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ABSTRACT

The influence of PPAR o. on numerous biological activities arises through its ability to carry out gene regula-

tion. We examined the effects of PPARa on the expression of on key transcription factors involved in Th cell dif-
ferentiation, T-bet, and determined whether PPARa mediates its effects. The T-cells from PPAR o. null mice secreted higher IFN y and
lower IL-2 concentrations than WT T-cells. We demonstrate that PPAR o. regulates the expression of these cytokines by CD4+ T cells,
through its ability to negatively regulate TH1 differentiation via the transcription of T-bet both at mRNA and protein levels. T-cells
from PPAR o. null mice expressed higher p38 phosphorylation than WT T-cells. T-bet expression in CD4+ T cells was determined to be
influenced by p38 mitogen-activated protein (MAP) kinase activation. The presence of WY14,643, PPAR . suppressed the phospho-
rylation of p38 MAP kinase in both the cell types. The pharmacological inhibitors of MAP kinases also downregulated T-bet in T-cells.

Abbreviations:

ERK, extracellular signal-regulated kinase; interleukin, IL; MAP,
mitogen-activated protein; P38 MAPK, mitogen-activated pro-
tein kinase P38; PPARq, peroxisome proliferator-activated re-
ceptora; T-bet, T-box expressed in T cells; WT, wild type.

Introduction

PPARs are ligand-activated transcriptional factors that regulate
a large number of genes by transcriptional activation and re-
pression (1). The three isotypes have been identified in lower
vertebrates and mammals (2). PPARa, PPARB (8), and PPARy
exhibit different tissue distribution as well as different ligand
specificities and functions (3). PPARa is highly expressed in the
liver and brown adipose tissue and regulates lipid homeosta-
sis. PPARa is activated by natural ligands, such as fatty acids, as
well as the lipid-lowering fibrates, which are used clinically for
the treatment of hypertriglyceridemia (4, 5). These agents have
been shown to exert beneficial effects in autoimmune diseases
and atherosclerosis (6-7).

PPARa controls positively the fatty acid transport and oxidation
in the liver (2). Thus, PPARa plays an important role in the regu-
lation of chronic diseases such as diabetes, obesity, and athero-
sclerosis.

In addition to adipocytes and liver, it has been shown that cells
of monocyte/macrophage lineage express both PPARa and
PPARYy, indicating a possible role of these receptors in immune
function (8-9). Several investigators have reported that PPARa
is expressed in B and T cells, and its expression wanes soon af-
ter lymphocyte activation (10, 11). Indeed, PPARa ligands have
been shown to regulate inflammatory responses because they
can inhibit production of IL-2, a T helper (Th) 1 cytokine, and
T cell proliferation (6). PPARa ligands have also been shown to
increase IL-4 expression, a Th2 cytokine (11). Most of these re-
sults argue for an immunosuppressive effect of PPARa that may
promote Th2 immunity, necessary for a successful pregnancy
(12).

PPAR positively regulate the expression of genes under their
transcriptional control by binding to specific DNA sequences
known as peroxisome proliferator response elements as a het-

erodimeric complex with the 9-cis-retinoic acid receptor. In the
unliganded state PPAR« is thought to be transcriptionally inert,
due to its physical association with the nuclear co-repressors
N-CoR and SMRT (13). Following ligand activation, the nuclear
co-repressors dissociate from PPARa, thus enabling it to bind
nuclear receptor co-activators such as SRC-1 and CBP/p300.
These protein complexes restructure the chromatin template
through histone acetylation, and allow the basal transcriptional
machinery to access the promoter regions driving transcription
of target genes under PPAR control (14, 15, 16,17 ).

PPAR« is highly expressed in the liver and brown adipose tis-
sue and regulates lipid homeostasis. We have recently shown
that the inflammation in the adipose tissues is also regulated
by PPARa (18). PPARa is activated by natural ligands, like DHA,
as well as, the lipid-lowering fibrates which are used clinically
for the treatment of hypertriglyceridaemia (4, 5). These agents
have been shown to exert beneficial effects in autoimmune dis-
eases and atherosclerosis (11, 20). Several investigators have
reported that PPAR«a is expressed in B and T-cells and its ex-
pression wanes soon after lymphocyte activation (10,11). In-
deed, PPARa ligands have been shown to regulate inflammatory
responses as they can inhibit production of IL-2, a T,1 cyto-
kine, and T-cell proliferation (6). PPARa ligands have also been
shown to increase IL-4 expression, a T, 2 cytokine (12). Most of
these results argue for an immunomodulatory effect of PPARa
which may promote T, 2 immunity (11,18).

Although demonstrated to be both transactivation and transre-
pression competent within lymphocytes, the role(s) of PPARa
in lymphocyte biology remains largely unknown. To gain fur-
ther insight into the physiological function of PPARa within
lymphocytes, we investigated physiological responses by T cells
isolated from PPARa™" mice as well as responses elicited by T
cell lines that overexpress PPARa. In this study, we present ex-
periments that describe a role for PPARa in T cell activation. We
show that unliganded PPAR«a has the ability to negatively regu-
late the transcription of T-bet, an inducible transcription factor
in lymphocytes that is important in the initiation and termina-
tion of activation-induced cytokine gene transcription (19). By
controlling the initiation of T-bet transcription, PPARa was able
to indirectly influence the level of activation- induced IFN-y pro-
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duced by CD4+T cells. Furthermore, we report that the control
of PPARa over T-bet expression occurs via a DNA-binding inde-
pendent mechanism, mediated through the ability of PPARa to
repress the phosphorylation of p38 mitogen-activated protein
(MAP) kinase following T cell activation.

Materials and Methods

Animals

The study was performed on wild type (WT) mice (Charles
River, Les Oncins, France) and homozygous PPARa™" (PPAR«-
knockout) mice of C57BL/6] genetic background (20). (The
Jackson Laboratory, Bar Harbour, ME, USA). Mice were housed
individually in wood chip-bedded plastic cages at constant tem-
perature (25°C) and humidity (60+5%) with a 12-h light-dark
cycle. The derivation and phenotypic characteristics of these
animals have previously been reported (20). PPARa™" mice fail
to express a functional PPARa protein in all tissues, including
CD4* T cells (20).

The experimental protocol has been approved by Benin’s ethic
commission in experimental research with animals according to
the international conventions.

Dynabead cell enrichment

For the preparation of CD4+ T-cells, freshly isolated splenic lym-
phoid cells were suspended at a concentration of 2x107 cells/
ml in RPMI-1640 medium, containing 5% foetal bovine serum
(v/v). The erythrocytes present in the cell suspension were ly-
sed by brief treatment with sterile aqueous 0.83% (w/v) am-
monium chloride. The cell suspension was incubated with 2
ug/ml each of biotinylated anti-CD45R/B220, anti-CD11b, and
anti-CD8 antibodies (BD PharMingen, San Diego, CA) for 20 min
on ice. Following washing with phosphate buffered saline (PBS),
the cells were resuspended with M-280 magnetic Dynabeads
coated with streptavidin (Dynal, New York, NY), and incubated
at a bead/cell ratio of 1:1 for 20 min with agitation at 4°C. The
residual cells were collected, washed, and separated for use in
culture or for mRNA analysis. The level of purity of the cell prep-
arations was assessed, in FACS, by staining cells with FITC-anti-
mouse CD4, FITC-anti-mouse CD8, and FITC-anti-mouse B220
antibodies. The level of cell purity was routinely >90%.

ELISA

Freshly isolated CD4+ T-cells were activated in multiwell plates,
pre-coated with immobilized anti-CD3 (2 pg/ml) and anti-CD28
(1 pg/ml) antibodies, at 37°C in an atmosphere of 5% CO, in
air. Cell culture supernatants were collected for quantitative
evaluation of immunoactive IL-2, IFN-y and IL-4 by ELISA, as
described elsewhere (21). Rat anti-murine cytokine mAbs and
murine rIL-2 and rIFN-y cytokine standards were purchased
from BD PharMingen (San Diego, CA).

RT-PCR quantification assay:

Total mouse liver’'s RNA was isolated by extraction using Trizol
reagent (Invitrogen Life Technologies, Groningen, the Neder-
land) according to the manufacturer’s instructions. The integ-
rity of RNA was electrophoretically checked by ethidium bro-
mide staining and by the OD absorption ratio OD,,, /0D, A
microgram of RNA was reversibly transcribed with Superscript
II RNAze H-reverse transcriptase using oligo (dT) according to
the manufacturer’s instructions (Invitrogen Life Technology,
France).

Real time -PCR was performed on an iCycle, real time of detec-
tion system (Bio-rad, Hercules, CA, USA),and amplification was
done by using SYBR Green I detection(SYBR Green Jumpstart,
Taq Ready Mix for quantitative PCR, Sigma-Aldrich, St Louis; MO
USA). Oligonucleotide primers (Table 1), used for mRNA analy-
sis, were based on the sequences of mice gene in the Gene Bank
database.

Table 1 Primer and sequences used in mRNA quantification by
real-time PCR

PRIMER’S SEQUENCES
Forward Reverse

B-actin | 5’- GGCACCACACC 5’- CGACCAGAGGCAT

T-bet | TTCTACAATGAGC -3’ | ACAGGGACAG -3’

IFN-y | 5- AGTATGTCGTG 5’- CATACTTGGCAGG TTTCT
GAGTCTA -3’ -3

5’- CTT CCT CAT G GC | 5’- CGA CTC CTT TTC CGC
TGT TTC TGG-3’ TTCCTG -3’

GENES

The reverse transcriptase reaction was diluted and an aliquot
was subjected to amplification by PCR with the gene-specific
primers listed.

The amplification was carried out in a total volume of 25ul con-
taining 12.5ul SYBR Green Taq Ready Mix, 0.3uM of each primer
and diluted cDNA. Cycling condition consisted to an initial de-
naturation step of 95°C for 3 minutes a hot start followed by
40 cycles of 95°C for 30 sec or at 60°C for 30sec with a simple
fluorescence detection point at the end of the relevant anneal-
ing or extension segment.

At the end of the PCR, the *~mperature was increased from 60 to
90°C for 15sec and at 58712°C for 60sec, and the fluorescence
was measured every 15sec to draw the melting curve. The stan-
dard curves were generated for each protein or B-actin using
serial dilution of positive control template in order to establish
PCR efficiencies. All determinations were performed at least in
duplicates using two dilutions of each assay to achieve repro-
ducibility. Results were evaluated by iCycler iQ software includ-
ing standard curves, amplification efficiency(E) and thresh-
old cycle(Ct). Relative quantization of mRNA expression was
determine using the AACt in which AACt= ACt (gene of inter-
est)-ACt(B-actin). ACt= Ct (interest group) -Ct (control group).
Relative quantity (RQ) was calculated as follow: RQ= (1+E) 24¢9:

Preparation of nuclear extracts and immunoblot analysis
Nuclear extracts were prepared from T-cells following treat-
ment for various times with immobilized anti-CD3 and anti-
CD28, as described elsewhere (22). Briefly, cells were washed
twice with ice-cold PBS containing 1 mM PMSEF, resuspended in
250 pl buffer A (10 mM HEPES, pH 7.8, 0.1 mM EDTA, 10 mM
NaCl, 3 mM MgCl,, 300 mM sucrose, 10 pug/ml aprotinin, 100
UM leupeptin, 1 mM DTT, and 1 mM PMSF), and incubated on
ice for 10 min. Then, 25 pl of 1% Nonidet P-40 was added and
mixed carefully. Cells were collected by centrifugation at 800 x
g for 1 min at 4°C and washed with 200 pl buffer A. Nuclei were
then resuspended in 50 pl buffer B (20 mM HEPES, pH 7.8, 3
mM MgCl,, 420 mM NaCl, 0.2 mM EDTA, 25% glycerol, 10 ug/
ml aprotinin, 100 uM leupeptin, 1 mM DTT, and 1 mM PMSF)
and incubated for 15 min on ice. Nuclear debris was removed
by centrifugation at 16,000 x g for 1 min. In some experiments,
cells were pretreated with the extracellular signal-regulated
p38 MAP kinase inhibitor SB202190 (Alexis Biochemicals, San
Diego, CA) before activation. Whole cell extracts used in the
analysis of the MAP kinases were generated, as described else-
where (26, 23).

The supernatant was then removed, and protein content was
determined by Bradford Assay. Equal amounts of nuclear pro-
tein were subjected to 10% SDS-PAGE and polyvinylidene dif-
luoride membrane (Millipore, Bedford, MA) (23). After block-
ing with 5% nonfat milk TBS, blots were incubated with either
anti-T-bet or anti- IFN-y antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA). The MAP kinases in the cytosolic fractions were
detected by the antibodies raised against phosphorylated forms
of p38, (Ozyme/Cell Signaling, Beverly, MA). Membranes were
incubated with these antibodies for 1hr and then washed, and
incubated with goat anti-rabbit HRP conjugate (1/2000 dilution
in TBS-Tween) for 45 min at room temperature. After washing,
bands were visualized using a chemiluminescence kit, accord-
ing to the manufacturer’s instructions (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA).

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 285




Volume 12| Issue: 9 | September 2013 ¢ ISSN No 2277 - 8179 Research Paper

Statistical analysis

Results are shown as means+SEM. The significance of the differ-
ences between mean values was determined by two-way ANO-
VA (STATISTICA, Version 4.1, Stat soft, Paris, France), followed
by the least significant difference (LSD) test. Differences were
considered significant at P < 0.05.

Results

PPARa modulated the secretion of cytokines

Figure.1 shows that, in both the strains of mice, under the same
activating conditions it is interesting to note that T-cells of PPA-
Ro™!mice secreted higher IFNy, but CD4* T cells from PPARo™!
mice produced lower amounts of IL-2 than T cells from the WT
animals.

T-bet activated in the absence of anti-IFN-y

Since PPARa modulated the secretion of cytokines into the ex-
tracellular environment, we measured the expression of T-bet
mRNA in T-cells of WT and PPARa ™" mice. T-bet protein levels
in the nuclear fractions were analyzed by Western blot at 24 h
postactivation. Freshly isolated T-cells were activated in multi-
well plates, pre-coated with immobilized anti-CD3

(2 pg/ml) and anti-CD28 (1 pg/ml) antibodies the absence or
presence of 10 g/ml anti- IFN-y., at 37°C in an atmosphere of
5% CO2 in air. WT T cells were severely compromised in their
ability to up-regulate expression of T-bet mRNA when activated
in the presence of anti- IFN-y, but were able to up-regulate ex-
pression of T-bet when activated in the absence of anti- [FN-y
(Figure.2).

IFN- y produced in PPARa ™" activated in the presence of
anti-IFN-y

Under the same activating conditions it is interesting to note
that in the presence of anti- IFN-y, they were induced to express
both T-bet mRNA and protein. This correlated with retention
in their ability to express mRNA for IFN-y. PPARa regulates the
modulation of TH1 differentiation by independent of IFN-vy sig-
nalling (Figure.3).

WY14, 643, an agonist of PPARa, exerts inhibition of T-bet
expression independently of PPARa

In order to examine the role of PPARa gene in modulated T-cell
activation, we employed WY14,643 an agonist of PPARa. The
level of T-bet mRNA was quantitated at 6 h postactivation and
protein contents were analyzed in nuclear fractions by west-
ern blot at 24h postactivation. In WT T-cells, WY14,643 highly
downregulated the expression of T-bet both at protein and tran-
script levels (Fig. 4). As far as PPARa™" T-cells are concerned,
we observed that WY14,643 inhibited T-bet expression both at
protein and mRNA levels.

A chemical inhibitor of p38 MAP kinase downregulated the
expression of T-bet mRNA and protein expression.

We also pretreated CD4* T cells with SB202190, a chemical
inhibitor of p38 MAP kinase. The T cells were then activated
with anti-CD3 plus anti-CD28 antibodies. As shown in Figure 5,
SB202190 downregulated the expression of T-bet mRNA tran-
scripts both in WT and PPARa™" T-cells.

WY14,643 inhibited the phosphorylation of the p38 MAPK
in both WT and PPARo™" T-cells

The densitometric analysis of western blots revealed that
PPARa™!" T-cells exhibited higher phosphorylated p38 MAPK
than WT T-cells. We observed that WY14,643 inhibited the
phosphorylation of the three MAP kinases in both WT and
PPARa™! T-cells (Fig. 6). We observed that WY14,643 inhibited
the phosphorylation of p38 MAPK in both WT and PPARa™" T-
cells.

Discussion

In both the strains of mice, under the same activating conditions
it is interesting to note that T-cells of PPARa™" mice secreted
higher IFN-y, but CD4'T cells from PPARa ™" mice produced
lower amounts of IL-2 than T cells from the WT animals. Inter-

estingly, T-bet was originally isolated based on its ability to bind
to the IL-2 promoter and was later demonstrated to actually re-
press IL-2 expression by T cells in in vitro experiments.

PPARa has been extensively studied in tissues that utilize fatty
acids as a primary energy source, such as heart, liver, muscle
and kidney (3, 24). This receptor isoform has also been found
to be expressed in several other tissues and cell types such as
chondrocytes, keratinocytes and cells of the immune system
(25, 26, 27, 28, 29).

Ligand activation of PPARa or PPARY in macrophages can effec-
tively inhibit activation-induced inflammatory cytokine produc-
tion through the active repression of several crucial transcrip-
tion factors (29).

The observed differences in cytokine production were due to
kinetic differences in the transcription of the IFN-y and IL-2
genes postactivation. Similar to what has been reported previ-
ously (30). From these results it is apparent that the presence of
PPARa in CD4* T cells contributes to the regulation of IFN-y and
IL-2 expression in response to activation. Based on the reported
ability of T-bet to repress IL-2 expression as well as to transac-
tivate the IFN-y gene (22, 31, 32). The initiation of T-bet tran-
scription postactivation was kinetically accelerated in PPARa™"
CD4* T cells. Thus, differences of T-bet expression might con-
tribute to the differences observed in cytokine production in
WT and in PPARa™!' T cells.

WT T cells were severely compromised in their ability to up-reg-
ulate expression of T-bet mRNA when activated in the presence
of anti- [FN-y, but were able to up-regulate expression of both
these genes when activated in the absence of anti- IFN-y. It has
recently been reported that IFN-y exposure rapidly up-regu-
lates the expression of T-bet following activation of CD4* T cells
(33,34). Similar to what has been reported previously (35), WT
T cells were severely compromised in their ability to up-regu-
late expression of T-bet or IFN-y mRNA when activated in the
presence of anti- IFN-y, but were able to up-regulate expres-
sion of both these genes when activated in the absence of anti-
[FN-y when PPARa™" CD4* were activated in the presence of
anti- [FN-y, they were induced to express both T-bet mRNA and
protein. This correlated with a retention in their ability to ex-
press mRNA for I[FN-y The accelerated IFN-y production in the
PPARa™!'T cells upon restimulation most likely arises through
a retained ability to express T-bet, as WT T cells that failed to
express T-bet under the same conditions also failed to produce
IFN-y upon restimulation. PPARa regulates the expression of
T-bet by antagonizing a signaling pathway that is independent
of IFN-y signaling. It is well recognized that activated PPARs can
suppress the expression of many distinct genes using a variety
of molecular mechanisms (36).

In an attempt to define the mechanism through which PPAR«a
regulates T-bet expression, we analyzed the influences that li-
gand-activated PPARa would have on T-bet expression by acti-
vated T cells. CD4* T cells isolated from WT mice were treated
with increasing doses of the highly specific PPAR« ligand WY14,
643. These observations suggest that WY14,643 is modulating
T-cell proliferation in a PPAR«a -independent fashion, at least in
PPARa ™! T-cells.

The T-cells from PPARa™" mice exhibited less proliferation and
secretion of IL-2 as compared to those from WT mice. It is possi-
ble that less IL-2 secretion may account for less T-cell prolifera-
tion in PPARa™ " mice as T-cell blastogenesis is an IL-2-depend-
ent phenomenon.

The differentiation of naive T-cells into T,1 and T 2 subsets is
tightly regulated through the activities of specific signaling path-
ways and transcription factors (35). The T-box transcription
factor, T-bet, represents a key regulator of T ;1 cell development
through its ability to transactivate the IFN-y gene while concom-
itantly repressing IL-4 gene expression (37). We have observed
that the absence of PPARa gene resulted in the upregulation of
T-bet mRNA transcripts. We also observed that IFN-y was highly
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secreted by PPARa™" T-cells. Our observations corroborate sev-
eral reports which have shown that PPARa ™" T-cells abundantly
express T-bet mRNA and protein (38, 39 ) Hence, it has been
suggested that IFN-y signalling in PPARa ™" T-cells may rapidly
induce the expression of T-bet in these cells (40). These obser-
vations also indicate the high pro-inflammatory status of PPARa
nlanimals, contributed by IFN-y these results suggest that the
ability of PPARa to suppress T-bet expression is independent of
PPARa activation and that ligand activation of PPARa abrogates
its normally suppressive effects.

In this study, we have experimentally demonstrated in CD4*T
cells that unliganded PPARa negatively regulates the activation
induced expression of T-bet. CD4*T cells lacking PPARa undergo
an early termination of induced IL-2 gene expression and pro-
tein production, and a concomitant overexpression of IFN-y.

In WT T-cells, WY14,643 exerted effects on the downregula-
tion of T-bet PPARa exerts its regulatory influences over T-bet
by suppressing the activation-induced phosphorylation of p38
MAP kinase, a signaling molecule whose activity is associated
with the expression of IFN-y (41 - 42). We demonstrate in this
study that p38 MAP kinase activation also contributes to induc-
ing the expression of T-bet following TCR-mediated activation of
CD4" T cells. The data we present, linking regulation of p38 MAP
kinase activation to transcription of T-bet, are consistent with
previous reports demonstrating that activity of the p38 MAP
kinase is associated with Th1 T cell differentiation and IFN-y
production. IFN-y signaling in CD4T cells rapidly induces the
expression of T-bet (39). It has also been determined that T-bet
expression becomes compromised without sufficient IFN-y sig-
naling.

We observed a high expression of p38 MAPK in PPARa ™" T-cells.
Jones et al. (34) have reported that PPARa ™" T-cells highly ex-
press p38 MAPK as unliganded PPARa repress p38 MAPK ac-
tivation through a DNA-binding independent mechanism (43).
These investigators proposed that high MAP kinase activity in
PPARa ™" T cells could be accelerating indirectly T-bet expres-
sion. Several reports have well-shown that activity of the MAP
kinase is associated with T, 1 T cell differentiation and IFN-y
production (44). It has been recently established that MAP
kinases are activated in Th1l CD4* T cells through a signaling
cascade that involves GADD45y, a protein that can physically
interact with PPAR« (45). Alternatively, PPARa may suppress
the activation of MAP kinase through an association with some
secondary complex of proteins.

Nonetheless, it is clear that MAPK inhibition might modulate
the expression of T-cell transcription factors as we further ob-
served that SB202190, an inhibitor of P38 MAPK downregu-
lated T-bet mRNA expression in T-cells. Interestingly, Owakai
et al. (46) have demonstrated that both the MAPK (p38 and
ERK1/2) might be involved in the T,1 cell differentiation where
p38 will act upstream of T-bet, and ERK1/2 will modulate the
differentiation mechanism, and the inhibition of the activities
of the two MAPK will completely block the T, 1 cell differentia-
tion whereas the inhibition of p38 MAPK partially blocks this
process. In PPARa™" T-cells, SB202190, also exerted the same
action on the modulation of the expression of T-cell transcrip-
tion factors. Bachmann et al. (47) have also shown that T-bet
mRNA and protein expression was suppressed by the inhibition
of p38 mitogen-activated protein kinase activity. The ability of
PPAR« to negatively regulate the activation-induced expression
of T-bet in T-cells may influence the timing of the switch from
T,1 and T,2 phenotypes.

Consequently, the enhanced p38 MAP kinase activity seen in
stimulated PPARa™" T-cells CD4*T cells could be accelerating
T-bet expression indirectly, with the early activation of p38 MAP
kinase resulting in increased IFN-y expression and signaling.
However, our present studies show that CD4* T cells lacking
a functional PPAR«a retain their ability to express T-bet in the
complete absence of IFN-y signaling. This ability by activated
PPARa™!'T cells to express T-bet without IFN-y signaling re-
sults in a rapid secretion of newly synthesized IFN-y protein

following restimulation. Wild-type CD4* T cells that are initially
activated under conditions in which IFN-y signaling is inhibit-
ed fail to express T-bet or IFN-y following restimulation. These
results indicate that the ability of PPARa to suppress the activa-
tion-induced expression of T-bet is mediated through an ability
to antagonize aspects of TCR signaling, and is independent of
regulation through IFN-y signaling.

Conclusion: Our study show that the TH1 differentiation regu-
lated in a PPARa-independent manner and, consequently, mod-
ulate the expression of certain pro inflammatory genes.
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anti-CDF (2 pgiml) and anti-CDZE (1 pgiml) anhbodies ab 37%C mn an atmosphere of 5%
CO02in er The expression of mENA was questitabively esalyred of 6 h posactivatica by
empleyang BT-PCR as descnibed in matenals and methods section. T-bet pectaia levels in
the ruclear fractions wese snalyred by Westemn blet at 24 h postactvabion. The cells wrere
imeubabed of aot with the Pellowings, SB202150 (10 uM), Tor 1h before activation with
anti-CD3 and ant-CD3E antibodser Values are meant & SEM. n = 15 per group of

ammals. Data were anayred by two-way ANOVA
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Figure$ W 14,647 inkibited the phosphorylazion of the p38 MATF 22 bedk WT wmd FRPARS®S
Tecells

Freshiy tpelated T-cells were actreated in moltrored plates, pee-coated with immcbdized w03
Rupal) wd @b CDEE (] uphel) minbaodies i 3750 @ 22 mtmerphere of 3 0002 ur The
T-cells from WT and FPAR ™ mice were activabed ar mentioned in the legerds of Figure 1 The
cells contmeed WY14,643 (25 pM) The phosphocrlated forms of MAFE were malpzed by
Wentem blot a 24 h postectivation & desceibed in the maberials snd methods sectica. Vauer are

meant & SEM, = 15 per group of smale. Data were analyzed by twre-way ANOVA

288 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper Volu 2 | Issue : 9 | September 2013 « ISSN No 2277 - 8179

1.Issemann I, Green S. Activation of a member of the steroid hormone receptor superfamily by peroxisome proliferators. Nature 1990; 347:645-
650. | 2. Wahli W. Peroxisome proliferator-activated receptors (PPARs): from metabolic control to epidermal wound healing. Swiss Med Wkly
2002; 132:83-91. | 3. Braissant O, Foufelle F, Scotto C, Dauca M, Wahli W. Differential expression of peroxisome proliferator-activated receptors (PPARs): tissue distribution of
PPARq, B, and y in the adult rat. Endocrinology 1996; 137:354-366. | 4. Issemann I, Prince RA, Tugwood JD, Green S. The peroxisome proliferator- activated receptor:retinoid X
receptor heterodimer is activated by fatty acids and fibrate hypolipidaemic drugs. ] Mol Endocrinol 1993; 11:37-47. | 5. Zambon A, Gervois P, Pauletto P, Fruchart JC, Staels B.
Modulation of hepatic inflammatory risk markers of cardiovascular diseases by PPAR-{a} activators. Clinical and experimental evidence. Arterioscler Thromb Vasc Biol 2006;
26:977-986. | 6. Marx N, Kehrle B, Kohlhammer K, Grub M, Koenig W, Hombach V, Libby P, Plutzky J. PPAR activators as antiinflammatory mediators in human T lymphocytes: im-
plications for atherosclerosis and transplantation-associated arteriosclerosis. Circ Res 2002; 90:703-710. Chinetti-Gbaguidi G, Fruchart JC, Staels B. Pleiotropic effects of fibrates.
Curr Atheroscler Rep 2005; 7:396-401. | 7. Chinetti-Gbaguidi G, Fruchart ]C, Staels B. Pleiotropic effects of fibrates. Curr Atheroscler Rep 2005; 7:396-401. | 8. Paumelle R, Blan-
quart C, Briand O, Barbier O, Duhem C, Woerly G, Percevault F, Fruchart JC, Dombrowicz D, Glineur C, Staels B. Acute antiinflammatory properties of statins involve peroxisome
proliferator-activated receptor-a via inhibition of the protein kinase C signaling pathway. Circ Res 2006; 98:361-369. | 9. Ricote M, Li AC, Willson TM, Kelly CJ, Glass CK. The per-
oxisome proliferator-activated receptor- o is a negative regulator of macrophage activation. Nature 1998; 391:79-82. | 10. Jones DC, Ding X, Daynes RA Nuclear receptor peroxi-
some proliferatoractivated receptor o (PPAR «) is expressed in resting murine lymphocytes. The PPAR a in T and B lymphocytes is both transactivation and transrepression com-
petent. ] Biol Chem 2002; 277:6838-6845. | 11. Cunard R, Ricote M, DiCampli D, Archer DC, Kahn DA, Glass CK, Kelly CJ. Regulation of cytokine expression by ligands of peroxisome
proliferator activated receptors. ] Immunol 2002; 168:2795-2802. | 12. Raghupathy R. Pregnancy: success and failure within the Th1/Th2/Th3 paradigm. Immunology 2001;
13:219-227. | 13. DiRenzo J, Soderstrom M, Kurokawa R, Ogliastro MH, Ricote M, Ingrey S, Horlein A, Rosenfeld MG & Glass CK. Peroxisome proliferator-activated receptors and
retinoic acid receptors differentially control the interactions of retinoid X receptor heterodimers with ligands, coactivators, and corepressors. Molecular and Cellular Biology 1997;
17:2166-2176. | 14. Onate SA, Tsai SY, Tsai M] & O’Malley BW. Sequence and characterization of a coactivator for the steroid hormone receptor superfamily. Science 1995;
270:1354-1357. | 15. Bannister & Kouzarides, 1996 Bannister A] & Kouzarides T. The CBP co-activator is a histone acetyltransferase. Nature1996; 384:641-643. | 16. Kamei Y, Xu
L, Heinzel T, Torchia J, Kurokawa R, Gloss B, Lin SC, Heyman RA, Rose DW, Glass CK & Rosenfeld MG. A CBP integrator complex mediates transcriptional activation and AP-1 inhibi-
tion by nuclear receptors. Cell1996; 85:403-414. | 17. Torchia ], Rose DW, Inostroza ], Kamei Y, Westin S, Glass CK & Rosenfeld MG. The transcriptional co-activator p/CIP binds CBP
and mediates nuclear-receptor function. Nature1997; 387: 677-684. | 18. Yessoufou A, Ategbo JM, Attakpa ES, Hichami A, Moutairou K, Dramane KL, Khan NA. Peroxisome prolif-
erator-activated receptor-alpha modulates insulin gene transcription factors and inflammation in adipose tissues in mice. Mol Cell Biochem 2009; 323:101-11 | 19. Lovett-Racke
AE, Hussain RZ, Northrop S, Choy J, Rocchini A, Matthes L, Chavis JA, Diab A, Drew PD, Racke MK. Peroxisome proliferator-activated receptor alpha agonists as therapy for autoim-
mune disease. ] Immunol 2004; 172: 5790-8. | 20. Szabo S],. Kim ST, Costa GL, Zhang X, Fathman CG, and Glimcher LH. A novel transcription factor, T-bet, directs Th1 lineage com-
mitment. Cell 2000; 100:655. | 21. Lee SS, Pineau T, Drago |, Lee EJ, Owens JW, Kroetz DL, Fernandez-Salguero PM, Westphal H, Gonzalez F]. Targeted disruption of the alpha isoform
of the peroxisome proliferator-activated receptor gene in mice results in abolishment of the pleiotropic effects of peroxisome proliferators. Mol Cell Biol 1995; 15:3012-3022. | 22.
Spencer N FL, Norton SD, Harrison L L, Li GZ, Daynes RA. Dysregulation of IL-10 production with aging: possible linkage to the age-associated decline in DHEA and its sulfated de-
rivative. Exp. Gerontol 1996; 31: 393. | 23. Das ], Chen CH, Yang L, Cohn L, Ray P, Ray A. A critical role for NF- B in GATA3 expression and TH2 differentiation in allergic airway inflam-
mation. Nat. Immun 2001;2: 45. | 24. Denys A, Hichami A, Khan NA. n-3 PUFAs modulate T-cell activation via protein kinase C-alpha and -epsilon and the NF-kappaB signaling
pathway. ] Lipid Res 2005; 46 :752-8. | 25. Issemann I & Green S. Activation of a member of the steroid hormone receptor superfamily by peroxisome proliferators. Nature 1990;
347:645-650. | 26. Chinetti G, Griglio S, Antonucci M, Torra IP, Delerive P, Majd Z, Fruchart JC, Chapman J, Najib ] & Staels B. Activation of proliferator-activated receptors alpha and
gamma induces apoptosis of human monocyte-derived macrophages. Journal of Biological Chemistry 1998; 273: 25573-25580. | 27. Bordji K, Grillasca JP, Gouze N, Magdalou J,
Schohn H, Keller JM, Bianchi A, Dauca M, Netter P & Terlain B. Evidencefor the presence of peroxisome proliferator-activated receptor PPAR) alpha and gamma and retinoid Z recep-
tor in cartilage. PPARgamma activation modulates the effects of interleukin-1beta on rat chondrocytes. Journal of Biological Chemistry 2000; 275:12243-12250. | 28. Hanley K,
Komuves LG, Ng DC, Schoonjans K, He SS, Lau P, Bikle DD, Williams ML, Elias PM, Auwerx ] & Feingold KR. Farnesol stimulates differentiation in epidermal keratinocytes via PPA-
Ralpha. Journal of Biological Chemistry 2000; 275:11484-11491. | 29. Padilla ], Kaur K, Cao HJ, Smith T] & Phipps RP. Peroxisome proliferator activator receptor-gamma agonists
and 15-deoxy-delta(12,14)(12,14)-PGJ(2) induce apoptosis in normal and malignant B-lineage cells. Journal of Immunology 2000; 165:6941-6948. | 30. Harris SG & Phipps RP. The
nuclear receptor PPAR gamma is expressed by mouse T lymphocytes and PPAR gamma agonists induce apoptosis. European Journal of Inmunology 2001; 31: 1098-1105. | 31.
Umlauf SW, Beverly B, Lantz O, and Schwartz RH. Regulation of interleukin 2 gene expression by CD28 costimulation in mouse T-cell clones:both nuclear and cytoplasmic RNAs are
regulated with complex kinetics. Mol Cell Biol 1995; 15:3197. | 32. Szabo S J, Kim ST, Costa GL, Zhang X, Fathman CG, and Glimcher LH. A novel transcription factor, T-bet, directs
Th1 lineage commitment. Cell 2000; 100:655. | 33. Mullen AC, High FA, Hutchins AS, Lee HW, Villarino AV, Livingston DM, Kung AL, Cereb N, Yao TP, Yang SY, and Reiner SL. Role of
T-bet in commitment of TH1 cells before IL-12-dependent selection. Science 2001; 292:1907. | 34. Szabo SJ, Sullivan BM, Stemmann C, Satoskar AR, Sleckman BP and. Glimcher LH.
Distinct effects of T-bet in TH1 lineage commitment and IFN-y production in CD4 and CD8 T cells. Science 2002; 295:338. | 35. Lighvani AA, Frucht DM, Jankovic D, Yamane H,
Aliberti J,. Hissong BD, Nguyen BV, Gadina M, Sher A, Paul WE, and O’Shea J]. T-bet is rapidly induced by interferon-y in lymphoid and myeloid cells. Proc. Natl Acad Sci USA 2001;
98:15137. | 36. Afkarian M, Sedy JR, Yang J, Jacobson NG, Cereb N, Yang SY, Murphy TL, and Murphy KM. T-bet is a STAT1-induced regulator of IL-12R expression in naive CD4+T
cells. Nat Immun 2002; 3:549. | 37. Desvergne B, and Wahli W. Peroxisome proliferator-activated receptors: nuclear control of metabolism. Endocr Rev 1999; 20:649. | 38. Shi Y,
Hon M, and. Evans RM. The peroxisome proliferator-activated receptor §, an integrator of transcriptional repression and nuclear receptor signaling. Proc Natl Acad Sci USA 2002;
99:2613. | 39. Brown PJ, Stuart LW, Hurley KP, Lewis MC, Winegar DA, Wilson ]G, Wilkison WO, Ittoop OR, and. Willson TM. Identification of a subtype selective human PPARa ago-
nist through parallel-array synthesis. Bioorg. Med Chem Lett 2001; 11:1225. | 40. Poynter ME, and Daynes RA. Peroxisome proliferator-activated receptor o activation modulates
cellular redox status, represses nuclear factor-kB signaling, and reduces inflammatory cytokine production in aging. ] Biol Chem 1998; 273:32833. | 41. Lu B, Yu H, Chow C, Li B,
Zheng W, Davis R], and Flavell RA. GADD45y mediates the activation of the p38 and JNK MAP kinase pathways and cytokine production in effector TH1 cells. Immunity 2001;
14:583. | 42. Rincon M, Enslen H, Raingeaud J, Recht M, Zapton T, Su MS, Penix LA, Davis R ], and Flavell RA. Interferon-y expression by Th1 effector T cells mediated by the p38 MAP
kinase signaling pathway. EMBO ] 1998; 17:2817. | 43. Miyaura H, and Iwata M. Direct and indirect inhibition of Th1 development by progesterone and glucocorticoids. ] Immunol
2002; 168:1087. | 44. Syrovets T, Schule A, Jendrach M, Buchele B, and Simmet T. Ciglitazone inhibits plasmin-induced proinflammatory monocyte activation via modulation of p38
MAP kinase activity. Thromb Haemostasis 2002; 88:274. | 45. Seder RA, and Paul WE. Acquisition of lymphokine-producing phenotype by CD4+T cells. Annu Rev Immunol 1994;
12:635. | 46. Neurath ME, Weigmann B, Finotto S, Glickman ], Nieuwenhuis E, lijima H, Mizoguchi A, Mizoguchi E, Mudter ], Galle PR. The transcription factor T-bet regulates mucosal
T cell activation in experimental colitis and Crohn’s disease. ] Exp Med 2002 ; 195:1129. | 47. Finotto S, Neurath ME Glickman ]N, Qin S, Lehr HA, Green FH, Ackerman K, Haley K,
Galle PR, Szabo S]. Development of spontaneous airway changes consistent with human asthma in mice lacking T-bet. Science 2002; 295:336.

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 289




