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ABSTRACT: Stimulation of macrophages by a variety fatty acids causes activation of MAP kinases (MAPKs). The consequences
arising from down-regulation of MAPKs may be a limitation in the activity of PPARγ, which is modulated by a modification
catalyzed by these kinases. Phosphorylation of MAP kinases-ERK1/2 and p38 as well as PPARγ was determined by real-time
polymerase chain reaction and Western blotting in human macrophages cultured with conjugated linoleic acids (CLAs). We
demonstrated that CLA isomers alter MAP kinase phosphorylation and PPARγ activation. Phosphorylation of ERK1/2 was
diminished in cells cultivated with cis-9,trans-11 CLA, whereas phosphorylation of p38 was reduced by trans-10,cis-12 CLA. PPARγ
was phosphorylated mainly by ERK1/2, and consequently, PPARγ phosphorylation was suppressedmainly by cis-9,trans-11 isomer.
In human adipocytes, cis-9,trans-11 C 18:2 raised the activation of PPAR and several of its downstream target genes. We suggest that
a similar process may also occur in human macrophages.
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’ INTRODUCTION

Conjugated linoleic acids (cis-9,trans-11 C 18:2 and trans-10,
cis-12 C 18:2) are stereoisomers of linoleic acid (LA) (cis-9,cis-12
C 18:2).1,2 In the body, conjugated linoleic acids (CLAs)
originate mainly from food, although they may also be synthe-
sized endogenously by conversion of some trans isomers of fatty
acids, for example, desaturation of vaccenic acid (trans-11 C18:1)
to cis-9,trans-11 CLA isomer.3 The most common CLA isomers
in food are cis-9,trans-11 C18:2 and trans-10,cis-12 C18:2.4 Many
studies have shown the positive role of these fatty acids as
antiatherosclerotic, anticancer, anti-inflammatory,5 and antidia-
betic substances in animals.6,7 Studies in humans have shown a
less unequivocal role for CLAs.8�13

One of the effects of CLA intake is the embedding of these
fatty acids in cell membrane phospholipids.13,14 The fact that
CLAs are built-in cell structures suggests that they may be
modulators of cellular responses to the action of external
inflammatory factors.15�17

Natural fatty acids are known activators of peroxisome pro-
liferator activated receptors (PPARs),18,19 transducer proteins
from the nuclear receptor superfamily that control expression of
various genes crucial for lipid and glucose metabolism. PPARγ
was shown to have antiatherosclerotic effects in different cells: In
endothelial cells, PPARγ agonists inhibit vascular cell adhesion
molecule (VCAM-1) and intracellular adhesion molecule
(ICAM-1) expression, resulting in the reduction of monocyte
accumulation in the arterial intima.18 However, these receptors
also exhibited potential pro-atherogenic effects by the over-
expression of oxidated low-density lipoprotein (ox-LDL)
scavenger receptors, increasing the formation of foam cells.18

Stimulation of macrophages by a variety of agents (e.g., growth
factors, cytokines, and hormones) causes activation of mitogen-

activated protein kinases (MAPKs). MAP kinases are major
components of pathways controlling, for example, cell differ-
entiation, cell proliferation, and cell death. The extracellular
signal-regulated protein kinases 1 and 2 (ERK) pathway was
one of the first signaling pathways for which the link between
the extracellular ligand and the nucleus was described. The
signaling module of the ERK pathway is composed of ERK1/2,
the dual-specificity kinase MEK1/2, and isoforms of Raf and is
principally activated by hormones and growth factors.20�22 In
human cells, there are three members of the MAPK family,
including ERK 1/2 (p44/p42), c-Jun-NH 2-terminal kinase
(JNK), and p38 MAPK kinase.23,24 In macrophages, ox-LDL
induces phosphorylation of MAP kinases (ERK1/2 and p38 as
well as JNK kinases)18,20,24,25 and PPARγ (phosphorylated by
MAP kinases);20,21 therefore, we investigated that CLAs may
influence on MAP kinase phosphorylation and PPARγ activa-
tion in macrophage/foam cells.

’MATERIALS AND METHODS

Cell culture media and fetal bovine serum (FBS) were from Gibco,
Invitrogen (Carlsbad, CA). All other chemicals and reagents were from
Sigma Chemical Co. (St. Louis, MO). Isomers of CLA (+98% pure)
were from Nu-CheK Prep (Elysian, MN). PD 9805, ERK1/2 inhibitor;
SB 203580, an inhibitor of p38 kinase phosphorylation; and anisomycine
(AN), an activator of p38 phosphorylation, were from Calbiochem
(Darmstadt, Germany). The Oligotex Direct mRNA Mini Kit from
Qiagen (Hilden, Germany) was used for isolation of mRNA from
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macrophages. Reagents for real-time polymerase chain reaction (PCR):
that is, 5� First Strand Buffer, oligo (dT) and DTT, were by Promega
(Madison, WI) and Superscript II reverse transcriptase was from
Invitrogen. Monoclonal antibodies were used for β-actin (Sigma),
PPARγ (Santa Cruz Biotechnology, Santa Cruz, CA), and phospho
p38 MAPK, ERK1/2 MAP kinase, total ERK1/2 MAP kinase (Cell
Signaling, Danvers, United States); polyclonal antibodies were used for
phospho PPARγ (Santa Cruz Biotechnology). Horseradish peroxidase-
conjugated goat antimouse IgG or goat antirabbit IgG secondary
antibodies were from Santa Cruz Biotechnology. Bradford reagent was
from Sigma-Aldrich (St. Louis, MO).
Cell Culture and Treatment. THP-1 cells from American Type

Culture Collection (ATCC, Rockville, MD) were cultured in RPMI
1640 medium supplemented with 10% fatty acid-free FBS, penicillin
(100 U/mL), and streptomycin (100 mg/mL) at 37 �C in 5% CO2.
THP-1 human monocytic cells were differentiated to macrophages by
administration of phorbol myristate acetate (PMA).26 THP-1 mono-
cytes were seeded at a density of 2 � 106 cells/well in 6-well plates and
incubated with 100 nM PMA for 24 h. The viability of the cells treated
with ox- LDL and fatty acids was quantified by by Trypan Blue exclusion.
Cells were counted using a Bright-Line hemacytometer (Hausser
Scientific, Horsham, PA). The viability of cells used was more than
95%. After incubation with PMA, adherent cells (macrophages) were
washed three times with phosphate-buffered saline (PBS) and incubated
with 30 μM (to stimulate macrophage final concentration) fatty acids
(cis-9,trans-11 CLA, trans-10,cis-12 CLA, and LA) for 48 h at 37 �C.
Fatty acid-laden macrophages were obtained after additional macro-
phage incubation with ox-LDL (50 μg/mL) for 24 h at 37 �C.27 In some
experiments (after incubation with fatty acids), cells were cultured with
phosphorylation process modulators: PD 98059 (50 μM), SB 203580
(10 μM), or AN (1 μg/mL). Themodulators were added to themedium
48 h before measurement.
Preparation of Fatty Acids. Both isomers of CLA and LA were

complexed to fatty acids-free at a 3:1 molar ratio using 1 mmol/L BSA
stocks according to a previously published method.28 Briefly, 10 mg of
CLAwasmixed with ethanol andNaOH in a volume adjusted so that the
molar ratio of FA to NaOH was 1:1. The mixture was dried under
nitrogen gas until CLA sodium salt was obtained and then dissolved in
sterile water (stock solutions of CLA). Stock solutions of CLA com-
plexed to BSA were made by combining CLA and 5 mM BSA in a
volume adjusted so that the CLA to BSA molar ratio was 3:1. The
CLA�BSA solutions were sterile-filtered and used fresh.28

Preparation of ox-LDLs (Induced by Cu2+). LDLs were
isolated from blood serum obtained from patients with a normal lipid
profiles as described previously.29�31 The group comprised 52 white
Caucasian male patients aged between 25 and 30 years. Twenty patients
were smokers, 10 were ex-smokers, and the rest had never smoked
tobacco. An average standard of living was found for all patients, and
there were no cases of malnutrition. Individuals with dyslipidemia or a
history of hypertension or diabetes were excluded from the study.
Patients were fully informed as to the study objectives and benefits
and provided written consent prior to enrollment. The study protocol
complied with the ethical standards laid down in the Declaration of
Helsinki and was approved by the Committee on Human Research at
the Pomeranian Medical University. Venous blood for lipid and
lipoprotein analyses was collected into tubes (without anticoagulant)
after an overnight fast. The plasma was then obtained by centrifugation
(1200g for 10 min). Next, the plasma was centrifuged (112000g for 24 h
at 16 �C).32 The disk containing LDL obtained after centrifugation was
then transferred to an Econo-Pac 10 DG Sephadex G-25 column
(Pharmacia) to remove impurities created during LDL preparation.
After that, the LDL suspension was transferred to an Econo-Pac 10 DG
column and washed with PBS, solution and the protein concentration
(with the use of a Bradford reagent) was measured in the filtrate.

The final filtrate was dilutedwith PBS to 100μg of protein/mL, Cu2+ was
added (10 μM), and the total was incubated for 6 h at 37 �C. Oxidation
was inhibited at 4 �C by EDTA (200 μM) and BHT (40 μM). The total
was dialyzed, and 200μL of the suspension was taken formeasurement of
protein and TBARS content.33 The ox-LDLs obtained were frozen at
�80 �C for not more than 3 months. A freezing�thawing cycle was
avoided. The ox-LDLs were added to the macrophages in such a quantity
as to obtain a protein concentration in the cultivation well of 50 μg/mL.
PCR Reaction with an Analysis of Real-Time Product

Quantity Increase (Real-Time PCR). A Qiagen Oligotex Direct
mRNAMini Kit was used for the isolation of mRNA frommacrophages.
The mRNA content was determined by measuring the optical absor-
bance ratio at 260/280 nm after the sample was dissolved in water. RNA
was stored at �70 �C before RT-PCR. To confirm enzymatic activity
regulation, a quantitative expression analysis was performed by real-time
PCR using GAPDH as the reference gene, as previously described.34

Contamination of DNAwas avoided throughout by locating the primers
in two different exons. For cDNA synthesis, 1 μg of total RNA was
reverse transcribed at 42 �C for 50 min in a total volume of 40 μL of
reaction buffer containing 5 � First Strand Buffer, oligo (dT), DTT,
deoxy-NTPs, and 200 units of SUPERSCRIPT II reverse transcriptase.
cDNA was subjected to real-time PCR in a reaction mixture containing
the QuantiTect SYBR Green PCR mix and primers. The sequences of
primers used in this study were as follows: PPARγ—forward primer, 50-
ATGACAGCGACTTGGCAA-30; reverse primer, 50-TCAATGGGCT-
TCACATTC-30; GAPDH—forward primer, 50-GCCAGCCGAGCCA-
CATC-30; reverse primer, 50-GCGCCAATACGACCAAA-30. All real-time
PCR reactions were performed on a DNA Engine Option II (MJ
Research). The thermal profile included initial denaturation for
15 min at 95 �C, followed by 40 amplification cycles of denaturation
for 30 s at 72 �C. Following the PCR amplification, melting curve
analysis was performed with a temperature profile slope of 1 �C/s from
35 to 95 �C. A negative control (NC) without a cDNA template was run
with every assay to ensure overall specificity. The expression rates were
calculated as previously described.35,36

Analysis of Phosphorylation of MAP Kinases ERK1/2, p38
and PPARγ (Total and Phospho) with the Use of Western
Blotting. The cells were cultivated for 48 h with fatty acids, collected,
and washed twice with warm (37 �C) PBS. The cells were then “quieted”
by cultivating them for 24 h in an incubator in RPMI 1640 cultivation
medium with 0.5% BSA added. Following this, the cells were centrifuged
(250g for 10 min, 25 �C), and the obtained cell pellet was suspended in
1 mL of RPMI with 0.5% BSA added and incubated at 37 �C for 30 min.
For the analysis of protein phosphorylation, the ox-LDLs were added to
test tubes (50 μg/mL), very delicately mixed, and (after the test tube was
closed) kept for 10min in the incubator (stimulation).37 After 10min, the
cell suspension was centrifuged (14000g for 15 s at 4 �C), the supernatant
was removed, and the cell pellet obtainedwas placed on ice. In parts of the
experiments, PD98059 (50μM), SB 203580 (10μM), or AN (1 μg/mL)
was added to the cells 30 min prior to the addition of ox-LDLs. In some
experiments, lysates from macrophages cultured only with buffer and
FBS (as NC) were obtained. The cell pellet was lysed for 10 min on ice
with the use of an M-Per buffer containing protease and phosphatase
inhibitors. In the examined lysates, the total protein concentration was
assessed by the Bradford method. Ten micrograms of total protein was
added to each well. Proteins were assessed using primary mouse mAb or
rabbit polyclonal antibodies: antiphosphoERK1/2 kinases (Thr 202/Tyr
204); anti-ERK1/2 MAP kinases (Thr 202/Tyr 204); antiphospho
PPARγ; anti PPARγ; antiphospho p38 MAPK; and anti β-actin and
subsequently detected with horseradish peroxidase-conjugated goat
antimouse IgG or goat antirabbit IgG secondary antibodies. Equal
loading in the lanes was evaluated by stripping the blots and reprobing
with appropriate antibodies for nonphosphorylated forms of the proteins.
The membranes were developed with an ECL reagent (Amersham Life
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Sciences; Little Chalfont, UnitedKingdom) and subsequently exposed to
film (HyperFilm, Amersham). Densitometric analysis was performed
using exposures that were within the linear range of the densitometer
(Personal Densitometer SI, Molecular Dynamics; Sunnyvale, CA) and
ImageQuant software (Molecular Dynamics). The protein concentration
was estimated by the Bradford method. The results, normalized with
β-actin, represent the means ( standard deviations (SDs) of triplicate
determinations from three independent experiments.
Statistical Analysis. All results are expressed as means ( SDs. As

the distribution in most cases deviated from normal (Shapiro-Wilk test),
nonparametric tests were used. For related samples, significance was first
determined with Friedmann's analysis of variance, and significant results
were subjected to the Wilcoxon matched-pair test. The software used
was Statistica 6.1, Statsoft (Poland); p < 0.05 was considered significant.

’RESULTS AND DISCUSSION

trans-10,cis-12 CLA Decreased p38 Phosphorylation. p38
phosphorylation (induced by the administration of ox-LDL)
underwent a nearly total reduction in macrophages cultivated
with isomer trans-10,cis-12 CLA (p < 0.05 vs BSA control, n = 3)
and LA (Figure 1). p38 phosphorylation was reduced in the
presence of trans-10,cis-12 CLA and LA to an extent similar to the

effect of the p38 inhibitor SB 230580 (p < 0.05 vs BSA control,
n = 3). Inmacrophages cultivated with isomer cis-9,trans-11 CLA,
the intensity of p38 phosphorylation was almost identical to
phosphorylation in the presence of AN, an activator of p38
phosphorylation (Figure 1). Differences at p38 phosphorylation
intensity were observed between both CLA isomers and cis-9,
trans-11 CLA and LA.
Intensity of Phosphorylation of ERK1/2 Kinase. In cells

cultivated with cis-9,trans-11 CLA, phosphorylation of ERK1/2
decreased (p < 0.05 vs BSA control, n = 3) similar to the decrease
observed in cells cultivated with PD 98059, an ERK1/2 inhibitor
(p < 0.05 vs BSA control, n = 3). In macrophages cultivated with
trans-10,cis-12 CLA phosphorylation of ERK1/2 was elevated as
compared to cis-9,trans-11 CLA but not for BSA. LA not changed
phosphorylation of ERK1/2 as compared to BSA or cis-9,trans-11
CLA (result is on the border of statistical significance).
CLA Isomers Have a Different Effect on ox-LDL-Induced

PPARγ Phosphorylation. Both CLA isomers reduced the ox-
LDL-induced PPARγ phosphorylation in comparison to the
BSA control (Figure 3). However, the phosphorylation of
PPARγ was much more intense in cells cultivated with trans-
10,cis-12 CLA (p < 0.05 vs BSA control, n = 3) than in
macrophages cultivated with cis-9,trans-11 CLA (p < 0.05 vs
BSA control, n = 3) (Figure 3). LA was not changed PPARγ

Figure 1. Effect of CLA on phosphorylation intensity of p38 (a). Cells
were cultured with BSA or fatty acids as described in detail in the
Materials and Methods. Afterward, the cells were stimulated for 10 min
(37 �C, with oxidated LDL 50 μg/mL), and then, protein lysates were
stained with antibodies against phosphorylated form p38. Mean values
( SDs of triplicate determinations of p38 protein to total MAPK ratio
are presented in the diagram under the photograph (b). Each bar
represents mean ( SD, *p < 0.05 versus BSA control. #p < 0.05 versus
cis-9,trans- 11 isomer. The data shown represent one of the three
separate experiments of similar results.

Figure 2. Effect of CLA on phosphorylation intensity of ERK1/2 (a).
Cells were cultured with BSA or fatty acids as described in detail in the
Materials and Methods. Afterward, the cells were stimulated for 10 min
(37 �C, with oxidated LDL 50 μg/mL), and then, protein lysates were
stained with antibodies against phosphorylated form ERK1/2. Total
MAP was used to control the amount of protein loaded. Mean values(
SDs of triplicate determinations of ERK1/2 protein to total MAPK ratio
are presented in the diagram under the photograph (b). Each bar
represents mean ( SD, *p < 0.05 vs BSA control. #p < 0.05 vs trans-
10,cis-12 isomer. The data shown represent one of the three separate
experiments of similar results.
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phosphorylation as compared to BSA, but there was elevated
intensity of PPARγ phosphorylation in comparison to cis-9,trans-
11 CLA isomers (p < 0.05). To determine the impact of MAPK
activation and PPARγ phosphorylation on ox-LDL-induced
foam cell formation, we used SB 203580, a specific inhibitor of
p38, and PD98059, a specific inhibitor of ERK-1/2 (Figure 3).
The ERK1/2 inhibitor (PD98059) reduced phosphorylation of
PPARγmore effectively (p < 0.05 vs BSA control, n = 3) than SB
203580 (p = NS, n = 3) (Figure 3). Phosphorylation of PPARγ
was practically abolished in cells cultivated with AN (p < 0.01 vs
BSA control, n = 3).
When cells were cultivated with combinations of CLA and

inhibitors (SB 203580 or PD98059), the intensity of PPARγ
phosphorylation was different. This phenomenonwas elevated in
cells cultured with trans-10,cis-12 CLA in comparison to cis-9,
trans-11 isomer (Figure 4a,b) and was decreased in cells cultured
with the combination trans-10,cis-12 CLA with PD98059 (p <
0.05 vs trans-10,cis-12 CLA control, n = 3) (Figure 4a,c). The
second isomer of CLA affected PPARγ phosphorylation more
effectively as compared to trans-10,cis-12. PD98059 did not
change PPARγ phosphorylation as compared to cells cultivated
with cis-9,trans-11 (p = NS vs cis-9,trans-11 CLA control, n = 3),
whereas SB 203580 tended to slightly elevate this phenomenon
of PPARγ (p=NS cis-9,trans-11CLA control, n= 3) (Figure 4b,d).
In macrophages cultivated with CLA, the expression of mRNA
PPARγ and the content of PPAR did not change (Figure 5) and
(Figure 6).
While the anti-inflammatory properties of CLAs seem to

be unequivocal in animal models,5,38�40 their role during

inflammation in human cells (e.g., macrophages) is still unclear.41

Recent investigations have demonstrated that MAPKs are acti-
vated by ox-LDL stimulation. PPARγ is phosphorylated by
MAPK family members.22 In human macrophages, activation of
PPARγ was shown to have anti-inflammatory effects. In these
cells, PPARγ regulated the expression of genes involved in lipid
metabolism and homeostasis by inducing expression of several
key genes involved in cholesterol concentration.16,27,40,42 The
phosphorylation status of PPARγ is mediated by MAP kinase
activation, which subsequently decreases PPARγ target gene
expression.24 Synthetic activators of PPARγ are capable of
reducingmacrophage foam cell cholesterol accumulation through
the activation of genes involved in cholesterol efflux.43 CLA
induced resolution of the atherosclerosis process in animals by
the negative regulation of pro-inflammatory genes and activation
of apoptosis in the atherosclerotic lesion. In macrophages, ox-
LDL-induced phosphorylation of both ERK1/2 and p38 MAP
kinase, and consequently, PPARγ led to repression of PPARγ
activation and finally to inhibition of ox-LDL uptake.21,34 In the
current study, the influence of CLA on the human body and
atherosclerotic processes was not assessed; we studied only the
molecular mechanism of PPARγ activation in cell line macro-
phages. Therefore, any physiological and functional conclusions
on human health were not expressed. We evaluated whether
CLAs could change the phosphorylation status of PPARγ
(similarly to human adipocytes).42 We speculate that CLAs
may act as ligands and activators of PPARγ in macrophages in
an isomer-specific manner. As compared to cis-9,trans-11, trans-
10,cis-12 CLA isomer increased phosphorylation of ERK 1/2

Figure 3. Effect of CLA on PPARγ phosphorylation (a). Cells were cultured with BSA or fatty acids as described in detail in theMaterials andMethods.
Afterward, the cells were stimulated for 10 min (37 �C, with oxidated LDL 50 μg/mL), and then, protein lysates were stained with antibodies against
phosphorylated form of PPARγ. The data shown represent one of the three separate experiments of similar results. Mean values ( SDs of triplicate
determinations of PPARγ protein to β-actin ratio are presented in the diagram under the photograph (b). Each bar represents mean( SD > (n = 3), *p <
0.05 vs BSA control, &p < 0.01 vs BSA control, and #p < 0.05 vs LA.
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MAPK (Figure 2), whereas phosphorylation of p38 MAPK was
completely absent (Figure 1). Importantly, isomer trans-10,cis-12
CLA also seems to intensified phosphorylation of PPARγ
(Figures 3 and 4), while mRNA (Figure 5) and protein levels
of PPARγ in these cells were unchanged (Figure 6). We suggest
that phosphorylation of PPARγ in macrophages is conducted
mainly by ERK1/2. When PD 98059 (inhibitor of ERK1/2) was
added, the reduction in PPARγ phosphorylation was stronger
than when SB230580 (inhibitor of p38) was added to the cell
culture medium (Figures 3 and 4). We propose that CLA isomers
changed PPARγ activity at two different intensities: trans-10,cis-12

CLA decreased phosphorylation of PPARγ (via activation by ERK
1/2 but not by phosphorylation of p38), whereas cis-9,trans-11
CLA decreased phosphorylation of PPARγ via activation of
ERK1/2 MAPK (Figure 3). LA—a key fatty acid of n-6 family
—did not change the phosphorylation of PPARγ (as compared to
BSA control) but elevated its expression (Figures 3 and 5).
These results confirm observations by Takeda who indicated

that ox-LDL induced activation of PPARγ by the activation of
ERK-1/2 but not p38 MAPK. Inhibition of ERK1/2 (by PD
98059) abrogated ox-LDL-induced PPARα and PPARγ activa-
tion in cells, whereas p38 MAPK specific inhibition had no
effect.22 We hypothesized that CLA isomers antagonized ligand-
dependent activation of PPAR in a different way. trans-10,cis-12
CLA was previously shown to be the isomer responsible for a
reduction in body fat in animals. This isomer specifically
decreased triglyceride (TG) accumulation in primary human
adipocytes in vitro.34,44 In human adipocytes, trans-10,cis-12
CLA decreased, while cis-9,trans-11 CLA increased the expres-
sion of PPAR and several of its downstream target genes.

Figure 4. Effect of CLA and inhibitors on PPARγ phosphorylation (a).
Cells were cultured with trans-10,cis-12 CLA or/and with inhibitors
(a) as well as with cis-9,trans-11 CLA or/and with inhibitors (b) as
described in detail in the Materials and Methods. Afterward, the cells
were stimulated for 10 min (37 �C, with oxidated LDL 50 μg/mL), and
then, protein lysates were stained with antibodies against phosphory-
lated form of PPARγ. Ten micrograms of total protein was loaded per
lane. β-Actin was used to control the amount of protein loaded. The data
shown represent one of the three separate experiments of similar results.
Mean values ( SDs of triplicate determinations of PPARγ protein to
β-actin ratio are presented in the diagram under the photograph
(c and d). *p < 0.05 vs trans-10,cis-12 CLA control.

Figure 5. Expression of genes measured by quantitative real-time PCR
in macrophages from macrophages. Cells were cultured with fatty acids
for 48 h as described in theMaterials andMethods. Data are expressed as
the relative gene expression ratio. Each bar represents mean ( SD of
triplicate determinations from three independent experiments, *p < 0.05
vs BSA control.

Figure 6. Effect of CLA on PPARγ expression (a). Cells were cultured
with BSA or fatty acids as described in detail in the Materials and
Methods. Afterward, the cells were stimulated for 10 min (37 �C), with
oxidated LDL (50 μg/mL), and then, protein lysates were stained with
antibodies against of PPARγ. Mean values ( SDs of PPARγ protein to
β-actin total ratio are presented in the diagram under the photograph
(b). The results represent the mean ( SD of triplicate determinations
from three independent experiments. *p < 0.05 vs BSA control.
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We suggest that a similar process may occur in macrophages/
fatty acid-laden macrophages, although this is only a suggestion,
as we did not assess the effect of the expression of downstream
genes regulated by PPARγ in this study. Our results support (but
only as a supposition) the study of Yu et al. and Song et al., who
showed that both CLAs or trans-10,cis-12 CLA activate PPARγ
receptors and consequently activated anti-inflammatory proper-
ties in mouse RAW macrophages.45,46 However, the conse-
quences of PPARγ activation were not studied in this paper,
and it seems that both CLA isomers slightly reduced phosphor-
ylation of PPARγ (as compared to BSA), which may slightly
increase receptor activity. What is interesting is that increased
mRNA and protein levels of PPARγ were not observed in this
study. Such a phenomenon—elevation of PPARγmRNA as well
as protein levels—was observed when macrophages were ob-
tained from blood monocytes (porcine or human) and cultured
with CLA isomers,47,48 whereas in THP-1 macrophages PPARγ
and genes controlled by this receptor were not expressed.28

These contradictory results highlight the essential differences
betweenmacrophages obtained from two distinct sources (blood
vs THP-1 monocytes), in addition to the findings of this study.
What do these findings mean in the context of diet and human

health? It is difficult to assess. The results of previous population-
based studies are inconclusive49�53 and require further observa-
tions on large groups of subjects.
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’ABBREVIATIONS USED

AN, anisomycine—the activator of p38 phosphorylation;CLA,
conjugated linoleic acid; ERK, extracellular signal-regulated pro-
tein kinases 1 and 2; LA, linoleic acid;MAPK, mitogen-activated
kinase;NC, negative control; ox-LDL, oxidated low-density lipo-
protein; p38,mitogen-activated kinase; PD,PD98059—theERK1/2
inhibitor; PPAR, peroxisome proliferator activated receptors; SB,
SB 203580—the inhibitor of p38 kinase phosphorylation
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