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The two isoforms of cyclooxygenase (known as COX-1
and COX-2) catalyze the initial step in the formation of
biologically important prostanoids, such as prostaglandin
(PG) E2, and thromboxane (TX) A2, in a variety of
pathophysiologic processes. These include modulation of
the inflammatory reaction, gastrointestinal cytoprotec-
tion and ulceration, angiogenesis and cancer, hemostasis
and thrombosis. The PGs not only play a central role in
inflammation, but also regulate other critical physiologic
responses, including blood clotting, bone metabolism,
wound healing, kidney function, blood vessel tone, and
immune responses. PGs are usually synthesized in a
broad range of tissue types and serve as autocrine or
paracrine mediators to signal changes within the imme-
diate environment.

The lungs are an important site of PGE2 production
and its immunoregulatory effects have been studied
extensively in an animal model of ovalbumin-induced
bronchial hyperreactivity. In mice with either COX-1 or
COX-2 knockout, an increased broncho-alveolar fluid
eosinophilia accompanied by macrophage and lympho-
cyte influx following ovalbumin challenge has been
described (1), pointing out the important role that these
enzymes play in the control of the inflammatory response
into the airways.

COX-1 and COX-2 can also play an important role in
aspirin-sensitive rhinitis and asthma. Although this phe-
nomenon is not mediated by allergic mechanisms, it is
known that specific COX-2 inhibitors are well tolerated
by aspirin-sensitive asthmatic patients and do not trigger
Cys-leukotrienes and PGD2 release (2). In addition,
asthmatic attacks are precipitated by COX-1 inhibition in
aspirin-sensitive subjects, and recent findings indicate

alterations in basal arachidonic acid metabolism (3).
Indeed, it has been found that, in contrast to atopic
patients (4), a diminished expression of COX-2 is present
in nasal mucosa of aspirin-intolerant patients (5) sup-
porting the concept that COX-1 and COX-2 may
function as a biologic brake in response to NSAIDs
through the release of PGE2 (6).

In this issue of the Journal, the data reported by
Picado et al. show that the mean levels of COX-2
mRNA expression in nasal polyps from aspirin hyper-
sensitivity asthma or rhinitis (AIAR) subjects is signifi-
cantly lower than in subjects without aspirin
hypersensitivity asthma or rhinitis (ATAR). In addition,
they provide evidence that COX-2 downregulation is
associated with a decreased expression and activation of
NF-kB, a transcription factor which modulates the
activation of several genes, including that of COX-2.
This finding is of great interest as it may provide a
mechanistic explanation of the reduced COX-2 expres-
sion in the nasal mucosa of aspirin-sensitive subjects,
and highlight for the first time the potential involvement
of the NF-kB system in the pathogenesis of chronic
rhinosinusitis with nasal polyposis in aspirin-sensitive
asthmatics.

The transcription factor NF-xB plays a central role in
immune and inflammatory responses. Indeed, it induces
expression of many inflammatory mediators and is itself
activated by inflammatory stimuli (7). NF-«xB is a dimer
comprising subunits that can include c-Rel, RelA (p65),
RelB, p50 and p52. In most cells, the NF-kB prototype is
a heterodimer composed of p65 and p50, the former
subunit carrying the transactivating function (8). Endog-
enous inhibitors, known as IkB, tightly regulate NF-xB

95



Editorial

activation by complexing with the transcription factor
and trapping it in the cytoplasm. IkB molecules form a
distinct family of proteins that include IxBa, IxBa, IkBe,
IxBe, IxBo, Bcl3, pl05 (9). The most characterized
NF-kB inhibitor is IxBa. This protein binds avidly to
the p65 subunit of NF-kB through its ankyrin repeat
domains that associates with the nuclear localization
signal and the Ig-like domain of p65 (10).

During activation of NF-xB, numerous stimuli, inclu-
ding IL-1 and TNF-a, activate a complex of IkB kinases
(IKK) that phosphorylate IkBa on the amino terminus at
serine residues 32 and 36 (11). The IxB kinase complex
contains two catalytic subunits, IKKa and IKKa, both of
which phosphorylate IkB, and a regulatory subunit,
IKKy, which is postulated to serve as a recognition site
on IxBa. Phosphorylation of IkBa leads to its immediate
polyubiquitinylation which targets IkBa for rapid degra-
dation by the proteasome. As a result, free NF-kB dimers
translocate to the nucleus and activate transcription of
target genes [reviewed in reference (9)]. NF-kB is clearly
one of the most important regulators of the expression of
several cytokines, such as TNF-a, IL-14, IL-6, and IL-8.

Interestingly, NF-kB is also able to modulate the
expression of COX-2 and therefore, as hypothesized in
the paper by Picado et al., it may be involved in the
abnormal expression of COX-2 in aspirin-sensitive asth-
matic subjects. The evidence that both the expression and
the activation of NF-kB are reduced in AIAR than in
ATAR supports this hypothesis and reiterates the con-
cept that COX-2 downregulation in nasal polyps of
ATAR subjects may represent the end-result of a complex,
multistep process involving transcriptional and/or trans-
ductional pathways mediating the cellular responses to
the external microenvironment. There are, however, a
number of unexplored issues that still need to be
addressed.

The first is related with the mechanisms underlying
inflammation in rhinosinusitis in aspirin-sensitive subjects
and the key role played by the activation of the NF-xB
system in its development. Indeed, it is well established
that nasal polyps are characterized by a chronic eosino-
philic inflammation as a result of an increased migration,
activation, and survival of eosinophils into tissue (12).
These processes are sustained by several cytokines, such
as IL-3, IL-5 and GM-CSF, whose release is stricly
dependent on the activation of the NF-xB pathway
(13, 14). The evidence provided by Picado et al. show that
although the nasal mucosa of patients with and without
aspirin hypersensitivity have the same pattern of NF-kB
subunit composition, its activity is significantly lower in
patients with aspirin hypersensitivity. This evidence raises
the issue that the molecular mechanisms regulating the
inflammatory process underlying nasal polyposis are
different in the two groups of subjects studied. The limit
of this finding, however, lies in its descriptive nature, as
no data are provided as to whether NF-kB expression
and/or activity is a cause or simply an epiphenomenon of
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COX-2 downregulation. In addition, NF-xB may not be
the unique pathway involved in the modulation of the
expression of COX-2, but other factors, such as MAP
kinase (15), AP-1 (16) and nuclear factor IL-6 (17) may
play a role. Furthermore, it has also been demonstrated
that COX-2 and PGE-2 in pulmonary A549 cells does not
involve activation of NF-kB (18), indicating the com-
plexity of the transcriptional regulation of COX-2
expression. Thus, the link between changes of NF-xB
activity and COX-2 expression is still not fully clear; in
addition, provided that NF-xB activation is reduced in
ATAR, it still remains to be elucidated what intracellular
signaling pathways are involved in the production of the
wide range of inflammatory mediators that are continu-
ously released in the nasal mucosa in AIAR subjects.

The second issue that deserves more studies is whether
the reduced NF-kB expression and activation occur
similarly in the different cell populations of the nasal
mucosa and of nasal polyps of AIAR subjects. In
particular, it is extremely useful to understand whether
the reduced NF-kB activation takes place mainly in
structural cells (i.e. epithelial cells and fibrobalsts) and/or
mobile cells (i.e. eosinophils, lymphocytes). Picado et al.
assess NF-kB expression by RT-PCR of total RNA from
nasal mucosa and nasal polyps but do not provide
evidence about its cellular and subcellular localization
precluding the possibility to differentiate the NF-xB
activation in distinct cell types located in nasal polyps. It
also remains to be established whether or not NF-xB and
COX-2 downregulation occurs concomitantly in the same
cell types, a finding that would further strengthen the
relationship between the two phenomena.

The third important issue deals with the pleotropic
activity of COX-2 and with the need to better define its
pathophysiologic role in the pathogenesis of nasal
polyposis in AIAR subjects. Previous reports showed an
enhanced expression of COX-2 in the airways of asth-
matics with (19) or without aspirin sensitivity (20) and
suggested that COX-2-derived metabolites may play an
essential role in airway inflammation. In addition, in
normal subjects, it has been shown that rhinovirus colds
can also induce bronchial inflammation with markedly
enhanced expression of COX-2 (21). Taken all together,
these evidence suggest: (1) that COX-2 expression in
aspirin-sensitive asthmatics is not solely localized in the
nasal mucosa but can also be observed in the lower
airways. In addition, the modulation of its expression
appears to differ in the bronchi and in the nose of aspirin-
sensitive subjects pointing out potential differences of the
mechanisms regulating COX-2 expression at both sites.
Moreover, whether or not this may be considered a
systemic feature of AIAR is a facinating point that needs
to be better clarified; (2) that COX-2 overexpression may
not necessarily lead to a protection against inflammation.
Indeed, COX-2 can indeed promote cell survival (22), can
stimulate angiogenesis (23), and can promote Th-2 type
immune responses (24) suggesting that any strategy



targeted at the upregulation of COX-2 expression or
NF-kB activation deserves a great caution.

So far, investigations into the role of COX-2 in
disease have suggested that chronic activation of this
enzyme may be pathologic and that its inhibition may
even limit cancer progression (24). Therefore, future
studies into the function of COX-2 and on the regula-
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