activity. This indicates that the intact phospholipid function as the primary bioactive 
molecule. At the cellular level, PC(16:0/16:1) impaired the nuclear translocation of NF-κB p65, up-
regulated the M2 polarization markers Ym1, Fizz1, and Mrc1, and elevated phagocytic capacity. 
Collectively, these insights reveal that PC(16:0/16:1) polarizes macrophages toward an anti-inflammatory, 
pro-resolving state, underscoring the viability of using distinct lipid species to therapeutically tune innate 
immune responses. 

Transcription of the lecture presented on Thursday October 15, 2026 at the Joint Scientifc Meeting, held in San Lorenzo de 
El Escorial, Madrid  (Slide 1).  

Good afternoon everyone, and thanks for inviting me to speak here today. Today I am going to talk about 
palmitoleic acid, cis-7-hexadecenoic acid, a monounsaturated fatty acid  that has been in the spotlight of lipid 
signaling for quite a long time now, owing to its properties as a hormone-like that, traveling from the adipose 
tissue to the liver, can reduce liver steatosis and improve insulin sensitivity (Slide 2 – Lipid Inflammatory Signals 
Regulate Cellular Lipid Metabolism) Because of this and a general anti-inflammatory effect, palmitoleic acid has 
found wide use as a nutraceutical. I do not know if you can see the label: The New Good Fat… well, palmitoleic 
acid has been used as the new good fat for quite some time… 

But when we looked at the literature, the story was messy. Some studies showed benefits, others did not, and the 
mechanism was basically a black box. So we asked ourselves a simple question: Was there any molecular logic 
that could explain it all? What if the cells were trying to tell us something about the way they store it in the 
different lipids? 

That single question pulled us into a multi‑year journey, one that started with a curiosity about where this fatty 
resides in macrophages and ended with the realization that a single phospholipid species, PC(16:0/16:1), can 
reprogram these cells toward an anti‑inflammatory, pro‑resolving phenotype (Slide 3 – One Molecule, Surprising 
Power) 

Quite a few years ago we became interesed in palmitoleic acid and decided to investigate its molecular effects in 
the innate immune system (Slide 4 – What Is the Biological Relevance of Palmitoleic Acid in Phagocytic Cells?). 
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We demonstrated that loading innate immune cells with palmitoleic acid reduced the inflammatory potential of 
the cells as can be seen here (Slide 5 – Palmitoleic Acid Possesses Anti-inflammatory Properties in vitro), where 
cells loaded with palmitoleic acid show reduced responses to bacterial lipopolysaccharide, and the effects are 
comparable to those of DHA, and omega-3 fatty acid. 

The key question we wanted to address is how cells handle their palmitoleic acid content, in particular where they 
place it, and how they use it. (Slide 6 – Cellular Utilization of Palmitoleic Acid by Phagocytic Cells). So we 
conducted a full lipidomic analysis of the cells by mass spectrometry, both GC-MS and LC-MS (Slide 7 – 
Distribution of Palmitoleic Acid Among Phospholipids). The first thing that caught our attention is that the vast 
majority of 16:1 fatty acids are localized in PC phospholipids; minor amounts in PE, PI or PS, and lots in PC. Not 
only that, when we analyzed species by LC-MS, we found that ~50% of total cellular palmitoleic acid is contained 
within one single species, PC(16:0/16:1). This is unusual and seems to suggest that such a compartmentalization 
may have some biological meaning.  

So it got us thinking: what would happen if, instead of adding the free fatty acid, we added that phospholipid 
instead, the whole phospholipid? This makes sense, because if we think about the posible therapeutic potential of 
palmitoleic acid, delivery of a phospholipid is preferable over that of a fatty acid because of toxicity issues. We 
synthesized in the lab the required lipid, and added it to the macrophages (Slide 8 – Chemical structures of 
Phospholipids). We also synthesized two phospholipids without palmitoleic acid for use as controls. We worked 
out the conditions for the incorporation of the phospholipids to the macrophages, and we got conditions that results 
in the cells taking them up quite well; the cells take up the phospholipid and retain it in its original form, and 
metabolism is negligible. 

We exposed the cells to LPS and measured IL-6 and TNF-α expression at both gene and protein expression levels; 
you can there is a strong inhibitory effect. Note that we also used phospholipids containing oleic acid or palmitic 
acid as controls, and neither of these exerted any significant effect (Slide 9 – Anti-inflammatory activity of AA-
containing PC).  

So, the conclusion here is that adding the whole phospholipid works pretty much as well as adding the free fatty 
acid. Then, the next queston here is: what is the bioactive form of palmitoleic acid, the whole phospholipid, or the 
free fatty acid that could be released from that species? (Slide 10 – What Is the Bioactive Form of Palmitoleic 
Acid?). Like many phospholipids containing a palmitic acid tail at sn-1, PC(16:0/16:1) is an excellent substrate 
for a particular intracellular phospholipase A2, one that is called iPLA2β, which catalyzes the generation of free 
palmitoleic acid from cells. So we conducted studies in the presence of inhibitors of iPLA2β, which completely 
prevent the release of the fatty acid from the phospholipid. And, as you can see here, the biological effect, the 
anti-inflammatory effect, is maintained. These data suggested that PC(16:0/16:1) hydrolysis by iPLA2β is not 
required for an anti-inflammatory effect.  

To substantiate this suggestion, we prepared cells deficient in iPLA2β by using antisense inhibition, which is a 
well established approach. You see again that, when challenged with LPS, both iPLA2β-deficient and normal cells 
exhibited similar inhibitory responses to PC(16:0/16:1n−7), underscoring the lack of iPLA2β involvement in this 
effect (Slide 10 – What Is the Bioactive Form of Palmitoleic Acid?).  

To obtain further evidence, we went on to synthesize a PC molecule in which the palmitoleic acid lateral chain is 
linked to the glycerol backbone not by a classical ester bond but by an ether bond, PC(16:0/O-16:1) (Slide 10 – 
What Is the Bioactive Form of Palmitoleic Acid?). This modification makes the phospholipid resistant to 
phospholipase attack and, hence, unable to release the palmitoleic acid moiety. And… you can see here that, when 
used under identical conditions, both PC(16:0/16:1) and the ether analog, PC(16:0/O-16:1), inhibited the LPS-
induced gene expression to comparable levels. Thus, it seems it is the whole phospholipid, not the free fatty acid 
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that conveys biological activity. 

Nuclear factor kappa B (NF-κB) plays a central role in regulating the transcription of proinflammatory genes in 
macrophages. When activated, the p65/p50 heterodimer of NF-κB translocates to the nucleus, where it drives gene 
expression. So we measured p65 translocation in macrophages by immunofuorescence. Blue is DAPI which marks 
the nucleus, p65 staining is in red, and co-localization is white. I know the figure is hard to see, but we have the 
quantification on the right hand side that can help a bit (Slide 11 – 16:1-containing PC Inhibits NFκB 
translocation). Immunofluorescence staining of p65 in unstimulated macrophages showed largely a cytoplasmic 
location; you see there are no white spots at all. However when treated with LPS you see the white spots, indicating 
that p65 translocated to the nucleus, and these white spots are greatly reduced in the PC(16:0/16:1)-enriched cells. 

Given that NF-κB is a hallmark of proinflammatory gene expression, we speculated that reduced activity of this 
transcription factor would conceivably skew the cells to a more pronounced anti-inflammatory character. Thus 
we decided to analyze the expression of two widely used markers for alternatively activated macrophages Ym1 
(Chi3l3) and Fizz1 (Retnla) by qPCR (Slide 12 – Polarized Activation of Macrophages). Both markers were found 
to be markedly up-regulated in the PC(16:0/16:1)-loaded macrophages compared to untreated cells (Slide 13 – 
16:1-containing PC Promotes an Anti-inflammatory Profile). Together, these results suggest that loading the 
macrophages with 16:1-containing PC intensifies an anti-inflammatory character.  

To further characterize the PC(16:0/16:1) effects, we conducted transcriptional mRNA profiling in murine 
macrophages under conditions that lead to an anti-inflammatory M2-like phenotype (IL-13 plus IL-4, 20 ng/ml, 
each for 12 h). To assess gene expression changes associated with M2 polarization, we analyzed a number of 
genes widely characterized to increase during M2 polarization by RNAseq in cells incubated with or without 
phospholipid (Slide 13 – 16:1-containing PC Promotes an Anti-inflammatory Profile). The findings clearly 
demonstrated that PC(16:0/16:1) substantially enhance the anti-inflammatory properties of macrophages by 
modulating gene expression patterns associated with alternative polarization. One of the genes in this list, Mrc1, 
codes for CD206, a mannose receptor. Flow cytometry analyses of the expression of this receptor confirmed it is 
increased in the 16:1-containing PC-treated cells (Slide 13 – 16:1-containing PC Promotes an Anti-inflammatory 
Profile). 

Enhanced phagocytosis is a hallmark of alternatively activated (M2) macrophages, setting them apart from their 
pro-inflammatory counterparts. Therefore, we aimed to assess next whether loading macrophages with 16:1-
containing PC would induce a heightened phagocytic response. The 16:1-containing PC-loaded macrophages 
were exposed to fluorescent yeast-derived zymosan as a phagocytic challenge, and analyzed by confocal 
microscopy  (Slide 14 – 16:1-containing PC Enhances Zymosan Phagocytosis). Cells loaded with PC(16:0/16:1) 
manifested a significantly enhanced phagocytic response. Parallel experiments utilizing cells loaded with either 
PC(16:0/18:1) or PC(16:0/16:0) showed no enhanced phagocytic activity compared to otherwise untreated control 
cells, thus highlighting the specificity of action of the palmitoleic moiety.  

So, as a summary, a slide that summarizes everything that I have been telling you: palmitoleic acid being bioactive 
as long as it is part of PC(16:0/16:1), promoting macrophage proliferation towards an anti-inflammatory, 
potentially pro-resolutory state which underscores the pharmacotherapeutic potential of defined lipid species in 
reprogramming macrophage function in inflammatory diseases (Slide 15 – A Bioactive Key to Unlocking 
Macrophage Anti-inflammatory Functions). 

To conclude, thanks to the palmitoleic crew of my lab… (Slide 16 – Acknowledgments). Thanks as well to our 
collaborators and our sponsors (Slide 17 – Acknowledgments)... As requested, a comprehensive list of significant 
papers from our laboratory follows. Incidetally, we are accumulating a growing number of editorial introductory 
notes for special issues. 
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