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Abstract

Interest in peroxisome proliferator—activated receptors (PPARSs) has steadily increased over the
past 15 years. The recognition that subclasses of this receptor played critical roles in regulation of
metabolism led to the development of synthetic ligands and their widespread application in the
treatment of type 2 diabetes. At the same time, emerging evidence demonstrated that the influence
of PPARs extends well beyond metabolism and diabetes. A salient example of this can be seen in
studies that explore the role of PPARs in lung cell biology. In fact, current literature suggests that
PPAR receptors may well represent exciting new targets for treatment in a variety of lung
disorders. In an attempt to keep the scientific and medical communities abreast of these
developments, a symposium sponsored by the American Federation for Medical Research entitled
“PPARY: A Novel Molecular Target in Lung Disease” was convened on April 29, 2007, at the
Experimental Biology Meeting in Washington, DC. During that symposium, 4 speakers reviewed
the latest developments in basic and translational research as they relate to specific lung diseases.
Jesse Roman, MD, professor and director of the Emory University Division of Pulmonary,
Allergy, and Critical Care Medicine, reviewed the role of PPARY in the pathogenesis of lung
cancer and its implications for therapy. Raju Reddy, MD, assistant professor of Medicine at the
University of Michigan, presented data regarding the immunomodula-tory role of PPARY in
alveolar macrophages. Patricia J. Sime, MD, associate professor of Medicine, Environmental
Medicine, and Oncology at the University of Rochester School of Medicine, discussed the
antifibrogenic potential of PPARy ligands in pulmonary fibrosis. Finally, C. Michael Hart, MD,
professor of Medicine at Emory University and chief of the Atlanta Veterans Affairs Medical
Center Pulmonary Section, reviewed the role of PPARY in pulmonary vascular disease. This brief
introduction to the symposium will provide background information about PPARs to facilitate the
general reader's appreciation of the more in-depth and disease-specific discussions that follow.

Keywords
PPARY; TGF-; fibroplast; thrazolidinedione; triterpenoid

Reprints: C. Michael Hart, MD, Emory University, Pulmonary Section, Atlanta VA Medical Center, 1670 Clairmont Rd (151-P),
Decatur, GA 30033. Michael.hart3@va.gov..

The proceedings of a symposium presented at the Experimental Biology Meeting in Washington, DC, on Sunday, April 29, 2007. This
symposium was funded by educational grants from the National Institutes of Health and Takeda Pharmaceuticals of North America.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hart et al.

Page 2

Originally described in 1990, peroxisome proliferator—activated receptors (PPARS) are
ligand-activated transcription factors belonging to the nuclear hormone receptor
superfamily.l Peroxisome proliferator-activated receptors regulate diverse physiological
processes ranging from lipogenesis to inflammation and have been implicated in numerous
disorders including cancer, diabetes, and atherosclerosis. Three distinct PPAR isotypes
(PPARa, PPARB/S, and PPARY) are encoded by separate genes and exhibit distinct tissue
distribution and functions. Peroxisome proliferator—activated receptor a is predominantly
expressed in liver, heart, kidney, and muscle where it regulates genes involved in lipid
metabolism. Peroxisome proliferator—activated receptor /5 is a more ubiquitously expressed
isoform that stimulates fatty acid oxidation in heart and skeletal muscles? and regulates
metabolism.3 Finally, PPARY, which is prominently expressed in adipose tissue, can also be
found in a variety of other tissues where it regulates genes involved in cellular
differentiation and growth, inflammation, apoptosis, and angiogenesis.*-6

The understanding of the biological roles of PPARY in lung disease has been facilitated by
an appreciation of normal PPAR function. Like other nuclear receptors,’” PPARS share a
common structural organization with multiple distinct functional domains (Fig. 1). They also
share a common mode of action to regulate target gene expression. Briefly, ligand binding to
the PPAR receptor induces a conformational change in the receptor that permits
heterodimerization with the retinoid X receptor, dissociation of corepressors, and
concomitant association with coactivators.® This activated complex binds to specific PPAR
response elements in the promoter region of responsive genes to modulate transcriptional
activity. The coactivator proteins either possess histone acetyltransferase activity or recruit
other proteins with this activity to the transcription start site. Acetylation of histone proteins
alters chromatin structure, facilitating the binding of RNA polymerase and the initiation of
transcription.? Peroxisome proliferator—activated receptors can also repress gene expression
by interfering with other signaling pathways and by recruiting corepressors to unliganded
PPARs.10 Peroxisome proliferator—activated receptors mediate these indirect repressive
effects through transrepression mechanisms that inhibit the activity of key transcription
factors via direct protein-protein interactions or by sequestrating cofactors necessary to their
activity.11-14

Structurally diverse ligands activate PPARY. For example, PPARy ligands include the
thiazolidinedione class of antidiabetic medications (eg, pioglitazone, rosiglitazone, and
troglitazone),1> components of oxidized low-density lipoprotein, long-chain fatty acids
and their metabolites, the PGD, metabolite, 15-deoxy-A12,14-prostglandin J,,17:18 and
nitroalkenes.1920 However, despite this promiscuity for activating ligands and broad tissue
distribution, specificity of PPAR-mediated tissue effects occurs, in part, through recruitment
of ligand-specific populations of coactivator and corepressor molecules.?1-23 As a result,
PPARYy activation can lead to both the enhancement and reduction in the expression level of
target genes in a broad variety of tissues. Emerging evidence indicates that PPARYy
activation may be beneficial in a variety of disease processes. Synthetic and natural ligands
have been used both in vitro and in vivo to elucidate the role of PPARY in disease processes.
However, several caveats should be considered when interpreting such studies (reviewed in
the study by Han and Roman?4). First, the natural ligands that regulate PPARs in vivo
remain incompletely defined. Second, a number of PPARYy ligands exert effects through
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pathways independent of the receptor. Third, some PPARY ligands exert both agonist and
antagonist activity toward the PPARY receptor.25

A rapidly emerging body of literature demonstrates the importance of PPARY in the biology
of the lung, where this receptor is expressed in parenchymal and immune cells. The
expression of PPARY in the lung, the availability of pharmacological ligands for this
receptor,26 the evidence for depressed PPARY expression in lung cells in several
disorders,27-29 and the therapeutic efficacy of PPARY ligands in selected nonpulmonary
diseases?8 suggest that the PPARY receptor may not only play an important role in lung cell
biology but may also serve as a novel therapeutic target in several forms of pulmonary
disease. Therefore, this symposium highlights recent developments in lung cancer, lung
immune cell function, pulmonary fibrosis, and pulmonary vascular disorders that indicate a
role for PPARYy in disease pathogenesis and/or therapy. The studies reviewed below suggest
that the intersection between PPARy biology and pulmonary disease is a complex but
promising avenue for future investigation that may provide novel insights into lung disease
pathogenesis and treatment.
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FIGURE 1.
Schematic representation of the structural organization of nuclear receptors. All nuclear

receptors share a common structural organization with multiple distinct functional domains.
The N-terminal A/B domain contains at least 1 constitutively active transactivation region
(activation function 1) and several autonomous transactivation domains. The C domain, the
most conserved region, is responsible for DNA-binding specificity and for both
homodimerization and heterodimerization of receptors. The D domain is a less conserved
flexible hinge region between DNA-binding and the C-terminal ligand-binding domain E.
The D domain contains the nuclear localization signal and also serves as docking site for
cofactors. The E domain is a moderately conserved domain with a ligand-dependent
transactivation function called activation function 2. Some members also have C-terminal F
domain, whose sequence is extremely variable. AF-1 indicates activation function 1; AF-2,
activation function 2.
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