
Abstract Cyclo-oxygenase (COX) is responsible for 
the synthesis of bioactive prostanoids, the inhibition of
which serves as the basis for the mode of action of clini-
cally used nonsteroidal anti-inflammatory drugs. While
there were suggestions as early as the 1970s that an in-
ducible isoform of COX exists, it was only in the early
1990s that COX 2 was identified, cloned and sequenced.
Not surprisingly, this new isoform was expressed at sites
of inflammation and reported to contribute to the inflam-
matory response. Recently, however, evidence is emerg-
ing to suggest that COX 2 also has anti-inflammatory
properties. In this review, the two faces of COX 2 are ex-
amined, with emphasis on its role in regulating inflam-
matory resolution, including possible mechanisms of ac-
tion
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Introduction

Two isoforms of cyclo-oxygenase (COX) have been
identified and characterised [1]. COX 1 is constitutively
expressed in most tissues, where it synthesises prostag-
landins (PGs) at low levels to maintain physiological
functions [1, 2]. COX 2, on the other hand, is highly in-
ducible in response to proinflammatory stimuli, cyto-
kines and mitogens resulting in exaggerated PG release
[3, 4, 5]. While this was the belief upon the initial dis-
covery of COX 2, it is now known that there are excep-
tions to this generalisation. Phorbol ester induced differ-
entiation of the THP-1 human monocytic leukemia cell
line is associated with COX 1 induction [6], while stem

D.W. Gilroy (✉)
Vascular Biology Research Center and Division of Hematology,
University of Texas-Houston Medical School, 6431 Fannin Street,
Houston, TX 77030, USA
Tel.: +1-713-5006806, Fax: +1-713-5006810

P.R. Colville-Nash
Department of Experimental Pathology, 
St. Bartholomew’s Hospital 
and the Royal London School of Medicine and Dentistry, 
Charterhouse Square, London EC1 M 6BQ, UK

J Mol Med (2000) 78:121–129
Digital Object Identifier (DOI) 10.1007/s001090000094

R E V I E W

Derek W. Gilroy · Paul R. Colville-Nash

New insights into the role of COX 2 in inflammation

Received: 30 November 1999 / Accepted: 24 February 2000 / Published online: 24 March 2000
© Springer-Verlag 2000

DEREK W. GILROY
received his Ph.D. from the
University of London for stud-
ies on the role of COX 2 in in-
flammation. He is currently
pursuing his research interests
at the Vascular Biology Re-
search Center, University of
Texas at Houston, examining
the cell cycle dependent ex-
pression and regulation of
COX 2 and elucidating the
mechanisms by which COX 2
exerts its anti-inflammatory
effects.

PAUL R. COLVILLE-NASH
received his Ph.D. for studies
on angiogenesis in inflamma-
tory pathologies from the Uni-
versity of London. He is cur-
rently an Arthritis Research
Campaign Research Fellow at
St. Bartholomew’s and the
Royal London School of Med-
icine and Dentistry, London.
His research interests include
the role of peroxisome pro-
liferator activated receptors
and their ligands in the control
of inflammation with special
reference to the inducible en-
zyme system.



cell factor and dexamethasone induce COX 1 expression
in mouse bone marrow-derived mast cells [7]. Further,
COX 2 is expressed constitutively throughout the fore-
brain in discrete populations of neurons and in the cortex
and hippocampus [8], in human tracheal epithelial cells
[9] and in the macula densa of the juxtaglomerular appa-
ratus and adjacent epithelial cells of the cortical thick as-
cending limb [10]. The two COX isoforms are distribut-
ed equally on the lumenal surfaces of the endoplasmic
reticulum and nuclear envelope of human monocytes,
murine NIH 3T3 cells and human umbilical vein endo-
thelial cells [11]. Within the nuclear envelope COX 1
and COX 2 are present in equal amounts on both the in-
ner and outer nuclear membranes. The COX-1 gene
lacks a TATA box which is typical of a “house-keeping”
gene [12]. COX 2 contains a TATA box and several in-
ducible enhancer elements including CEBP/NF-IL6,
CRE and NFB [13]. Both COX isoforms have about
60% sequence identity at the protein level and catalyze
the conversion of arachidonic acid to PGH2 [14]. The ki-
netic constants of the two isoforms for this reaction are
similar, and the PGH2 produced is metabolised further to
PGE2, PGI2, PGF2, PGD2, and thromboxane A2 [15].

COX 2 specific NSAIDs

It is the inhibition of PG synthesis that accounts, at least
in part, for the anti-inflammatory properties of non-
steroidal anti-inflammatory drugs (NSAIDs) [16]. While
NSAIDs are widely used for the treatment of inflamma-
tory joint diseases, they are associated with renal and
gastrointestinal toxicity [17]. It has been suggested that
these side effects result from the inhibition of cytopro-
tective COX 1. Thus the discovery of COX 2 and the
original belief that it is expressed only at sites of inflam-
mation raised the possibility that the beneficial effects of
NSAIDs maybe separated from their side effects by the
selective inhibition of COX 2 [18]. This provided the
impetus for the development of highly selective COX 2
inhibitors.

Consequent to the discovery of COX 2 were studies
that classified existing NSAIDs according to their abili-
ty to inhibit either COX 1 or COX 2. Depending on the
in vitro assay system used for screening, NSAIDs were
shown to be either COX 1 or dual COX isoform inhibi-
tors [19, 20, 21, 22, 23, 24, 25]. This property of dual
inhibition certainly seemed to explain the unwanted side
effects of NSAIDs. The emergence of COX 2 inhibitors
with up to 1000-fold selectivity for the inhibition of the
inducible isoform over COX 1 in various in vitro assays
systems [20], importantly, showed little or no renal or
gastric toxicity [26]. Thus research into the develop-
ment of selective COX 2 inhibitors has resulted in the
availability of various structurally diverse pharmaco-
logical tools crucial for experimental research such as
NS-398 [27], DUP 697 [28] and L-745,337 [29]. More-
over, the concerted effort in COX 2 research has result-
ed in the recent licensing of the first two highly selec-

tive clinically used COX 2 inhibitors, Celebrex [30] and
Vioxx [31].

A proinflammatory role for COX 2

With the availability of effective inhibitors of COX 2,
various studies reported a proinflammatory role for this
inducible enzyme, suggesting that its inhibition would be
a major target for the future treatment of inflammatory
arthropathies. One of the first series of studies to impli-
cate a role for COX 2 in inflammation described the spa-
tial and temporal distribution of COX 2 in both acute
[32] and chronic inflammatory models [33, 34]. Injecting
croton oil, in Freund’s complete adjuvant, into an estab-
lished subcutaneous air pouch on the dorsum of mice re-
sults in the formation of granulomatous tissue which
lines the air pouch cavity. This is a highly vascularised
tissue that bears histological similarities to the destruc-
tive pannus tissue typical of a chronic rheumatoid ar-
thritic joint [34]. In this model, COX activity increased
progressively as the granulomatous tissue developed. Of
the COX metabolites measured, PGE2 was most abun-
dant. Immunohistochemistry demonstrated that fibro-
blasts and macrophage-like cells were labeled positively
for COX 2. In addition, capillaries in the granuloma and
endothelial cells of venules in the loose connective tissue
of the dermis also showed immunoreactivity for the in-
ducible isoform [33].

The distribution of COX 2 and COX activity was also
described in an acute carrageenin-induced pleurisy [32].
In this model, COX 2 protein is present throughout this
lesion with an initial peak in expression and PGE2 syn-
thesis 2 h after carrageenin injection. This peak was con-
comitant with polymorphonuclear leucocyte influx. Both
polymorphonuclear leucocyte and phagocytosing mono-
nuclear cells labelled positively for COX 2. In contrast,
COX 1 protein expression was unaltered. Collectively,
these studies suggested that COX 2 is the predominant
isoform expressed in both acute and chronic inflamma-
tion.

While COX 2 expression in inflammatory tissue may
implicate a causative role for this isoform in inflamma-
tion, it was necessary to examine the effects of various
selective COX 2 inhibitors on established inflammatory
parameters. Administration of carrageenin into a pre-
formed air pouch induces a rapid inflammatory response
in the rat. This is characterised by exudate formation and
PG synthesis. In this model, COX 2 mRNA and protein
expression mirrored the development of inflammation
and PG synthesis. Immunohistochemistry showed that
macrophages and fibroblasts present in the pouch lining
were the cells responsible for COX 2 expression [35]. It
was demonstrated that the nonselective COX isoform 
inhibitor, indomethacin, blocked PG production in both
the pouch fluid and the stomach in addition to produc-
ing stomach lesions. In contrast, the COX 2 inhibitor 
NS-398, while completely suppressing PGs in the pouch,
failed to inhibit stomach PGs or to cause gastric lesions
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[35]. In a carrageenin-induced paw swelling model, 
SC-58125 inhibited the edema formation that was asso-
ciated with the induction of COX 2 mRNA, protein and
PG synthesis in the paw tissue [36]. The analgesic activi-
ty of this selective COX 2 inhibitor was also evaluated in
this model. SC-58125 blocked the carrageenin-induced
hyperalgesia with efficacy equal to that obtained by the
dual inhibitor, indomethacin.

The role of COX 2 in adjuvant-induced arthritis was
also assessed [37]. In this chronic inflammatory model,
the induction of COX 2 mRNA and protein was correlat-
ed with the synthesis of PGs in the inflamed joint and
edema formation. Administration of SC-58125 inhibited
paw swelling and reduced PGE2 in the paw tissue to con-
trol levels.

A role for COX 1 in inflammation

Thus evidence was emerging to strongly suggest a proin-
flammatory role for COX 2. Did this imply that COX 2
is solely responsible for propagating the inflammatory
response and synthesising proinflammatory PGs? A clos-
er analysis of some reports revealed that the COX 2 in-
hibitors used were administered at doses that were in ex-
cess of that required to inhibit COX 2. For instance, in
the carrageenin air pouch study mentioned above [36],
the concentration of the highly selective COX 2 inhibi-
tor, SC-58125, required to inhibit exudate formation was
a 100-fold greater than that necessary to inhibit exudate
PG levels. This compound is 100-fold more potent as 
an inhibitor of COX 2 than COX 1 in vitro [38]. It is
therefore possible that, at the doses used in this model,
SC-58125 also inhibited COX 1.

We have reported the involvement of COX 1 in a car-
rageenin-induced pleurisy [39]. In this model, the selec-
tive COX 2 inhibitors NS-398 and nimesulide inhibited
inflammation only within the first 2 h after carrageenin
injection and were without effect by 6 h, despite the
presence of COX 2 protein and COX activity at this time
point. In contrast, the more selective COX 1 inhibitors,
aspirin and piroxcam, had greater anti-inflammatory ef-
fects than the COX 2 inhibitors at both 2 and 6 h after
carrageenin injection. Since COX 1 is also expressed in
the inflammatory cells of this model, we suggested that
COX 1 plays a more important role in driving the in-
flammation in this model than does COX 2.

Studies with COX deficient mice further questioned
whether COX 2 is exclusively responsible for synthesis-
ing PG and driving the inflammatory response. For in-
stance, in COX 1 deficient mice, edema induced by ara-
chidonic acid was inhibited by 70% compared with wild-
type mice [40], suggesting a role for COX 1 and not
COX 2 in arachidonic acid induced ear inflammation.
Additionally, triphorbol myristate acetate was equally in-
flammatory in both the COX deficient and wild-type
mice [40]. In these studies ear swelling was monitored
for 48 h after triphorbol myristate acetate treatment, and
no difference between genotypes was observed at any

time point. It has also been reported that COX 2 defi-
cient and wild-type mice show similar triphorbol myri-
state acetate responses in the ear swelling [41] as well as
the carrageenin-induced paw edema model [42]. Since
COX 2 null mice still express COX 1, it is conceivable
that this constitutive isoform is synthesising sufficient
bioactive PGs for inflammation to proceed. These stud-
ies with arachidonic acid, triphorbol myristate acetate
and carrageenin in the COX deficient mice indicate that
both COX 1 and COX 2 can contribute PGs to the in-
flammatory response.

Wild-type and COX 2 deficient mice also responded
similarly in their initial inflammatory response in the car-
rageenin-induced paw inflammation model [43]. Howev-
er, indomethacin, but not the COX 2 selective inhibitor
NS-398, significantly inhibited carrageenin-induced ede-
ma in both wild-type and COX 2 deficient mice. This ob-
servation contributed to the conclusions that significant
inhibition of PG synthesis occurs only at NSAID doses
that also inhibit COX 1, therefore suggesting that COX 1
contributes to the inflammatory response. Furthermore,
the data implicated a role for COX 2 in the resolution
phase of the inflammatory response, as lymphocyte infil-
tration and swelling persisted in the COX 2 deficient mice
compared with wild-type mice.

A protective role for COX 2

Consistent with these findings are studies that have
evaluated the effects of COX 1 and COX 2 inhibitors in
an animal model of colitis. In this model, the majority
of PGs synthesised by the colonic mucosa are from
COX 2 [44]. Treatment with a selective COX 2 inhibitor
(L-745,337) at doses that did not inhibit COX 1 caused
significant inhibition of mucosal PG synthesis and a
marked exacerbation of colonic damage. Continuous
treatment for up to 1 week resulted in perforation of the
bowel wall and 100% mortality in treated animals. It has
also been shown that COX 2 mRNA and protein were
strongly induced in the mouse stomach in which an ul-
cer had been induced concomitant with increased mu-
cosal PG synthesis [45]. Treatment of the mice with the
selective COX 2 inhibitor, NS-398, resulted in a reduc-
tion in mucosal PG synthesis and significant inhibition
of ulcer healing. These results have recently been ex-
tended by others who also showed marked inhibition of
gastric ulcer healing in rats by the COX 2 inhibitor 
L-745,337 [46] at doses that selectively inhibit this in-
ducible isoform [29]. Therefore these studies question
whether gastroprotective PGs are synthesised by COX 1
only and suggest that COX 2 plays a significant role in
protecting the gastrointestinal tract from injury. Indeed,
it has been shown recently that COX 2 plays an impor-
tant role in the protection conferred on rat stomach fol-
lowing mild irritation [47]. In this experimental model,
instillation of 20% ethanol protects against the subse-
quent instillation of 70% or 96% ethanol. Administra-
tion of the selective COX 2 inhibitors NS-398, DFU or
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L-745,337 effectively blocked the protection conferred
by 20% ethanol.

Recently COX 2 has been shown to modulate the in-
testinal immune response to dietary antigen [48]. Feed-
ing hen egg-white lysozyme to mice along with COX 2
inhibitors results in increased proliferation of lamina
propria mononuclear cells and crypt epithelial cells,
crypt expansion and villus blunting. Lamina propria
mononuclear cells produce high levels of COX 2 depen-
dent arachidonic acid metabolites, which act as immuno-
modulators in the immune response to dietary antigen.
These findings establish that COX 2 dependent arachi-
donic acid metabolites are essential in the development
and maintenance of intestinal immune homeostasis.

Also, both COX isoforms protect against allergic lung
inflammation [49]. After ovalbumin sensitisation and
challenge, lung inflammation, airway hyperresponsive-
ness, and indices of lung injury were significantly great-
er in COX 1 deficient mice than in wild-type mice. Thus
COX 1 products have mainly protective effects in the al-
lergic mouse lung. Similarly, ovalbumin sensitised COX
2 deficient mice also showed greater lung inflammation
after allergen exposure, suggesting that COX 2 derived
eicosanoids are also protective.

An anti-inflammatory role for COX 2

These findings with NSAIDs and COX null mice indi-
cate that both COX 1 and COX 2 contribute to PG pro-
duction at the site of inflammation, and also that COX 2
derived PGs have roles in the resolution or healing phase
as well as in the early stages of the inflammatory re-
sponse. As part of our ongoing COX 2 research program,
we have established that COX 2 is directly involved in
regulating inflammatory resolution in a carrageenin-in-
duced pleurisy [50]. In this study we showed that there
were two phases of COX 2 expression, an early peak that

was associated with the onset of inflammation, polymor-
phonuclear leucocyte influx, PGE2 production and COX
activity. As previously reported [39], both the dual and
the COX 2 selective inhibitors inhibited this phase of the
inflammatory response. However, 48 h after irritant in-
jection we saw a second, much greater peak in COX 2
protein expression, associated with the resolution of the
inflammation, late influx of mononuclear cells but with-
out the presence of detectable PGE2 in the exudate or
PGE2 production ex vivo (Fig. 1). Treatment with COX 2 
selective inhibitors from 24 h to 48 h post-injection of ir-
ritant, i.e. during the resolving phase, resulted in a pro-
longation of the inflammatory response.

We suggested that a prostanoid product of COX 2
would be the most likely candidate to be responsible for
the effects seen. Paradoxically, this implied that in a car-
rageenin-induced pleurisy, mononuclear cell COX 2 reg-
ulates inflammatory resolution. Although this concept
may appear implausible, the following mechanism may
make an anti-inflammatory role for mononuclear cell
COX 2 more likely. In stimulated macrophages cyclo-
pentenone PGs of the J-series (PGD2 metabolites) bind
to and activate the nuclear receptor peroxisome pro-
liferator activated receptor (PPAR)-γ, resulting in various
anti-inflammatory events [51, 52]. Thus, during the later
phase of a carrageenin-induced pleurisy when the pre-
dominant cell type is the mononuclear cell, one possibili-
ty is that nuclear membrane associated COX 2 synthesis-
es anti-inflammatory cyclopentenone PGs which bind to
and activate PPARs resulting in the activation of mecha-
nisms which leads to inflammatory resolution. To inves-
tigate this further we assayed the levels of PGD2 and its
metabolite 15deoxy∆12–14PGJ2 in the exudates. We found
that whilst the levels of these were initially raised, their
levels fell during the onset and development of the 
inflammatory response but rose again during the phase
of resolution (Fig. 2). Furthermore, upon treatment 
with the COX 2 inhibitors, their levels fell dramatically,

124

Fig. 1 The profile of polymor-
phonuclear neutrophil (PMN)
and mononuclear (MN) cell in-
flux into the carrageenin-
induced pleurisy. Superim-
posed is the profile of COX 2
expression and eicosanoids
synthesis. It is clear that PMNs
do express COX 2 and are most
probably responsible for the
early expression of COX 2 
and cypPG release. However,
the wave of MN cells are most
probably responsible for the
second peak of COX 2 ex-
pression at resolution



and finally, replacement with exogenous PGD2 and
15deoxy∆12–14PGJ2 reversed the exacerbation of inflam-
mation caused by these NSAIDs. These results suggest
that COX 2 aids resolution at the later mononuclear cell
dominated phase by generating an alternate set of anti-
inflammatory PGs. We suspect that these anti-inflamma-
tory PGs are in fact the cyclopentenone PGs.

Cyclopenetenone PGs and their anti-inflammatory
properties

Without going any further, a brief description of PPARs
and their ligands is necessary. PPARs are a group of nu-
clear receptors that are key regulators of glucose and en-
ergy homeostasis and influence body weight. Interest in
PPARs was heightened with the discovery that clinically
important compounds such as the fibrate class of hypo-
lipidemic drugs, the thiazolidinediones which are orally
active antidiabetic agents, some NSAIDs and fatty acids
activate them. To date there are three PPARs: PPARα,
PPARδ (also called NUC1, FAAR or β) and γ (for re-
view see [53, 54, 55]).

PPARα is expressed mainly in the liver, kidney, heart
and mouse brown adipose tissue, where its activation in-
duces the enzyme systems of the β and ω oxidation path-
ways [56]. These are responsible for the destruction of
long-chain fatty acids and xenobiotics, and it is thought
that the hypolipidemic activity of the fibrate-based drugs
is mediated by the induction of these metabolic path-
ways. In contrast, PPARδ is less well described but is
widely expressed, raising the suggestion that it has a
broader housekeeping function in lipid homeostasis [57].
However, PPARγ has been shown to be a key receptor
for controlling adipocyte differentiation [58, 59] and ex-
ists as three species, termed γ1, γ2 and γ3. The first is
ubiquitously expressed, whereas PPARγ2 is expressed

mainly in adipose tissue and is probably the most impor-
tant for adipocyte function [60, 61]. The third receptor
PPARγ3 is the main receptor subtype in macrophages
[62].

The oxidation pathways induced by peroxisome pro-
liferators metabolise PGs and leukotrienes as well as
other long chain fatty acids. Indeed, it has been shown
that mice deficient in PPARα have a prolonged response
to arachidonic acid induced ear inflammation. While this
is predominantly a leukotriene-mediated reaction, these
authors went on to show that leukotriene B4 itself is a li-
gand for PPARα [63]. It was proposed that production of
leukotriene B4 would induce inflammation but also lead
to activation of PPARα and induce the systems required
for its oxidation and elimination, thus terminating the in-
flammatory response. We have extended these findings
by demonstrating that activation of PPARα by the selec-
tive agonist Wy14,643 reduces inflammation in the ara-
chidonic acid ear model in mice, and that this is associat-
ed with the induction of peroxisomal enzyme pathways
both in the livers of treated mice and also locally in the
ear tissue at the site of inflammation [64].

However, it is PPARγ and its endogenous ligand
15deoxy∆12–14PGJ2 [65, 66] that has attracted most of
the attention in terms of its ability to resolve inflamma-
tion. In addition to endogenous ligands, certain NSAIDs
such as indomethacin and ibuprofen have also been
shown to bind to and activate PPARγ [67]. Interestingly,
this may help explain the additional anti-inflammatory
properties of these NSAIDs seen at concentrations high-
er than that necessary to inhibit PGs synthesis. The
mechanisms by which PPAR activation exerts their anti-
inflammatory effects are not well defined, simply be-
cause this is a relatively new field of inflammatory re-
search. However, what is compelling is that PPAR acti-
vation seems to regulate such a diverse class of so-called
proinflammatory mediators.
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Fig. 2 A mechanism by which
COX 2 may control resolution.
Here, activated macrophages
are depicted as expressing
COX 2 which in turn preferen-
tially releases PGD2 and its 
anti-inflammatory metabolites
15deoxy∆12–14PGJ2. The cyclo-
pentenone PGs then exerts 
their anti-inflammatory effects
by the activation of PPARγ
and/or the inhibition of nuclear
factor κB (NFκB) activation in
either an autocrine or paracrine
fashion. iNOS Inducible nitric
oxide synthase



It has been shown that the synthetic PPARγ ligand
BRL49563 and the endogenous ligand 15deoxy∆12–14PGJ2
can inhibit the synthesis of tumor necrosis factor α and in-
terleukins 1β and 6 in monocytes at physiologically rele-
vant concentrations [51]. Similarly, we have shown that
treatment with the natural PPARγ agonist ∆12PGJ2 can in-
hibit expression of the proinflammatory inducible nitric
oxide synthase enzyme system in macrophages [64]. This
has been extended to include gelatinase b and scavenger
receptor A genes [52], important in the generation of
atherosclerotic lesions. This was shown to be mediated in
part by interference with nuclear factor κB, activator pro-
tein 1 and the signal transducer and activator of transcrip-
tion protein that are important transcription factors re-
sponsible for the activation of various proinflammatory
pathways in macrophages [52].

In addition to regulating proinflammatory mediator
release, PPAR activation also has profound effects on an-
giogenesis [68, 69]. This is the process of blood vessel
formation crucial for the growth and survival of such de-
structive tissues as solid tumors and pannus tissue, the
latter widely held to be responsible for cartilage and joint
destruction in arthritis (for review see [70, 71]). It 
has been shown that the PPARγ activators such as
BRL49563 and 15deoxy∆12–14PGJ2 are potent angiostat-
ic agents in vitro, inhibiting endothelial tube formation
in collagen gels, vascular endothelial cell growth factor
receptor and urokinase plasminogen activator expression
as well as inhibiting corneal angiogenesis in response to
vascular endothelial cell growth factor in vivo [68].
15deoxy∆12–14PGJ2 is also able to induce apoptosis in
human umbilical vein and bovine brain microvascular
endothelial cells [69] which contributes to their angio-
static activity.

COX 2 activation of the stress response

PPARγ agonist concentrations used in these studies are
often much higher than that required for receptor activa-
tion. This suggests that additional pathways mediate the
beneficial effects of these agonists. One possibility of in-
terest as an additional anti-inflammatory mode of action
of the PGs is the induction of the stress response.

In response to a wide variety of stressful stimuli,
cells rapidly induce a set of gene products that have be-
come known as the heat shock proteins (HSPs) or stress
proteins. This confers protection against the cytotoxic
effects of cytokines and results in the amelioration of a
variety of inflammatory conditions (reviewed in [72,
73]). In vivo, exposure of animals to prior heat shock is
highly protective against the damaging effects of intra-
tracheal administration of phospholipase A2, associated
with a huge increase in the expression of HSP70 in the
lung tissue [74], reduces mortality associated with endo-
toxic shock and sepsis [75] and transgenic animals
which overexpress HSP70 are protected against the ef-
fects of ischaemic/reperfusion injury in the myocardium
[76]. Heme oxygenase 1, also known as HSP32, is ex-

pressed during the inflammatory response in many ex-
perimental models. In the rat carrageenin pleurisy model
for instance, enhancing heme oxygenase 1 expression
pharmacologically, substantially diminishes the severity
of the inflammatory response while inhibiting its ex-
pression exacerbates edema formation and cellular in-
flux [77].

Therefore, what is the evidence to connect products
of COX enzyme activity to the stress response? The link
between COX and the stress proteins comes from work
primarily in the field of virology and cell replication. It
has been shown that cyclopentenone PGs of the A and J
series inhibit virus replication [78, 79]. A common char-
acteristic of these PGs is the ability to induce HSP syn-
thesis, via activation of heat shock factor [80, 81]. These
PGs also inhibit tumor cell proliferation (reviewed in
[82, 83]). Indeed, the inhibition of inducible nitric oxide
synthase expression and activity in murine macrophages
described above [64] was shown at least in part to be 
dependent on the induction of heme oxygenase 1 activi-
ty, a feature which has also been subsequently confir-
med in the inhibition of nitric oxide production by mi-
croglial cells in response to PPARγ agonists such as
15deoxy∆12–14PGJ2 [84].

Although there is evidence to suggest that the cyclo-
pentenone PGs particularly of the J series are activators of
PPARγ, and this assumption is often made. As mentioned
above, the concentrations of PGS required for these ef-
fects are in excess of the concentrations considered neces-
sary for PPAR activation. Further evidence of a PPAR-in-
dependent mechanism comes from promoter studies on
the heme oxygenase 1 regulatory elements in which the
stimulation of heme oxygenase 1 expression by ∆12PGJ2
is via a novel regulatory element controlled by a dimeric
complex which does not appear to be PPAR related [85].

Conclusion

It now appears that COX 2 plays an important role in the
maintenance of normal renal function [41], the female
reproductive system [86] and the regulation of bone re-
sorption [87] as well as playing a reparative role in the
gastrointestinal system after injury. Moreover, Celebrex
but not ibuprofen was shown recently to inhibit urinary
excretion of prostacyclin by healthy human volunteers,
whereas only ibuprofen inhibited thromboxane. The au-
thors speculated that individuals with a high risk of car-
diovascular diseases receiving long-term dosing with
COX 2 inhibitors may have an increased incidence of
thrombosis [88]. In 1999 two selective COX 2 inhibitors
were licensed, Celebrex and Vioxx. Whether these clini-
cally available inhibitors affect COX 2 dependent physi-
ological systems, facilitate the development of cardio-
vascular diseases or induce asthmatic attacks in aspirin-
sensitive asthmatics will require post-marketing studies.
While conventional NSAIDs also inhibit COX 2 to vary-
ing degrees, it is the ratio of COX 1 to COX 2 inhibition
that may be an important factor. In the meantime, its cru-
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cial to highlight the potential problems that may be asso-
ciated with selective COX 2 inhibitors.

This review documents the evolution of COX 2 re-
search in terms of its initial discovery and the original
hypothesis that its inhibition would provide a valuable
therapeutic target for the treatment of inflammatory dis-
eases, to the current research findings and emerging hy-
potheses. To this end we report its proinflammatory
properties and also the recent and provocative notion
that COX 2 may also regulate inflammatory resolution.
In terms of the latter concept, we attempt to explain
these mechanisms of action in light of our own findings
and the current literature suggesting that COX 2 has in-
deed anti-inflammatory properties which may be mediat-
ed at least in part by PPAR activation and/or stress pro-
tein expression. In science we are constantly reminded
never to ignore the unusual. In the field of COX 2 re-
search, this is certainly no exception.
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