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ABSTRACT: Inflammatory lung diseases are characterized by chronic inflammation
and oxidant/antioxidant imbalance, a major cause of cell damage. The development of
an oxidant/antioxidant imbalance in lung inflammation may activate redox-sensitive
transcription factors such as nuclear factor-kB, and activator protein-1 (AP-1), which
regulate the genes for pro-inflammatory mediators and protective antioxidant genes.



is an important protective antioxidant against free radicals
and other oxidants and has been implicated in immune
modulation and inflammatory responses [6±8]. These ev-



such as proliferation and activation of signalling path-
ways [37].

Inhaled oxidants in lung inflammation

Inhaled environmental oxidants exacerbate the under-





GSH by glutathione reductase in a reaction requiring the
hexose monophosphate shunt pathway utilizing NADPH.

Regulation of glutathione and c-glutamylcysteine
synthetase

At transcriptional level

Identification and characterization of the types of
diverse stimuli that act as potent inducers of c-GCS



regulation of GSH levels. LU et al. [107] reported that
hepatic GSH synthesis is downregulated in response to
hormones known to mediate their effects through the
activation of distinct signal transduction pathways. Using
various specific inhibitors of signalling pathways, these



intracellular GSH levels under various stresses (either
oxidant stress or GSH depletion).

The levels of intracellular GSH are regulated, in part, by
the rate of the bidirectional membrane transport system
present in lung and liver cells [136, 137]. It is likely that
this membrane transport system causes GSH to efflux to



response to oxidants and phenolic antioxidants in rat lung
epithelial L2 cells and liver HepG2 cells, suggesting that
concomitant induction of both subunits may be a potential
mechanism for enhancing cellular GSH synthesis, and so
developing cellular tolerance to oxidative stress [28, 73].
Exposure to sublethal doses of oxidants and oxidant-
generating systems may initiate an adaptive intracellular
antioxidant response, thus protecting cells from subse-
quent exposures to oxidant stresses [74, 152]. It is
possible that the GSH synthesis and tolerance mechanism
which occurs in response to various stimuli described in
various cells may differ in lung cells.

Effect of growth factors

Transforming growth factor (TGF)-b1 is a multifunc-
tional growth factor that modulates cellular proliferation
and induces differentiation and synthesis of extracellular
matrix proteins, including collagens and fibronectin, in
many types of lung cell [153]. Recent studies have shown
increased expression of TGF-b1 in bronchiolar and
alveolar epithelium in IPF and COPD patients, and higher
levels in the BALF of atopic asthmatics as compared to
healthy subjects [154, 155]. TGF-b1 also downregulates
c-GCS-HS mRNA and glutathione synthesis in human
alveolar epithelial cells and pulmonary artery endothelial
cells in vitro [109, 110]. Interestingly, recent studies by
FACTOR et al. [156] showed decreased glutathione
synthesis in a TGF transgenic (overexpression) mouse
model and increased susceptibility to oxidant-mediated



c-GCS-HS and c-GCS-LS genes, may be directly in-
volved in the regulation of GSH in human cells [28, 30,
75, 78]. Within a population, it is likely that there will be
variation (gene deletion or mutation) in the 5'-coding/
noncoding regions of c-GCS-HS and c-GCS-LS genes.
Future studies need to be directed towards understanding
the nature of any polymorphisms that exist and whether
any association exists between these polymorphisms and
susceptibility to the development of inflammatory lung
diseases such as COPD and IPF.

Role of glutathione in the regulation of pro-
inflammatory and antioxidant protective genes

There is increasing evidence to suggest that many



levels in response to various oxidative stresses including
hyperoxia and inflammatory mediators such as TNF-a
and lipopolysaccharide in lung cells [85, 86, 141, 192,
193].



associated with enhanced neutrophil/endothelial adhesion
[206]. Agents that cause oxidation of GSH led to in-
creases in neutrophil adhesion to endothelial cells via
upregulation of ICAM-1 and VCAM-1 [207, 208], and
increasing intracellular thiol concentrations with NAC
attenuated the oxidant- or cytokine-mediated neutrophil
adhesion to endothelial cells [208]. Therefore, a change in
intracellular GSH redox balance may be an important



functional regulation of the immune response. However,
the impact of chronic GSH depletion in T-cells, B-cells,
macrophages and neutrophils in immune/inflammatory
lung diseases have not been studied so far. Chronic
depletion of GSH may be coupled with immunodefi-
ciency and poor survival, as evidenced in the CD4 T-cells
of HIV-seropositive patients [8, 21, 232, 233]. Intracel-



the microenvironment and the resultant formation of
deleterious products (GSSG). It seems rational to suggest
that neutralizing the pH, providing GSH in salt form,
using liposome-entrapped GSH delivery and maintenance
of isotonicity would be useful in designing any GSH in-
halation therapy in inflammatory lung diseases.

Increasing the activity of c
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