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There is currently insufficient evidence to support the use of COX-2
inhibitors in treating chronic hepatitis or in preventing liver fibrosis

There is a bark of an English tree,
which I have found to be a powerful
astringent, very efficacious in curing
agues and intermitting disorders.1

S
o wrote the Reverend Edmund Stone
in 1763 in a letter to the Royal Society
wherein he described his success in

treating patients with fever with an extract
of powdered willow bark. Although willow
extract was used in many ancient cultures
as an antipyretic, the active component,
salicylic acid, was not identified until the
19th century. The discovery of the chemical
structure of salicylate by Herman Kolbe
paved the way for the synthesis of acet-
ylsalicylic acid by Bayer in the late 19th
century. The mechanism by which it
exerted its anti-inflammatory effects
remained a mystery until John Vane
revealed in the 1970s that aspirin and the
newly developed non-steroidal anti-
inflammatory drugs (NSAIDs) are non-
selective inhibitors of cyclo-oxygenase
(COX), the enzyme that catalyses the
formation of prostaglandins from arachi-
donic acid. The enzyme contains two active
sites, a cyclo-oxygenase which converts
arachidonic acid to prostaglandin G2

(PGG2), and a haem with peroxidase
activity which reduces PGG2 to the type-2
prostanoid precursor PGH2, which is sub-
sequently converted into biologically active
molecules including the classical prosta-
glandins (PGE2, PGD2 and PGJ2), prosta-
cyclin and thromboxane-A2.

Three COX isoenzymes have been
described, COX1, COX2 and COX3, a splice
variant of COX1. COX1 and COX2 display
60% homology at the amino acid level and
are both membrane proteins located pri-
marily in the endoplasmic reticulum
(COX1) and perinuclear envelope
(COX2). COX1 is constitutively expressed
in most tissues and is responsible for many
cytoprotective and physiological functions.
COX2 expression is negligible in most
tissues in the absence of inflammation,
but is induced in the immediate/early
inflammatory response by pro-inflamma-
tory mediators. The inhibition of COX2
is responsible for the antipyretic and

anti-inflammatory properties of non-selec-
tive NSAIDs. COX2 has been implicated in
a variety of inflammatory diseases,2 3 and
has provided insights into the mechanisms
that underlie tissue responses to injury and
the link between chronic inflammation
and cancer.4 Overexpression of the COX2
gene in tumour-associated fibroblasts and
macrophages is associated with the devel-
opment of malignancy,5 and selective
inhibition of COX2 has been shown to
reduce the size and frequency of colonic
polyps in studies on familial adenomatous
polyposis (FAP) in mice and humans.5 6

COX is upregulated in the livers of
patients with chronic hepatitis and cir-
rhosis.7 8 Although COX1 expression does
not differ between normal and diseased
livers, COX2 is markedly increased in
cirrhosis and chronic hepatitis, particu-
larly at sites of leucocyte infiltration in
the portal tract and sinusoids.9 These
observations suggested that COX2 might
be implicated in the development of
hepatocellular carcinoma complicating
cirrhosis. But this appears not to be the
case because, although COX2 is increased
in the non-cancerous liver, it is not
expressed at high levels in the tumour
itself.8 10 This illustrates that the induc-
tion of COX2 depends on the nature, site
and kinetics of the injury. The fact that
COX2 is overexpressed at areas of active
inflammation in chronic hepatitis sug-
gests that it is of functional significance.
Indeed, inhibition of COX2 ameliorates
the severity of hepatitis in several models
including a murine model of steatohepa-
titis.11–13 However, COX2 overexpression
can have both pro-inflammatory and
anti-inflammatory consequences depend-
ing on the setting.14 These paradoxical
effects are explained by the fact that the
profile of COX2-generated eicosanoids
changes during the course of an inflam-
matory response and differs according to
the site and nature of the inflammatory
stimulus.2 15 For example, leucotrienes
and PGE2 are expressed in the early phase
of the inflammatory response and amplify
acute inflammation, whereas the lipoxins
and prostaglandins PGJ2 and PGD2 are

produced later and antagonise local pro-
inflammatory signals.16 Thus, COX2 may
be pro-inflammatory in the early phase of
tissue injury, but subsequently can aid
resolution by switching prostaglandin
synthesis to an alternative set of anti-
inflammatory eicosanoids.17

With this in mind, the paper by Yu et al18

(see page 991) provides an interesting
insight into the functional significance of
COX2 in the liver. They generated a
transgenic mouse, which, under the con-
trol of a transthyretin promoter, over-
expresses the human isoform of COX2
selectively in hepatocytes. The effects of
COX2 overexpression were then studied at
intervals of 3 months and compared with
wild-type littermate controls. Further evi-
dence that the changes observed were a
consequence of COX2 activity was
obtained by treating a second cohort of
transgenic mice with celecoxib, a selective
COX2 inhibitor, for 4 weeks before killing.
Enhanced COX2 expression in the trans-
genic animals led to increased PGE2

synthesis and was associated with activa-
tion of the transcription factor, nuclear
factor kB (NFkB), which regulates cellular
responses to stress, injury, cytokines and
infection. The authors detected increased
levels of the pro-inflammatory cytokines,
tumour necrosis factor a (TNFa), inter-
leukin 1b (IL1b), IL6 and interferon c
(IFNc), and the chemokine, CXCL2, in the
transgenic animals. Interestingly, there
was no increase in IL12 despite increased
levels of TNFa, and, although IFNc was
increased, the IFNc-inducible chemokines,
CXCL9 and CXCL10, were not upregulated
as one might expect in a hierarchical
inflammatory response. The lack of IL12
is consistent with observations made in
patients with breast cancer, in whom
increased COX2 activity was associated
with reduced local expression of IL12.
However, in these patients, unlike in the
transgenic mice, IFNc and TNFa were also
reduced. The transgenic animals also
developed hepatitis associated with an
inflammatory infiltrate of macrophages, B
cells and a smaller number of CD4 T cells.
Inflammatory foci developed close to
transfected hepatocytes, which displayed
high levels of apoptosis. Liver histology
was restored to normal in animals given
celecoxib.

This study suggests that COX2 is
directly implicated in hepatitis. Two of
the observations, in particular, warrant
further examination. Firstly, the cellular
infiltrate was only seen in mature mice
(aged 12 months) and was preceded by a
period of accelerated hepatocyte apopto-
sis. Hence, it is unclear whether the
mononuclear infiltrate was a response to
local hepatocyte apoptosis or a direct
consequence of COX2-driven recruitment.

COMMENTARIES 903

www.gutjnl.com



Secondly, the animals did not develop
fibrosis despite the inflammatory infil-
trate. There are several possible explana-
tions. In the presence of high COX2
activity, initial hepatitis may fail to
progress because of the subsequent gen-
eration of reparative eicosanoids that
inhibit scarring. Alternatively, the hepa-
titis may itself be a reparative response to
COX2-driven hepatocyte apoptosis rather
than a necroinflammatory response that
drives tissue damage and fibrosis. It will
be interesting to see how the transgenic
mice respond in hepatitis models such as
the concanavalin A model. In such a
model, one might predict that COX2
overexpression would be protective and
promote accelerated recovery.

Although the study suggests that COX2
might play an important role in determin-
ing the outcome of clinical hepatitis, more
information is required before these mur-
ine findings can be translated to human
disease. For instance, COX2 activity may
play different roles in fulminant hepatitis,
chronic hepatitis and fibrogenesis. Mouse
models of acute liver failure have demon-
strated significant upregulation of COX2 in
response to injury, but, interestingly,
COX2-deficient mice have a higher mor-
tality and morbidity than wild-type con-
trols,19 and are protected by treatment with
PGI2 or PGE2.20 Moreover, studies of
carbon tetrachloride-induced liver injury
suggest that the onset of fibrosis can be
delayed when animals are preloaded with
high doses of COX2 inhibitors.21 Similarly,
although expression of COX2 is upregu-
lated in patients with chronic hepatitis B,
there is no positive correlation with the
levels of necroinflammatory injury seen in
patients with the e antigen and in those
without e antigen.22 Taken together, these
observations suggest that COX2-derived
mediators have distinct functions at dif-
ferent times in the pathogenesis of chronic
hepatitis. They may act to amplify the
initial early inflammatory response, but
subsequently take on a more reparative
role by modulating fibrosis and repair.
Attempts to determine the function of
COX2 in hepatitis must take into account
that the outcome of COX2 activity varies
with the duration, site and nature of the
inflammatory response. Thus, the genera-
tion of early pro-inflammatory prostaglan-
dins such as PGE2 is followed by the
generation of regulatory eicosanoids such
as PGJ2, PGD2 and lipoxin A4 as the
inflammatory response becomes chronic.16

These late eicosanoids can change the
nature of macrophage function from a
pro-inflammatory state to a reparative
state by modulating signalling through
the peroxisome proliferator-activated
receptor c to inhibit inflammatory cytokine
secretion while enhancing the ability of

monocytes/macrophages to phagocytose
apoptotic neutrophils.16 23 24

These observations emphasise that
COX2-derived products do more than sim-
ply switch inflammation on or off and
underline how little is understood about
their role in chronic inflammation.
Experience gained from the use of selective
COX2 inhibitors in inflammatory diseases
has illustrated that inhibiting these path-
ways can have diverse and sometimes
unexpected effects, reflecting the complex
physiological and pathological roles of
COX2. The changes in eicosanoids seen
during the evolution of inflammation and
their opposing actions determine the shape
of the inflammatory infiltrate and thereby
the outcome following tissue injury. As
such, thefunction of these molecules should
not be assessed in isolation but viewed
within the complex multicellular microen-
vironment that constitutes chronic inflam-
mation. It follows that determining when or
where to inhibit or enhance these pathways
therapeutically requires careful thought
based on robust experimental data.

So, do COX2 inhibitors have a role in
treating chronic hepatitis or in preventing
liver fibrosis? On the strength of current
evidence, probably not, but by improving
our understanding of the mechanisms that
govern the switch from acute to persistent
inflammation, we will be better placed to
design targeted pharmaceutical inhibitors
that can modulate the signals that drive
chronic inflammation and cancer.
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