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a b s t r a c t

Inappropriate or excessive pulmonary inflammation can contribute to chronic lung diseases. In health, the
resolution of inflammation is an active process that terminates inflammatory responses. The recent identifi-
cation of endogenous lipid-derived mediators of resolution has provided a window to explore the pathobi-
ology of inflammatory disease and structural templates for the design of novel pro-resolving therapeutics.
Resolvins (resolution-phase interaction products) are a family of pro-resolving mediators that are enzymat-
ically generated from essential omega-3 polyunsaturated fatty acids. Two molecular series of resolvins have
been characterised, namely E- and D-series resolvins which possess distinct structural, biochemical and
pharmacological properties. Acting as agonists at specific receptors (CMKLR1, BLT1, ALX/FPR2 and GPR32),
resolvins can signal for potent counter-regulatory effects on leukocyte functions, including preventing
uncontrolled neutrophil swarming, decreasing the generation of cytokines, chemokines and reactive oxygen
species and promoting clearance of apoptotic neutrophils from inflamed tissues. Hence, resolvins provide
mechanisms for cytoprotection of host tissues to the potentially detrimental effects of unresolved inflamma-
tion. This review highlights recent experimental findings in resolvin research, and the impact of these stereo-
specific molecules on the resolution of pulmonary inflammation and tissue catabasis.

� 2010 Elsevier Ltd. All rights reserved.
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1. Introduction

Acute inflammation is an essential host response to danger sig-
nals, including potential infection, noxious stimulus or tissue injury
[1]. However, non-resolving inflammation is linked to many
chronic inflammatory diseases, including asthma, rheumatoid
arthritis, inflammatory bowel disease, and psoriasis (reviewed in
[2]). In association with clinical symptoms in these chronic inflam-
matory diseases are elevated levels of pro-inflammatory mediators
[3]. The overall magnitude and duration of inflammation depends
on competing physiological processes, namely pro-phlogistic
mechanisms that amplify inflammation and endogenous braking
programs that control the resolution of inflammation (reviewed
in [4]). In health, progression through the resolution phase of
inflammation is primarily driven by the orderly phagocytic clear-
ance of apoptotic granulocytes and debris by macrophages [5,6].
It is now established that resolution of inflammation is an active
coordinated process that is spatiotemporally controlled by endoge-
nously generated autacoids at sites of inflammation [4,7,8]. The
enzymatic transformation of polyunsaturated fatty acids (PUFAs)
during inflammation leads to the generation of specific endogenous
mediators that act as potent agonists for resolution by exhibiting
anti-inflammatory, pro-resolving, anti-fibrotic, anti-angiogenic
and anti-infective actions (reviewed in [4]). The discovery that
PUFAs are indispensable for health and dietary deficiencies can lead
to clinical symptoms of diseases was first established in the late
1920s [9]. Such pioneering work suggested a specific relationship
between the immunoregulatory role of PUFAs and the pathogenesis
of major human diseases. As such, the identification of PUFA-
derived mediators generated locally during the resolution of
inflammation has led to a rapidly advancing understanding of the
cellular and molecular mechanisms that are fundamental to resolu-
tion. Here, we review recent insights into the resolution of airway
inflammation, and in particular, highlight anti-inflammatory and
pro-resolving roles for resolvins in inflammation and pulmonary
diseases.

2. Resolution of acute inflammation

Resolution is now appreciated to be an active process that ter-
minates acute inflammation. At present, we know that efficient

restoration of inflamed tissues to their basal state requires that
inflammatory cells are effectively cleared and further neutrophil
recruitment is abrogated. During this process, tissue neutrophils
undergo apoptosis and are recognised and subsequently engulfed
by phagocytic macrophages in a non-inflammatory manner [5,6].
Clearance of apoptotic neutrophils leads to the production of addi-
tional mediators that suppress the progression of inflammation
and promote repair of damaged tissues [10–12]. Dysregulation of
this process leads to unresolved inflammation, which underlies
the pathology of several chronic inflammatory disease processes
[4,13,14]. Hence, resolution of inflammation requires a cellular
flexibility in the affected tissues in order to re-establish a homeo-
static state after a limited period of inflammation. This sequence of
events is also referred to as ‘catabasis’ – the reversion from a path-
ological state to one that is non-inflammatory in restoring tissue
homeostasis [1,7].

2.1. Emerging cellular and molecular concepts of resolution

Inflammation resolution is a dynamic program that is partially
dependent on the equilibrium of leukocyte ingress and egress at
inflamed sites (reviewed in [15]). Several cellular and molecular
mechanisms can limit the acute inflammatory response, including
lipid mediator class switching [16]. During acute inflammation,
early phase prostaglandin (PG) E2 and PGD2 can decrease neutro-
phil leukotriene (LT) generation and increase expression of 15-
lipoxygenase (15-LOX) to switch LOX-derived AA metabolism to
the biosynthesis of lipoxins [16], which are stop signals for neutro-
phil transmigration and activation, as well as go signals for macro-
phage clearance of apoptotic neutrophils. Combined, these actions
actively promote resolution by clearing inflammatory cells from
the previously inflamed tissue.

Distinct macrophage subsets, termed resolution-phase macro-
phages (rM) and fibroblastic macrophages, can play an active role
in promoting the resolution of acute inflammation via phagocytic
clearance of leukocytes [17,18]. Neutrophil clearance from mucosal
tissues can also proceed by transmigration from the apical epithelial
surface into the lumen via an epithelial CD55-mediated process [19]
(reviewed in [20]). Mucosal epithelium can also express anti-micro-
bial peptides and lipoxins can enhance host defense at mucosal sur-
faces by inducing epithelial bactericidal/permeability-increasing
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