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SIGNIFICANCE

Lipid mediators are central regulators of inflammation, yet current paradigms largely focus
on enzymatically derived oxylipins, overlooking a broader landscape of redox-derived bioactive
lipids. This study identifies endogenous nitrated fatty acids (NO2-FAs), particularly nitro-
conjugated linoleic acid (NO2-CLA), as a dynamically regulated and physiologically relevant class
of anti-inflammatory mediators. We uncover complementary pathways linking dietary intake and
membrane lipid nitration to NO»-CLA formation, establishing phospholipids as a previously
unrecognized reservoir that can be rapidly mobilized through phospholipase A2 activation. Once
released, NO,-CLA acts as a potent electrophilic signaling molecule that suppresses inflammatory
pathways and competes with canonical pro-inflammatory lipid mediators. Notably, we
demonstrate that this protective lipid pool is rapidly depleted during inflammatory stress in both
murine models and human subjects, revealing a temporal dimension to its bioactivity. These
findings redefine how NO»-FAs are generated and function in vivo, bridging metabolism, redox
chemistry, and immune signaling. By identifying a transient, endogenous anti-inflammatory lipid
reserve that becomes depleted during disease, this work highlights a potential therapeutic

opportunity to restore NO»-CLA levels and sustain the resolution of inflammation.

HIGHLIGHTS

1. Distinct dietary and membrane-derived pathways drive endogenous formation of nitrated
fatty acids (NO2-CLA).

2. Membrane phospholipids are reservoirs for electrophilic NO2-CLA poised for rapid
signaling during acute inflammatory events.

3. Early mobilization of NO,-CLA functions as a brake on pro-inflammatory signaling,
reducing cytokine release and hypotension.

4. Dietary consumption of CLA and nitrite could boost post-injury restoration of protective

NO2-CLA pools.
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SUMMARY

Endotoxemia triggers the rapid synthesis of bioactive lipid mediators through enzymatic
and radical-mediated mechanisms. Among these, nitrated fatty acids (NO.-FAs) form by
nitration reactions and function as anti-inflammatory signaling lipids. Although their therapeutic
potential in inflammatory diseases is well established, integrated NO»-FA signaling in the context
of endogenous formation remains unexplored. Herein, we humanize cellular and mouse fatty
acid profiles with conjugated linoleic acid to study the predominant lipid sources and protective
responses of endogenous nitro-conjugated linoleic acid (NO2-CLA) during endotoxemia. We find
that phospholipids are functional biochemical capacitors, capable of storing diet-derived NO»-
CLA under basal conditions and completely releasing it during acute inflammatory responses,
resulting in decreased cytokine production and improved vascular homeostasis. These findings
were validated in samples from septic patients and volunteers treated with lipopolysaccharide
as a model of systemic aseptic inflammation. The work reported here delineates the synthesis,

metabolic fate, and immunomodulatory capacity of endogenous NO»-FAs.



INTRODUCTION

Lipid metabolism contributes to the complex pathophysiology of inflammation by
generating pro-inflammatory and counter-regulatory mediators, whereby the rate-limited
hydrolysis of fatty acids by phospholipase A2 (PLA2) governs their bioavailability’?. Following
release from the sn-2 position of phospholipids, fatty acids directly engage G-protein coupled
receptors (GPCR) or are rapidly converted into stereoselective, oxidized derivatives by
cyclooxygenase (COX), lipoxygenase (LOX), and cytochrome P450 (CYP450) epoxygenase for
subsequent target activation and inflammatory signaling®*.

Despite their assignment as the canonical lipid mediators, oxylipins derived from the
enzymatic oxidation of arachidonic acid (AA) and omega-3 polyunsaturated fatty acids (PUFAs)
incompletely represent the total pool of bioactive lipids. Free radical-driven lipid peroxidation and
nitration reactions generate diverse species that transduce redox signals by participating in
reversible and irreversible protein modifications®®. Oxidants, including hydroxyl radical (*OH),
hydroperoxides (ROOH, H20,), and nitrogen dioxide (*NO3), serve as radical initiators for these
reactions, and the double bond configuration of unsaturated fatty acids dictates the final product
distribution'. In this regard, there has been a recent emphasis on evaluating the strikingly
different reactivities and products of bisallylic and conjugated fatty acids with cellular oxidants™'2.
Their differential behavior becomes increasingly relevant with +NO, exposure, as this radical
mainly induces lipid peroxidation in reactions with bisallylic fatty acids [e.qg., linoleic acid (LA)] but
forms thiol-reactive electrophilic nitroalkenes when reacting with conjugated fatty acids [e.g.,
conjugated linoleic acid (CLA)]"*'°. Radical reactions that favor the generation of *NO, are
widespread, predominantly occurring in the acidic stomach compartment and cell membranes by
the decomposition of nitrous acid and nitric oxide (sNO) autoxidation, respectively?>2'. Hence,
dietary triglycerides and membrane phospholipids are proposed as major substrates for nitrated

fatty acid (NO2-FA) formation.



The first description of the endogenous formation of NO»-FAs was made using a rodent
model of in vivo ischemia-reperfusion injury?2. Following this initial report, years of intensive
characterization efforts failed to reveal bisallylic fatty acid nitration in biological systems,
eventually showing that conjugated fatty acids are primary targets for nitration due to the
resonance stabilization of obligatory reaction intermediates’®. CLA is the most abundant and
studied conjugated fatty acid in humans, primarily obtained from ruminant dairy and meat
products in the form of cis-9, trans-11 CLA?3. As a minor route, the isomerization of LA and
desaturation of vaccenic acid by microorganisms in the human gut also contribute to endogenous
CLA levels?+2¢_ Nitrite provided by the diet and the salivary glands in the presence of dietary CLA
promotes, through the acidic pH of the stomach, the synthesis of nitro-conjugated linoleic acid
(NO2-CLA). While levels can be monitored in the plasma, greater than 30% of lipid nitration
products and metabolites are excreted into urine, making it an ideal matrix for assessing NO2>-FA
formation and metabolism. Of the total NO,-FAs detected in human urine, NO2-CLA accounts for
60% of the nitrolipidome?’. Alongside basal formation via gastric synthesis, it is expected that
membrane lipid nitration yields NO,-FAs under conditions of inflammation or nitro-oxidative stress.
*NO is a highly diffusible radical, and hydrophobic compartments accelerate the autoxidation of
‘NO by 30x, thereby exposing membrane lipids to high concentrations of *NO2?'. Given the
quenching behavior of membranes and favorable radical milieu, phospholipid nitration is
envisioned to be highly efficient during pathological events involving elevated *NO synthesis and
signaling, thereby contributing to NO,-CLA formation.

Once generated by dietary or localized radical reactions, NO,-CLA may regulate diverse
cell responses by modulating redox signaling pathways, gene transcription, and enzymatic activity
of target proteins®28. Mechanistically, electrophilic NO,-FAs reversibly alkylate nucleophilic amino
acids by Michael addition reactions, post-translationally altering the function of redox-sensitive
proteins and transcription factors?®3°, Notable targets include the inhibition of pro-inflammatory

NF-kB, cGAS-STING, calcineurin, STAT3 pathways, and activation of the antioxidant (Nrf2-



Keap1) and heat shock protein (HSP) response?'-36. Capitalizing on these protective phenotypes,
the synthetic 10-nitro oleic acid (10-NO,-OA) was developed and demonstrated safety and
biomarker engagement in five Phase | clinical trials and is currently in Phase Il clinical trials for
the treatment of obese asthma (NCT03762395).

Despite the analytical and technical advances in the field, significant challenges remain.
Evaluating the endogenous formation of NO2-FAs in cells and animal models has been mostly
limited to direct administration of CLA to macrophages or sites of inflammation to provide evidence
of endogenous nitration3237. This approach precluded a thorough in vivo assessment of their
synthesis, signaling, and metabolism under biologically relevant pathophysiological conditions.
Herein, using newly developed cellular and mouse models, we reveal distinct yet complementary
nitration routes, establishing the considerable value of dietary NO2-CLA synthesis. We found that
phospholipids in cellular membranes predominantly serve as a reservoir for NO2-CLA, providing
a ready-to-engage pool of anti-inflammatory lipids. Upon PLA2 activation, NO,-CLA is rapidly
converted into the signaling-active free acid, which antagonizes inflammatory signaling cascades
and competes with pro-inflammatory mediators derived from oxylipin and prostaglandin synthesis.
This early release exhausts cellular stores of NO,-CLA, effectively protecting against sepsis-
induced cytokine release and hypotension. These findings were recapitulated in human samples
obtained from healthy subjects receiving lipopolysaccharide (LPS) or from ICU patients with
sepsis and septic shock. The rapid depletion observed in humans subjected to sterile or infectious
inflammation provides mechanistic insights into the temporal action of pharmacological NO»>-FAs
and highlights the potential need for replenishing this pool of non-canonical anti-inflammatory
lipids for sustained protection.

RESULTS
CLA supplementation primes cellular and in vivo systems for lipid nitration
NO,-CLA is detectable in human urine at varying concentrations, whereas the contrary is

observed in cultured cells and rodents?”-3. The evaluation of lipid nitration and basal levels in cell



and rodent models has proven challenging, consistently leading to analytical failures and greatly
limiting the available models for studying these bioactive lipids. An analysis of culture media,
mouse tissue, and rodent chow confirmed an absence or negligible levels of CLA (Supplementary
Fig. 1). Deficiency in vaccenic acid and CLA, the only sources of conjugated fatty acids, explains
its absence in animal tissues and cells in culture and significantly limits the substrate for NO,-CLA
formation.

To address this shortcoming, we developed cellular and in vivo models that better reflect
human CLA compositions by supplementing this nitration substrate. Under basal conditions, CLA
free and esterified levels were below the limit of quantification (~3 pmoles/million cells) in
RAW264.7 macrophages cultured in 10% fetal bovine serum (FBS), as assessed by gas
chromatography-mass spectrometry (GC-MS). Supplementation with BSA-complexed CLA (50
uM) increased the esterified levels to 9%, while the free acid levels remained very low (Fig. 1A, B
and Supplementary Fig. 2A). This increase in CLA did not significantly modify the typical fatty acid
distribution of macrophages, except for slight decreases in oleic (18:1) and palmitoleic acid (16:1),
which is consistent with reports of CLA-inhibition of stearyl-CoA desaturase (SCD1) in culture
conditions (Supplementary Fig. 2A)%%4°. We next evaluated the position of CLA incorporation into
phospholipids by hydrolysis using phospholipase A1 and A2 (PLA1 and PLA2). CLA was detected
in both positions after phospholipase treatment, aligning with the chain distribution reported
previously (Supplementary Fig. 2B)*'. Depending on the isomer, CLA is esterified in the sn-2
position, which is consistent with a role in inflammation since sn-2 PUFAs are released by PLA2.

Although conjugated fatty acids are primarily obtained from the diet, CLA is available as a
nutritional supplement for healthy body composition and tone. Based on the recommended daily
dose (3 g/day) for human subjects, we used allometric scaling to calculate the equivalent dose
for CLA supplementation in mice (0.7%) and selected a 1% CLA diet that replaced 1% of LA
(control diet, negative control for endogenous nitration products). This dietary intervention to

humanize fatty acid profiles was maintained for 4 weeks (Fig. 1C). As previously reported, the



CLA-enriched diet led to a whole-body fat redistribution from adipose tissue to liver, trending to a
lower overall bodyweight (Supplementary Fig. 3A, B)**4. Fatty acid tissue incorporation was
quantified by GC-MS, as it resolves CLA from LA in control and treated tissues (Fig. 1D). Heart
and kidney showed the highest CLA incorporation, reaching about 3% of the total fatty acid pool,
with lower levels in spleen, liver, and lung (Fig. 1E). Importantly, the CLA treatment did not alter
the fatty acid profiles in the tissues studied (kidney, Fig. 1F, G; heart, spleen, liver and lung,
Supplementary Fig. 3C, D), while the total level of LA remained stable or slightly decreased
(Supplementary Fig. 3E).

The incorporation of CLA isomers into major complex lipids has been previously evaluated
in mouse liver and human serum after separation of classes by thin-layer chromatography. Across
these studies, triglycerides consistently represented the predominant reservoir of CLA isomers
after supplementation*>’. To contextualize the CLA tissue incorporation in our 1% dietary model,
lipid classes from liver, kidney, and lung were fractionated to isolate phospholipids, triglycerides,
and cholesterol esters. Spleen and heart tissue were not available for lipid assessments.
Separation of lipid classes was confirmed with HPLC-CAD-MS, and fractions were hydrolyzed,
derivatized, and fatty acids evaluated using GC-MS (Supplementary Fig. 4). We found a low
enrichment of CLA, ranging from 1 to 5% (Supplementary Fig. 5). CLA was mostly enriched in
triglycerides in kidney and lung tissue and in phospholipids in the liver. Although concentrations
differed slightly from those reported in the literature, the trend remains consistent with triglycerides
as the predominant source of CLA. Overall, we established and characterized an appropriate
model to study endogenous lipid nitration and metabolism in vitro and in vivo.

Oral CLA administration increases NO2-CLA in a murine model

In the intestinal lumen, enterocytes absorb orally delivered NO,-OA, which is incorporated
into chylomicrons and secreted into lacteals and the lymphatics before reaching the systemic
circulation®®. Given their structural similarity, NO,-CLA formed in the acidic stomach compartment

should follow a similar path as previously reported for NO,-OA, including systemic distribution and



further metabolism into inactivated derivatives, pB-oxidation products, or conjugates with cellular
thiols (Fig. 2A)**5". After 4 weeks of CLA supplementation, NO.-CLA, the reduced metabolite
dihydro-NO2-CLA (red-NO2-CLA), and GSH-NO,-CLA are readily detectable in plasma (Fig. 2B).
Analytical standards were used to correctly identify endogenous nitration products in the LC-
MSMS chromatographic traces, where peaks eluting after the selected areas represent artifacts
of non-covalent adducts between fatty acids and nitrite (grayed out traces)®’. These nitration
products and metabolites remained undetectable in mice receiving the LA diet (Fig. 2B). On
average, NO2-CLA as a free acid was found in plasma at 5 nM (0-11 nM range), a level close to
the reported basal circulating concentration in healthy human volunteers (1-2 nM), which
increases to 8-15 nM upon NO_- and CLA oral administration®3. The concentration obtained in this
study after human supplementation is comparable to the 10-NO»-OA levels reached upon
administration of the selected therapeutic doses used in clinical trials (150 mg/day, Cmax 7.5 nM),
highlighting the signaling potential of endogenous NO.-CLA levels®®®. Upon plasma lipid
hydrolysis, mean levels in mice increased nearly 2-fold, contributed by TG esterified NO2-CLA,
reaching up to 17 nM. Levels of reduced NO,-CLA (red-NO,-CLA) also increased upon hydrolysis
(Fig. 2C).

In tissues from CLA-fed mice, NO.-CLA did not correlate with CLA levels, revealing tissue-
specific differences in NO2-CLA uptake, metabolism, and disposal that are independent of
consumed CLA. The heart and kidney showed a weak association between the total levels (free
plus esterified) of CLA and NO,-CLA, whereas there was no relationship in the liver, lung, and
spleen (Supplementary Fig. 6A). Alinear relationship becomes more apparent for all tissues when
comparing total CLA and red-NO2-CLA (Supplementary Fig. 6B). This data shows that the inactive
metabolite may serve as a better biomarker for total nitration than the reactive NO»-CLA, as its
levels fluctuate less. Nonetheless, this “snapshot” of tissue levels for both NO,-CLA and red-NO.-
CLA levels after 4 weeks on the CLA diet provides an appropriate representation of the steady

state of systemic nitroalkenes that includes the effects of distribution, metabolism, and elimination.



NO,-FAs are mainly excreted as cysteine adducts in urine; thus, urine samples were
treated with mercury chloride to reverse the modification and enhance detection before LC-MSMS
assessment?’. Like native fatty acids, these bioactive mediators are substrates for mitochondrial
B-oxidation, generating truncated derivatives that retain their electrophilic character®. Urine LC-
MSMS traces from mice receiving the CLA diet showed the main $-oxidation metabolites for NO,-
CLA, including NO2-16:2 (dinor-NO2-CLA), NO:-14:2 (tetranor-NO.-CLA), and NO;-12:2
(hexanor-NO2-CLA) (Fig. 2D). In line with previous work, these species were highly prominent in
urine with levels reaching up to 6 nmol/mg creatinine for NO2-14:2 (Fig. 2E)?7-38. Notably, NO,-
CLA was the least abundant of the urinary NO2-FAs, but its concentration strongly correlated with
the downstream metabolite levels, affirming NO2-CLA as the sole precursor in mice (Fig. 2F).
Despite the concentration observed in the urine, these electrophilic metabolites were not detected
in the plasma, supporting a significant role for the renal metabolism of NO2-FAs. Importantly, the
detailed characterization of the endogenous formation and metabolism of NO,-CLA in our rodent
model shows a close correlation with the levels observed in human volunteers, highlighting the
translational potential of pathophysiological findings derived from this system.

Phospholipids are biochemical cell capacitors that store endogenous NO.-FAs

In cells, NO2-FAs are stored as esterified species in complex lipids, forming a poorly
understood pool that is protected from metabolism and chemical degradation®-%. Given that CLA
is available in neutral lipids and phospholipids, we evaluated the distribution of endogenous NO»-
CLA amongst these species. Using solid-phase fractionation, we separated and quantified lipid
classes from kidney, liver, and lung by HPLC-CAD-MS (Supplementary Fig. 4). Subsequently, we
hydrolyzed the fractions and quantified NO,-CLA by HPLC-MSMS. In contrast to our CLA findings,
we established that for these three tissues (liver, lung, and kidney), the phospholipid fraction
contained the highest level of NO,-CLA, followed by triglycerides. Levels enriched in the
cholesterol ester pool were below the LOQ (Fig. 3A). The preferential placement of signaling-

active NO»-CLA in phospholipids indicates participation in the Land’s cycle, a remodeling process
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that controls incorporation, composition, and positional stereochemistry in phospholipids (Fig.
3B)°’. This process mirrors oxylipin metabolism and provides a mechanism for the esterification
of NO2-CLA in the sn-2 position for release by PLA2 during inflammatory challenge®®. To further
evaluate the suitability of NO2-CLA for selective incorporation into phospholipids, we measured
NO.-CLA coenzyme A conjugates (NO»>-CLA-CoA) in RAW264.7 macrophages. Fatty acid
coenzyme A conjugates are substrates for Acyl-CoA:lysophosphatidylcholine acyltransferase
(LPCAT), which is one of four enzymes responsible for phospholipid remodeling®’. The detection
of the formation of NO,-CLA-CoA adducts in RAW264.7 macrophages following NO,-CLA
treatment (Fig. 3C) supports a role for this key metabolite in the incorporation and storage of this
anti-inflammatory lipid in membranes that can initiate early responses to inflammatory stimuli.

In addition to functioning as a selective reservoir for pre-formed NO,-CLA, phospholipids
have been discussed as targets for nitration during inflammation or dysregulated redox status®®-
62 Given the significant contributions of inducible nitric oxide synthase (iNOS) and *NO in the
development of inflammation and sepsis, it has been proposed that CLA esterified in cell
membranes will react efficiently with *NO> to drive NO>-CLA synthesis. Nitric oxide-mediated
nitration of free CLA in media has been previously shown in activated RAW264.7 macrophages®’.
Although this model demonstrated the capacity to nitrate free acid CLA by the inflammatory
conditions, it does not address CLA nitration in phospholipids or its release by PLA2, nor does it
model physiological conditions where free acid CLA levels are orders of magnitude lower than
esterified CLA. To characterize this cascade, we used the supplemented cell model to determine
whether membrane esterified CLA is a substrate for nitration in RAW264.7 macrophages activated
with LPS and IFNy (Fig. 3D). Endotoxin challenge led to the formation of NO,-CLA, with 71% of
the total nitroalkene pool found esterified and the remaining adducted to thiols (Fig. 3E). The
nitration of phosphatidylcholine-esterified CLA was blunted with iINOS inhibition (Fig. 3F) and
absent in LA-supplemented controls (Supplementary Fig. 7), affirming that CLA effectively diverts

*NO-derived oxidants to NO,-CLA formation with anti-inflammatory capabilities. Since free CLA
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levels following supplementation are extremely low (below level of quantification, LOQ), NO.-CLA
formation is most likely occurring in the membrane compartment and PLA2 hydrolysis must occur
before further metabolism and engagement with cellular thiols. Thus, the presence of reduced
and B-oxidized metabolites in membrane phospholipids as evaluated by high-resolution LC-MS
(Fig. 3G, Table 1) can only be explained by an active Land’s cycle (Fig 3B), whereby NO>-CLA is
released, metabolized, and then metabolites re-esterified into PCs. In aggregate, we have
demonstrated that phospholipids play a unique dual role in the storage and formation of
endogenous fatty acid nitroalkenes.
Endotoxemia favors the net loss of NO2-CLA

To translate our cellular model of NO2-CLA formation into a murine model, we challenged
mice with LPS for 16 hours after 4 weeks of CLA supplementation (Fig. 4A). Previous in vivo
studies following the nitration of CLA during endotoxin or viral inflammation relied on a bolus
administration of free acid immediately before challenge, and NO,-CLA was measured locally in
the exposed compartment®2. With our CLA-enriched model, we assessed changes in tissue
concentrations of NO,-CLA, expecting increased total (free and esterified) NO,-CLA levels due to
inflammation-driven nitration of phospholipids, which amplify the basal contributions of dietary
nitroalkene esterification both in phospholipids and TGs (Fig. 4B). Upregulation of iNOS is
achieved as early as 4 hours with LPS-mediated endotoxemia, therefore 16 hours was selected
to capture the accumulation of NO,-CLA and compared to responses in LA-supplemented mice®:.

Even with CLA being available in tissue compartments at physiologically relevant
concentrations for nitration, we observed a significant net loss of NO,-CLA in heart, lung, and liver
tissues from LPS-challenged mice receiving the CLA diet (Fig. 4C). The lung was the most
sensitive to inflammation-driven nitroalkene loss, showing a 5-fold reduction in NO,-CLA.
Moreover, the spleen and kidney appear to be more resistant to NO,-CLA depletion since levels
are relatively unchanged between CLA-fed controls and challenged mice. The differences

between tissues may reflect their ability to mobilize (or generate) NO2-CLA during inflammation.

12



Similar to the active nitroalkene, red-NO»>-CLA levels were also lower in the heart, lung, and liver
of CLA-fed mice receiving LPS, with lung tissue showing again the strongest decline (4-fold
reduction) (Fig. 4D). We next evaluated if p-oxidation of NO.-CLA was responsible for the
decreased overall levels, as this is a major metabolic pathway to dampen the activity of oxylipins®8.
Although readily measured in urine (Fig. 2F), these truncated metabolites were below the limit of
detection (LOD) in tissues and remained undetectable in mice challenged with LPS. As another
potential source of NO,-CLA, we assessed whether the pool of nitroalkenes shifted toward the
formation of thiol adducts after release from membranes. As a free acid, calculations based on
the equilibrium constant indicate that, under steady state conditions, >99% is covalently
conjugated to cellular thiols®. Again, we observed a generalized decrease in the total levels of
adducted NO»-CLA (Fig. 4E). Itis important to note that the mercury-based thiol exchange method
used to quantify adducted NO2-CLA only captures products of reversible kinetic addition
reactions®'. Eventually, these reversible adducts are expected to trans-alkylate into glutathione
given its cellular abundance (8-14 mM) to support its cellular export or shift towards slowly
reacting with nucleophiles that have a higher keq, displacing the equation toward products and
supporting the formation of more stable, thermodynamic products®'. After de-esterification,
nitroalkylation may favor the irreversible thermodynamic product over time, but current analytical
methods based on mercury exchange reactions cannot access this subset of thiol reactions (1,4
addition products) or potential histidine conjugates®°'. Importantly, the two analyzed tissues that
had no detectable thiol adducts (kidney and spleen) had no changes in esterified NO2-CLA levels.

To better characterize the nitration of CLA in phospholipids, a second cohort of mice was
challenged with LPS for 6 hours. Although not as definitive, there is still a decrease in total NO»-
CLA, red-NO,-CLA, and NO2-CLA thiol adducts in CLA-fed mice receiving LPS compared to those
receiving the saline vehicle at 6 hours (Supplementary Fig. 8A-C). As observed at 16 hours,
kidney and spleen showed no changes in esterified NO2-CLA and red-NO»-CLA levels, supporting

a different regulatory mechanism in these organs. This lack of change in membrane levels is
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reaffirmed by no detectable levels of adducted NO,-CLA. Overall, tissues that display an active
net loss of diet-derived NO,-CLA do not reveal the expected counteracting response of NO.-CLA
synthesis under the inflammatory challenge. While previous efforts worked under the assumption
that LPS would increase NO,-CLA levels due to upregulated iNOS expression, it may be possible
that iNOS induction is lower in parenchymal cells than in macrophages or monocytes. Moreover,
with the concomitant increase in superoxide formation from NADPH oxidases normally seen
during endotoxemia, then the ability of sNO to diffuse into parenchymal cells might be significantly
decreased®®. Therefore, levels in tissue reflect de-esterification without a significant contribution
of inflammatory NO,-CLA formation, providing a timely release of an efficient anti-inflammatory
agent that overwhelms any simultaneous de novo synthesis during the initial stages of
inflammation.

NO.-CLA inhibits the release of sn-2 esterified fatty acids

LPS binds to Toll-like receptor 4 (TLR4) to induce a signaling cascade that leads to cPLA2
phosphorylation and activation, hydrolyzing fatty acids from the sn-2 position of phospholipids.
The hydrolysis of fatty acid substrates is an early event that contributes to a full inflammatory
cellular response through the synthesis of oxylipins and eicosanoids, which can be monitored in
the plasma?%8. Following the observed net loss in tissue, we assessed the extent of NO,-CLA
release by measuring levels of free nitroalkene in the plasma from LPS-challenged mice. The de-
esterification of NO,-CLA is not captured in the plasma at 6 hours, but levels fall below the LOD
by 16 hours. Conversely, the red-NO»-CLA inactive metabolite is detectable late in the
inflammatory cascade (Fig. 5A).

The acute IV administration of 10-NO.-OA rapidly interferes with LPS-induced TLR4
signaling by inhibiting the recruitment of TLR4 into lipid rafts and disrupting the assembly of
adaptor proteins upstream of NF-kB activation®®. We asked if the rapid hydrolysis of NO,-CLA
from the membranes could inhibit the early LPS inflammatory response and the synthesis of

relevant lipid mediators. To assess changes in the plasma lipid profile, an untargeted LC-MSMS
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analysis was performed. The volcano plot generated by the differential analysis between LA- and
CLA-fed mice after 6 hours of LPS challenge showed highly significant downregulated lipid
species in the CLA group (Fig. 5B). NO,-CLA was not identified in this study due to the intrinsic
instrument sensitivity limitations of screening approaches. Using the Lipids Maps online database,
the modulated components were identified and manually validated, revealing free fatty acids and
dihydroxy fatty acids as the most frequent modified class (Fig 5C). The prototypical sn-2 FA
constituents, including a-linolenic acid (ALA), eicosapentanoic acid (EPA), arachidonic acid (AA),
and docosahexaenoic acid (DHA), increased 3- to 5-fold in the plasma 6 hours after LPS
administration and returned to baseline at 16 hours (Fig. 5D). CLA supplementation did not affect
the basal levels of these fatty acids, but significantly dampened this response, supporting an early
inhibition of inflammatory activation processes. To control for unspecific lipolysis and release of
fatty acids from phospholipid and TG stores, we profiled the saturated palmitic (PA) acid and
stearic acid (SA), as they are mostly enriched in phospholipid sn-1 positions and TGs. Their
plasma concentration remained constant with no significant differences observed between the
CLA and LA groups (Fig. 5E).

Dihydroxy fatty acids are one cluster of bioactive lipids synthesized primarily by the CYP
enzymes or obtained as downstream metabolites of LOX activity. Like their fatty acid precursors,
dihydroxy DHA (DiHDHA) and AA (DIHETE) are reduced in the plasma of CLA mice, whereas
dihydroxy DPA (DiHDPA) remains comparable between the diet groups (Fig. 5F). However, these
oxidation products are not strongly induced by LPS challenge. DIHETE showed the greatest
change, doubling with LPS challenge which is consistent with other reports for this oxylipin®’.
Extending to alternative oxylipins, we saw no changes in total HETEs (hydroxy eicosatetraenoic
acids) over the course of LPS challenge, and total HODEs (hydroxy octadecadienoic acids) only
showed a 2-fold elevation by 16 hours in both LA- and CLA-treated mice (Supplementary Fig. 9A,
B). The failed upregulation for these canonical products aligns with other studies showing that

LPS challenge to mice does not stimulate overwhelming changes in circulating LOX, COX, and
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CYP products, for around 2-3-fold changes in LA and AA oxidation species are usually reported
unless metabolism pathways are inhibited®®57:%8_ Even though these oxidation products are not
profoundly elevated during endotoxemia, NO,-CLA still serves as any early modulator of
inflammation, attenuating the release of fatty acid precursors and synthesis of dihydroxy fatty acid
species.
Human urine accumulates excreted NO.-CLA after LPS administration

Oxylipin metabolism is best evaluated by urinary analysis, and the same applies to NO-
FAs®®. Thus, we decided to evaluate the temporary profile of NO,-CLA and its main metabolites
in urine from healthy human volunteers who were challenged with a low dose of endotoxin as part
of a previously published clinical study to evaluate systemic inflammatory responses’. Urine
samples were collected serially from 35 human subjects throughout their inpatient visit at the
following time intervals: 0-2 hours, 2-4 hours, 4-6 hours, and 12-18 hours. Acute inflammation
leads to an elevation in urinary NO»-CLA over time (Fig. 6A). To further dissect the metabolic
profile on an individual level, we used paired analyses to compare trends between the first and
second half of the endotoxin challenge. Most participants exhibited slight reductions in urinary
NO.-CLA during the first 6 hours of endotoxin exposure, with levels increasing in the last collection
period (Fig. 6B). Without de-esterification by PLA2 or de novo synthesis, the urinary levels of
nitroalkenes are expected to decrease in a time-dependent manner, as observed previously in
humans after oral administration of CLA and nitrite®3. However, the observed accumulation of
NO.-CLA in urine by 12-18 hours after LPS administration is consistent with an increased net
release from phospholipid stores (or any de novo synthesis). Next, we assessed whether levels
of truncated metabolites of NO,-CLA were elevated in the urine over the course of inflammation.
Electrophilic, B-oxidized derivatives of NO2-CLA strongly decreased within the first 6 hours, with
NO,-16:2 being the only metabolite that accumulated in urine by 12-18 hours (Fig. 6C, D). Given

the lack of formation of NO2:14-2 and NO2:12-2 products, B-oxidation may not be the favored
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metabolic route for nitroalkenes during inflammation (Fig. 6E-H). Additional metabolites reported
for NO2-FA include w-oxidation, with taurine conjugation and sulfation being predominantly found
in rodents”!. While these are not the most abundant metabolites, further analysis may be required
to better understand the impact of inflammation on NO2-CLA metabolism.
Endogenous NO.-CLA attenuates pro-inflammatory cytokines and regulates vascular
responses

NO,-CLA exerts anti-inflammatory actions at multiple levels in the inflammatory cascade,
including in TLR4, NF-«xB, Calcineurin, STING, and STAT3 signaling, with these supporting the
rationale for the therapeutic development of 10-NO,-OA3'-3456 Therefore, we wanted to evaluate
whether the CLA administration had an impact on inflammatory outcomes in vivo. As cytokines
are maximally elevated between 4-8 hours after LPS administration, we assessed their circulating
levels at 6 hours using a multiplex panel”?. TNFa, IL-6, IL-17, and IL-5 are highly upregulated with
LPS administration, and CLA dietary supplementation significantly decreases their circulating
levels (Fig. 7A). Additional cytokines trend lower, including IL-1, IL-12, IFNy, and MCP1, but did
not reach significance. Notably, IL-10, a cytokine involved in the resolution of inflammation,
remains unchanged with CLA supplementation. By 16 hours, plasma cytokines start to resolve,
but some, including MCP-1 and IFNy, are marginally elevated for the CLA group compared to LA
(Supplementary Fig. 10). To confirm the effect of NO»-CLA on the cytokine profile, we activated
RAW264.7 macrophages and evaluated the transcription of IL6 and IL-1 mRNA. Both are
significantly inhibited in the CLA-supplemented group compared to LA-supplemented controls
(Supplementary Fig. 11A). In addition, there is a reduction in IL-6 levels in the supernatant in the
macrophages treated with CLA (Supplementary Fig. 11B), all of which are consistent with previous
observations showing a potent inhibition of LPS-induced inflammation in RAW264.7

macrophages by NO,-CLA?".
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Since declines in vascular tone are observed in endotoxemia due to excessive *NO
production and vascular dysfunction, we wanted to assess whether NO2-CLA formed by the
consumption of CLA diet prevented the hypotensive effects of LPS. Telemetry devices were
implanted into LA- and CLA-fed mice to obtain continuous blood pressure measurements before
and following intraperitoneal LPS challenge. While both groups display the characteristic
decrease in baseline blood pressure around 4 hours after LPS administration, the CLA group
shows a significant protection from vasorelaxation, with differences of up to 30 mmHg (Fig. 7B).
In summary, CLA-supplemented mice are protected from inflammatory activation via signaling
modulation by NO,-CLA.

Plasma NO.-CLA is lower in humans with septic shock

Next, we explored the change in NO,-CLA in human sepsis. Plasma was collected from
healthy subjects, non-septic ICU patients, or patients with sepsis or septic shock. In close
alignment with our mouse results, total free fatty acids were significantly increased in the plasma
of sepsis or septic-shock patients compared to healthy controls (Fig. 8A). In contrast, sepsis and
septic shock patients showed a depletion of free levels of NO2-CLA (Fig. 8B). The observation
that NO»-CLA was maximally decreased in both sepsis and septic shock patients vs. ICU controls
further suggests that NO,-CLA is an early target after initiation of inflammation with these changes
sustained in patients that progress to septic shock. Considering that these sample collections
correspond to later stages of the inflammatory responses, the findings are in close agreement
with the profiles observed in mouse plasma after 16 hours of LPS (Fig. 5A). Moreover, they align
with a recent report showing a significant decrease in plasma NO,-CLA and red-NO,-CLA and
urine NO,-CLA from patients with sickle cell disease’. For free red-NO,-CLA, there are no
significant changes between healthy controls and sepsis patients (Fig. 8C). Overall, these results
indicate that in sepsis, likely via PLA2, NO.>-CLA is depleted early during infections from

phospholipid stores. These results also suggest that NO,-CLA consumption pathways dominate
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over endogenous formation of NO2-CLA via elevated reactive nitrogen species, at least during the
acute phase of sepsis / septic shock.
DISCUSSION

The early phase of endotoxemia is characterized by rapid activation of innate immune
responses and profound metabolic reprogramming, which together shape the trajectory of
systemic inflammation and tissue injury. Responses are instigated by the mobilization of fatty
acids from cellular lipid stores and membranes through the activation of phospholipases and
lipases. The released free FAs serve as bioactive mediators, providing substrate for lipid signaling
pathways and eicosanoid synthesis. Moreover, the composition and kinetics of release can
influence toll-like receptor signaling, inflammasome activation, and the overall innate immune
response. Therefore, the timing, magnitude, and identity of lipid species released during the initial
phase of endotoxemia are critical to understanding the regulation of the early inflammatory
response. Herein, we established a novel mechanism for the regulation of inflammatory
responses by CLA that involves the rapid mobilization of diet-derived, pre-formed NO»-CLA
present in cell membranes. These findings modify the current dogma, which proposes that de
novo synthesis of NO2-CLA as a consequence of increased oxidative and nitrative stress is the
main component of their protective and anti-inflammatory effects?>3237, Unlike isolated systems
supplemented with CLA, we observed a rapid net decrease of NO,-CLA in most tissues analyzed
from mice (Fig. 4), and this loss correlated with an increase in renal NO>-CLA elimination (Fig. 6).

Dynamic changes in lipid mediators and downstream signaling are a key process by which
tissues adapt to acute inflammation and return to homeostasis. This process can be changed by
pharmacological interventions, genetic manipulation, and by modifying the fatty acid membrane
composition. In particular, dietary interventions based on omega-3 fatty acids have been related
to lower inflammation and resolution, while omega-6 diets that increase levels of arachidonic acid
were found to be detrimental’*7%. Several studies in mice have evaluated the anti-inflammatory

effects of CLA, showing a reduction in colonic inflammation, cytokine formation, and inflammatory
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mediators such as prostaglandins, leukotrienes, and immunoglobulins?7778  Despite this
promising preclinical evidence, human studies have not consistently demonstrated anti-
inflammatory benefits of CLA supplementation; differences in isomer composition, target
population, pathological condition, and duration of treatment have been considered as
determining factors in these discrepant responses’®8'. An additional source of variability might be
the microbiome metabolism of LA, CLA and NO,-CLA. While the main source of CLA is dairy
products, LA can also be metabolized to CLA and vaccenic acid, a precursor of CLA in the gut?.
Nonetheless, it has been shown that the microbiome does not significantly impact circulating and
tissue CLA levels®. Another possibility is that the microbiome metabolizes NO,-CLA formed
during digestion. In this regard, the majority of CLA and NO»-CLA absorption is expected to occur
in the duodenum and jejunum, while the majority of the microbiome-dependent metabolism of
fatty acids (saturation, oxidation) is located downstream in the colon*®. Thus, the microbiome is
expected to have a small impact on CLA and NO,-CLA levels. While we report a substantial
increase in tissue NO»-CLA in mice with daily intake of CLA, dietary and salivary levels of nitrite
predominantly define gastric nitroalkene formation®*#3, In this regard, our previous findings in
rodents and humans indicate that the intake of nitrate and nitrite is a major determinant in NO.-
CLA formation and systemic levels. These environmental and dietary factors have not been
previously considered when evaluating CLA effects. Hence, NO»-CLA levels and dietary intake of
nitrite and nitrate (e.g., leafy vegetables) should be considered when studying CLA responses in
clinical trials.

The detection of NO,-FAs in rodents under physiological conditions has been extremely
challenging, in part due to the low endogenous levels and small sample volume (e.g., urine,
plasma). Moreover, the gastric environment was not considered to be conducive to NO»-CLA
formation due to a higher pH than humans (~5 vs 1.5)8. Thus, to elicit biological responses,
gavage of CLA and nitrite was previously co-administered with pentagastrin to further reduce the

rodent stomach pH and facilitate nitration®%®%. In the context of NO.-CLA formation during
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inflammation, local administration of CLA as a free acid increased NO,-CLA during peritoneal or
vaginal inflammation®. While these prior studies established that the necessary conditions to
support nitration were present in vivo, they failed to support the typical formation under
physiological and pathological conditions. In this work, we have established a mouse model to
study endogenous lipid nitration reactions by using a dietary approach consisting of CLA-
containing triglycerides. CLA was provided at the appropriate concentration and reached the right
compartments to evaluate its metabolism and immunomodulatory effects, modeling human
consumption where dietary CLA from dairy sources is primarily found esterified to triglycerides.
Before this study, NO,-CLA was viewed as a delayed anti-inflammatory signaling lipid that
needed to be formed by increased iINOS and *NO, formation, a process that peaks after 4-6 hours
post stimulus®’:®3. This paradigm of delayed synthesis was incompatible with the global anti-
inflammatory effects reported for these compounds. Our data shows that preformed NO»-CLA is
present before iINOS induction, and in this context is an active early modulator of protective
responses. In this regard, we found that membranes act as capacitors for NO,-CLA by storing it
in phospholipids, forming a pool that can be rapidly hydrolyzed by PLA2. The subsequent release
of NO»-CLA induces anti-inflammatory effects mediated by interfering with TLR4-dependent
responses upstream of NF-xB®. Once depleted, the membrane nitroalkene levels need to be
restored, which requires NO,-CLA gastric synthesis and membrane remodeling by iterations of
the Land’s cycle. While previous acute models undoubtedly confirmed the nitration of CLA, our
study shows the net loss of NO.-CLA with consumption outweighing the de novo synthesis®?%".
Despite the significant levels of membrane-accumulated CLA, increased *NO formation and
favorable nitration kinetics in membranes failed to compensate for the extensive hydrolysis of
NO,-CLA?'®" This is likely due to the inability of parenchymal tissue to generate NO,-CLA as
efficiently as macrophages and cell types that have strong iINOS responses, thereby relying on

the levels stored beforehand. Effectively, the mechanism provides an initial burst of NO,-CLA that
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was not anticipated by findings from previous models, emphasizing the value of the models
developed in this study.

Considering that murine macrophages exhibit a significantly higher magnitude of iINOS
responses to LPS and IFNy compared to human macrophages and monocytes, the role of INOS-
dependent CLA nitration is likely to be even less prominent in humans, which we speculate further
underscores the importance of preformed, diet-dependent NO,-CLA in membranes. In fact,
humans are significantly more adept at gastric lipid nitration by concentrating nitrite 20x in the
saliva and preserving a more acidic stomach pH than mice®. We monitored the depletion of NO--
CLA in the plasma of septic shock patients (Fig. 8) and accumulation of released nitroalkene in
urine (Fig. 6). Depending on the severity of sepsis or endotoxemia, these patients may have
received enteral or parenteral nutrition, which lack conjugated fatty acids and bypasses the
stomach (IV administration). Neither nutrient intake supports gastric NO,-CLA synthesis, so
membranes cannot be recharged with nitroalkene until resolution of the inflammatory crisis,
highlighting the value of restoring the protective levels of NO,-CLA.

There is a global redistribution of NO2-CLA during inflammation, targeting tissues and
different cell types. However, from these targets, the endothelium appears to be a critical that
contributes to maintaining the vascular tone in CLA-treated mice after LPS challenge.
Hypotension is a severe consequence of sepsis and reflects the dysregulated synthesis of «NO,
where smooth muscle cells normally responsive to small *NO fluxes derived from eNOS (uM)
become overactivated with high local *NO levels derived from iINOS (mM)®3. CLA cannot directly
quench *NO, and it is unlikely that sequestration of the autoxidation product *\NO, would impact
blood pressure regulation to such a significant extent. Thus, we view NO,-CLA to mediate
protection against severe vasorelaxation through reduced endothelial cell activation and reduced
leakiness, preventing inflammatory cell permeation into the subendothelial space. The

pharmacological agent 10-NO,-OA inhibits TLR4 upregulation and NF-xB adaptor protein
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recruitment in endothelial cells, thereby mitigating pro-inflammatory signaling at an early stage®®.
This mechanism may extend to endogenous NO2-CLA.

CLA is a unique biological “sponge” for *NO;, as not all biomolecules containing a
conjugated diene participate in addition reactions and form a reactive nitroalkene. As an example,
*NO. reacts with 7-dihydrocholesterol (7-DHC), polyunsaturated fatty acids, and tyrosine, by
abstracting hydrogen instead of addition reactions, leading to oxidized products'®#°. Alternatively,
the availability of CLA and its unusual chemical reactivity towards *NO; lends itself to the formation
of NO2-CLA while quenching the indiscriminate biomolecule oxidation induced by *NO.. In this
regard, the proclivity of CLA towards *NO- may play a protective role during acute and chronic
pathologies, including cancer, atherosclerosis, sickle cell anemia, and metabolic disease, where
oxidative stress and radical reactions induce tissue damage. The biological functions and health
benefits of CLA have been evaluated in most of these contexts but work in the last decade has
primarily focused on the anti-cancer properties of conjugated fatty acids'?%°!. Alongside
ferroptotic cell death induced by conjugated linolenic acid isomers, antineoplastic and
chemosensitizing effects by NO,-FAs have been reported®-%4. While CLA itself has low toxicity in
cancer cell lines compared to other conjugated fatty acids, the contributions of heightened *NO
and enrichment of these conjugated dienes in tumor microenvironments may better promote
synthesis of NO,-CLA and achieve some of the pharmacological effects reported with exogenous
nitroalkenes®.

A major barrier in the field was to reconcile the timing and biological effects with the extent
of CLA nitration and the analytical challenges. This work unifies these concepts, providing a new
framework to evaluate the formation and role of lipid nitration and the modulation of the

inflammatory processes by CLA.
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Experimental Model and Study Participant Details

Human subjects

Human plasma samples from ICU patients and non-ICU controls were collected under an
approved institutional review board (IRB) protocol at the University of Alabama at Birmingham
(IRB-300005209). Urine samples from volunteer participants were collected under an approved
IRB protocol at the University of Pennsylvania (IRB810598).

Animals

All animal procedures were approved by the University of Pittsburgh Institutional Animal Care and
Use Committee (IACUC approval #23093600). Male C57BL/6J mice (8 weeks old) were obtained
from Jackson Laboratory and maintained under standard housing conditions with a 12-hour
light/dark cycle and ad libitum access to food and water. Mice were randomized into experimental
groups (n = 8 per group) and fed either a control diet (AIN-93G; Research Diets, D10012G) or a
1% conjugated linoleic acid (CLA)-supplemented diet (Research Diets, D23022005) for 4 weeks.

Cell lines

RAW264.7 macrophages were cultured in complete Roswell Park Memorial Institute (RPMI) 1640
medium supplemented with 10% FBS and 100 U/ml penicillin/streptomycin at 37°C in a
humidified atmosphere containing 5% CO.. Cells were treated with 50 uM of either CLA (Nature’s
Bounty) or linoleic acid (Nu-Check Prep, Inc.) in medium containing 2% FBS for 72 hours.

Method Details

Dietary CLA formulation

Allometric scaling was used to calculate the CLA dose for mouse dietary intervention studies. The
average human consumption of CLA supplements is 3,000-4,000 mg/day, equating to 43-57
mg/kg/day for a 70 kg person. To meet the lower end of human supplementation, mice received
a 1% CLA, allowing for 560 mg/kg/day based on an average food intake of 2.8 g/day and weight
of 0.05 kg. Based on human intake (3—4 g/day; ~43-57 mg/kg/day), mice were administered a
1% CLA diet corresponding to ~560 mg/kg/day, assuming an average food intake of 2.8 g/day
and body weight of 0.05 kg. This corresponds to a human equivalent dose of ~45.4 mg/kg/day.
The CLA diet was prepared by replacing 1% of soybean oil in the AIN-93G formulation (Growing
Rodent Diet, Research Diets, D10012G) with Tonalin CLA (BASF), accounting for 80% purity.

In vitro LPS challenge

For induction of NO2-FA formation, CLA-supplemented RAW264.7 macrophages were stimulated
with lipopolysaccharide (LPS) from Escherichia coli O111:B4 (100 ng/ml) and mouse IFNy (200
for 24 hours. For IL-6 cytokine levels in the supernatant and mRNA levels, RAW264.7 cells were
challenged with LPS for 6 hours.

In vivo LPS challenge and sample collection

Following 4 weeks of dietary intervention, mice were housed in metabolic cages for 24 hours to
collect urine. Mice were then injected intraperitoneally with saline or sublethal dose of LPS (5
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mg/kg). Endotoxemia was allowed to proceed for 6 or 16 hours. Mice were euthanized under
isoflurane anesthesia, and blood was collected by venipuncture. Plasma was isolated by
centrifugation (10,000 x g, 5 min, 4°C). Tissues were harvested, snap-frozen in liquid nitrogen,
and stored at —-80°C.

Telemetry measurements

For blood pressure monitoring during in vivo LPS challenge, mice were implanted with telemetry
devices (HDX-10, Data Sciences International) in the left common carotid artery under isoflurane
anesthesia. Following a 14-day recovery period, baseline systolic blood pressure was recorded
for 24 hours. LPS was administered intraperitoneally between 2-3 PM to control for circadian
variation. Changes in systolic pressure were calculated relative to time-matched baseline
measurements.

Lipid extraction and processing

Cell samples: For NO.-CLA measurements, cell pellets were extracted using ethyl acetate (500
ul) and water (200 pl) in the presence of 15 pmoles of "*"NO,-dsOA and "®°NO,-dsSA and 25 pmoles
of heptadecanoic acid. Following centrifugation (1,000 x g, 5 min, 4°C), the organic phase was
collected and dried under nitrogen. For total fatty acid analysis, samples were subjected to base
hydrolysis (1 M KOH in methanol, 60°C, 1 hour), neutralized with HCI, and re-extracted. For
phospholipid-specific analysis of CLA, extracted cell pellets were resuspended in hexane, and
lipid fractions were separated with Strata NH2 columns (see lipid fraction section). The
phospholipid fraction was incubated in Tris-NaCl buffer (50 mM, pH 8.0) with Phospholipase A1
from Asperqgillus oryzae or phospholipase A2 from porcine pancreas for 2 hours at 37°C. Samples
were re-extracted with ethyl acetate and subject to PFB derivatization. For NO>-CLA-CoA
detection, cells were precipitated directly in the plate with 80% methanol.

Plasma: Analysis of free (non-esterified) NO»-CLA, metabolites, and native fatty acids was
performed by adding ethyl acetate (500 pl) and water (200 u) to plasma (100 pl) in the presence
of 15 pmoles of "®*NO-dsOA and "®NO,-dsSA and 25 pmoles of heptadecanoic acid as internal
standards. Samples were vortexed, centrifuged at 1,000 x g for 5 min at 4°C, and the upper phase
transferred into a clean tube and dried under nitrogen. Samples were resuspended in 100 pl
acetonitrile/ethyl acetate (80/20, v/v) for HPLC-MSMS analysis. To obtain the total NO2-FA content
(free acid plus esterified), the extracted plasma was subjected to acid hydrolysis. Samples were
incubated with acetonitrile (800 ul), water (100 ul), and fuming HCI (100 pl) at 90°C for 1 hour.
After hydrolysis, NO.-FAs were re-extracted using ethyl acetate (1 ml). The solvent was dried
under a stream of nitrogen, and NO,-FAs were reconstituted in acetonitrile (100 pl) for further
analysis.

Urine: The urine samples (1 ml from mice and 200 ul from humans) were spiked with 15 pmoles
of NO,-dsOA and "NO,-dsSA as internal standards. The concentration of nitroalkene (free acid
plus Michael adducts) was obtained by incubating the urine samples with 20 mM mercury (ll)
chloride (HgCly) for 30 min at 37°C before extraction. The Hg?* competes for the nitroalkene-
adducted cysteine, displacing the equilibrium with the elimination of the nitroalkene and formation
of Hg-cysteine adducts. After that, urine samples were extracted using HyperSep™ C18 SPE
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Cartridges (500 mg/3 ml). Columns were conditioned with 100% methanol, followed by 2 column
volumes of 10% methanol. Samples were loaded and the SPE columns washed with 2 column
volumes of 10% methanol and dried under vacuum for 30 min. Lipids were eluted with 3 ml
methanol, the solvent evaporated under a stream of nitrogen, and samples reconstituted in 100
Ml of methanol for HPLC-MSMS analysis.

Tissue: Tissue samples were weighed and pulverized. Tissues were homogenized in water and
extracted similarly to plasma. For thiol adduct analysis, elimination was performed using the
same conditions as outlined for urine.

Lipid fractionation: Lipid classes were purified using solid phase extraction Strata NH2 columns
(500 mg/ 3ml). Columns were preconditioned by washing twice with 2 ml acetone/water (7:1, v/v)
and twice with 2 ml hexane. The samples solubilized in hexane/methyl tert-butyl ether/acetic acid
(100/3/0.3 v/viv) were loaded on the columns and cholesterol esters (CEs), TGs, MAG+DAGs,
FFAs, phospholipids were sequentially eluted with hexane, hexane/chloroform/ethyl acetate
(100:5:5, v/viv), chloroform/2-propanol (2:1, v/v), diethyl ether/2% acetic acid, methanol,
respectively. The solvents were evaporated under a stream of nitrogen and then CEs and TGs
were dissolved in ml ethyl acetate, while phospholipid fractions were solvated in 0.2 ml methanol.
HPLC-CAD-MS analysis of each fraction confirmed lipid class composition. Standard curves
prepared in each fraction’s matrix were prepared to quantify the class abundance.

GC-MS Analysis of fatty acids

Lipid extracts in acetonitrile from cell culture and tissue were ftreated with 1% N-N-
Diisopropylethylamine (100 ul) and 2% PFB (100 ul) (both solutions prepared in ACN) for 30 min
at RT. Samples were dried under nitrogen and resuspended in 100 pl ACN. Fatty acid-PFB esters
from RAW264.7 macrophage pellets and tissue were analyzed using a Trace 1310 GC coupled
to a TSQ9000 triple quadrupole mass spectrometer in negative chemical ionization mode (nCl).
Samples (1 yl) were injected in the splitless mode onto an Agilent DB-5 column (15m x 0.25mm
x 0.25 pm film thickness). The column was held at 60°C for 1 min, and then the temperature was
increased to 280°C at a rate of 15°C/min. Helium and methane (1 ml/min) were used as the carrier
and reagent gas, respectively. Scans were recorded for the m/z range 200-400. The
corresponding MS filters for fatty acids are: 14:0 (m/z 227-227.5), 16:1 (m/z 253-253.5), 16:0 (m/z
255-255.5), CLA/18:2 (m/z 279-279.5), 18:1 (m/z 281-281.5), 20:4 (m/z 303-303.5), 20:3 (m/z
305-305.5), 20:2 (m/z 307-307.5), 20:1 (m/z 309-309.5), 20:0 (m/z 311-311.5), 22:6 (m/z 327-
327.5), 22:5 (m/z 329-329.5). The sample injector and GC/MS transfer line were kept at 250°C
and 280°C, respectively.

HPLC-MSMS analysis of NO,-FAs

NO.-FA lipid extracts were analyzed by HPLC-ESI-MSMS using gradient solvent systems
consisting of water containing 0.1% acetic acid (solvent A) and acetonitrile containing 0.1% acetic
acid (solvent B). Urine and tissue extracts were resolved for quantification and characterization
using a reverse phase HPLC column (2 x 100 mm 5 ym Luna C18(2) column; Phenomenex) at a
0.65 ml/min flow rate. Samples were loaded onto the column at 35% B, maintained for 0.3 min,
and eluted with a linear increase in solvent B from 35-100% of B over 8 min. The analysis was
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performed using a QTRAP 6500+ triple quadrupole mass spectrometer in the negative ion mode.
Source temperature was 600 °C, curtain gas: 40, ionization spray voltage: -4500, GS1: 55, GS2:
60. For collision induced fragmentations leading to either NO, or "®*NO," formation (m/z 46 and 47
respectively), the following settings were used: declustering potential: -80 V, entrance potential:
-5V, collision energy: —35 V and collision cell exit potential: -3 V. The corresponding MRM
transitions are: NO,-CLA (324.2/46), red-NO,-CLA (326.2/46), "SNO,-dsOA (331.2/47), and ">NO,-
dsSA (333.2/47). Transitions for B-oxidation metabolites were obtained by subtracting 28 amu
from parent compounds and following collision-induced generation of 46 m/z ions as before. For
characterization of NO2-CLA, red-NO»-CLA, and GSH-NO,-CLA in plasma, the same solvent
system for urine and tissue was used with the following gradient: samples were loaded onto the
column at 20% B, maintained for 0.3 min, and eluted with a linear increase in solvent B from 20-
100% B over 14 minutes. The same MS settings were used. For collision-induced fragments
leading to GSH formation (m/z 306), the following MS settings were used: declustering potential:
—-80V, entrance potential: =5V, collision energy: —25 V, and collision cell exit potential: -8 V. The
MRM transition for NO2-CLA-GSH is 631.2/306.

HPLC-MSMS analysis of NO2-CLA-CoA adducts

NO2-CLA-CoA adducts in RAW264.7 macrophages were analyzed by HPLC-HR-MSMS using
gradient solvent systems consisting of water containing 0.1% NH4OH (solvent A) and acetonitrile
containing 0.1% NH4OH (solvent B). Samples were resolved for qualitative characterization using
a reverse-phase HPLC column (2 x 150 mm, 5 ym Luna C8(2) column; Phenomenex) at a 0.5
ml/min flow rate. Samples were loaded onto the column at 5% B, maintained for 0.3 min and
eluted with a linear increase in solvent B from 5-45% of B over 3 min then 45-65% B over 2 min.
A Vanquish UPLC system connected to a Q-Exactive hybrid quadrupole-Orbitrap mass
spectrometer was used in positive ion mode using the following parameters: sheath gas flow rate
40, aux gas flow rate 10, sweep gas flow rate 1.5, spray voltage 4kV, capillary temperature 325°C,
S-lens RF level 50, aux gas heater temp 450°C. SIM for 1075.13-1075.56 at 35,000 resolution.

HPLC-MSMS analysis of nitrated phospholipids

Nitrated phospholipids in RAW264.7 macrophages were analyzed by HPLC-HR-MSMS using
gradient solvent systems consisting of water/acetonitrile (50/50, v/v) containing 0.2% ammonium
formate (solvent A) and isopropanol/acetonitrile/water (95/4.9/0.1, v/v/v) containing 0.1%
ammonium formate (solvent B). Samples were resolved for qualitative characterization using a
reverse-phase HPLC column (2 x 150 mm, 5 ym Luna C8(2) column; Phenomenex) at a 0.45
ml/min flow rate. Samples were loaded onto the column at 10% B, maintained for 0.3 min and
eluted with a linear increase in solvent B from 10-100% of B over 7 min. The analysis was carried
out using a Vanquish UHPLC system coupled to a Q-Exactive hybrid quadrupole-Orbitrap mass
spectrometer in positive ion mode using the following parameters: sheath gas flow rate 56, aux
gas flow rate 16, sweep gas flow rate 3, spray voltage 3.5kV, capillary temperature 300°C, S-lens
RF level 75, aux gas heater temp 450°C. Full mass scan ranged from 400-1000 m/z at 35,000
resolution. Data-dependent top 5 masses were selected for MS2 fragmentation.

Plasma Cytokine Multiplex and ELISA
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Plasma cytokines were quantified using the MILLIPLEX® Mouse Cytokine/Chemokine Magnetic
Bead Panel Assay following the manufacturer’s instructions. IL-6 levels in the RAW264.7
macrophage supernatants were quantified using the BD OptEIA™ Mouse IL-6 ELISA Kit following
the manufacturer’s instructions.

Quantitative PCR (qPCR)

Total RNA was extracted using TRIzol® Reagent (Invitrogen), according to the manufacturer's
instructions. One microgram of RNA was reverse transcribed in a total volume of 20 ul using the
iScript™ cDNA Synthesis Kit (Bio-Rad). Quantitative PCR was performed using TagMan™ Fast
Advanced Master Mix (Applied Biosystems) and TagMan™ Gene Expression Assays for IL-1[3
and IL-6. Reactions were run on a QuantStudio™ 5 Real-Time PCR System (384-well block;
Applied Biosystems) using the following cycling conditions: initial denaturation at 95 °C for 20 s,
followed by 40 cycles of 95 °C for 1 s and 60°C for 20 s. Each sample was analyzed in triplicate.
No amplification was observed in no-template controls (diethylpyrocarbonate-treated water) or in
reverse transcription-negative controls.

Quantification and statistical analysis

Quantification of NO2-CLA and metabolites was conducted in multiple reaction monitoring (MRM)
mode using a QTRAP 6500+ triple quadrupole mass spectrometer. Calibration curves were
generated using synthetic NO,-CLA, ">NO,-dsOA and "®NO,-dsSA to quantify NO,-CLA and its p-
oxidation products. NO,-FA levels in urine were normalized to urinary creatinine, which was
measured using a colorimetric assay kit based on absorbance at 500 nm. All statistical analysis
was performed using GraphPad Prism software and indicated in the figure legends. Each
experiment (>3 replicates within each experiment) was performed at least three independent
times.

Key Resources Table

REAGENT or RESOURCE | SOURCE | IDENTIFIER

Antibodies

N/A | |

Bacterial and virus strains

N/A

Biological samples

Endotoxemia human urine University of IRB-810598
Pennsylvania

ICU and non-ICU human plasma University of IRB-300005209
Alabama at
Birmingham

Chemicals, peptides, and recombinant proteins

Lipopolysaccharide (Escherichia coli O111:B4) Sigma-Aldrich Cat# L3024

Mouse IFN gamma, Recombinant Protein Invitrogen Cat # PIRP8617

1400W iNOS Inhibitor Cayman Chemical Cat# 81520

Phospholipase A1 (Aspergillus oryzae) Sigma-Aldrich Cat# L3295-50ML

Phospholipase A2 from porcine pancreas Sigma-Aldrich Cat# P6534

28



Heptadecanoic acid (C17:0) Sigma-Aldrich Cat# H3500
Pentafluorobenzyl bromide Sigma-Aldrich Cat#90257
N,N-diisopropylethylamine Sigma-Aldrich Cat# 387649
Conjugated linoleic acid (Tonalin TG 80) BASF PRD-No.
30531865

Conjugated linoleic acid

Nature’s Bounty

https://naturesbou
nty.com/products/c

la-1000-mg-50-
rapid-release-
softgels
Linoleic acid Nu-Chek Cat# U-59-A
SNO,-ds-OA and '®NO,-d4-SA internal standards Woodcock et.al®? N/A
TRIzol™ Reagent Invitrogen Cat# 15596026
iScript™ cDNA Synthesis Kit Bio-Rad Cat# 1708891

TagMan™ Fast Advanced Master Mix

Applied Biosystems

Cat# 4444557

Critical commercial assays

BD OptEIA™ Mouse IL-6 ELISA Kit

BD Biosciences

Cat# BDB550950

MILLIPLEX® Mouse Cytokine/Chemokine Millipore Cat#

Magnetic Bead Panel Assay MCYTOMAG-70K
Creatinine (urinary) Colorimetric Assay Kit Cayman Chemical Cat# 500701
Deposited data

N/A | |

Experimental models: Cell lines

Mouse: RAW264.7 | ATCC | ATCC TIB-71

Experimental models: Organisms/strains

Mouse: C57BL6J

The Jackson
Laboratory

RRID:IMSR_JAX:0
00664

Oligonucleotides

TagMan Gene Expression Assay (Mouse IL-6)

Applied Biosystems

Mm00446190_m1

TagMan Gene Expression Assay (Mouse IL-1B)

Applied Biosystems

MmO00434228_m1

Recombinant DNA

N/A

Software and algorithms

GraphPad Prism 10.6 GraphPad https://www.graph
pad.com/

Analyst 1.6.3 SCIEX https://sciex.com/p
roducts/software/a

nalyst-software

Chromeleon 7.3

Thermo Scientific

https://www.therm
ofisher.com/order/
catalog/product/C
HROMELEON7

Xcalibur 4.3

Thermo Scientific

https://www.therm
ofisher.com/order/
catalog/product/O
PTON-30965

LIPID MAPS® Structure Database (LMSD)

LIPID MAPS

https://www.lipidm
aps.org/resources/
tools/bulk-
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https://sciex.com/products/software/analyst-software
https://sciex.com/products/software/analyst-software
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https://www.thermofisher.com/order/catalog/product/CHROMELEON7
https://www.thermofisher.com/order/catalog/product/CHROMELEON7
https://www.thermofisher.com/order/catalog/product/CHROMELEON7
https://www.thermofisher.com/order/catalog/product/OPTON-30965
https://www.thermofisher.com/order/catalog/product/OPTON-30965
https://www.thermofisher.com/order/catalog/product/OPTON-30965
https://www.thermofisher.com/order/catalog/product/OPTON-30965
https://www.lipidmaps.org/resources/tools/bulk-structure-search/create?database=LMSD
https://www.lipidmaps.org/resources/tools/bulk-structure-search/create?database=LMSD
https://www.lipidmaps.org/resources/tools/bulk-structure-search/create?database=LMSD

structure-
search/create?dat
abase=LMSD

Other

TSQ9000 Triple Quadrupole MS Thermo Scientific https://www.therm
ofisher.com/order/
catalog/product/TT
S90BOP

6500+ QTRAP Triple Quadrupole MS SCIEX https://sciex.com/p
roducts/mass-
spectrometers/tripl
e-quad-
systems/triple-
quad-6500plus-
system

Q Exactive Orbitrap MS Thermo Scientifc https://www.therm
ofisher.com/us/en/
home/industrial/ma
SS-
spectrometry/liquid
-chromatography-
mass-
spectrometry-Ic-
ms.html

Vanquish HPLC-CAD Thermo Scientific https://www.therm
ofisher.com/us/en/
home/industrial/chr
omatography/liquid
-chromatography-

Ic/hplc-uhplc-
systems.html

Strata NH2 (55 um, 70 A), 500 mg/ 3 mL, Tubes Phenomenex Part: 8B-S009-HBJ

HyperSep™ C18 Cartridges, 500 mg / 3mL Thermo Scientific Cat# 60108-304
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Figure 1. CLA supplementation primes cellular and in vivo systems for lipid nitration. A.
Workflow for CLA enrichment in RAW264.7 macrophages. The structure for CLAis inred. B. Free
and total levels of CLA in the cell pellet for control and CLA-supplemented conditions (n = 6).
Representative result of three independent experiments. C. Mouse dietary intervention workflow.
D. Representative GC-MS trace of control (LA diet) and CLA-supplemented kidney tissue for the
mass range m/z 279-279.5. E. CLA enrichment in tissue from treated mice represented as a
percentage of the total fatty acids (n = 6-8). F. Average fatty acid distribution for control (LA diet)
and CLA-supplemented kidney tissue (n = 7-8). G. Individual mouse fatty acid enrichment for
control and treated kidney tissue.
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Figure 2. Gastric nitration establishes bioavailable NO2-CLA. A. Schematic of CLA nitration,
NO2-CLA absorption, and metabolism. Acidic nitrite in the stomach drives the nitration of CLA-
enriched triglycerides, initially forming a nitro-nitrate derivative (NO2-ONO2-CLA) that
spontaneously decays into NO,-CLA upon exiting the stomach because of the pH increase.
Enterocytes package NO»-CLA into triglycerides and export them in chylomicrons for tissue
distribution, where the nitroalkene exerts its signaling actions, is stored in phospholipids, or
metabolized into glutathione derivatives or inactive, reduced products. B. Representative
chromatograms showing co-elution of analytical standards and NO,-CLA (left), the inactive
metabolite red-NO2-CLA (middle), and GSH-NO>-CLA (right) detected in plasma. C. Plasma
concentration of free and total endogenous NO,-CLA and red-NO,-CLA (n=9). *P < 0.05, **P <
0.001 by paired t-test. D. Representative traces for NO,-CLA and electrophilic p-oxidation
metabolites detected in the mercury-treated urine from animals fed a diet rich in CLA (red) or LA
(blue). E. Urine concentrations of NO,-CLA and its B-oxidation metabolites (n=15-16). ****, P value
<0.0001 by unpaired t-test. F. Correlation analysis between NO>-CLA and its metabolites by
simple linear regression.
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Figure 3. Phospholipids are biochemical cell capacitors that store endogenous fatty acid
nitroalkenes. A. NO2-CLA enrichment in phospholipids, triglycerides, and cholesterol esters after
purification of each lipid class in selected tissues (n=5). B. Schematic of the Land’s Cycle of
membrane remodeling and the contribution of NO»-FAs. C. Representative LC-HR-MS trace and
MSMS fragmentation of NO»-CLA-CoA adduct detected in cultured RAW264.7 macrophages. D.
Experiment design of esterified-CLA nitration by LPS/IFNy activation of supplemented RAW264.7
macrophages. E. Cellular distribution of cell-generated NO->-CLA in CLA-supplemented
RAW264.7 macrophages after 24 hours of endotoxin challenge (n=6). Representative result from
three independent experiments. F. Inhibition of total NO,-CLA formation (free and esterified) in
the presence of the iINOS inhibitor 1400W (100 uM) (n=3). Representative result from three
independent experiments. **, P<0.01, ****, P<0.0001 by unpaired t-test. G. Representative LC-
HR-MS traces of NO2-PCs from LA- (inset) or CLA-supplemented RAW264.7 macrophages after
24 hours of LPS/IFNy stimulus.
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Figure 4. Endotoxemia favors the net release of NO,-CLA. A. Workflow for in vivo dietary
intervention followed by 16 hours of LPS challenge. B. Pathways contributing to the tissue
availability of NO.-CLA: diet-derived NO»-CLA is stored in phospholipids, and the nitration of
esterified CLA occurs during inflammation. NO»-CLA derived from either pathway is susceptible
to PLAZ2 hydrolysis during LPS challenge. C-E. Levels of total (C) NO2-CLA, (D) red-NO2>-CLA,
and (E) NO,-CLA thiol adducts detected in tissues from LA- or CLA-fed mice with or without LPS
challenge (n=7-8). NO,-CLA and metabolic products are only detected in mice receiving the
CLA diet. ¥, P<0.05, **, P<0.01, ***, P<0.001, ****, P<0.0001 versus CLA as determined by
ANOVA and Dunnett’'s multiple comparisons test.
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Figure 5. NO,-CLA inhibits the release of sn-2 esterified fatty acids. A. Free NO,-CLA and
red-NO-CLA in plasma from CLA-fed control and LPS-challenged mice (n = 4-10). B. Volcano
plot derived from lipidomic analysis showing the differential abundance of lipid species in plasma
samples from LA- and CLA-fed mice after 6 hours of LPS challenge (n = 5-7). Several lipid species
with significantly decreased abundance are indicated. C. Heat map comparing lipid species
between LA- and CLA-fed groups. Significantly downregulated features in the CLA group were
identified as fatty acids and dihydroxy fatty acids using the LIPID MAPS online database. White
boxes indicate undetected lipid species. D-F. Plasma concentrations of free (D) PUFAs, (E)
saturated fatty acids, and (F) dihydroxy fatty acids in CLA-fed mice at baseline and after 6 or 16h
of LPS challenge. Statistical analysis was performed using two-way ANOVA and Tukey’s multiple
comparisons test. **, P<0.01, ***, P<0.001, ****, P<0.0001.
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Figure 6. Urine accumulates excreted NO;-CLA after LPS administration. Urinary NO,-CLA
(A) and B-oxidation metabolites (C, E, G) from human subjects at defined intervals post LPS
administration (n = 35). Box and whisker plots show median, 25" to 75" percentiles, and range.
*, P<0.05, **, P<0.01, ***, P<0.001 versus 0—2-hour time-interval as determined by mixed-effects
analysis and Dunnett’s multiple comparisons test. Individual-level changes in urinary NO2-CLA
(B) and metabolites (D, F, H) for the first and second half of endotoxin challenge. Subjects without
samples for both time intervals were excluded from the paired comparison. 21 subjects are
represented in the paired analysis between 0-2 hours vs. 4-6 hours, whereas 27 subjects are
represented in 4-6 hours vs. 12-18 hours. Blue lines indicate a negative slope and red a positive
slope. *, P<0.05, **, P<0.01, ***, P<0.001 as determined by paired t-test.
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Figure 7. Endogenous NO2-CLA attenuates pro-inflammatory cytokines and modulates
vascular responses. A. Multiplex analysis of plasma cytokines measured 6 hours after saline
or LPS administration in LA- or CLA-fed mice (n=6-8). Statistical analysis by one-way ANOVA
and Dunnett’'s multiple comparisons test. *, P<0.05, **, P<0.01, ***, P<0.001, ****, P<0.0001
versus LA+LPS. B. Blood pressure recordings by telemetry in LA- and CLA-fed mice during the
LPS challenge (n=4 per group). MAP = mean arterial pressure. Statistical analysis was

performed using two-way ANOVA and Sidak’s multiple comparisons test. Interaction P-value
plotted. *, P<0.05, **, P<0.01
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Figure 8. Plasma NO,-CLA levels are lower in humans with septic shock. A. Total fatty
acids, B. free NO,-CLA, and C. free red-NO,-CLA measured in plasma from healthy controls,
ICU patients without sepsis, and patients with septic shock. Each dot represents an individual
subject (n = 21-53). *, P<0.05, **, P<0.01, ***, P<0.001, ****, P<0.0001 from one-way ANOVA
and Tukey’s multiple comparisons.
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Table 1. Summary of the NO.-PCs detected in activated RAW264.7 macrophages. High-
resolution experimental masses obtained in positive and negative ion mode are shown with the
corresponding theoretical mass for each PC with esterified NO»-CLA metabolites. Proposed
structures for the sn-1 and sn-2 positions of the NO.-PC are indicated.
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SUPPLEMENTARY FIGURES

Nitrated fatty acids are cell membrane biochemical capacitors that regulate inflammation
Nicole Colussi', Sonia R. Salvatore', Matias M. Vazquez', Maria V. Gutierrez>3, Scott Hahn'#,
Karina Ricart®, Felipe Vendrame®, Matias Badino', Agustina Schopfer?, Dario A. Vitturi®, Luis
Villacorta'®, Rakesh P. Patel®, Amit Gaggar®®, Carsten Skarke’, Adam C. Straub'4, Francisco J.
Schopfer*!4.89

A B

Culture Media Rodent Diet

+ CLA | + CLA

14 Time (min) 15 14 Time (min) 15

GC-MS m/z 279 - 279.5

Supplementary Figure 1. Endogenous CLA is absent from cell culture and in vivo models.
Gas chromatography—mass spectrometry (GC-MS) analysis (m/z: 279-279.5) showing no
detectable CLA in A) standard cell culture media and B) rodent diet. Top chromatography traces
represent un-supplemented conditions, with linoleic acid (blue) as the only octadecadienoic acid
(18:2) isomer. Bottom traces show CLA addition (red) to culture media (50 uM) and rodent diet
(1% CLA).

48



A

RAW264.7 Macrophages

14:0
16:1
16:0
18:0
18:1
18:2
20:4
22:5
22:3
22:6
CLA

-CLA

+CLA

(FR RN NINR RN

PLA1 PLA2

+CLA

i [t
15.0 14.5 156.0

h

145

Time (min) 150 145 Time (min) 15.0

GC-MS m/z 279 - 279.5

Supplementary Figure 2. Supplementation of CLA to RAW264.7 macrophages leads to
uptake in the fatty acid profile and phospholipids. A. Fatty acid profile distribution in cultured
RAW264.7 macrophages after supplementation of 50uM CLA (n=3). Representative experiment
of three independent trials. B. Representative GC-MS traces (m/z: 279-279.5) of free CLA after
phospholipase hydrolysis of phospholipid fractions from control (top trace, black) and CLA
supplemented RAW264.7 macrophages (bottom trace, red).
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Supplementary Figure 3. Effect of CLA on body composition and fatty acid distribution in
mice. A-B. A) Body weight and B) normalized tissue weights of mice fed either a LA (control) or
1%CLA diet for 4 weeks (n=8). Box and whiskers plot indicate median, 25th to 75th percentiles
and range. **, P<0.01, ****, P<0.0001 by unpaired t test. C. Fatty acid distribution for LA or CLA-
fed mice. (n = 6-8). D. Heat map comparison of individual mouse tissue fatty acid enrichment
profiles in LA and CLA diet groups (n = 6-8). E. LA levels expressed as a percentage of total fatty
acids in LA or CLA diet tissue (n = 6-8).
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Supplementary Figure 4. Confirmation of lipid fractionation by HPLC-CAD-MS analysis.
Representative charged aerosol detector (CAD) traces for PL, TG, and CE fractions in (A) liver,
(B) lung, and (C) and kidney. Mass spectrums for each of the fractions are filtered for the grayed-
out area in the CAD trace.
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Supplementary Figure 5. CLA incorporation into different lipid classes after dietary
supplementation. A-C. Representative total ion chromatograms (TIC) for liver, lung, and kidney
tissue after hydrolysis of purified lipid fractions. Fatty acid intensities are normalized across
phospholipid, triglyceride, and cholesterol ester fractions for the respective tissue. D-F.
Abundance of CLA in each lipid fraction shown as a percentage of the total fatty acids.
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Supplementary Figure 6. NO,-CLA tissue uptake and metabolism is independent of CLA.
Correlation plots between tissue levels of A) CLA vs. NO2-CLA and B) CLA vs. the inactivated

metabolite red-NO,-CLA.
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Supplementary Figure 7. NO,- ¢ @\ CLA does not form in LA-
supplemented RAW264.7 9 N | macrophages. Representative
LC-MSMS trace for NO,-CLA 78 8 10 11 12 (MRM: 324/46) in LA- (blue) or
CLA-supplemented (red) ' RAW264.7 macrophages after

LPS/IFNy stimulus for 24 hours. Traces represent total NO,-CLA levels in the cells measured after
acidic hydrolysis. A synthetic standard for NO2-CLA was used to correctly identify the product
peak from the chromatogram.
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Supplementary Figure 8. Total NO,-CLA and its metabolic products trend lower after
hours of LPS challenge. A. Total NO»-CLA, B. red-NO,-CLA, and C. NO,-CLA thiol adducts
levels detected in tissue from LA- or CLA-fed mice and LPS-challenged (n=7-8). NO»-CLA and
metabolic products are only detected in mice fed the CLA-supplemented diet. *, P<0.05, **,
P<0.01, ***, P<0.001, ****, P<0.000 versus CLA as determined ANOVA and Dunnett's multiple

comparisons test.
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Supplementary Figure 9. Hydroxy fatty acids are not substantlally upregulated following
LPS challenge. Total levels of A) HETEs and B) HODEs detected in plasma from baseline and
LPS-challenged mice fed either an LA (blue) or CLA (red) diet. (n= 5-7). *, P<0.05, **, P<0.01 by
two-way ANOVA and Tukey’s multiple comparisons.
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Supplementary Figure 10. Pro-inflammatory cytokines are reduced at 16 hours after LPS
challenge. Multiplex analysis of pro-inflammatory cytokines measured in the plasma from mice
fed LA or CLA diets following 16 hours of saline or LPS administration (n =5 -8). *, P<0.05 versus
LA+LPS as determined by one-way ANOVA and Dunnett’s multiple comparisons test.

58



X * ok ok ok

& 600 R 1000 r 6

5 A 800 ~

£ 400 E

s i 600 £4

2 £

£ 200 400 © 5

< m 200 =

z

E olertrlerLs 0 e L 0-—eve oye
LA + + - - LA+ + - - LA + + - -
CLA - -+ 4+ CLA - - + + CLA - - + +
Lps - + - + LPS - + - + LPS - + - +

Supplementary Figure 11. Macrophage-generated NO.-CLA inhibits A) IL-6 and IL-1B
expression after 16 hours of LPS stimulation and B) IL-6 secretion after 6 hours of LPS stimulation
in RAW264.7 macrophages. Representative data from three independent experiments. **
P<0.01, ****, P<0.0001 determined by one-way ANOVA and Tukey’s comparison.
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