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Background: Peroxisome proliferator—activated receptor y (PPAR-vy) expression has not been evaluated in bronchoalveolar
lavage (BAL) cells from allergic asthmatic patients.

Objective: To determine whether inappropriate down-regulation of PPAR-v in alveolar macrophages may contribute to
persistent airway inflammation in allergic asthma.

Methods: We used segmental allergen challenge as a model of in vivo experimental allergic asthmatic exacerbation and
airway inflammation. PPAR-vy gene expression was evaluated at baseline and 24 hours later in asthmatic patients and controls
using real-time polymerase chain reaction. Immunofluorescence was used to determine cellular location of the PPAR-+y protein.

Results: We demonstrate for the first time to our knowledge that PPAR-y messenger RNA and protein, which are highly
expressed in alveolar macrophages of healthy individuals, are significantly reduced in asthmatic patients after segmental allergen
challenge. In allergic asthmatic patients (n = 9), PPAR-vy gene expression decreased significantly from baseline to postchallenge
BAL (median decrease, 45%; P = .008). Furthermore, immunofluorescence staining demonstrated that PPAR-y protein was
associated with alveolar macrophages and not with inflammatory eosinophils and neutrophils.

Conclusion: Results implicate down-regulation of PPAR-y in BAL cells as a potential factor in dysregulation of lung
homeostasis in asthmatic patients. The present findings suggest that PPAR-vy agonists could have a future role in asthma therapy

and warrant further study.

INTRODUCTION

Asthma is characterized by chronic inflammation punctuated
by exacerbations with acute inflammatory episodes that are
associated with airway structural changes.! Although the
cause(s) of the pathophysiologic features of asthma are un-
defined, a variety of cells and their products have been
implicated, including airway epithelium, smooth muscle
cells, fibroblasts, alveolar macrophages, eosinophils, and T2
lymphocytes.!> A wide array of mediators (eg, proinflamma-
tory cytokines, chemokines, and metalloproteinases [MMPs])
produced by these cells have been targeted as prominent
players in the different stages of asthma, leading to perma-
nent airway alterations. Peroxisome proliferator—activated re-
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ceptors (PPARs) are ligand-activated nuclear transcription
factors that have been implicated in lipid metabolism and
immune homeostasis.> PPAR expression has been demon-
strated in many cell types, including adipocytes, macro-
phages, and B and T cells.* Three PPAR isoforms (a, 8(83), y)
have been identified to date, and their ligands include natu-
rally occurring fatty acids and eicosanoids.

Suggestive evidence of therapeutic activity of synthetic
PPAR-v ligands, such as the thiazolidinediones, is accumu-
lating in numerous diseases associated with excess cytokine
and chemokine production.’ For example, in atherosclerotic
plaques, the pathologic expression of MMPs, particularly
MMP-9, which is regulated by PPAR-v,° is thought to con-
tribute to their instability and increase the propensity to
rupture. In diabetic patients treated with rosiglitazone, a sig-
nificant reduction in MMP-9 and tumor necrosis factor « in
serum was noted.” Ulcerative colitis, another disease accom-
panied by an increased production of proinflammatory cyto-
kines, also has been associated with some improvement after
rosiglitazone treatment.?

PPAR-vy has been noted to be constitutively present in
asthmatic and healthy human airway cells, including epithe-
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lial cells,’~'" alveolar macrophages,”'>'* and smooth muscle
cells.' In the macrophage, PPAR-vy is thought to negatively
regulate inflammatory cytokine expression®! through its
ability to bind transcription factors such as NF-«B, AP-1, and
STAT-1 in a ligand-dependent manner. This phenomenon is
referred to as transrepression and does not require DNA
binding by PPAR-y.*!® Importantly, several in vivo murine
ovalbumin challenge models of asthma indicate that PPAR-y
activation by exogenous ligands inhibit airway hyperactivity,
influx of Ty2 cytokines and eosinophils, and structural
changes to the airway wall.'”2° To date, PPAR-vy expression
has not been evaluated in bronchoalveolar lavage (BAL) cells
from allergic asthmatic patients. Based on these observations,
we hypothesized that inappropriate down-regulation of
PPAR-vy in BAL cells may contribute to persistent airway
inflammation in allergic asthma.

To test our hypothesis, we used segmental allergen chal-
lenge in allergic asthmatic patients as an in vivo controlled
experimental model of asthma exacerbations. We investi-
gated PPAR-vy gene and PPAR-vy protein expression in BAL
cells from allergic asthmatic patients compared with healthy
volunteers both at baseline and 24 hours after a segmental
allergen challenge.

MATERIALS AND METHODS

Study Population

This protocol was approved by the institutional review board,
and written informed consent was obtained from all partici-
pants. Six healthy controls and 9 mild asthmatic patients were
recruited for the study. Potential asthmatic patients were
accepted into the study based on previously defined criteria,?!
which briefly included the following: (1) current asthma as
defined by American Thoracic Society criteria; (2) no smok-
ing within 1 year and a total of less than 5 pack-years of
smoking; (3) age between 18 and 55 years; (4) no inhaled or
systemic steroids for more than 4 weeks; (5) no asthma
exacerbations in the past month; and (6) allergic as defined by
positive skin test results to at least 2 of a standard battery of
10 aeroallergens, one of which had to be ragweed or timothy
grass.

Control subjects were enrolled if they fulfilled the follow-
ing criteria: (1) absence of any cardiopulmonary symptoms;
(2) no smoking within 1 year and a less than 5 pack-year
history of smoking; (3) negative methacholine challenge re-
sult (per the method of Chai et al??); (4) negative skin test
results to the aeroallergen panel; and (5) age between 18 and
55 years.

Study Design

After enrollment each participant underwent a physical ex-
amination, complete history, and spirometry. Participants
then underwent whole lung allergen challenge with ragweed
or timothy grass (Greer Laboratories, Lenoir, NC). The al-
lergen was chosen on the basis of skin test results for the
allergic patients. All patients were challenged during a season
where the allergen of interest was not in the ambient air.

Whole lung allergen challenge was performed with progres-
sively increasing doses of allergen to determine an allergen-
induced provocative dose that would cause a 20% decrease in
forced expiratory volume in 1 second (FEV,). The maximum
allergen dose used was 100 PNU/mL in 1 participants, 316
PNU/mL in 4, and 1,000 PNU/mL in 4. The allergens used
for whole lung allergen challenge were ragweed (6 partici-
pants) and timothy grass (3 participants). Since our study
focused on allergic asthma, we did not attempt to separate
asthma from atopy. The control group for nonspecific re-
sponses was composed of nonatopic, nonasthmatic subjects
who received the highest dose of allergen. None of the
control subjects experienced a significant decrease in their
FEV,. A minimum of 4 weeks after the aerosolized challenge,
subjects underwent fiberoptic bronchoscopy under local an-
esthesia. A baseline BAL sample was obtained from the
lingula. Saline warmed to 37°C was instilled in 50-mL ali-
quots (a total of 150 mL per segment) and withdrawn by
gentle aspiration. Allergen was then instilled into 2 lung
segments in the right middle lobe via the bronchoscope. The
dose used for bronchoscopic challenge (segmental allergen
challenge) was 10% of the maximum dose used in the whole
lung allergen challenge diluted in 10 mL of saline solution
into each of 2 segments. After the bronchoscopy, participants
were observed for 2 hours and then discharged with a peak
expiratory flow diary. Participants returned 24 hours later for
a second bronchoscopy at which time a BAL sample was
obtained from the allergen-challenged lung segments. The
participants without positive skin test results were arbitrarily
challenged with 100 PNU of ragweed allergen or timothy
grass (depending on the “off season” allergen) per segment.
The allergen preparations at the concentrations used were all
below the United States Pharmacopeial acceptable limit of
endotoxin for injection (0.25 endotoxin units/mL) as deter-
mined by the limulus amebocyte lysate assay.?

Cell Collection

The BAL cells were obtained by fiberoptic bronchoscopy and
processed as previously described.?* Differential cell counts
were obtained from cytospins stained with a modified Wright
stain. Mean viability of BAL cells was greater than 95% as
determined by trypan blue dye exclusion.

Immunocytochemistry

PPAR-vy protein expression was evaluated in cytospin prep-
arations from freshly isolated BAL cells by immunocyto-
chemistry. Cells were fixed with 4% paraformaldehyde, per-
meabilized with Triton X-100, and stained with rabbit
polyclonal anti-PPAR-vy (1:1,000; Santa Cruz Biotechnology
Inc, Santa Cruz, CA), followed by ALEXA-conjugated goat
anti-rabbit IgG (Molecular Probes, Eugene, OR). Slides were
also stained with propidium iodine to facilitate nuclear local-
ization, evaluated by confocal microscopy, and quantified by
the Image-Pro Plus version 5.0 (MediaCybernetics, Silver
Spring, MD). A minimum of 4 to 6 high-power fields were
quantified per slide. Mean fluorescence per cell was quanti-
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fied for 40 to 100 cells per specimen, and only cells with the
morphologic appearance of alveolar macrophages were quan-
tified.

RNA Purification and Analysis

Total RNA was extracted from BAL cells by RNAeasy
protocol (Qiagen, Valencia, CA). Expression of messenger
RNA (mRNA) was determined by real-time reverse tran-
scriptase—polymerase chain reaction (RT-PCR) using the ABI
Prism 7700 Detection System (TagMan; Applied Biosystems,
Foster City, CA). Primers and probes were designed using
Primer Express software (Applied Biosystems). Reactions
were set up according to the instructions of the manufacturer.
Briefly, a 125-uL reaction mixture that consisted of 25 uL of
5 times Tagman EZ buffer, 15 uL of 25mM Mn(Oac)2
solution, 3.75 uL each of nucleotide triphosphates (adeno-
sine, cytosine, guanine, uridine), 5 wL of Taq DNA polymer-
ase, 1.25 pL of AmpErase uracil N-glycosylase, 0.25 uL
each of the 5’ primer, 3’ primer, and gene-specific probe
(100uM each), 2.5 puL/L of RNA sample (50 ng/mL), and
60.5 uL of diethyl pyrocarbonate—treated water was pre-
pared. Experiments were performed in duplicate with a
50-uL reaction mixture per well for the 96-well plate. Stan-
dard curve was set up using a 5 times series dilution of an
RNA sample and glyceraldehyde 3-phosphate dehydrogenase
expression as a reference. Thermal profile of the RT-PCR
reaction was performed in 3 stages: stage 1 was at 50°C for
2 minutes followed by 60°C for 30 minutes, stage 2 was at
95°C for 5 minutes, and stage 3 was at 95°C for 15 seconds
and 60°C for 1 minute for 40 cycles. Data are shown as
relative expression after normalizing to the internal glyceral-
dehyde 3-phosphate dehydrogenase expression levels.

Statistical Analysis
Data were analyzed with the ¢ test using Prism software
(GraphPad Inc, San Diego, CA). Statistical significance was
defined as P = .05.

RESULTS

Inflammatory Cells

At baseline, the BAL samples from healthy controls and
asthmatic patients were not different in viability or cellular
differential (Table 1). The allergen-challenged segment from
the asthmatic group had an increase in the percentage of

eosinophils (P = .04). Both healthy controls and asthmatic
patients had increased numbers of polymorphonuclear leuko-
cytes. Almost all of the asthmatic patients and healthy control
subjects demonstrated a rise in neutrophil levels, which is
consistent with other reports demonstrating an increase in
neutrophils at 24 hours and a decline at 48 hours after
challenge; in contrast, eosinophil levels peak at 48 hours.?*?
The current study participants were evaluated at 24 hours to
examine gene expression. Total recovered cells from BAL in
the asthmatic patients and the healthy controls were not
different at baseline. Postchallenge cell numbers were in-
creased in both groups.

Reduction of PPAR-y mRNA Expression in BAL Cells After
Segmental Allergen Challenge

In allergic asthmatic patients (n = 9), PPAR-vy gene expres-
sion decreased significantly from baseline to postchallenge
BAL (median decrease, 45%; P = .008) (Figure 1). For
nonatopic controls (n = 6), the same measurement was not
significantly altered. The baseline PPAR-y expression in
healthy controls and asthmatic patients was not significantly
different. To determine which of the BAL cells expressed
PPAR-vy protein, we evaluated PPAR-vy protein by immuno-
fluorescence in BAL cells of asthmatic patients before and
after allergen challenge. As shown in Figure 2A, the PPAR-y
nuclear expression was significantly decreased in alveolar
macrophages from a patient after challenge. The PPAR-y
mRNA expression decreased 64% between baseline and after
challenge in this patient. Also of interest was the observation
that no nuclear staining was detected in either eosinophils or
polymorphonuclear leukocytes, although eosinophils dis-
played cytoplasmic autofluorescence. Quantification of nu-
clear PPAR-vy staining demonstrated greater staining in
prechallenge alveolar macrophages compared with postchal-
lenge alveolar macrophages (P = .001) (Fig 2B). Cytospins
evaluated with secondary antibody alone showed no evidence
of nonspecific binding (data not shown).

DISCUSSION

The novel findings presented herein show for the first time to
our knowledge that PPAR-y, which is highly expressed in
alveolar macrophages of healthy individuals, is significantly
reduced in asthmatic patients after segmental allergen chal-
lenge, a widely used model of acute airway inflammation in

Table 1. Mean + SD Leukocytes in Bronchoalveolar Lavage Fluid After Segmental Allergen Challenge

Asthmatic patients

Controls

Baseline 24-Hour allergen Baseline 24-Hour allergen

control challenge control challenge
Alveolar macrophages, % 93 £2 557 93 £2 64 = 11
Lymphocytes, % 5+1 2+2 4+2 2+1
Neutrophils, % 2+1 307 3+2 31 +10
Eosinophils, % 1+0 14 +6 0 4 +1
Total No. of cells, X10* 106 = 2.4 19274 9.8 +1.9 18.0 =54

*Per milliliter of bronchoalveolar lavage fluid.
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Figure 1. Peroxisome proliferator—activated receptor y (PPAR-y) gene
expression is decreased in allergic asthmatic bronchoalveolar lavage (BAL)
cells after allergen challenge compared with baseline. PPAR-y messenger
RNA was measured in BAL cells from healthy controls (n = 6) and allergic
asthmatic patients (n = 9) at baseline and 24 hours after allergen challenge. The
data are shown in a box and whiskers plot. The box extends from the 25th
percentile to the 75th percentile, with a horizontal line at the median (50th
percentile). Whiskers extend down to the smallest value up to the largest.

vivo. Results implicate down-regulation of PPAR-vy in alve-
olar macrophages as a potential contributor to airway inflam-
mation and dysregulation of lung homeostasis in asthmatic
patients.
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PPAR-vy expression is ubiquitous within the lung and has
been shown to be constitutive in human airway epithelium,®!°
alveolar macrophages,”'>!3 and smooth muscle cells.'*
PPAR-vy represents a potent transcriptional regulator of genes
governing lipid and glucose metabolic pathways in adipo-
cytes, macrophages, and other cell types.** The PPAR-vy
agonists of the thiazolidinedione class are currently consid-
ered to be of greatest importance for treatment of type 2
diabetes mellitus. The discovery that thiazolidinediones have
potent anti-inflammatory properties suggests that PPAR-y
activation may also be an effective therapeutic approach to
treating inflammatory diseases in the nondiabetic population.
Diseases where suggestive data have been obtained include
atherosclerosis, psoriasis, atopic dermatitis, and ulcerative
colitis.’

The present study has several obvious limitations. The
segmental allergen challenge is an experimental model only,
and the relationship to endogenous spontaneous asthma is
unknown. Allergic asthmatic patients in the present study
were selected on the basis of their immediate asthmatic
airway response (a decrease of >20% FEV, within incremen-
tal aerosolized whole lung allergen challenge).

Several murine models of airway hyperreactivity have
suggested attenuation of symptoms after treatment with
PPAR-v ligands (ciglitazone, rosiglitazone),!”!%?” including
reduced eosinophilia. Furthermore, the PPAR-y—specific an-
tagonist GW9662 prevented the reduction in eosinophilia.'8
Interestingly, therapeutic administration of PPAR-vy ligands
to 2 diabetic asthmatic patients appeared to produce a bene-
ficial effect on their asthma.?® Thus, PPAR-vy ligands may
represent a novel addition to asthma therapeutics.

Whether other isoforms of PPAR («, &) play a role in
human allergic asthma has not been explored. However,
murine models suggest that although PPAR-a agonists may
also be effective,'”? PPAR-8 agonists were not.*’ These
observations may be related to concentration of the PPAR
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Figure 2. A, Peroxisome proliferator—activated receptor y (PPAR-vy) nuclear expression is decreased in bronchoalveolar lavage (BAL) cells from an asthmatic
patient. Cytospin preparations from BAL cells obtained at baseline and 24 hours after allergen were immunostained with fluorescein isothiocyanate anti-human
PPAR-7y and evaluated for immunofluorescence (green) with and without the nuclear stain propidium iodine (PI) (red). Note the polymorphonuclear leukocyte
and the eosinophil (marked by arrows) have no nuclear staining. Images were captured at X400 magnification. B, Immunoquantification demonstrated a 67%

reduction in nuclear fluorescence.
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isoform. Asada et al'* have shown that expression of PPAR-7y
is much higher than PPAR-6 expression in human alveolar
macrophages.

PPAR-vy agonists have been shown to inhibit the produc-
tion of numerous inflammatory cytokines, including tumor
necrosis factor «, interleukin 1, interleukin 6, RANTES, and
macrophage inflammatory protein 1e, all of which have been
associated with asthmatic exacerbations. Most of the anti-
inflammatory properties of PPAR-y are thought to arise
through their ability to antagonize NF-«B, AP-1, and STAT-1
signaling pathways.* Thus, many of the cytokines implicated
in asthma having NF-kB elements could potentially be reg-
ulated by PPAR-vy agonists. Also of interest with regard to
asthma are MMPs."? MMPs are implicated in asthma patho-
genesis because of their effects on matrix deposition and
degradation and their influence on migration of inflammatory
cells.?? Our previous studies have demonstrated that both
MMP-9 and MMP-12 are elevated in asthmatic patients after
challenge compared with baseline.”® Both MMP-9 and
MMP-12 are negatively regulated by PPAR-vy activation,>3!
suggesting that in asthma reduced PPAR-y may exacerbate
MMP actions.

In summary, the findings from this study demonstrate
reduced expression of PPAR-vy in an experimental model of
allergic airway inflammation in a group of mild asthmatic
patients compared with controls. In the context of provoca-
tion-induced asthmatic airway inflammation, PPAR-y was
reduced, suggesting an inverse relationship between PPAR-y
and airway inflammation. Together with in vitro studies that
support an anti-inflammatory role for PPAR-vy and the ben-
eficial effects of PPAR-y agonists in attenuating murine
models of airway hyperreactivity, our studies represent im-
portant in vivo data to further support the role of PPAR-vy in
asthma and that PPAR-vy ligands offer a novel therapeutic
approach.

REFERENCES

1. Cohn L, Elias JA, Chupp GL. Asthma: mechanisms of disease
persistence and progression. Annu Rev Immunol. 2004;22:
789-815.

2. Elias JA, Lee CG, Zheng T, et al. New insights into the
pathogenesis of asthma. J Clin Invest. 2003;111:291-297.

3. Rotondo D, Davidson J. Prostaglandin and PPAR control of
immune cell function. Immunology. 2002;105:20-22.

4. Daynes RA, Jones DC. Emerging roles of PPARs in inflamma-
tion and immunity. Nature Rev Immunol. 2002;2:748-759.

5. Pershadsingh HA. Peroxisome proliferator-activated receptor-
gamma: therapeutic target for diseases beyond diabetes: quo
vadis? Expert Opin Investig Drugs. 2004;13:215-228.

6. Ricote M, Huang JT, Welch JS, Glass CK. The peroxisome
proliferator-activated receptor-y (PPAR7y) as a regulator of
monocyte/macrophage function. J Leukoc Biol. 1999;66:
733-7309.

7. Marx N, Froehlich J, Siam L, et al. Antidiabetic PPAR gamma-
activator rosiglitazone reduces MMP-9 serum levels in type 2
diabetic patients with coronary artery disease. Arterioscler
Thromb Vasc Biol. 2003;23:283-288.

8. Lewis JD, Lichtenstein GR, Stein RB, et al. An open-label trial

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

of the PPARY ligand rosiglitazone for active ulcerative colitis.
Am J Gastroenterol. 2001;96:3323-3328.

. Bonfield TL, Farver CF, Barna BP, et al. PPAR is deficient in

alveolar macrophages from patients with alveolar proteinosis.
Am J Respir Cell Mol Biol. 2003;29:677-682.

Wang ACC, Dai X, Luu B, Conrad DJ. Peroxisome proliferator-
activated receptor-vy regulates airway epithelial cell activation.
Am J Respir Cell Mol Biol. 2001;164:688—693.

Benayoun L, Letuve S, Druilhe A, et al. Regulation of peroxi-
some proliferator-activated receptor 7y expression in human
asthmatic airways. Am J Respir Crit Care Med. 2001;164:
1487-1494.

. Culver DA, Barna BP, Raychaudhuri B, et al. PPARY is defi-

cient in alveolar macrophages in pulmonary sarcoidosis. Am J
Respir Cell Mol Biol. 2004;30:1-5.

Asada K, Sasaki S, Suda T, Chida K, Nakamura H. Antiinflam-
matory roles of peroxisome proliferator-activated receptor
gamma in human alveolar macrophages. Am J Respir Crit Care
Med. 2004;169:195-200.

Patel HJ, Belvisi MG, Bishop-Bailey D, Yacoub MH, Mitchell
JA. Activation of peroxisome proliferator-activated receptors in
human airway smooth muscle cells has a superior anti-
inflammatory profile to corticosteroids: relevance for chronic
obstructive pulmonary disease therapy. J Immunol. 2003;170:
2663-2669.

. Ricote M, Li AC, Willson TM, Kelly CJ, Glass CK. The

peroxisome proliferator-activated receptor-vy is a negative reg-
ulator of macrophage activation. Nature. 1998;391:79-82.
Valledor AF, Ricote M. Nuclear receptor signaling in macro-
phages. Biochem Pharmacol. 2004;67:201-212.

Honda K, Marquillies P, Capron M, Dombrowicz D. Peroxi-
some proliferator-activated receptor gamma is expressed in
airways and inhibits features of airway remodeling in a mouse
asthma model. J Allergy Clin Immunol. 2004;113:882—888.
Hammad H, de Heer HJ, Soullie T, et al. Activation of perox-
isome proliferator-activated receptor-gamma in dendritic cells
inhibits the development of eosinophilic airway inflammation in
a mouse model of asthma. Am J Pathol. 2004;164:263-271.
Woerly G, Honda K, Loyens M, et al. Peroxisome proliferator-
activated receptors (alpha) and (gamma) down-regulate allergic
inflammation and eosinophil activation. J Exp Med. 2003;198:
411-421.

Trifilieff A, Bench A, Hanley M, et al. PPAR-alpha and
-gamma but not -delta agonists inhibit airway inflammation in a
murine model of asthma: in vitro evidence for an NF-kappaB-
independent effect. Br J Pharmacol. 2003;139:163-171.
Thomassen MJ, Raychaudhuri B, Dweik R, et al. Nitric oxide
regulation of asthmatic airway inflammation with segmental
allergen challenge. J Allergy Clin Immunol. 1999;104:
1174-1182.

Chai H, Farr R, Froelich LA, et al. Standardization of bronchial
inhalation challenge procedures. J Allergy Clin Immunol. 1975;
56:323-327.

Kavuru MS, Dweik R, Thomassen MJ. Role of bronchoscopy in
asthma research. Clin Chest Med. 1999;20:153—189.
Thomassen MJ, Buhrow LT, Connors MJ, et al. Nitric oxide
inhibits inflammatory cytokine production by human alveolar
macrophages. Am J Respir Cell Mol Biol. 1997;17:279-283.
Calhoun WJ, Jarjour NN, Gleich GJ, Stevens CA, Busse WW.
Increased airway inflammation with segmental versus aerosol
antigen challenge. Am Rev Respir Dis. 1993;147:1465-1471.

472

ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



26. Berger J, Moller DE. The mechanisms of action of PPARs. Ann 31. Mariani TJ, Shapiro SD. PPARy activators repress macrophage
Rev Med. 2002;53:409-435. metalloelastase (MMP-12) expression. Am J Respir Crit Care
27. Mueller C, Weaver V, Vanden Heuvel JP, August A, Cantorna Med. 2002;165:A2309.

MT. Peroxisome proliferator-activated receptor gamma ligands
attenuate immunological symptoms of experimental allergic
asthma. Arch Biochem Biophys. 2003;418:186-196.

28. Hashimoto Y, Nakahara K. Improvement of asthma after ad- Requests for reprints should be addressed to:
ministration of pioglitazone. Diabetes Care. 2002;25:401. Mary Jane Thomassen, PhD

29. Kelly EA, Jarjour NN. Role of matrix metalloproteinases in Department of Pulmonary and Critical Care Medicine
asthma. Curr Opin Pulm Med. 2003;9:28 -33. 9500 Euclid Ave

30. Thomassen MJ, Follettie MT, Diesel V, et al. Increased MMP Cleveland Clinic Foundation
12 expression revealed by microarray analysis in BAL cells Desk A90
from asthmatic patients following allergen challenge. Am J Cleveland, OH 44195-5038
Respir Crit Care Med. 2004;169:A55. E-mail: thomasm@ ccf.org

VOLUME 95, NOVEMBER, 2005 473



