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Peroxisome proliferator-activated receptor vy agonist
suppresses mast cell maturation and induces apoptosis
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Abstract. Peroxisome proliferator-activated receptor
gamma (PPAR v), is important in the immunoregulation
of the allergic response. Mast cells are the most important
inflammatory cells in immediate hypersensitivity and allergic
diseases. However, there is limited information regarding
the effects of PPAR y on mast cell maturation. In the present
study, mouse bone marrow-derived mast cells (BMMCs) were
cultured in interleukin (IL)-3 and stem cell factor (SCF),
in the presence or absence of the PPAR vy agonist, piogli-
tazone (PIO). The expression levels of the tyrosine kinase
receptor CD117 and the high affinity IgE receptor FceRI a,
were assessed by flow cytometry, cell viability was assessed
by Alamar-Blue assay and histamine release was determined
by measuring the activity of B-hexosaminidase. IL-3 and
SCF are required for the development of mast cells in vitro.
PIO dose-dependently inhibited the expression of CD117 and
FceRI a, and the maturation of BMMCs. Treatment with PIO
additionally inhibited the formation of granules and reduced
the expression of f-hexosaminidase. In addition, reverse
transcription-polymerase chain reaction analysis revealed that
BMMCs treated with PIO expressed a lower level of mast cell
protease (MCP)-6 mRNA and PIO treatment enhanced the
level of PPAR vy mRNA. Furthermore, PIO induced mast cell
progenitor apoptosis. PPAR vy agonists may maintain mast cell
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homeostasis by inhibiting maturation of their precursors. The
inhibitory effects of PPAR y agonists include suppression of
the activation of mast cells and a decrease in mast cell function
in the inflammatory response. Therefore, PPAR vy agonists may
serve as effective anti-inflammatory reagents in the treatment
of allergic reactions.

Introduction

Peroxisome proliferator-activated receptor gamma (PPAR v)
is a ligand-dependent nuclear receptor and plays a critical
role in fat metabolism and insulin sensitivity (1). PPAR vy is
expressed in adipose tissues, kidney, stomach, heart, liver,
spleen, and brain (2). Recently, PPAR vy is best known for
its role in inflammatory and immunological responses (2-4).
Many inflammatory cells, such as lymphocytes, neutrophils,
and macrophages, express PPAR v, and are the potential targets
of PPAR y-mediated inhibitory functions (2). PPAR y agonists
have been demonstrated as therapeutic agents in autoimmu-
nity and allergic diseases (2,3,5-7). In monocyte/macrophage
system, the relationship between PPAR vy activation and
negative regulation of cytokines production has been demon-
strated (4,8,9). Other inflammatory cells, such as mast cells,
may be potential targets of PPAR v. Although previous studies
reported that mast cells express PPAR y (9-11), it remains
obscure how PPAR v signaling affects the nature of mast cells.
The function and mechanism of PPAR vy in mast cells should
be studied further.

Mast cells play an important role in immediate hypersen-
sitivity and allergic diseases via the cross-linking of IgE/high
affinity IgE receptors (FcRIs) by multivalent allergens (12).
The cross-linking results in degranulation, prostaglandin and
leukotriene synthesis, and production of various cytokines
and chemokines (13), which cause the early and late phase of
allergic responses. Mast cells derive from bone marrow stem
cells, subsequently flow into blood stream in the immature
stage, and differentiate at the peripheral tissues. The growth,
differentiation, maturation, and survival of mast cells in bone
marrow and in various tissues are largely mediated by signals
of kit receptor (CDI117) and interleukin (IL)-3 receptor (14).
After stimulation with stem cell factor (SCF, kit ligand) and
IL-3, the immature mast cells differentiate into mature stage.
PPAR vy expression has been reported in bone marrow-derived


https://www.spandidos-publications.com/10.3892/mmr.2017.6802

1794

mast cells (BMMCs), and PPAR v ligand administration can
attenuate atopic and contact dermatitis in mice (2). PPAR y
activation dramatically suppresses neural stem cell differen-
tiate into maturate neurons (15). Thus, we speculate that the
development and maturation of bone marrow progenitors
might be regulated by PPAR v pathway.

Given the evidence of negative effects of PPAR vy agonist on
allergic diseases, we have sought to examine how PPAR vy agonist
affects mast cell development from bone marrow progenitors.
Our findings indicate that PPAR vy agonist reduces the pheno-
typic markers and viability of mast cells, inhibits degranulation,
and induces cell apoptosis. These data suggest that PPAR y may
be a regulator of mast cells response and a novel therapeutical
strategy for treatment of mast cell-related diseases.

Materials and methods

Cell culture and reagents. Bone marrow cells were flushed and
collected from the femurs and tibias of C57BL/6J female mice
(6-10 weeks old) (Shanghai SLAC laboratory Animal Co., Ltd.,
Shanghai, China) and cultured in complete RPMI (RPMI-1640;
Corning Cellgro, Manassas, VA, USA) containing 10%
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific,
Waltham, MA, USA), 2 mM L-glutamine, 100 U/ml peni-
cillin, 100 mg/ml streptomycin, 1 mM sodium pyruvate, and
1 mM HEPES, supplemented with IL-3 (10 ng/ml) and SCF
(10 ng/ml) (both from Peprotech, Inc., Rocky Hill, NJ, USA),
with or without pioglitazone (PIO, 0-20 uM) (R&D Systems,
Inc., Minneapolis, MN, USA) or vehicle (DMSO). Cultures
were incubated for the indicated times. Every 4 days, the
nonadherent population was collected and half of the medium
and cytokines were replaced. For system evaluation, mice
were treated with or without PIO hydrochloride (30 mg/kg
body weight/d; Actos; Takeda Pharmaceuticals, Ltd., Osaka,
Japan) by oral gavage for one week, and the bone marrow cells
were harvested for further study.

Assessment of differentiation. BMMCs were harvested after
1-8 weeks and differentiation was monitored on a weekly basis.
To detect the development of BMMC:s, cells were washed
and assessed for surface expression of CD117 and FceRI a.
Briefly, cells were stained with a combination of PE-conjugated
anti-mouse CDI117 and FITC-conjugated anti-mouse FceRI a
(BioLegend, Inc., San Diego, CA, USA) for 30 min at 4°C. Then,
cells were washed and subjected to flow cytometry analysis
(BD Biosciences, San Jose, CA, USA). Negative controls
included isotype-matched conjugated, nonspecific antibodies
(BioLegend, Inc.). Data were analyzed using the FlowJo
software (version 7.5.1; FlowJo, LLC, Ashland, OR, USA).

Reverse transcripton-polymerase chain reaction analysis.
Total RNA was extracted from BMMCs using Trizol
reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's instructions. The first strand cDNA was
reverse-transcribed from 1 ug of total RNA by using oligo
(dT),,.,5 primer (Takara Bio, Inc., Otsu, Japan). The reaction
mixture was amplified with the oligonucleotides specific for
mast cell protease (MCP)-6, PPAR v, and 3-actin using ABI
7500 Real-Time PCR System and SYBR-Green PCR master
mix (Takara). Specific primer sequences are as follows:
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for MCP-6: sense 5'-CCACTGGTCTGCAAAGTGAA-3'
and antisense 5'-CAGAGGACA AGGAAGGCAAG-3'"; for
PPAR vy: sense 5"TGACACAGAGATCGCATTCTGG-3'
and antisense 5'- ACAGACACGACATTCAATTGCC-3
for B-actin: sense 5'-CCCATCTACG AGGGCTAT-3" and
antisense 5-TGTCACGCACGATTTCC-3'.

Cell viability and characterization of BMMCs. BMMCs were
starved by replacing complete medium with RPMI without
serum and IL-3/SCF for 6 h. Cells were seeded into 96-well
plates at a density of 25x10*/ml and stimulated with or without
PIO in complete medium for 48 h. The relative cell viability
was determined using Alamar-Blue Cell Viability assay
according to the manufacturer's instructions (BioSource,
Camarillo, CA, USA). Briefly, at the end of incubation, each
well was supplied with 10 ul of AlamarBlue reagent. Plates
were incubated at 37°C for 2 h, and absorbance was measured
at 490 nm with Omega microplate reader (Ingen Technologies,
Inc., Alexandria, VA, USA).

BMMCs were harvested after 4 weeks and washed with
PBS. Cells were centrifuged onto glass slides. Cells were fixed
in Carnoy's solution. To investigate the maturation of mast cells,
granules were stained with toluidine blue (Sigma-Aldrich,
St. Louis, MO, USA) and photomicrographs were taken
at a magnification of x400 using Leica Microsystems Inc.
(Bannockburn, IL, USA).

Degranulation assay. The degranulation of BMMCs was
detected by measuring the activity of a granular enzyme,
B-hexosaminidase. After 4 weeks, BMMCs were sensitized
with 100 ng/ml anti-DNP IgE overnight. The sensitized cells
were stimulated with 100 ng/ml of DNP-BSA in Tyrode's
buffer at 37°C for 30 min, and the supernatant and pellet were
collected. Release of f-hexosaminidase was evaluated using
p-nitrophenyl-N-acetyl-B-D-glucosamine (Sigma-Aldrich).
The percentage of -hexosaminidase release was expressed as
100 x supernatant activity/(supernatant activity + cell lysate
activity) as described previously (16).

Apoptosis assay. Mast cells apoptosis was assessed by
Annexin V assay. Briefly, BMMCs were washed once in 1 ml of
IxAnnexin V binding buffer. The supernatants were removed
by centrifugation and cells were suspended in 1xAnnexin V
binding buffer. A 5 ul of FITC-conjugated Annexin V (BD
Biosciences) and 5 pl of prodium iodide were added to the
cells. Cells were mixed gently and incubated for 15 min at
room temperature in the dark, and diluted with 400 ul of
IxAnnexin V binding buffer. Data were analyzed by flow
cytometry within 1 h.

Statistical analysis. Results are expressed as mean =+ standard
deviation (SD). Statistical analysis was performed by Student's
t-test or ANOVA using SPSS Version 19 (IBM, Chicago, IL,
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Effects of IL-3 and SCF on development of mast cells
cultured from bone marrow progenitors. To observe the
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Figure 1. Effect of IL-3 and SCF on development of BMMCs. (A) Characteristic of BMMCs cultured with IL-3 and SCF for 1, 4, and 6 weeks under light
microscope. (B) Bone marrow cells were cultured with IL-3 and SCF for up to 6 weeks. Cells were harvested and stained with PE-conjugated anti-mouse
CD117 and FITC-conjugated anti-mouse FceRI a. Stained cells were subjected to flow cytometry analysis. Data shown are representative of three cultures.
BMMCs, bone marrow-derived mast cells. BMMCs, bone marrow-derived mast cells; SCF, stem cell factor.

mature process of mast cells in vitro, bone marrow cells were
cultured with different concentrations of IL-3 and SCF for up
to 8 weeks. This system is widely used to study mast cells
development, and yields cells closely resembling the in vivo
counterparts (17). Since the driving effects of IL-3 and SCF
on development of mast cells became more pronounced when
the concentration was 10 ng/ml, we conducted the subsequent
experiments with 10 ng/ml for IL-3 and SCF. After 2 days
of culture, adherent cells began to appear, and the cells were
relatively single, short shuttle-like or round. Suspension cells
varied widely in shape and size. With the extending of incuba-
tion time, the number of adherent cells was less and less, and
the suspension cells number gradually increased. The form of
suspension cells was uniform, round-shaped, and bright by the
end of week 6 (Fig. 1A).

The expression of two specific mast cell markers, CD117
and FceRI a, was investigated. Both positive cells are
defined mature mast cells (2). The mean percentage of cells
co-expressing CD117 and FceRI a in freshly isolated bone
marrow progenitors was 2.13+0.56% (n=3). The maturation
of BMMCs was significantly enhanced in cells receiving
IL-3 and SCF with time. At the end of week 1, 2, 4, and 6, the
percentage of CD117/FceRI a positive cells were 3.05+1.15%,
52.67+£3.45%, 87.43+4.87%, and 98.16+3.97% respectively,
n=3 (Fig. 1B). When BMMCs were cultured for more than
8 weeks, the percentage of CD117/FceRI a positive cells
decreased to about 60% (data not shown). These results indi-
cate that bone marrow progenitors can be stably induced into
mature mast cells in vitro in the presence of IL-3 and SCF.

PPAR vy agonist inhibits cell-surface antigen expression on
BMMCs. PPAR v plays an important role on mast cells differ-
entiation and is potentially useful for the therapy in allergic
disorders (2,3,7,9). To evaluate the effects of PPARY agonist
on mast cells development, we measured the expression of
CD117/FceRI a after culture in IL-3 and SCF with different
concentrations of PIO (0, 5, and 20 xM). PIO treatment

decreased cell surface expression of CD117 and FceRI a in a
concentration-dependent manner, with significant reduction in
surface antigens expression at 20 M (Fig. 2).

The percentage of cells co-expressing CD117 and FceRI a
was consistently reduced by greater than 28% by week 2 and
3 with PIO at 20 yM. However, CD117 expression was more
sensitive to the inhibitory effect of PIO than that of FceRI a.
Similar results were obtained at the end of week 4 and 6.
These results indicate that PPAR vy agonist can decrease the
expression of specific mast cell antigens and inhibit mast cells
maturation.

PPAR y agonist suppresses mast cells viability and induces
cell apoptosis. The inhibitory effects of PIO on BMMCs could
be due to proapoptotic effect. To demonstrate the effects of
PPAR v agonist on BMMCs, cell viability was determined by
Alamar-Blue assay. After 4 weeks of culture, the percentage
of mature BMMCs was increased to more than 85% (Fig. 1B).
Before cell viability assay, cells were starved for 6 h in medium
without FBS and cytokines. Then BMMCs were cultured in
complete medium with IL-3 and SCF for a further 7 days, with
or without PIO (5-20 xM). In the presence of PIO, the total
number of mast cells was decreased and the cell viability was
inhibited in a dose-dependent manner (Fig. 3A). The viability
of BMMC s cultured with PIO (20 uM) was decreased to
50.4£7.71% (n=3). We hypothesized that PIO could induce
BMMCs programmed death. Therefore, the effect of PIO
on cell apoptosis was evaluated 48 h after incubation in
the presence or absence of PIO (20 xM). The percentage of
Annexin V*PI" cells was 19.2+1.51% in PIO treated cultures,
vs. 14.9+0.87% in control (P<0.05) (n=3) (Fig. 3B).

PPAR y agonist inhibits mast cells granule formation and the
release of 5-hexosaminidase. The cross-linking of IgE/FceRI
complexes by allergens has been shown to coincide with mast
cells granulation (13,18), and enhances the characteristic mast
cells morphology. In the present study, PIO played a weak role
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Figure 2. PIO inhibits CD117 and FceRI a expression on BMMCs. Bone marrow cells were cultured in IL-3 and SCF with PIO at the indicated concentrations
for 2-6 weeks. Expression of CD117 and FceRI a on the surface of BMMCs was analyzed by flow cytometry. The data is representative of three independent

experiments. PIO, pioglitazone; BMMCs, bone marrow-derived mast cells.

in FceRI a expression, therefore we determined the effects of
PIO on mast cells morphology. BMMCs cultured in IL-3 and
SCF with PIO (5-20 uM) for 4 weeks were centrifuged onto
glass slides and stained with toluidine blue. The cells had
a homogeneous appearance at either concentration of PIO.
However, the treatment of PIO altered the appearance of cyto-
plasmic granules from these cells. While cells cultured with
vehicle and PIO at 5 yM showed prominent granule formation,
PIO at 20 uM greatly inhibited granule formation and resulted
in empty vacuoles and swelling of granules (Fig. 4A). The func-
tional effects of PIO on histamine synthesis and release were
determined by measuring -hexosaminidase activity. We found
that the level of B-hexosaminidase release were reduced 25% by
PIO administration at 20 yM (Fig. 4B). These results indicate
that PIO inhibits granule formation and function of mast cells.

PPAR y agonist alters the expression of MCP-6 and
PPAR y mRNAs. It has been reported that MCP-6, a
mature mast cells-specific tryptase, is a potent inflamma-
tory mediator and is needed for the development of airway

hyperresponsiveness (19,20). To determine whether PPAR vy
activation affects mast cells maturation, we measured the
expression levels of MCP-6 and PPAR y mRNA in BMMCs
treated with PIO. MCP-6 mRNA expression level was signifi-
cantly decreased in BMMCs treated with PIO for 4 weeks
when compared with that of control cells. In contrast, PIO
treatment induced a 3-fold increase in PPAR y mRNA expres-
sion in BMMC:s (Fig. 5).

PPAR vy agonist maintains the inhibitory effects on bone
marrow cells in vitro. To determine the role of PPAR vy agonist
on BMMCs development after systemic administration, bone
marrow cells from mice with or without oral gavage with PIO
for 7 days were cultured for 3 weeks with IL-3 and SCF. As
seen in Fig. 6, the percentage of CD117/FceRI a double-posi-
tive cells from PIO gavage mice is lower than that from
control mice (56+4.2% vs. 78+3.5%, P<0.05, n=3). These data
indicate that mast cells development from PIO-treated mice is
suppressed partially by PPAR v activation even in the culture
condition without PIO.
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Figure 3. PIO inhibits mast cells proliferation and induces apoptosis. (A) After 4 weeks' culture, BMMCs were starved for 6 h. Cells were cultured in complete
medium with IL-3 and SCF for 7 days in the presence of PIO. Cell viability was determined by Alamar-Blue assay. The viability of control cells was set at 100%
and the viability relative to control is presented. "P<0.05 vs. control, “P<0.01 vs. control. (B) BMMCs were cultured with or without PIO (20 zM) for 48 h.
Cells were stained with Annexin V and PI and analyzed by flow cytometry. Data shown are representative of three independent experiments. PIO, pioglitazone;

BMMCs, bone marrow-derived mast cells; SCF, stem cell factor.
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Figure 4. PIO inhibits mast cells granule formation. Bone marrow cells were cultured in IL-3 and SCF with PIO at the indicated concentrations for 4 weeks.
(A) Cells were stained with toluidine blue and pictures depicted are at a magnification of x400. (B) Degranulation of BMMCs was detected by measuring the
activity of B-hexosaminidase. The data is representative of three independent experiments. "P<0.05 vs. vehicle, “P<0.01 vs. vehicle. PIO, pioglitazone; SCF,

stem cell factor; BMMCs, bone marrow-derived mast cells.
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Figure 6. Systematic administration of PIO inhibits BMMCs maturation
in vitro. Bone marrow cells from mice with or without PIO gavage for 7 days
were cultured in IL-3 and SCF for 21 days. Expression of CD117 and FceRI
a on the surface of BMMCs was analyzed by flow cytometry. The data is
representative of three independent experiments. P1O, pioglitazone; BMMCs,
bone marrow-derived mast cells; SCF, stem cell factor.

Discussion

We previously reported that PPAR vy agonist attenuated allergic
inflammation in a mouse model of allergic rhinitis (21). PIO
is the effective agent in suppressing allergic inflammation.
However, there are limited studies on the action mechanism
of PPAR vy in mast cells, which are the total valve of allergic
diseases. In the present study, we investigated the effects of
PPAR vy agonist on mouse mast cells development. Our results
show the inhibitory effects of PPAR vy on mast cells maturation
and function. More importantly, PPAR vy agonist maintains the
inhibitory effects on BMMC:s in vitro.

SCF and IL-3 signaling pathways regulate mast cells
development and growth. Mast cells derive from multipotential
hematopoietic stem cells and their differentiation and
maturation occur when they reach the target organ (22,23).
Mast cell progenitors leave the bone marrow, invade connective
or mucosal tissue, and then proliferate and differentiate
into morphologically identifiable mast cells (24). The
phenotype of mast cells is determined by each site of final
differentiation (24,25). SCF binds its receptor, kit, which is
distributed on the surface of mast cells. SCF and kit signaling

is essential for the development of murine mast cells (13). Mast
cells can be developed at high efficiency by culturing BMMCs
in IL-3-containing media. IL-3 stimulates the proliferation of
BMMCs and enhances SCF-dependent mast cells development
at low cell densities (26). In the present study, we optimized the
culture conditions with IL-3 (10 ng/ml) and SCF (10 ng/ml). We
observed a gradual increase in mature mast cells number during
the first 4 weeks of culture, especially by the end of week 2
when the percentage of CD117/FceRI a double-positive cells
was dramatically increased to 55%. After 4 weeks, bone marrow
progenitors became uniform in appearance. By the end of
week 0, the percentage of CD117/FceRI a double-positive cells
reached to >97%. The bone marrow progenitors were effectively
induced into mature mast cells under IL-3 and SCF stimulation
in vitro. We used this culture model for the present study.
PPAR v is one of the master regulators on mast cells matu-
ration and potentially useful for therapy in various disorders
involving mast cells activation (2). However, the roles of PPAR vy
in mast cells are too variable to conclude a simple regulatory
mechanism of inflammation (9). Spencer et al (11), demon-
strated that PIO reduced adipose tissue inflammation through
reduction of mast cells number. As shown in Fig. 2, PIO greatly
inhibited BMMCs maturation in a concentration-dependent
manner at the indicated time points. While under certain
concentration of PIO, the percentage of mature mast cells
was gradually increased. After 8 weeks of culture, there was
no difference in the differentiated degree between the treated
and untreated BMMCs with PIO (data not shown). The results
suggest that PIO inhibits early-stage mast cells maturation.
The number of mast cells in inflamed tissue can be regulated
by proliferation, migration, and survival (and apoptosis) (13).
The inhibitory effects of PPAR vy on surface antigens expres-
sion and granule formation could be duo to apoptosis. In the
present study, we have demonstrated that PPAR vy agonist is
able to inhibit BMMCs cells viability in a dose-dependent
manner. However, Maeyama et al (9) reported the opposite
result that rosiglitazone, another PPAR y agonist, increased
cell viability of BMMCs from wide type mice. One of the
possible explanations is that they obtained BMMCs with an
additional 4-week culture with IL-3 alone before adding SCF.
In addition, PIO acting via PPAR v played a proapoptotic role
in murine mast cells progenitors. The result is consistent with



our previous finding in a mouse model of allergic rhinitis (7).
Our observation could suggest that PPAR y can modulate the
expression of proapoptotic molecules in mast cells.

Each mast cell has approximately 75 granules containing
a host of mediators with diverse biological roles that can
be performed or formed de novo (27). Mature mast cells
express mouse MCP-4, 5, 6, and 7, and contain a histamine
content that is at least ten-times higher than that of imma-
ture ones (2). Histamine is involved in various physiological
responses and is released from the cytoplasmic granules
upon IgE-dependent antigen stimulation (28). Histamine
promotes granule maturation in mast cells and acts as a
proinflammatory mediator (29). Degranulation of mast cells
was decreased by PIO treatment in a dose-dependent manner,
concomitant with defective granule formation. Thus, these
findings highlight two possibilities: one is PIO directly
inhibited granule formation of mast cells, and the other is
that the decreased release of histamine affected granule
maturation. MCP-6, one of mast cell-derived granule compo-
nents, is secreted from mature mast cells (30). MCP-6 can
activate the protease-activated receptors 1 and 2 to modulate
the activities of target cells (31). It has been reported that
MCP-6 is a proinflammatory mediator in various condi-
tions (32-34). The development of airway high reactivity in
a model of allergic asthma is dependent on MCP-6 (19). In
our study, the expression of MCP-6 mRNA was decreased
after treatment with PIO, which is consistent with the inhib-
ited formation of the granule by PIO. Recent studies have
shown that PPAR vy ligands suppressed antigen-induced
cytokine production by MBBCs at both protein and mRNA
levels (9,10). As shown in the present study, PPAR y mRNA
expression of BMMCs was increased by PIO treatment.
These results suggested that PPAR vy agonist might amplify
the inhibitory effects of PPAR y on BMMCs by increasing
PPAR y expression.

PPAR vy agonist plays an inhibitory effect on mast cells
maturation in vitro, which raises a possibility that PPAR vy is
involved in the physiological property of mast cell progenitors.
We demonstrated our hypothesis by culturing BMMCs prepared
from mice with PIO gavage. Even under the same culture condi-
tion in vitro, the percentage of CD117/FceRI a double-positive
cells was significantly decreased in BMMCs from PIO gavage
mice than that from control mice. Systemic treatment of PIO
suppressed surface antigens expression of mature mast cells
in vitro. Thus, PPAR v activation can maintain the inhibitory
effects on bone marrow cells for a while in absence of PIO.

In summary, the present study has demonstrated that
PPAR vy affects mouse mast cell progenitors by inhibiting
granule formation and suppressing degranulation in response
to FceRI-antigen stimulation and that PPAR vy agonist attenu-
ates BMMCs in vitro differentiation after systemic treatment
and notably increases apoptosis. Consistent with our previous
in vivo studies (7,21), PPAR vy agonists might have clinical
potentials for allergic disorders, such as allergic rhinitis,
asthma, and atopic dermatitis.
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