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Chemokines as relay signals in human dendritic cell
migration: Serum amyloid A kicks off chemotaxis
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Cell migration is a response highly conserved in evolution. Chemotactic factors secreted in
injured and inflamed tissues generate a concentration-based, chemotactic gradient that
directs leukocytes from the blood compartment into tissue. In this issue of the European
Journal of Immunology, Gouwy et al. [Eur. J. Immunol. 2015. 45: 101–112] show that the
SAA1α isoform of serum amyloid A (SAA), which is an acute phase protein upregulated
in inflammation and shown to chemoattract some leukocyte subsets, is also able to
chemoattract monocyte-derived immature dendritic cells (DCs). The authors also show
that the chemotactic activity of SAA1α for monocytes and DCs is indirectly mediated by
rapid chemokine induction, providing evidence that proposes a new level of regulation of
leukocyte migration.
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Cell migration is a fundamental process in many diverse physiolog-
ical and pathological conditions, such as organogenesis, angiogen-
esis, inflammation, tumor growth and dissemination, and immu-
nity (reviewed in [1]). During immune responses, the appropriate
distribution of leukocytes from the circulation to different anatom-
ical compartments is required for the establishment of protective
responses. The process of leukocyte migration involves different
classes of molecules, such as adhesion molecules, proteases, gly-
cosaminoglycans, and chemotactic factors. A crucial step in leuko-
cyte migration is the formation of a chemotactic gradient that
directs the cells from the circulation to the site of inflamma-
tion [2]. Chemotactic factors differ in their nature and include
bacterial components such as formylated peptides, lipids such
as leukotriene B4 (LTB4) and platelet activating factor (PAF),
nucleotides such as ATP, and proteins, among which chemokines
represent the largest family (reviewed in [3, 4]). Although it is
expected that in vivo each chemotactic factor is characterized by
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specific spatiotemporal kinetics, it is likely that at the site of inflam-
mation cells are exposed to a wide array of chemotactic agonists
and that the final outcome will result from the integration of mul-
tiple signals. Previous in vitro and in vivo studies have shown that
the concomitant activation of multiple chemokine receptors, such
as CXCR1 and CXCR4, promotes, in a synergic manner, the chemo-
tactic response of different leukocyte subsets, including dendritic
cells (DCs) [5, 6]. This cooperative interaction of chemotactic fac-
tors has also been observed between chemokines, such as CCL2,
CCL5, and CCL7 and lipid mediators, such as PAF, arachidonic
acid, prostaglandin E2 (PGE2), and LTB4 [7–11].

Searching for new synergistic interactions between cytokines
and chemokines, Gouwy et al., in a study published in this issue
[12], investigated the chemotactic activity of serum amyloid A
(SAA) for human DCs. SAA represent a family of acute phase
proteins rapidly produced by hepatocytes in response to injury,
microbial infection, and inflammation. In reactive conditions,
extrahepatic expression of SAA has also been reported in adi-
pose tissue, endothelial cells, and macrophages [13]. SAA is a
pleiotropic cytokine involved in cholesterol transport, remodeling
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Figure 1. SAA-induced chemokines as relay sig-
nals in DC migration. The chemotactic activity of
SAA (blue circles, left), produced by hepatocytes,
adipose tissue, endothelial cells and macrophages,
induces a FPR2-dependent migration of mono-
cytes and DCs through the secondary production
of CCL3 (green symbols) and CXCL8 (red symbols)
by migrating cells, as shown in Gouwy et al. [12].
These secondarily released chemokines cooperate
with SAA to induce DC migration and may promote
the recruitment of distant cells (long blue arrows).

of extracellular matrix proteins and inflammation, through the
secretion of cytokines, such as CXCL8, IL-12, IL-23, and the IL-1-
family member IL-33 [14, 15]. SAA has been shown to induce, in
vitro and in vivo, the adhesion and migration of many circulating
leukocyte subsets, including mast cells, neutrophils, and mono-
cytes [16, 17]. SAA interacts with multiple chemotactic receptors,
including FPR2 (previously known as FPRL1) a promiscuous low
affinity chemotactic receptor for formylated peptides [18]. FPR2
is expressed in myeloid cells, including immature DCs (reviewed
in [19]). The peculiar aspects of the study by Gouwy et al. [12]
are: (i) in addition to monocytes, mast cells, T cells, and granu-
locytes, which are known targets of SAA-induced migration, DCs
are also a target for SAA-induced migration; (ii) in human DCs,
SAA-induced chemotactic activity is strongly dependent on the sec-
ondary induction of CCL3 in migrating DCs. Consistent with this
observation, Gouwy et al. [12] show that SAA-induced migration
was significantly reduced either following CCL3 receptor desensi-
tization, or in the presence of a neutralizing anti-CCL3 antibody,
or finally, by targeting CCL3 receptors by a combination of anti-
CCR1 and CCR5 receptor antagonists. Similar results were also
obtained with human monocytes. However, in the case of mono-
cytes, SAA chemotactic activity was sustained by the secondary
production of two chemokines, namely CCL3 and CXCL8. Con-
sistent with these results, increased CCL3 and CXCL8 levels were
detected in the lower well of the chemotactic chamber, indicating
that SAA-stimulated monocytes are responsible for the generation
of a chemotactic gradient during the chemotaxis assay.

These results are reminiscent of those previously reported for
another cytokine, activin A, a member of the TGF-β cytokine fam-
ily [20]. Activin A is a homodimeric protein that signals through
the activation of heterodimeric transmembrane serine/threonine
kinase receptor complexes consisting of type I (ALK 2, 4 or 7)
and type II receptors (ActRIIA and ActRIIB) (reviewed in
[21]). These receptors, which are a departure from the clas-
sic Gαi-protein-coupled seven-transmembrane-domain chemotac-
tic receptors, activate an intracellular Smad-dependent signaling
pathway typical of the TGF-β receptor family (reviewed in [22]).
In the case of the study with activin A, this cytokine was shown
to induce DC migration through the secondary production of two
chemokines, CXCL12 and CXCL14 [20]. Both chemokines were
rapidly released by migrating DCs through a polarized secretion,
allowing the formation of a chemotactic gradient between the
lower and the upper wells of the Boyden chamber. Although the

study by Gouwy et al. [12] does not directly address the mecha-
nism by which SAA-induced chemokine release is accomplished in
order to form a chemotactic gradient, one may speculate that SAA
shares comparable secretion mechanisms with activin A in DCs.

It is interesting to note that both SAA and activin A are
cytokines with pleiotropic functions that play a role during the
early phase of inflammation. For instance, it was shown that block-
ing activin A production after in vivo injection of LPS results in
the inhibition of tumor necrosis factor production [23]. Therefore,
an additional role for both SAA and activin A in the amplification
of the inflammatory response consists in the promotion of leuko-
cyte recruitment. By showing that CXCL8, a prototypic neutrophil
chemotactic factor, may also play a role in monocyte recruitment
when cells are exposed to an inflammatory environment, such as
that created by SAA stimulation, the work by Gouwy et al. [12]
also strengthens the idea that there is a high degree of plasticity
within the chemokine system. A similar role for CXCL8 in mono-
cyte adhesion and migration has also been suggested in previous
studies [24, 25].

In addition to promoting cell migration, chemokines are also
known to activate target cells in terms of lipid secretion and
gene transcription. The production of bioactive lipids, such as
LTB4, PGE2, and PAF, is the result of membrane phospholipid
remodeling by the action of phospholipases (PL), such as PLA2,
as was shown for many CC chemokines, like CCL2 and CCL3 [8].
Chemokine-induced gene transcription is usually restricted to a
limited set of genes that are functionally relevant for cell extrava-
sation and tissue invasion, such as chemokines and chemokine
receptors and molecules involved in extracellular matrix recog-
nition and digestion, such as CCL2, CCR1, urokinase-type plas-
minogen activator receptor, and matrix metalloproteases-9 and
-19 [26].

Studies performed two decades ago highlighted the functional
relevance of chemokine-induced PLA2 activation in monocyte
migration, showing that PAF and other arachidonic acid-derived
products, including 5-oxo-eicosanoids and PGE2, can act in a syn-
ergic manner with chemokines to induce cell migration [7, 11, 27].
Similarly, different CC and CXC chemokines can cooperate in a
positive manner in inducing leukocyte migration. The molecu-
lar basis for this effect is slowly being elucidated and multiple
molecular mechanisms are currently proposed. First, synergism
may result from the simultaneous or sequential activation of two
chemokine receptors by their respective ligands. Alternatively, in
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the presence of high concentrations of the ligands, synergism may
derive from the activation of a single chemokine receptor by homo-
or heteromers of the chemokine ligand (reviewed in [28]). Syn-
ergistic activation by chemokines may also derive from the ampli-
fication of the receptor signaling cascade. For instance, MAPK
phophorylation and increased intracellular calcium levels have
been proposed as mechanisms underlying the synergistic activa-
tion of monocytes and DCs. Finally, a last proposed mechanism of
cooperation between chemokine receptors is based on the forma-
tion of homo- or hetero receptor dimers [28]. Independently of
the mechanism, synergism between chemokines, usually observed
at suboptimal chemokine concentrations, has been clearly docu-
mented both in vitro and in vivo and is likely to be one of the
mechanisms that finely tunes leukocyte recruitment in inflamma-
tion.

Recent work has proposed a new conceptual model that
extends the biological meaning of secondary-induced chemokines
(reviewed in [29]). In vitro and in vivo experiments have shown
that neutrophils, induced to migrate to the site of tissue injury
in response to cytokines released from dying cells or bacteria,
secrete LTB4 during their migration [30]. In this experimental
setting, LTB4 production was shown to function as a signal relay
to propagate the information produced at the primary inflamma-
tory site and enhance the radius of directed interstitial neutrophil
recruitment [30]. Although this issue is not directly addressed in
Gouwy et al. [12], if we were to nevertheless place their findings
within this conceptual framework, the secondary and persistent
production (up to 24 hours) of CCL3 and CXCL8 by SAA-activated
DCs may very well function as a signal relay by migrating cells
for upcoming cells. A similar scenario may also apply to other
non-professional chemotactic cytokines, such as activin A, which
are able to induce chemokine production after stimulation of their
target cells [20].

In conclusion, inflammation comprises several amplification
mechanisms that sustain the strength, the persistence, and the
propagation of the response. Migrating leukocytes are simulta-
neously exposed to numerous stimuli and their response is the
result of the integration of multiple pieces of information. Migrat-
ing leukocytes activated by cytokines and chemotactic factors
can produce lipids and proteins. These chemotactic agonists can
either act in a cooperative manner to potentiate the response of
already migrating cells, or alternatively, the release of secondary
chemokines may function as a signal relay mechanism. This signal
relay would extend, to more distant cells, the information gen-
erated by the primary chemotactic signals released at the site of
injury, thereby further amplifying the recruitment of leukocytes to
the pathological tissue (Fig. 1).
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