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ABSTRACT

Palmitoleic acid (PM, 16:1n-7) has anti-inflammatory properties that could be linked to
higher expression of PPARq, an inhibitor of NFKB. Macrophages play a major role in
the pathogenesis of chronic inflammation, however, the effects of PM on macrophages
are underexplored. Thus, we aimed to investigate the effects of PM in activated
macrophages as well the role of PPARa. Primary macrophages were isolated from
C57BL6 (WT) and PPARa knockout (KO) mice, cultured under standard conditions and
exposed to LPS (2.5 ug/mL) and PM 600 uM conjugated with albumin for 24 hours.
The stimulation with LPS increased the production of IL-6 and IL-18 while PM
decreased the production of IL-6 in WT macrophages. In KO macrophages, LPS
increased the production of TNF-a and IL-6 and PM decreased the production of TNFa.
The expression of inflammatory markers such NFkB and IL1B were increased by LPS
and decreased by PM in both WT and KO macrophages. PM reduced the expression
of MyD88 and caspase-1 in KO macrophages, and the expression of TLR4 and HIF-1a
in both WT and KO macrophages, although LPS had not effect. CD86, an
inflammatory macrophage marker, was reduced by PM independently of genotype. PM
increased PPARy and reduced PPARB gene expression in macrophages of both
genotypes, and increased ACOX-1 expression in KO macrophages. In conclusion, PM
promotes anti-inflammatory effects in macrophages exposed to LPS through inhibition
of inflammasome pathway, which was independent of PPARa, PPARY and AMPK,
thus the molecular mechanisms of anti-inflammatory response caused by PM is still

unclear.

Keywords: monounsaturated fatty acid; palmitoleate; immune cell; macrophage;

PPARa knockout mice; inflammasome complex.
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1. INTRODUCTION

Inflammation is a common feature of many chronic diseases. It has been
described as a hallmark of obesity, insulin resistance, atherosclerosis and cancer (1). It
is well known that saturated fatty acids, which are prevalent in the western diet and
found in abundance in industrialized food, promote toxic effects and increase the
inflammatory response in several tissues and cell types (2-4). In fact, palmitic acid is
described as an activator of the inflammasome pathway, increasing the expression of
interleukin (IL) 1B via toll like receptor-4 (TLR4) activation (2, 4). The inflammasome is
a large multi-protein complex activated by both exogenous and endogenous danger
signals cleaving caspase-1 and, therefore, promoting the maturation of pro-
inflammatory cytokines such IL-1p3, IL-18 and IL-33 (5).

Besides the modulation of the inflammasome complex, the successful
resolution of inflammatory processes requires the inhibition of pro-inflammatory
signaling by M2 macrophages, which have high capacity to counteract the functions of
classical pro-inflammatory M1 macrophages. The omega-3 polyunsaturated fatty acids
seem to promote this phenotypic switch in macrophages by inhibiting both NF-kB and
inflammasome activation (1). Similarly, palmitoleic acid (PM), an omega-7
monounsaturated fatty acid (16:1n-7) described as a lipokine that improves whole-body
insulin sensitivity (6), has been shown to decrease the levels of several pro-
inflammatory cytokines (IL-1B, TNF-a and IL-6) (6-8), as well as the expression of
TLR4 (8) in liver of obese mice.

Besides this anti-inflammatory effect in the liver, PM also reversed the pro-
inflammatory gene expression and cytokine secretion in cultured macrophages (9) , as
well as those extracted from bone marrow of high fat-fed mice (10). Despite description
of those beneficial properties, the direct effects of PM on M1 macrophages are
underexplored and the mechanisms involved not fully understood. Some authors have

described the metabolic effects of PM as mediated by activation of peroxisome
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proliferator-activated receptor-a (PPARa) (11), a transcription factor that besides its
pro-oxidative properties also modulates inflammation by blocking NFkB (12).

Thus, we aimed to investigate the effects of PM in activated macrophages and
the role of PPARa. Here we showed that palmitoleic acid decreased the M1/M2 ratio
and reduced the production of pro-inflammatory cytokines by lowering the expression
of NFkB and genes from the inflammasome complex. Those anti-inflammatory effects
of palmitoleic acid are not dependent on PPARa or PPARy and should be further

explored.

2. RESULTS

Preliminary experiments established that 600 uM was the higher concentration
of PM that could be used without a toxic effect (suppl. 1).

LPS increased expression of PPARa in cultured macrophages from WT mice
(Figure 1). Expression of PPARa was further increased if PM was present (Figure 1).

Incubation with LPS for 24 hours increased the production of TNF-a and IL1(3
(p<0.001) by macrophages from PPARa knockout (KO) mice, and the production of IL-
6 (p<0.01) by macrophages from both genotypes (Figure 2). PM (600 uM) blunted the
production of IL-6 (p<0.05) in WT and KO macrophages stimulated with LPS, as well
the production of TNF-a (p<0.001) and IL1B (p<0.001) in KO macrophages stimulated
with LPS (Figure 2).

Lower concentrations of PM also had some anti-inflammatory effects (suppl. 2).
The production of IL-1B in WT macrophages stimulated with LPS was decreased by
200 yM PM (p<0.001) (suppl. 2C). In KO macrophages stimulated with LPS, the
production of TNF-a was decreased (p<0.001) by PM at 400 uyM (Supp 2B), while the
production of IL13 was decreased at both 200 and 400 pM PM (p<0.001, p<0.01)

(suppl. 2C).
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Besides its well known pro-inflammatory effects, LPS stimulation increased the
production of IL-10 in macrophages of both genotypes (p<0.001 in WT and p<0.05 in
KO) (suppl 3), while the incubation with several concentrations of PM did not show any
effect (suppl. 3A). The anti-inflamatory cytokine IL-1Ra was not stimulated by LPS,
however, incubation of LPS plus PM (600 uM) decreased (p<0.05) IL-1Ra production in
KO, while no other concentration of PM affected the production of IL-1Ra (suppl. 3B).

Since PM at 600uM had significant effects on the production of pro-inflamatory
cytokines induced by LPS in macrophages of both genotypes (Figure 2), we used this
concentration to analyse the expression of several genes related to the inflammatory
response (Figure 3). Even co-incubated with LPS, PM decreased the expression of
TLR4 (p<0.001) and HIF1a (p<0.05) in macrophages from mice of both genotypes
when compared to the control (Figure 3A and 3D, respectively). PM+LPS also
decreased expression of MyD88 (p<0.01) and Caspase-1 (p<0.05) unstimulated
(control) and LPS stimulated macrophages from KO mice (Figure 3B and 3C,
respectively). LPS increased the expression of NFkB (p<0.05) (Figure 3E) in WT
macrophages. Likewise the expression of IL-18 was increased by LPS (p<0.001)
(Figure 3F) in macrophages from KO mice. PM decreased NFkB and IL-1B (p<0.05
and p<0.001) in both genotypes when compared to LPS alone.

The expression of MyD88 (p<0.05), caspase-1(p<0.01) and HIF1a (p<0.01)
were around 2-fold higher in macrophages of KO mice when compared to those from
WT mice (Figure 3). However, after the incubation with LPS and PM for 24 hours, no
difference in the expression of MyD88, caspase-1 and HIF1a was observed between
the genotypes (Figure 3).

The decreased production of pro-inflammatory cytokines (Figure 2) and the
lower expression of NFKB and some other genes related to inflammation (Figure 3)
caused by the PM could be due to or result in modulation the macrophage phenotype.
Therefore, we investigated the expression of classical markers used to diferenciate M1

macrophages (CD86) (Figure 4A) from M2 macrophages (arginase) (Figure 4B).
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Although the expression of both genes (CD86 and arginase) was reduced (p<0.05) by
LPS in macrophages from both WT and KO mice, the expression of the M1 marker
CD86 was decreased further (p<0.05) by PM in macrophages from both genotypes
stimulated with LPS (Figure 4A). Likewise, the ratio between the expression of
CD86/arginase (M1/M2) was higher (p<0.001) in WT macrophages stimulated with
LPS and it was lowered (p<0.05) by PM (Figure 4C). Macrophages from PPARa KO
mice had a higher (p<0.05) expression of Acyl CoA oxidase-1 (ACOX-1) (Figure 4D)
and AMP activated Kinase (AMPK) (Figure 4E), the exposure to LPS decreased
(p<0.05) the expression ACOX-1, while PM restored (p<0.05) the expression of this
gene (Figure 4D). On other hand, the expression of AMPK was decreased (p<0.01) by
PM in KO mice macrophages (Figure 4E).

Although PM enhanced the expression of PPARa, it was able to induce anti-
inflammatory effects even in PPARa KO mice. Interestingly when we investigated the
expression of PPARy, PPARB and genes regulated by those, oposite effects were
observed (Figure 5). In both genotypes, the expression of PPARy was increased
(p<0.001) by LPS + PM (Figure 5A), while PPAR expression was decreased (p<0.05)
(Figure 5B). The upregulation of PPARy and dowregulation of PPARB promoted by PM
was clear in PPARa Knockot mice, since LPS did not promoted effect on the
expression of those genes, differently of macrophages from WT mice, in which the LPS
promoted effects similar to PM, incresing PPARy(p<0.001) expression and
dowregulating PPARP (p<0.01) (Figure 5).

The upregulation of PPARy promoted by palmitoleic acid in PPARa Knockout
macrophages indicated a possible mechanism for the anti-inflamatory effects of PM
independently of PPARa. However, in macrophages extracted from PPARa Knockout
mice, palmitoleic acid still was able to reduce the production of IL-6 (p<0.001) , IL1B
(p<0.001) and TNFa (p<0.05) stimulated by LPS, even when co-incubated with
GW9662, a PPARYy inhibitor (Figure 6A, 6B and 6C). As unexpected, this anti-

inflamatory effect of palmitoleic acid independently of PPARYy, was further confirmated
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in macrophages extracted from PPARy Lys Cre+ (Knockout of PPARYy especific for
macrophages) and PPARy Lys Cre- (wild type), in with palmitoleic acid reduced the
production of IL-6 (p<0.01), IL1B (p<0.05), TNFa (p<0.001) and MCP-1 (p<0.01) in
both genotypes (Figure 6D, 6E, 6F, 6G). By last, we verified that besides indepently of
PPARYy, the anti-inflamatory effects of palmitoleic acid also occurs in absence of
AMPK, as this monounsaturated fatty acid still reduced the production of IL-6 (p<0.01),
IL1B (p<0.01), TNFa (p<0.001) and MCP-1 (p<0.01) stimulated by LPS in PPARy Cre+
Knockout macrophages, even when co-incubated with an AMPK inhibitor, the

compound C (Figure 6H, 61, 6J, 6K).

3. DISCUSSION

Since its first description as a lipokine, PM has been reported to improve
insulin sensitivity (6) and protect from atherosclerosis and cardiovascular disease (13).
Here, we identify another beneficial effect of PM, which decreased inflammatory
responses of in macrophages. This occurred on macrophages isolated both from WT
and PPARa KO mice, indicating that although the expression of the anti-inflammatory
transcription factor PPARa is increased by PM, the effects of this monounsaturated w7
fatty acid seem to be independent of PPARa.

Beneficial effects of PM were previously observed in cultures of J774
macrophages, where it counteracted the M1 polarization induced by palmitate,
increasing the insulin response in C2C12 myoblasts (9). Similar effects were observed
in endothelial cells, where PM partly prevented the pro-apoptotic effects of palmitic
acid, reducing endothelial dysfunction (14). Although the mechanisms by which PM
mediated these effects are unknown, in cultured 3T3L1 adipocytes, PM increased
lipolysis and the expression of lipases via activation of PPARa (11).

PPARaq, a transcription factor that is constitutive expressed in all tissues, is

anti-inflammatory exerting this effect by binding to the response element of NFkB,
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blocking the transcription of inflammatory genes (15). In the current study, PM lowered
the production of pro-inflammatory cytokines, and reduced the expression of genes
from the inflammasome complex and NFkB, even in PPARa KO mice, what indicate
the activation of PPARa expression is not the only mechanism responsible for the anti-
inflammatory effect of PM (Figure 7).

In accordance with the results for macrophages seen in the current study,
previous work by our group showed that PM decreased liver inflammation in obese
mice independently of an effect on PPARa (8). In the liver, PM decreased TLR4 gene
expression in both WT and PPARa KO mice and reduced the protein expression of
TLR4 and NFkB (p65) in PPARa KO mice (8). Likewise, in the present study, PM
inhibited production of several pro-inflammatory cytokines, as well as down regulation
of TLR4, MyD88, caspase-1 and HIF1a in macrophages from both WT and PPARa KO
mice, probably due to downregulation of NFkB.

Omega-3 polyunsaturated fatty acids which have well known anti-inflammatory
effects, had effects similar to PM, reducing the expression of genes from the
inflammasome pathway by inhibiting the activation of NFkB in bone marrow derived
macrophages (BMDM) (1). The anti-inflammatory effect promoted by omega-3 PUFAs
seems to be mediated by upregulation of PPAR-y (16-18), nuclear receptor that
similarly to PPARa, interferes with the NFkB activation (1, 18), reducing the production
of pro-inflammatory cytokines (TNFa and IL6) (17-19). In accordance, we observed PM
increased the expression of PPARYy, especially in macrophages from animals that lacks
PPARa, in which the expression of NFkB and IL13 were also blunted by this fatty acid.

Similarly to Omega 3 PUFAS (17-19), it was observed that PM protected
BMDM against the pro-inflammatory effects of saturated fatty acids by inducing
differentiation to the anti-inflammatory M2 phenotype (10). Our findings suggest the
same effect of palmitoleic acid in peritoneal macrophages, since it lowered the ratio
between the expression of CD86 and arginase, indicatives of the M1/M2 ratio.

Inflammation driven by M1 macrophages is counterbalanced by alternative polarization
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to M2 macrophages, which promote resolution of inflammation. Beneficial properties of
M2 macrophages are reported in several inflammatory disorders and deregulation in
the M1/M2 phenotypic balance is described as a mechanism for pathogenesis of
chronic inflammatory diseases (20). It is important to mention, that besides the
classical M1/M2 genes here analyzed, we also observed that PM modulated genes
related to metabolic pathways that are nowadays considers characteristics of M1
(glycolytic metabolism) or M2 (oxidative metabolism) phenotypes (21). In fact PM
downregulated HIF-1a, gene related to glycolysis (M1), while upregulated ACOX-1 in
KO macrophages, gene of the oxidative metabolism (M2) (21, 22).

Those effects on the polarization of macrophages can be also related to
PPARy, which acts in an anti-inflammatory manner regulating the macrophages
differentiation to M2 phenotype (23). In fact, PPARy, an isoform of PPARs highly
expressed in macrophages, has an important role in macrophage differentiation (24). It
was observed previously that the activation of PPARYy in cultured macrophages, by
thiazolidinediones or 15-deoxy-prostaglandin J,, resulted in reduced production of
several pro-inflammatory cytokines (25) and down regulation of pro-inflammatory gene
expression by inhibition of transcription factors, AP-1, STAT and NFkB (26). The
current study showed that PM stimulated the expression of PPARy, in macrophages
from WT and PPARa KO mice. On other hand, the opposite effect was observed for
PPARp, another PPAR that is expressed in several tissues and was reduced by PM in
macrophages from mice of both genotypes.

These observations indicate that the modulation of PPARy expression by PM
might have an important anti-inflammatory effect in PPARa KO mice. In fact, the
expression of ACOX-1 was increased in macrophages from PPARa KO mice by PM,
although this oxidative enzyme expression is well known as directly activated by
PPARa (27). Similar effects have been already described in the liver of PPARa
knockout mice treated with thiazolidinediones (PPARYy activators) (28), which indicates

some degree of cross-activation between PPARy and PPARa (28, 29), and suggests
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the residual higher PPARy expression induced by PM in macrophages of PPARa KO
mice may be sufficient to partially restore PPARa function (Figure 7).

Although the importance of PPARa and PPARy might have on the inflammation
and macrophages polarization, our findings indicate palmitoleic acid might have an
effect that is independent of both PPARSs, since the palmitoleic acid reduced the
inflammation stimulated by LPS in PPARa KO macrophages even when co-incubated
with GW9662 (inhibitor of PPARY) and palmitoleic acid also reduced the inflammation
stimulated by LPS in PPARy Lys Cre+ Knockout mice.

Besides PPARs, several studies have linked the metabolic effects of palmitoleic
acid with AMPK, an energy status sensor increased by palmitoleic acid in liver, adipose
tissue and skeletal muscle, which seems to induce anti-inflammatory effects (30-32). In
vitro experiments demonstrated that LPS promoted downregulation of AMPK
expression in leukocytes (33). AMPK inhibits the inflammatory response induced by
LPS in neutrophils (34), and in macrophages the activation of AMPK seems to promote
polarization to an anti-inflammatory M2 phenotype.

AMPK downstream targets, such as SIRT-1 and FOXO, are described to inhibit
the NFkB signaling (35). Our group previously observed palmitoleic acid
supplementation was able to reduce liver inflammation (8) while increased the AMPK
phosphorylation (31), in accordance, it has been described that PM phosphorylates
and activates AMPK in adipose tissue (30) and in BMDM (10), but in the current study,
the expression of AMPK was increased in macrophages from PPARa KO mice and
was decreased by PM. This could indicate a regulatory response to over activation of
AMPK, reducing gene expression as a feedback mechanism, however, the AMPK
inhibitor, Compound C, did not impaire the anti-inflammatory effect of palmitoleic acid
in PPARy cre+ macrophages, indicating the effects of this fatty acid in vitro are not
dependent of those factors and might occur by a unknown mechanism that modulates

the inflammassome complex genes.
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The anti-inflammatory effects of palmitoleic acid were independently of the
genotype, indicating that palmitoleic acid is able to reduce the inflammation induced by
LPS independently of PPARa or PPARy. The inhibition of inflammation by palmitoleic
acid are also not mediated through activation of AMPK, thus, is possible that the effects
of palmitoleic acid are caused by modulation of genes from the inflammasome complex
by an unknown mechanism, or by increase the oxidative phosphorylation, blocking the
activation of HIF1a and the production of pro-inflammatory cytokines such TNFa and
IL1B (Figure 7).

In conclusion, the results of the present work showed palmitoleic acid
decreased the production of pro-inflammatory citokynes, lowered the expression of
NFkB and other genes related to inflammation, reduced expression of genes from the
inflammasome complex and decreased the M1/M2 phenotypic expression in
macrophages stimulated with LPS by mechanism that modulates but are not

dependent of PPARa or PPARYy.

4, METHODS

4.1. Animals

All experimental protocols were approved by the Animal Care Committee of the
Institute of Biomedical Sciences, University of Sdo Paulo, Brazil (049/05/03/CEUA).
The mice were male 10-wk-old mice maintained at 22+2°C in a 12h light cycle, fed with
a balanced chow pellet diet (Nuvilab CR1, Nuvital, Colombo, PR, Brazil) with ad libitum
water supply. The following breeds were utilized: C57BL/6 wild-type (WT) (Animal
Facility of the Institute of Biomedical Sciences, University of Sdo Paulo, Sdo Paulo,
Brazil), PPARa knockout (KO) mice (The Jackson Laboratory, Bar Harbor, ME, stock
no. 008154), and mice with a selective deletion of PPARy in monocytes and mature

macrophages (PPARy Cre+). To produce the PPARy Cre+ mice, the PPARy Lox/P
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mice (The Jackson Laboratory, Bar Harbor, ME, USA, stock no. 004584) were crossed
with LysMcre mice (The Jackson Laboratory, Bar Harbor, ME, USA stock no. 004781)
and were selected by genotyping using primers and protocols indicated by the

manufacturer.

4.2.  Isolation and culture of intraperitoneal macrophages

Mice were fasted for 6 hours, anesthetized by isoflurane inhalation and
euthanized before macrophage isolation. Macrophages were isolated from the
intraperitoneal cavity of the mice with RPMI medium. The cells were counted in a
hemocytometer using trypan blue (0.4%) exclusion and 5x10%cm? viable macrophages
were cultured in medium (RPMI) supplement with fetal bovine serum (10%), and
antibiotics solutions (1%) in standard conditions (37°C in humidified 95% air/5% CO,).
For the experiments, macrophages were exposed to PBS (control), LPS (2.5 ug/mL, E.
coli O111:B4) with or without PM (600 uM) conjugated to BSA (bovine serum albumin).
Inhibitors of PPARy (GW9662) and AMPK (compound C) (Sigma Aldrich, Saint Louis,
MO, USA) were also utilized. After 24 hours, medium and macrophages were collected

for further analysis.

4.3.  Enzyme-Linked Immunosorbent Assay (ELISA)
The concentrations of IL-1B8, TNF-a, IL-6, MCP-1 IL-1Ra and IL-10 in cell
culture supernatants were measured by ELISA (DuoSet ELISA®, R&D Systems,

Minneapolis, MN, USA) performed according to the manufacturer’s instructions.

4.4.  RNA isolation, reverse transcription, and real-time PCR

The expression of genes related to metabolic and inflammatory pathways was
assessed by qRT-PCR with SYBR Green marker. For this, total RNA was extracted
from the cells as described by Chomczynski and Sacchi (1987) (36), quantified in a

spectrophotometer (260 nm), and cDNA was synthesized from the total RNA using
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reverse transcriptase. The sequences of the primers are shown in Table 1; gene
expression was quantified by the comparative method using the expression of GAPDH

as the standard (37).

4.5.  Statistical analysis

Normal distribution and variance homogeneity were tested and the appropriate
statistical test (one-way ANOVA or two-way ANOVA) was employed followed by post-
hoc testing. Data are mean + SEM (standard error) and analyses were performed using

GraphPad Prism 5.0. Differences were considered significant when p<0.05.
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Fig 1. Palmitoleic acid with LPS sinergically increased the expression of PPARa. Relative mRNA expression of
peroxisome proliferator-activated receptor a (PPARa) in macrophages extracted from WT mice and
incubated with RPMI (Control), LPS, or palmitoleic acid with LPS (LPS PM) for 24 h. Ct were normalized to
glyceraldehyde-3-phosphate (GAPDH). Data are mean + SEM of 8 animals. One-way ANOVA followed by
Bonferroni, *p<0.05 and **p<0.01 vs. control.
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Fig 2. Palmitoleic reduced inflammation stimulated by LPS, independently of PPARa. Concentrations of IL-6
(A), TNF-a (B) and IL-1B (C) produced by macrophages from WT and PPARa KO mice incubated with RPMI
(Control), LPS or palmitoleic acid with LPS (LPS PM) for 24 h. Data are mean £ SEM of 8 (WT) or 10 (KO)
animals. Two-way ANOVA followed by Bonferroni post test, *p<0.05 and ***p<0.001 vs. control; #p<0.05,
##p<0.01 and ###p<0.001 vs. LPS.
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Fig 3. Palmitoleic acid reduced the expression of inflammatory genes independently of PPARa. Relative
mRNA expression of toll Like receptor-4 (TLR4) (A), myeloid differentiation primary response 88 (MyD88)
(B), caspase-1 (C), hypoxia-inducible factor-a (HIF1a) (D), nuclear factor kappa-light-chain-enhancer of

activated B cells (NFkB) (E) and interleukin 1B (IL-1B) (F) of WT and KO mice macrophages incubated with
palmitoleic acid. Macrophages from WT and PPARa KO mice incubated with RPMI (Control), LPS or
palmitoleic acid (PM) 600 uM with LPS (LPS PM) for 24 h. All Ct values were normalized to glyceraldehyde-3-
phosphate (GAPDH). Data are mean = SEM of 6 (WT) or 8 (KO) animals. Two-way ANOVA followed by
Bonferroni post test; *p<0.05 and ***p<0.001 vs. control; #p<0.05 vs. LPS; $p<0.01 KO vs. respective
WT group.
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Fig 4. Palmitoleic acid decreased the expressed ratio of M1/M2 in WT and increase pro-oxidative gene ACOX-
1 (M2) in KO macrophages. Relative mRNA expression of CD86 (A), and Arginase (B) the ratio of arginase to
45 CD86 (C) and Acyl-CoA oxidase 1 (ACOX-1) (D) and AMP-activated protein kinase (AMPK) (E) of WT and
46 PPARa KO mice macrophages incubated with RPMI (Control), LPS or palmitoleic acid with LPS (LPS PM) for
47 24 h. All Ct values were normalized to glyceraldehyde-3-phosphate (GAPDH). Data are mean £ SEM of 6
48 (WT) or 8 (KO) animals. Two-way ANOVA followed by Bonferroni post test; *p<0.05 and ***p<0.001 vs.
49 control; #p<0.05 and ##p<0.01 vs. LPS; $p<0.01 KO vs. respective WT group.
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Fig 5. Palmitoleic acid modulated the expression of PPARs differently. Relative mRNA expression of
peroxissome proliferator-activated receptor y (PPARy) (A), and PPARB (B) of WT and PPARa KO mice
macrophages incubated with RPMI (Control), LPS or palmitoleic acid with LPS (LPS PM) for 24 h. All Ct
values were normalized to glyceraldehyde-3-phosphate (GAPDH). Data are mean + SEM of 6 (WT) or 8 (KO)
animals. Two-way ANOVA followed by Bonferroni post test; *p<0.05 and ***p<0.001 vs. control; #p<0.05,
##p<0.01 and ###p<0.001 vs. LPS; $p<0.05, $$p<0.01 and $$$p<0.001 KO vs. respective WT group.
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Fig 6. Palmitoleic acid reduced the inflammation induced by LPS independently of PPARy and
AMPK. Concentrations of IL-6 (A), TNF-a (B) and IL-1B (C) produced by macrophages from PPARa KO mice
incubated with LPS, palmitoleic acid with LPS (LPS PM) or palmitoleic acid with LPS plus an inhibitor of
PPARy (GW9662) (LPS PM GWYy) for 24 h (n=6). Concentrations of IL-6 (D), TNF-a (E) IL-1B (F) and MCP-1
(G) produced by macrophages from WT (Cre-) and PPARy KO (Cre+) incubated with RPMI (control), LPS or
palmitoleic acid with LPS (LPS PM) for 24 h (n=8 to 12). Concentrations of IL-6 (H), TNF-a (I) IL-1B (J) and
MCP-1 (K) produced by macrophages from PPARy KO (Cre+) incubated with LPS, palmitoleic acid with LPS
(LPS PM) or palmitoleic acid with LPS plus an inhibitor of AMPK (Compound C) (LPS PM CC) for 24 h (n=7).
(A, B, C, H, I, J and K) One way Anova followed by Bonferroni post test; *p<0.05, **p<0.01 and
***p<0.001 vs. control. (D, E, F and G) Two-way ANOVA followed by Bonferroni post test; *p<0.05 and
***p<0.001 vs. control; #p<0.05, ##p<0.01 and ###p<0.001 vs. LPS.

214x286mm (300 x 300 DPI)

cepp@wiley.com



©CoO~NOUTA,WNPE

Clinical and Experimental Pharmacology and Physiology

cepp@wiley.com

Page 22 of 25



Page 23 of 25

©CoO~NOUTA,WNPE

Clinical and Experimental Pharmacology and Physiology

2]
[
%
(e
o
]
®

|

ACTIVE CASPASE-1

Fig 7. Although palmitoleic acid induced the activation of both, PPARa and PPARYy its anti-inflammatory
effects are not strictly dependent of those PPARs, but are related to modulation of genes from the
inflammasome complex. PPARa and PPARy, upregulated by palmitoleic acid in our study, may act in an anti-
inflammatory manner regulating the macrophages differentiation to M2 phenotype and interfering with the
NFkB activation. When activated by LPS stimulus, TLR4 (Toll-Like Receptor-4) triggers a cascate that can be
dependent of the adaptors protein MyD88 (Myeloid differentiation primary response gene 88) and leads to
phosphorylation of the IKK complex (Inhibitor of Kappa Light Polypeptide Gene Enhancer in B-Cells Kinase),
allowing the NF-KB translocation to the nucleus, where it induces the expression of TNFa (Tumor necrosis
factor a) and pro-IL1B (interleukin 1B), which can be cleaved and activated to IL1B by caspase-1. TLR4
activation, can also induce a non-canonical activation of IL1B, which enhances HIFla (Hipoxia Induced
Factor-1 alpha), switch the metabolism to aerobic glycolysis and promotes the transcription of pro-IL1p.

300x300mm (96 x 96 DPI)

cepp@wiley.com



©CoO~NOUTA,WNPE

Clinical and Experimental Pharmacology and Physiology

Page 24 of 25

Table 1. Sequences of forward and reverse primers used for qRT-PCR.

Gene Primer Forward Primer Reverse

GAPDH CAAGCTCATTTCCTGGTATGACA GCCTCTCTTGCTCAGTGTCC
PPARa TGCAATTCGCTTTGGAAGAA CTTGCCCAGAGATTTGAGGT
TLR4 TCCAGCCACTGAAGTTCT CAGCAAAGTCCCTGATGA
MyD88 TCCAGGTGTCCAACAGAAG ACTTGGTGCAAGGGTTGGT
Caspase-1 CACCTCTTTCACCATCTCC ACATCTTTCTCCGAGGGTT
HIF1a AGTCAGCAACGTGGAAGGT CGTCATGGGTGGTTTCTTG
NFkB CCAACTGGCAGGTATTTGAC GCTGCTTCATGTCCCCTTG
IL-1B TGGGATCCACACTCTCCA GGAGAACCAAGCAACGACA
CD86 TGTTTCCGTGGAGACGCAAG TTGAGCCTTTGTAAATGGGCA
Arginase = TCCTCCACGGGCAAATTCC GCTGGACCATATTCCACTCCTA
PPARy TGAAGCTCCAAGAATACCAAAG GCCATGAGGGAGTTAGAAGG
PPARB AGCCACAACGCACCCTTT ACCAGCTGTTTCCACACCA
ACOX-1 TACGTGCAGCCAGATTGGTA ACGCCACTTCCTTGCTCTT
AMPK AGCCGACTTTGGTCTTTCAA GCCTGCGTACAATCTTCCTG
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SUPPLEMMENTARY DATA

Control

LPS

LPS+PMA 200
LPS+PMA 400
LPS+PMA 600
LPS+PMA 1000
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37 Supp 1. Lactate dehydrogenase (LDH) activity in media of macrophages isolated from
39 the peritoneal cavity of WT (C57BL6) and KO (PPARa knockout) mice and incubated
41 with RPMI (Control), LPS or several concentrations (200 to 1000 uM) of palmitoleic
43 acid plus LPS (LPS+PM) for 24 h. Data are mean + SEM of 8 (WT) or 10 (KO) animals.

45 One-way ANOVA followed by Bonferroni post test; *p<0,05 vs. control.
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Supp 2. Concentrations of IL-6 (A), TNF-a (B) and IL-1B (C) produced by macrophages
extracted from WT (C57BL6) and KO (PPARa knockout) mice, and incubated with
RPMI (Control), LPS or several concentrations (200 and 400 uM) of palmitoleic acid
plus LPS for 24 h. Data are mean + SEM of 8 (WT) or 10 (KO) animals. Two way
ANOVA followed by Bonferroni post test; *p<0.05 and ***p<0.001 vs. each control;

#5<0.05, #p<0.01 and *#p<0.001 vs. LPS.
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Supp 3. Concentrations of IL-10 (A) and IL-1Ra (B) produced by macrophages
extracted from WT (C57BL6) and KO (PPARa knockout) mice, and incubated with
RPMI (Control), LPS or several concentrations (200 to 600 uM) of palmitoleic acid plus
LPS for 24 h. Data are mean + SEM of 8 (WT) or 9 (KO) animals. Two-way ANOVA
followed by Bonferroni; *p<0.05 and ***p<0.001 vs. control, #p<0.01 and *##p<0.001 vs.

LPS.
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