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The haem oxygenase (HO) enzyme system was first
identified in 1968 by Tenhunen and colleagues [1]. Inducible (HO-1) and constitutive (HO-2) isoforms were
characterised in 1974 [2] and 1986 [3] respectively. Subsequently, a third isoform, HO-3, has been demonstrated
in rats, although the significance of this finding remains
a matter for debate [4]. HO-1 and -2 form part of an
enzymatic pathway for haem catabolism and are principally involved in the conversion of haem to biliverdin.
Equimolar amounts of carbon monoxide (CO) and ferrous
iron are also produced as by-products of this reaction
(Fig. 1).
Considerable research efforts have been devoted to
understanding the functional significance of the in vivo
expression and activity of these enzymes. Although they
are not distributed to all tissues, most cell types contain
HO-2 and can induce HO-1, which suggests they fulfil
a fundamental and important biological role (or roles).
Moreover, as HO-1 is highly inducible by a diverse array
of stimuli, the majority of which can be attributed to
oxidative stress, the current consensus is that expression
of this enzyme represents an endogenous antioxidant,
and therefore protective, response. Thus, the removal of

pro-oxidant haem [5] by haem oxygenase can be seen as
an antioxidant function, as can the enzymatic conversion
of biliverdin (produced by HO) to bilirubin by biliverdin
reductase. Secondly, bilirubin has antioxidant properties
and is chiefly functional in the lipid phase [6]. Thirdly,
whilst beneficial effects have also been attributed to CO
(see reviews in this issue by Bauer et al. and Foresti
et al.) [7, 8], many not clearly linked to an antioxidant
function, evidence suggests that it can prevent formation
of reactive oxygen species (ROS) [9]. By contrast, the
release of ferrous iron (Fe2+ ) from haem can be viewed
as a potentially pro-oxidant event, as iron in this form
is an avid catalyst for the formation of damaging and
aggressive ROS [10], although numerous protective mechanisms within cells under normal circumstances limit such
deleterious reactions.
The review by Bauer et al. in this issue of the journal
provides a balanced overview of the potential relevance of
HO and CO to the pathophysiology of critical illness [7].
This review is timely, both in view of promulgated clinical
trials and the often contradictory results of basic scientific
studies. Thus, although many protective responses have
been attributed to CO administration in the experimental
setting, to date the nature of this protective response is
unclear, thereby rendering predictions of clinical utility
difficult. Secondly, understanding that HO-1 in humans
is distinct from that identified in animal models is of
particular importance. Thus, HO-1 is a heat shock protein
in rats (HSP-32) but not in man. Thirdly, the dogma that
pro-oxidant iron produced through haem breakdown is
always safely sequestered within the iron storage protein
ferritin is rightly questioned. Fourthly, and possibly most
importantly, cis-acting regulation of HO-1 gene expression is evident in humans. A functional role has been
postulated for a (GT)n microsatellite resident in the HO-1
5’UTR. Evidence suggests that HO-1 enzyme activity
is dependant on the size of (GT)n repeat length [11].
Inheritance of shorter repeats is associated with increased
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Fig. 1 The enzymatic pathway
for haem catabolism

inducible expression of HO-1 mRNA [11, 12]. However,
whether the microsatellite length polymorphism exerts
its effect at the transcriptional or translational level, or
indeed whether the functionality is due to tight linkage
with the T-413A single nucleotide polymorphism, is
unclear [13]. The HO-1 microsatellite is implicated in the
pathophysiology of pulmonary disease [14]. Indeed, a role
for polymorphisms in HO-2 has recently been postulated
in susceptibility to acute respiratory distress syndrome
(ARDS) [15]. Consequently, Bauer and colleagues are
right to suggest that genotypic variation will need to be
accounted for when considering therapeutic manipulation
of HO-1 or its products [7].
Haem oxygenase seems to be operational over a narrow therapeutic range of expression, in that both underand pronounced over-expression appear to be associated
with death in the ICU setting [16]. Together with an
understanding of individual variability at the genetic
level, this implies that attempts to induce HO-1 for
therapeutic advantage may be difficult. Utilising products
of enzymatic activity with established therapeutic effect in
a controlled fashion may prove a more fruitful approach.
The review by Foresti et al. published in this issue of

Intensive Care Medicine discusses the merits of just such
an approach [8]. A critical appraisal of the literature that
demonstrates generally impressive results in preclinical
studies employing CO is balanced by mostly observational
studies in human subjects, the conclusions from which are
much more ambiguous. Importantly, the authors suggest
that although such an approach may be feasible, the need
to achieve therapeutic impact at organs distant from the
lungs may limit potential benefits, as the level of CO
administration needed to achieve this may be locally
toxic. A feasible alternative is suggested in the form of
CO-releasing molecules (CO-RMs). When administered
systemically, these are able to carry and release CO in
a controlled fashion, thereby overcoming potential toxicity
issues. Although CO-RMs are some way from clinical use,
results in biological models using these systems have been
generally encouraging and justify further pharmaceutical
development.
Much remains to be learned about the functional
effects of the HO enzymes. These important reviews provide grounds for cautious optimism that novel therapies
designed around the beneficial responses attributable to
them may emerge in due course.
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