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In their recent article in Intensive Care Medicine, Tim-
mermans et al. [1] report on plasma levels of danger-
associated molecular patterns (DAMPs) associated with
immunosuppression in trauma patients. Over a 10-day
monitoring period (starting at the trauma scene), the authors
measured a number of parameters in 166 adult patients,
including several plasma DAMPs (i.e. mitochondrial DNA,
nuclear DNA and heat shock protein-70), cytokines and
HLA-DR (human leukocyte antigen–antigen D related)
mRNA, and performed functional testing (whole blood
cytokine release upon lipopolysaccharide challenge),
which is considered to be a good marker of innate immunity
functionality. This study provides insight on several aspects
of trauma-induced immunosuppression.

A major surprising finding was the rapidity with which
immunosuppression occurs in trauma patients. Indeed, by

comparing blood samples collected at the trauma scene with
those collected at the emergency room, the investigators
showed that HLA-DR mRNA was already significantly
reduced by the time the patient arrived at the emergency
room, accompanied by increased levels of the immunosup-
pressive cytokine interleukin-10 (IL-10). Other findings
showed increased levels of circulating IL-6 but unchanged
levels of tumor necrosis factor alpha (TNF-a). Increased
levels of circulating DAMPs occurred in parallel with the
changes in the levels of these cytokines. Most importantly,
results from whole blood LPS stimulation studies showed an
increased release of IL-10 and a decreased release of IL-6 and
TNF-a in a subgroup of patients. All of these parameters
(including functional testing) are established features of
injury-induced immunosuppression [2, 3]. This finding is
particularly important because it contrasts sharply with the
prevailing theory of immune dysfunction following trauma
and with the results of a recent study in trauma patients which
examined gene expression in circulating whole blood [4].
This latter study showed that trauma patients had downreg-
ulation of genes controlling adaptive immunity but
upregulation of genes controlling innate immunity. On this
basis, a number of investigators have hypothesized that the
host immune response after trauma is a state of protracted,
unabated inflammation driven by the innate immune system
inducing organ dysfunction. In contrast, based on the find-
ings of Timmermans et al. [1], it appears that immediately
following the trauma, even at the trauma scene, circulating
innate cells are already altered or unresponsive despite a
potential upregulation of non-tolerizable genes (not mea-
sured by the authors). Obviously, distinct compartmentalized
effects in organs cannot be ruled out but, at least in circula-
tion, immunosuppression would appear to be the dominating
force and that this force includes innate immunity.

Also in support of the hypothesis that immunosup-
pression is a key early driving force after trauma is the
observation of the authors that an HLA-DR mRNA ratio
(between day 3 and emergency room samples) of\1 was
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associated with an increased rate of secondary infections.
This finding confirms, at the transcriptional level, protein
results initially obtained by flow cytometry [5]. In their
recently published study in Intensive Care Medicine,
Gouel-Chéron et al. [6] showed that monocyte HLA-DR
(mHLA-DR) nadir occurs at day 2 after trauma. Those
patients for whom the mHLA-DR levels are not restored
within the following days are at increased risk for infec-
tions [5, 6]. Another intriguing finding of Timmermans
et al. [1] is the demonstration that HLA-DR mRNA
expression determined in the emergency room negatively
correlates with the levels of DAMPs. This correlation
agrees with previously reported results showing a nega-
tive correlation between mHLA-DR and IL-6
measurements when measured early after trauma [7]. In
the latter study, the combination of increased IL-6 and
absence of mHLA-DR recovery was highly predictive of
secondary infections (significant odds ratio 18.4). Toge-
ther, these findings raise the question of how the
magnitude of initial severity could dictate the depth of

trauma-induced-immunosuppression. A fascinating
explanation postulated by Timmerman et al. [1] suggests
that DAMPs are a mechanistic explanation.

A second important finding which emerges from this
study by Timmermans and colleagues [1] is related to
potential pathophysiologic mediators (see Fig. 1). During
acute stress, such as that which occurs with ischemia–
reperfusion injury, trauma and hemorrhage or during
chronic pathologies such as cancer or auto-immune disease,
cells are dying, and molecules which are normally located
in intracellular compartments are released into the extra-
cellular milieu. This modification of the microenvironment
can induce a strong inflammatory response without any
involvement of a bacterial component [8, 9]. The molecules
secreted are non-immunogenic per se, but upon release and
transformation (oxidation, proteolysis) they become
immunostimulants and trigger an inflammatory response
that can be deleterious to the host [10]. These immunos-
timulatory molecules released from damaged or dead/dying
cells are referred to as DAMPs. To date, a number of
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Fig. 1 Danger associated molecular patterns (DAMPs) inducing pro-
or anti-inflammatory responses. In response to diverse internal or
external injurious stimuli, DAMPs are released from various
intracellular compartments and from the affected extracellular
matrix. DAMPs consist of a widely diverse group of molecules,
including, extracellularly-derived heparin sulfate (HS) and hyaluro-
nan (HA), and intracellularly-derived high-mobility group box 1
(HMGB-1) proteins, ATP, DNA, and heat shock proteins (HSPs).
DAMPs interact with promiscuous pattern recognition receptors,
including intracellular and extracellular Toll-like receptors (TLRs)

and nucleotide oligomerization domain-like receptors, among others,
resulting in formation of the inflammasome. The net result is release
of a number of inflammatory cytokines [interleukin (IL), tumor
necrosis factor alpha (TNF-a), transforming growth factor beta
(TGF-b)] which drive inflammation. Recent studies indicate that
some DAMPs may lead to an anti-inflammatory cell response. These
DAMPs may either act on extracellular or intracellular TLR
receptors or be present within apoptotic cells that are consumed by
phagocytic cells
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molecules have been identified to function as DAMPs,
including heat shock proteins, oxidized lipoproteins, high-
mobility group box 1 (HMGB-1) proteins, uric acid, ATP,
mitochondrial products (mitochondrial DNA), among
others. It is fascinating to consider that most of these
molecules resemble microbial products called PAMPs
(pathogen-associated molecular patterns) and are therefore
recognized by the same family of membrane-bound or
cytoplasmic pattern recognition receptors, including Toll-
like receptors (TLRs) and nucleotide oligomerization
domain (NOD)-like receptors [11].

Most of the data available in the current literature show
that DAMPs induce a hyper-inflammatory response.
However, recent evidence, including that presented by
Timmermans et al. [1], suggests that certain DAMPs may—
in specific circumstances—induce immunosuppression. As
an example, ATP, which is a well-known pro-inflammatory
DAMP, may have a paradoxical effect to induce immuno-
suppression [12]. Indeed, hydrolysis of ATP results in the
production of adenosine, a potent inducer of the immuno-
suppressive cytokine IL-10. These data demonstrate that,
depending on the micro-environment in which molecules
are released, a particular DAMP could display immunos-
timulating or immunosuppressing properties. The
concentration of extracellular DAMP may be a determinant
factor in whether the pro- or anti-immunosuppressive state
exists. For example, Trabanelli et al. [13] demonstrated that
250 nM ATP does not modify regulatory T cells (Treg)
function but that 1 mM ATP stimulates suppressive activ-
ities and proliferation of Tregs.

Taking into account their immunomodulating proper-
ties, DAMPs may represent a potential therapeutic target

through the new concept of immunogenic cell death. The
term ‘‘immunogenic cell death’’ (ICD) was introduced a
few years ago to define a specific type of apoptosis in
immunocompetent cells that elicits an immune response
against dead cells without the need for adjuvants (see [14]
for review). ICD relies on the coordinated release of
DAMPs: exposure to an endoplasmic reticulum chaper-
one on the cell surface, the release of ATP and HMGB1
and the release of cytokine-like type I interferons. These
DAMPs recruit and activate antigen-presenting cells, such
as dendritic cells, and result in a robust antigen-specific
immune response through the activation of T lymphocytes
[15]. In the setting of cancer therapy, chemotherapeutics
may induce ICD when employed as stand-alone drugs
(bleomycin, cyclophosphamide, doxorubicin [16]). Inter-
estingly, other drugs are able to convert non-
immunogenic cell death into ICD (cardiac glycosides,
such as digoxin [17]). These drugs could therefore be
employed as chemotherapeutic adjuvants in combination
with other drugs. Finally, it is important to consider that
while DAMPs are danger signals, they are also important
players in tissue repair.

These emerging data show that far from univocal
functional activities, DAMPS display complex
immunomodulating properties, and they may represent a
new therapeutic option for both acute and chronic dys-
regulation of the immune response in several pathologies.
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11. Chen GY, Nuñez G (2010) Sterile
inflammation: sensing and reacting to
damage. Nat Rev Immunol 10:826–837.
doi:10.1038/nri2873

12. Beavis PA, Stagg J, Darcy PK, Smyth
MJ (2012) CD73: a potent suppressor of
antitumor immune responses. Trends
Immunol 33:231–237. doi:
10.1016/j.it.2012.02.009

13. Trabanelli S, Ocadlı́ková D, Gulinelli S
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