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A B S T R A C T

Background: Asthma is an inflammatory disorder with multiple mediators involved in the inflammatory
response. Despite several attempts, no new anti-inflammatory drugs have been registered for asthma
treatment for several years. However, thiazolidinediones, peroxisome proliferator-activated receptor
agonists, have demonstrated some anti-inflammatory properties in various experimental settings. The
aim of this study was to assess the influence of troglitazone on LTC4 and 15-HETE concentrations. It also
evaluates TNF-induced eotaxin synthesis in peripheral blood mononuclear cells from 14 patients with
mild asthma and 13 healthy controls.
Methods: PBMCs were isolated from the whole blood of the asthmatics and healthy subjects and
pretreated with 0.1, 1 or 10 mM of Troglitazone. The cells were then exposed to 10�6M calcium jonophore
or 10 ng/ml TNF. The production and release of LTC4, 15-HETE and eotaxin were then assessed.
Results: Troglitazone caused a dose-dependent inhibition in LTC4 synthesis in both asthmatics and
healthy subjects. Troglitazone did not influence 15-HETE or eotaxin production in either asthmatic
patients or in healthy individuals.
Conclusion: Due to its inhibition of LTC4 synthesis, troglitazone therapy is an interesting potential
therapeutic approach in asthma and other LTC4 related inflammatory disorders.
© 2017 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Sp. z o.o. All rights

reserved.

Introduction

Peroxisome proliferator-activated receptors (PPARs) were
cloned for the first time in 1990 in rodent hepatic cells [1]. PPARs
are ligand-activated transcription factors belonging to the nuclear
hormone receptor (NR) superfamily, comprising steroid receptors,
thyroid hormone receptors, and receptors for retinol and vitamins
A and D [2]. PPARs regulate the expression of the genes involved in
lipid and carbohydrate metabolism [3,4], as well as immunomo-
dulators and regulators of inflammation. They take part in the
etiology of atherosclerosis [4], obesity and diabetes [5] and aging
[6].

There are three types of PPAR receptors, i.e. PPAR-a, PPAR-b/d
and PPAR-g, and these are encoded by three different genes. All

isoforms are characterized by similar structures and spatial
conformations, but differ with regard to their tissue localization
and function. The most exhaustively studied form is PPAR-g. It has
been identified as a transcription factor associated with adipocyte
differentiation [7] and is known to be involved in apoptosis, cell
cycle control [8] and the inhibition of cytokine secretion from
inflammatory cells [9,10]. PPAR-g is present in human and mouse
monocytes/macrophages, and higher expression is observed
during monocyte to macrophage differentiation and after cell
activation by M-CSF or GM-CSF [11]. PPAR-g agonists inhibit the
secretion of IL-1b, IL-6, IL-10, IL-12 and TNF, suppress the
expression of iNOS, COX and CCR2, and inhibit the function of
other transcription factors (Ap-1, STAT, NF-kB) [12,13]. They also
regulate the CD36 receptor [14]. In mouse T cells, PPAR-g activation
leads to decreased production of IL-2, IL-4, IL-5 and INF-g [15].
PPAR-g agonists decrease T cell proliferation [16] and can induce
their apoptosis [17]. In addition, PPAR-g inhibits the proliferation
of B cells and enhances the response of B cells to antigen [18].
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Thiazolidinediones (TZD – ciglitazone, rosiglitazone, troglita-
zone, pioglitazone) are synthetic ligands that bind to PPAR-g
[19,20]. After activation, PPAR-g binds to the receptor for 9-cis-
retinoic acid (RXR, NR2B) and, as a heterodimer, recognizes the 13-
nucleotide Peroxisome Proliferator Response Element (PPRE)
sequence (AGGTCA-N-AGGTCA) localized in the promoters of
target genes. PPAR-g can also act in a DNA-independent manner. It
competes with other cofactor transcription factors, and can
directly bind to NF-kB or NFAT to inhibit their action. The
heterodimer represses genes expression by inhibition of the MAPK
pathway [21].

Troglitazone was approved by the FDA in 1997 as a treatment
for type II diabetes; however, it was withdrawn a few years later
following reports of associated liver damage. Currently, rosiglita-
zone and pioglitazone are available as replacements. After the
removal of the drug from the market, a few studies have assessed
whether the hepatotoxicity caused by troglitazone could be
associated with specific genetic variants. Watanabe et al. report
that the presence of the combined GSTT1 and GSTM1 null genotype
was a specific risk factor for the enhanced susceptibility to
transaminase increase associated with troglitazone [22,23]. Oniki
et al. suggest that the combination of GSTM1 and GSTT1 null
genotypes might also be a risk factor for alcoholic mild liver
dysfunction [24]. It still remains unclear whether side effects such
as hepatotoxicity, myocardial infarct and heart failure are related to
drug characteristics, such as the unique tocopherol side chain of
troglitazone, or with other unknown mechanisms, and this has
been the subject of considerable debate [22,25].

Asthma is characterized by chronic airway inflammation
leading to bronchial hyperresponsiveness. T CD4+ cells, mast cells
and eosinophils are the main cells responsible for sustaining the
inflammation. They produce a number of proinflammatory
mediators, including cytokines, chemokines and eicosanoids,
and play a role in the pathogenesis of asthma, together with
neutrophils, monocytes/macrophages, dendritic cells, epithelial
cells, smooth muscle cells and fibroblasts [26,27]. Chronic
inflammation leads to airway remodeling, causing obturation
associated with dyspnea, wheezing and decrease of pulmonary
parameters [28].

Currently, asthma is incurable. Glucocorticoids, leukotriene
receptor antagonists, short and long acting b-agonists, and anti-
IgE allow the symptoms and airway inflammation to be controlled,
but only to a certain extent, and chronic glucocorticoid therapy has
been associated with adverse events. In addition, some refractory
asthma phenotypes that concern patients with mild or moderate
asthma are difficult to control because of recurrent episodes of
severe dyspnea, and these often require hospitalization and oral
glucocorticoid therapy [29–31].

A recent cohort study found that the troglitazone (TZD) used in
diabetes treatment may decrease the number of asthma exacer-
bations [32]. In cultured HASM cells, TZD was shown to attenuate
the TNF-a-induced production of eotaxin and MCP-1 expression.
However, the extent to which TZDs can inhibit the effects of other
proinflammatory stimuli and the release of other cytokines and
chemokines remains to be established [33]. The main mediators of
asthma are believed to be cysteinyl leukotrienes (CysLT) because of
their potent constricting effects on bronchiolar smooth muscle
[34,35]. Specific receptors of CysLT are known, and CysLT receptor
inhibitors have been used to treat asthma [36–38].

A study on a mast cell line found troglitazone to strongly inhibit
LTC4 production induced by the type I allergy mechanism [39].
Many reports suggest that CysLT levels are increased in patients
with asthma, and increase after allergen challenge, exercise
challenge and with the severity of asthma, and decrease after
treatment with a CysLT1 antagonist. CysLTs were also found to play
a proinflammatory role following direct administration to the

human airway [40–43]. However, despite a wealth of literature
data in this area, few, if any, studies examine the effect of CysLTs on
PBMC [44]. Changes in PBMC are easily noticeable, and can be
easily employed in possible diagnostic strategies. In addition, the
presence of systemic inflammation in chronic diseases also
influences the function of PBMC [45,46].

The aim of our study is to assess the influence of troglitazone, a
selective PPAR-g agonist, on the release of the inflammatory
mediators eotaxin,15-(S)-HETE and leukotriene C4 from the PBMCs
of patients with mild asthma, compared to healthy individuals.

Materials and methods

Subjects

Fourteen patients suffering from non-severe asthma, and
thirteen healthy volunteers participated in the study (Table 1).
Asthma was diagnosed based on GINA 2015 criteria [47]; the
subjects did not meet the American Thoracic Society Workshop on
Refractory Asthma criteria for severe asthma.

The study was approved by the Local Ethical Committee, and
informed consent was obtained from each participant before the
study. The patients were not atopic, and were not being treated
with oral GCS at least 6 months prior to the study. They were free
from antihistamines and antileukotrienes; short-and long-acting
b2-agonists, and inhaled corticosteroids were withdrawn at least
24 h before the study visit. None of the participants were intolerant
fo aspirin and other NSAIDs.

PBMC isolation

Blood samples were collected from the study participants.
Peripheral blood mononuclear cells (PBMC) were isolated using
Histopaque 1077 (Sigma-Aldrich, Saint Louis, MO, USA) density
gradient centrifugation (400 � g, 35 min) and washed three times
with PBS (250 � g, 10 min, 4 �C).

The cells were treated with troglitazone (TRO) – PPAR-g agonist
(Cayman Chemicals, Ann Arbor, MI, USA) at three concentrations
0.1 mM, 1 mM, and 10 mM, for 30 min. Control samples contained
DMSO and untreated cells.

Each sample was then divided into two. One was treated with
10 ng/ml TNF for eight hours at room temperature (R&D Systems,
Minneapolis, MN, USA) in order to stimulate eotaxin production;
the other was treated with 1 mM calcium ionofore A23187 for
30 min at room temperature (Calbiochem, Darmstadt, Germany) in
order to induce 15(S)-HETE and LTC4 generation.

Table 1
Clinical data of patients with asthma and control subjects. FEV1 and FVC values are
presented as mean � SE, other values are expressed as median (min-max) or
percentage.

Asthmatics Healthy controls

N 14 13
Age [years] 36.5 (21–66) 26 (21–33)
gender f/m [%] 57/43 62/38
FEV1 [L] 3.2 � 0.7 n.a.
FEV1 [%] 89.4 � 12.0 n.a.
FVC [L] 4.5 � 0.9 n.a.
Current smoker [%] 2 0
Inhaled GCS[mg/day]a 378 (160–800) n.a.
Long acting b2- mimetics [mg/day] 50 (50–100) n.a.
LTR1receptor antagonists [mg/day] 10 (0–10) n.a.
Short acting b2- mimetics [mg/day] 200 (200–400) n.a.
Antihistamines [mg/day] 3.5 (0–5) n.a.

a Presented as mg of budesonide.
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The samples were then centrifuged (250 � g, 15 min, 4 �C), and
the supernatants were collected into new tubes. The samples were
stored at �80 �C for the immunoassays.

Measuring concentrations of selected inflammatory mediators

ELISA was used to determine the concentrations of 15(S)-HETE,
LTC4 (Cayman Chemicals) and eotaxin (R&D Systems) in the
samples. The sensitivity of the test was 5 pg/ml (eotaxin), 10 pg/ml
(LTC4) and 170 pg/ml (15(S)-HETE). The concentrations were
measured in duplicate, and the measurements were standardized
to the number of cells in each sample.

Statistical analysis

Data from the study was analyzed utilizing the Statistica
software package (v.6.0; StatSoft Inc., Tulsa, OK, USA). The
distribution of all examined variables was checked by the
Kolmogorov-Smirnov and Lillieforse tests. The parametric Stu-
dent’s t-test, Cochran-Cox and one-way ANOVA tests were used to
analyze normally-distributed data, while the non-parametric
Mann-Whitney U test was used for non-normally distributed
data. Data is expressed as mean � SEM. A probability value less
than 0.05 was considered statistically significant.

Results

The effect of troglitazone on the production of 15-(S)-HETE induced
calcium ionophore by peripheral blood mononuclear cells

Troglitazone caused an insignificant decrease in 15- (S)- HETE
production in both patients with asthma and healthy subjects
(Fig. 1. p > 0.05). The average concentration of 15-(S)-HETE in a
sample with calcium ionophore in the healthy controls group was
higher than that measured in patients with bronchial asthma
(Fig. 1. p > 0.05). No decreases in 15-(S)-HETE concentrations were
observed after exposure to 0.1 mM, 1 mM or 10 mM troglitazone
compared to control samples without troglitazone in both groups –

patients in asthma and control group (Fig. 1. p > 0.05).

The effect of troglitazone on LTC4 production induced by calcium
ionophore in peripheral blood mononuclear cells

Higher levels of LTC4 were observed in patients with asthma
than the control group (p < 0.05) after A23187 stimulation.
However, no decrease was observed in LTC4 production in healthy
subjects after the use of troglitazone as compared to the control
samples (Fig. 2. p < 0.05). In patients with asthma, troglitazone
significantly decreased LTC4 production in a dose-response
manner (Fig. 2. p < 0.05).

The effect of troglitazone on eotaxin production, induced by TNF in
peripheral blood mononuclear cells

Both PBMCs from healthy subjects and bronchial asthma
patients produced comparable concentrations of eotaxin in
response to treatment with 0.1 mM, 1 mM and 10 mM troglitazone
or without treatment. No changes in eotaxin production were
observed in asthma patients after troglitazone administration
(Fig. 3. p > 0.05). In addition, a stronger inhibitory effect can be
observed at lower doses of troglitazone.

Discussion

Inflammation plays an important role in many airway diseases
and is associated with the release of pro-inflammatory cytokines
and oxygen free radicals from activated inflammatory cells such as
neutrophils, eosinophils, monocytes and macrophages [48].

There is increasing evidence suggesting that PPAR-g acts as an
anti-inflammatory agent: it negatively regulates the expression of
pro-inflammatory genes induced in response to inflammatory cell
activation, but also inhibits cytokines, chemoattractants and cell
survival factors involved in inflammation [48–50]. For this reason,
the development of PPAR-g agonists has been proposed as a novel
anti-inflammatory target for inflammatory diseases such as
asthma [51].

Although thiazolidinediones have potent anti-inflammatory
activity and improve airway inflammation in murine models of

Fig. 1. Effect of troglitazone (TRO) to produce 15- (S)- HETE stimulated with calcium ionophore A23187 in patients with bronchial asthma and healthy subjects. Peripheral
blood mononuclear cells were incubated with or without increasing concentrations of TRO for 30 min, then incubated with the calcium ionophore A23187 for 30 min.
Concentration of 15-(S)- HETE in the supernatant of cells was measured by immunoassay. Data presented as mean concentration of 15- (S)-HETE (pg/ml) � SD.
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allergic inflammation [52,53], the impact of TZD on human asthma
is not well known. The purpose of this study was to investigate the
influence of TZD on eotaxin, 15-(S)-HETE and leukotriene C4

secretion from the peripheral blood mononuclear cells of patients
with mild asthma.

While PBMCs are thought to produce undetectable amounts of
eotaxin, the cells tested were stimulated by TNF, which is known to
highly induce eotaxin secretion [54,55]. Our study shows that
eotaxin production was significantly lower in asthmatics than in
healthy subjects: troglitazone did not influence TNF-induced
eotaxin production in asthmatic patients. These results confirm
those of a previous study by Desmet [56], which suggest that
troglitazone does not inhibit the inflammatory response to TNF;
however, eotaxin was not directly investigated in this study.
Troglitazone significantly potentiates TNF-induced production of
granulocyte/macrophage-colony-stimulating factor, interleukin 6
and/or interleukin 8 in epithelial cells. Our results contradict those
of a previous study showing that troglitazone reduced the TNF-
induced production of MCP-1 and eotaxin from HASM cells [33].
This difference is probably caused by differences in cell type and
TNF concentration between the studies.

In contrast, a study by Nie et al. [57] found that PPAR-g agonists,
including troglitazone, inhibit TNF-induced eotaxin production on
the transcriptional level. This was additively enhanced by
glucocorticoids and b2-agonists in human airway smooth muscle
cells. As airway inflammation, particularly eosinophilia, is the main
pathological feature of human asthma, these findings might
suggest that troglitazone may act as a modulator of asthma and
lung inflammation. It is also possible that the combination of PPAR-
g agonists with glucocorticoids or b2-agonists enhances their
overall anti-inflammatory effects, which may allow the doses of
the individual drugs to be reduced, thus minimizing their side
effects [57].

15-HETE is a known PPAR-g ligand, and may increase PPAR-g
expression in epithelial cells [58]. Our findings indicate that
troglitazone decreases 15-HETE concentrations in both asthma
patients and the control group; therefore, PPAR-g might be
involved in the inflammatory cascade of asthma, and treatment

with PPAR agonists may reduce airway inflammation. Surprisingly,
in the present study, higher concentrations of 15-(S)-HETE were
observed in healthy subjects than in asthmatics, which could be
attributed to the use of small study groups, or the uneven response
to the chosen concentrations of calcium ionophore.

Subbarayan et al. [59] report that normal intestinal epithelial
cells show high levels of 15-(S)-HETE but low levels of PPAR-g; this
relationship was reversed in epithelial cancer cells. It has
previously been demonstrated that incubation of peripheral blood
leukocytes with aspirin resulted in significant increased 15-(S)-
HETE generation in aspirin-sensitive patients, but not in aspirin-
tolerant patients [60]. In addition, it did not influence LTC4

generation in aspirin-tolerant nor aspirin-sensitive asthmatic
patients.

In this study, asthmatic patients demonstrated higher LTC4

concentrations than healthy controls. These concentrations were
significantly lower after troglitazone exposure, with a dose-
response within the 0.1–1 mM range. Furthermore, a significant
dose-dependent decrease of LTC4 concentration was observed in
healthy subjects after troglitazone exposure. These results are
similar to those obtained by Yamashita et al., which indicate that
troglitazone suppresses the antigen-induced production of LTC4

mast cells [39]. Liebhart et al. did not find that leukocytes have any
ability to produce LTC4 in response to various stimuli correlated
with the magnitude of irreversible airway obstruction in asthmatic
patients [61]. However, Yamashita et al. found that troglitazone
inhibited the antigen-induced production of LTC4 in mast cells
[39].

Cysteinyl leukotrines appear to be one of many important
mediators of inflammation in asthma. Several papers have
suggested that their concentrations are not affected by the
administration of inhaled glucocorticosteroids [62,63], which
supports the use of the anti-leukotriene drugs in GINA armamen-
tarium for the treatment of asthma. Hence, the use of troglitazone
in treating asthma might decrease LTC4 production to some degree.
Further studies are needed to elucidate the mechanism involved in
the decrease of LTC4 production in asthmatics and in healthy
individuals.

Fig. 2. Effect of troglitazone (TRO) on the production of LTC4 stimulated with calcium ionophore A23187 in patients with bronchial asthma and healthy subjects. A23187–
stimulated LTC4 concentration was higher in asthmatic subjects (#, p < 0.05) as compared to healthy individuals. Troglitazone in the concentration range 0.1 mM – 10 mM
(p < 0.05) significantly decreased the production of LTC4 both in asthmatics (*p < 0.05, compared to healthy subjects) and in healthy individuals ($ p < 0.05, compared to
DMSO sample) as assessed by ANOVA. Peripheral blood mononuclear cells were incubated with or without increasing concentrations of TRO for 30 min, then incubated with
the calcium ionophore A23187 for 30 min. Concentration of LTC4 in the supernatant of cells was measured by immunoassay. Data presented as mean LTC4 concentrations (pg/
ml) � SD.
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An important limitation of our study is its use of troglitazone,
which has been shown to cause many adverse effects. However,
besides troglitazone, rosiglitazone and pioglitazone also have
particular warnings associated with congestive heart failure
[22,64]. The toxicity of troglitazone has been attributed to the
formation of a reactive quinone metabolite and to a quinone
methide conjugate [65,66]. It is not known to what extent the liver
cell can compensate or neutralize the oxidative damage from these
compounds. In addition, the American Heart Association/American
Diabetes Association consensus statement on TZD use supports
their prescription to diabetic subjects at high risk of CVD based on
their beneficial effects on vascular risk factors [67].

There is a need for new approaches to treating inflammatory
diseases of the airways. Many groups have demonstrated the anti-
inflammatory potential of synthetic and natural PPAR-g agonists,
both in cell-based assays and in vitro studies [48]. Studies have
shown that PPAR-g is expressed by human alveolar macrophages,
and tests based on PPAR-g agonists indicate that PPAR-g plays an
anti-inflammatory role in these cells by inhibiting cytokine
production, increasing CD36 expression and enhancing the
phagocytosis of apoptotic neutrophils, an essential process for
the resolution of inflammation [48,68,69]. A recent study suggests
that thiazolidinediones may decrease the number of asthma
exacerbations in patients with diabetes [32]. Therefore, pharma-
cological targeting of PPAR-g may be a new strategy for treating
eosinophil-related diseases including bronchial asthma.

Conclusions

Our findings demonstrated that troglitazone decreases the
release of LTC4 in the PBMCs of both asthmatic patients and healthy
controls. In addition, PBMC treatment with troglitazone inhibits
LTC4 synthesis in a dose-dependent manner in both groups.

Troglitazone appears to be an efficient inhibitor of LTC4

synthesis, and so deserves further attention as part of a novel
therapeutic approach to asthma and other LTC4-related inflamma-
tory disorders. Further studies utilizing currently registered TZD
are needed to evaluate their anti-inflammatory properties.
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