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Severe sepsis remains a clinical challenge today, even in
developed countries, because of the increased age of the
patients and the high burden of antibiotic resistance [1]. In
addition, in recent years, we have become increasingly
aware that, even in the early stages of sepsis, a high pro-
portion of patients experience a severe dysfunction of
native and adaptive immunity, which is closely related to
patients’ outcome [2]. In this context, understanding the
functionality of receptors able to modulate the immune
response, and in particular to downregulate inflammation,
has great importance for designing new therapeutic strat-
egies. Among these molecules, a main role is occupied by
the TAM family of receptor tyrosine kinases, which is
formed by three members, i.e., Tyro3, AxI, and Mer, that
have two vitamin K-dependent ligands, i.e., the growth
arrest-specific protein (Gas)6 and Protein S [3]. In the
September 2013 issue of Intensive Care Medicine, Gui-
gnant et al. [4] explored by an elegant experimental study
the expression of TAM receptors in circulating immune
cells in patients with septic shock and after trauma, and in
healthy volunteers. A significant early alteration of MerTK
expression on monocytes and neutrophils was observed in
patients with septic shock, and a persistent MerTK over-
expression after septic shock was associated with adverse
outcome. The ex vivo analysis showed also a different

MerTK surface expression of healthy monocytes after
48 h incubation with plasma from septic or trauma
patients, supporting the difference in TAM expression
between infection-induced inflammation and sterile
inflammation (i.e., trauma). The study provides new
important data on the mechanisms of immune response in
sepsis, but the true reasons for the observed alterations in
MerKT expression and their role in the complex patho-
physiological context of sepsis remain to be clarified.

TAM receptors are under the control of Toll-like
receptors (TLR), and are widely expressed by cells of the
innate immune system [5]. Activation of TAM receptors by
their ligands triggers a cascade of intracellular events that
culminate in the inhibition of nuclear factor-kappaB (NF-
jB), a crucial proinflammatory molecule, and results in
downregulation of inflammation [6]. When expressed by
monocytes and granulocytes, these receptors (and in par-
ticular MerTK) can also mediate the phagocytosis of
apoptotic cells [7], which is fundamental in order to remove
dead cells without triggering inflammation. Several data
now exist that underline the importance of MerTK activa-
tion in the elimination of potential autoantigens derived by
apoptotic cells, in the inhibition of the production of pro-
inflammatory cytokines, and in the prevention of the
expansion of autoreactive lymphocytes [8–10]. The func-
tional impairment of MerTK promotes not only
autoimmunity but also atherosclerosis, while its overex-
pression is linked to poor prognosis in cancer [11].

The strong relationships existing between TAM
receptors and a proinflammatory molecule such as tumor
necrosis factor-alpha (TNF-a) are reinforced by the
observation that they can interact with a common protein,
the matrix metalloproteinase TNF-a converting enzyme,
also known as ‘‘a disintegrin and a metalloproteinase 17’’
(ADAM17). In order to provide the mature, soluble,
secretable form of TNF-a, ADAM17 cleaves the mem-
brane form of this important proinflammatory cytokine
[12]. Interestingly, ADAM17 is also able to cleave the
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membrane forms of AxI and Mer [13]. Such cleavage
results not only in the internalization of the receptors and
in the transport off the membrane for recycling, but also
in the release of the shortened soluble forms of AxI and
Mer that can act as decoy receptor and bind Gas6 and
Protein S. In turn, the capture of these ligands decreases
the amount of molecules that should bind the membrane
forms of TAM receptors, a crucial event to downregulate
inflammation. Indeed, in chronic active lesions from
patients with multiple sclerosis, it has been shown that the
increase in the soluble forms of these receptors due to
augmented ADAM17 activity is associated with a
sequestration of Gas6 and subsequent increased inflam-
mation [14]. In a mouse model of inflammation, exposure
of lungs to lipopolysaccharide (LPS) enhanced the pro-
duction of soluble Mer [15], whereas the upregulation of
membrane Mer was able to prevent the inflammatory
cascade during lung injury [16].

Considering the aforementioned observations and the
anti-inflammatory role of TAM receptors, the persistent
presence of high amounts of membrane Mer in monocytes
and granulocytes from septic shock patients with adverse
outcome could seem a paradox. However, this phenome-
non could be explained by taking into account the possible
activity of ADAM17, and its capacity to produce soluble
forms of TAM receptors (Fig. 1). Indeed, considering that
ADAM17 is activated by LPS [17], it might be that the ratio
between soluble and membrane forms of TAM receptors
(or even the absolute amount of soluble receptor) becomes
crucial for regulating the antiinflammatory action of Gas6
and Protein S. In this perspective, the increase in the
membrane form of Mer described by Guignant et al. could
be considered a compensatory, antiinflammatory mecha-
nism triggered by innate cells to reduce damage. However,
prolonged ADAM17 activity could cause the accumulation
of the soluble form of Mer, which captures the aforemen-
tioned antiinflammatory molecules and inhibits their
action. Thus, one can hypothesize that those patients who
have high basal ADAM17 activity are at high risk for a
negative outcome. Further studies, including the quantifi-
cation of soluble MerTK, are urgently required to verify
whether this hypothesis is correct, to confirm the impor-
tance of persistent MerTK expression as a novel
biomarker, and, eventually, to explore new therapeutic
strategies for septic shock based upon ADAM17 inhibition.

In fact, several inhibitors of metalloprotease have
already been synthesized and tested in different

pathological settings. Unfortunately, the first generation
and second generations of inhibitors (such as batimastat,
ilomastat, marimastat, and prinomastat) showed problems
related to their bioavailability, pharmacokinetics, and low
selectivity, and were stopped in phase I or II for toxicity
problems [18]. However, due to the large theoretical
therapeutic potential, it is likely that a new generation of
compounds will prove their efficacy very soon and, thus,
may become a new useful therapeutic option in patients
with severe sepsis and specific alterations in TAM or
metalloprotease expression.
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Fig. 1 Possible mechanism linking the persistent increase of
MerTK to the poor outcome of septic shock. Sepsis, through the
induction of a potent inflammatory response (mediated by LPS/
Toll-like receptors, cytokine, and unspecific, massive T cell
activation), causes an increased activity of the matrix metallopro-
teinase TNF-a converting enzyme, known as ADAM17. This
enzyme not only cleaves the membrane form of TNF-a, but also
cleaves the membrane form of the TAM receptor Mer. Soluble Mer
can act as a decoy receptor and capture the growth arrest-specific
protein (Gas)6, whose binding to the membrane form of Mer would
trigger an antiinflammatory response. The increased amount of
membrane Mer on innate immune cells usually favors the
recognition and clearance of apoptotic cells and the inhibition of
NF-jB (thus exerting an antiinflammatory effect). However, such
increase could provide more substrates for the action of ADAM17,
which, in a non-mutually exclusive manner, could result in an
increase of soluble Mer. Thus, it can be hypothesized that the
relative balance between the two forms of Mer, as well as the
amount of soluble Mer, could influence the outcome of septic shock
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