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Ground-breaking work during
the last 10 years, by a relatively
small number of laboratories

worldwide, has detailed the mechanisms
that are now collectively referred to as
the area of resolution of inflammation.
Characterization of specific endogenous
pathways, which dampen the acute in-
flammatory response, has led to an ap-
preciation of the fact that inflammation
does not terminate spontaneously but
rather, in a coordinated—in time and
space—fashion. We are now aware of a
group of mediators, ranging from short-
lived lipids, autacoids, peptides, and
proteins, which produce specific biologi-
cal effects, all helping a proper induc-
tion of resolution of acute inflamma-
tion.

An important concept in resolution is
that it is an active process [1]. Initially,
endogenous anti-inflammatory media-
tors have been studied for their ability
to inhibit cell trafficking (a hallmark of
the inflammatory response), thus stop-
ping the egress of blood-borne white
cells from vessels to the tissue site of
inflammation or infection. However,
additional properties of these mediators
soon emerged, including rapid removal
of apoptotic cells by resident macro-
phages through the process of efferocy-
tosis.

A specialized pool of macrophages
appears during the resolution phase of
acute inflammation [2]; these are the
cells that mastermind the restoration of

homeostasis, beginning with the re-
moval of apoptotic leukocytes. There-
fore, it is evident that a complex series
of processes is required for resolution to
operate in a swift and active fashion.
Prior to efferocytosis, there is promo-
tion of apoptosis (once again, an active
phenomenon), entailing regulation of
the lifespan of migrated immune cells,
which is fundamental to avoid the
propagation of the tissue damage that
could ensue from a full-blown necrotic
process [1].

For an organ or tissue affected by an
inflammatory insult to return to its nor-
mal physiology, two other active pro-
cesses must take place. The first one is
priming of the adaptive immune system,
such that any further encounter with
the etiological insult can be dealt with
rapidly. It is plausible that cell traffick-
ing out of the site of inflammation, pos-
sibly via the lymphatic, must take place
to activate the adaptive immune instruc-
tion in the LNs. Second is the orches-
trated repair of the affected tissue,
which requires activation of stromal
cells (or mesenchymal stem cells), with
differentiation to the specialized cell
and production of ECM proteins to fully
regain tissue functionality. This latter
aspect has, so far, been investigated—
and, in part, detailed—in the context of
skin or gut epithelia, but it is most likely
also to be relevant to compartments,
such as the bronchial epithelium, the
kidney mesothelium, and the joint carti-
lage.

Which are these mediators of resolu-
tion? Cortisol was the first hormone to
exert crucial, protective actions and

shown to be central for modulation of
the host response to stress, from hemor-
rhage to trauma, infection, and meta-
bolic stress to inflammation. In all cases,
activation of the hypothalamus-pituitary-
adrenal axis leads to cortisol release,
which impedes the overshooting of the
host reaction to stress [3]. It is not sur-
prising, therefore, that the proresolving
properties of glucocorticoids are the
archetypal characteristics of a genuine
proresolving mediator; examples in-
clude the control of leukocyte lifespan
and the promotion of efferocytosis [1].
However, excess glucocorticoids often
dampen, instead of activating, the adap-
tive immune response and delay tissue
repair. It is therefore important that
resolution programs are controlled and
promoted by a plethora of mediators
with largely similar, but not totally iden-
tical, biological properties. Short-lived
lipids, such as lipoxins and resolvins,
exert tight control on resolution [1, 4],
and similar crucial functions are emerg-
ing for specific peptides and proteins
with longer half-lives, such as galectins
[5], chemerin peptides [6], and the
�-melanocyte-stimulating hormone [7].

A combination of in vivo and in vitro
assays is often used to elucidate the
pathopharmacological features of spe-
cific effectors of resolution. Data emerg-
ing from in vitro assays will need to be
validated in vivo. As an example, the
proresolution mediator AnxA1 exerts
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exquisite control over white blood cell
egress outside postcapillary venules and
promotes tissue repair [8], as demon-
strated using in vivo and in vitro assays,
including proof-of-concept validation
with AnxA1 null mice (reviewed in ref.
[9]). However, the ability of AnxA1 to
promote neutrophil apoptosis and their
removal by efferocytosis, reported by
several laboratories, have hitherto only
been demonstrated in vitro [10, 11].

In this issue of JLB, Vago et al. [12]
fill this important gap in our knowledge
by demonstrating the proapoptotic func-
tion of endogenous AnxA1 during an
ongoing inflammatory reaction. Using a
model of acute inflammation, which
resolves naturally, the group of Sousa
and Teixeira [12] makes use of elegant
biochemical analyses, coupled with
pharmacological tools, to conclude con-
vincingly that exudate AnxA1 expres-
sion and its integrity are both of para-
mount importance in controlling the
kinetics of resolution of inflammation
(Fig. 1). The authors detail some of
these mechanisms, including activation
of proapoptotic pathways (e.g.,
caspase-3) and inhibition of survival sig-
nals (e.g., NF-�B). These data comple-
ment the signaling of lipoxin modula-
tion of apoptosis investigated by Filep’s
group [14] and the promotion of
phagocytosis of apoptotic cells by lipox-
ins and AnxA1-derived peptides, by
Godson’s lab [11].

These novel findings allow us to com-
ment on a further degree of complexity
or a new checkpoint, operative during
an acute, self-limited inflammation. This
is effected on the integrity of the AnxA1
protein, hence, the balance between
proteolytic enzymes and antiproteases
present in the inflammatory exudate.
Which enzymes are responsible for
AnxA1 proteolysis in the inflammatory
milieu? Supported by data from studies
in human asthma, it is accepted that the
serine proteases elastase and protei-
nase-3, both released by extravasated
neutrophils, are major proteolytic en-
zymes for AnxA1 [15]. Although not
shown in this novel study, it is likely that
these serine protease activities would
peak during maximal inflammation,
hence, in correspondence to the in-
creased amount of cleaved AnxA1. Con-
sistent with this conclusion and the im-

portance of intact AnxA1 for actively
promoting the resolution of pleurisy are
the recent results with an Anx1 mutant,
resistant to serine protease activity [16].
The data presented by Vago et al. [12]
clearly demonstrate a fundamental,
nonredundant role for endogenous
AnxA1 in controlling the lifespan of
migrated neutrophils; the authors study
the intracellular pathways controlled by
intact AnxA1 in relation to promotion

of apoptosis, noting augmented Bax ex-
pression with associated reduction of
survival pathways (e.g., Mcl-1; Fig. 1).
The downstream, functional conse-
quence of AnxA1 proteolysis on the dy-
namics within the inflammatory exudate
is also a novel aspect of this study.

In summary, the novel study pub-
lished in this issue of JLB completes a
gap in our knowledge of the biology of
the glucocorticoid-regulated protein
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Figure 1. AnxA1 is the active drive behind the resolution of inflammation. Reported are the
processes regulated by AnxA1—shown here with its schematic representation with the four re-
peats (70–80 aa each; in blue) and the unique N-terminal region (52 aa; in orange)—charac-
teristics of resolution of acute inflammation. Leukocyte recruitment to the site of injury is a
hallmark of the host inflammatory response and sets in motion a series of processes that are
required to activate resolution, bringing about tissue repair and ultimately, regain of homeosta-
sis. AnxA1 promotes several features of resolution by exerting potent inhibition on the leuko-
cyte adhesion and extravasation cascade (feature 1) and promoting efferocytosis of apoptotic
neutrophils by resident proresolution macrophages (feature 3). The new study of Vago et al.
[12] demonstrates the unequivocal, nonredundant role of AnxA1 in promoting apoptosis of
neutrophils (feature 2 of resolution in the figure). This occurs by activating Bax and caspase-3
cell death pathways with concomitant inhibition of the survival pathways (magnifying lens, bot-
tom left). AnxA1 is also known to act as a costimulus toward T cell skewing (hence, kick-starting
the adaptive immune response, possibly also, by favoring egress into the lymphatic system;
feature 5) and to promote repair (feature 6). Vago et al. [12] add another mode for control-
ling the dynamics of resolution, that is, the cleavage of AnxA1. As schematized in the magnified
cartouche at bottom right, proteolysis takes place in exudates, spanning from 4 to 24 h post-
stimulus, i.e. during the proinflammatory phase of pleurisy, which is then characterized by a
majority of cleaved AnxA1, while intact AnxA1 predominates throughout the resolution phase
(here, at the 48- and 72-h time-points; see data in ref. [12]. We could postulate that generation
of cleaved products from the AnxA1 N-terminal region, in the early stages of the inflammatory
reaction, can promote specific responses, including monocyte subendothelial space locomotion
(feature 4), as shown recently in cell systems [13], but yet not proven in vivo. Collectively, exu-
date intact AnxA1 activates and coordinates all major processes required for a physiological res-
olution of inflammation, in this manner, controlling the outcome of experimental pleurisy.
pERK/pI�B�, Phosphorylated ERK/I�B�.
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AnxA1. The notion that the protein
controls the lifespan of the neutrophil
once extravasated to the site of inflam-
mation [12] is of great importance and
may have implications, not only for our
appreciation of the dynamic processes
involved in orchestrating resolution but
also for approaches aimed at harnessing
this wealth of knowledge to develop
AnxA1 mimetics endowed with power-
ful, proresolving properties.
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In this issue of the Journal of Leuko-
cyte Biology, Takiishi et al. [1] have
detailed their relatively surprising

discovery that donor IL-10 production
was essential for the acceptance of syn-
geneic murine skin isografts. Keratino-
cytes, which have long been known to
produce IL-10, particularly under cer-
tain conditions, such as UV irradiation

[2], appeared to be the primary cellular
source for the protective IL-10. As such,
IL-10, which can protect against rejec-
tion when overexpressed in a solid or-
gan allograft [3], also plays a role in
syngeneic graft acceptance. The mecha-
nism of allograft rejection is largely T
cell-mediated, whereas the study by
Takiishi et al. [1] indicates that the
mechanism of syngeneic graft failure
likely involves infiltration of “innate”
cells into an area of surgical tissue in-
jury. Specifically, the investigators found

that infiltration of neutrophils into the
syngeneic graft was curtailed by graft
production of IL-10 (see Fig. 1A). Im-
portantly, host IL-10 production was less
important than isograft IL-10 produc-
tion, indicating that high local cytokine
concentrations in the isograft microenvi-
ronment were critical for graft protec-
tion. Further studies using host cells
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