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Although the quality of the immediate innate immune
response is a determinant in the fight against invasive
pathogens, its exaggerated amplification may be dele-
terious and lead to septic shock. One of the pathways
leading to such an intensification of the initial and ap-
propriate inflammatory response involves the triggering
receptor expressed on myeloid cells (TREM) 1. TREM-1
belongs to a family related to natural killer cell receptors
and is present on the surface of neutrophils and mature
monocytes [1]. Its expression is upregulated during
infection but not during inflammation of noninfectious
origin [2]. Upon stimulation by its as yet unknown ligand
TREM-1 activates a downstream signal with the help of
an accessory protein called DAP12 (or KARAP) leading
to cytoskeleton rearrangement, calcium mobilization, and
the activation of several transcriptional factors. Indeed,
TREM-1 synergizes the effects of the Toll-like receptor
ligands 2, 3, and 4 and amplifies the synthesis of many

proinflammatory cytokines and chemokines [1]. TREM-1
also promotes an immediate neutrophilic degranulation
and the phagocytic respiratory burst [3]. In addition to its
presence as a membrane bound form, TREM-1 can also
be found as a soluble protein, probably released from the
membrane by proteolytic cleavage [4]. The role of this
soluble TREM-1 (sTREM-1) as an “anti-inflammatory”
agent is becoming understood.

In the Intensive Care Medicine Giamarellos-Bourbou-
lis et al. [5] now report the results of their investigation of
the level of sSTREM-1 relative to those of other cytokines
(TNF-a, IL-6, IL-8, and IL-10) in a homogeneous cohort
of 90 patients suffering from a ventilator-associated pneu-
monia (VAP). The authors found a good correlation be-
tween the ratios IL-10/TNF-o and STREM-1/TNF-a, IL-
10/IL-6 and sSTREM-1/IL-6, and IL-10/IL-8 and sTREM-
1/IL-8, and therefore the expression pattern of sSTREM-1
seems to follow that of IL-10. The authors thus conclude
that STREM-1 behaves as an anti-inflammatory product.
Moreover, the ratio STREM-1/TNF-a was higher in septic
shock patients than in those suffering from severe sepsis or
sepsis possibly indicating an imbalance of the immune re-
sponse towards an exaggerated systemic anti-inflammatory
state, as demonstrated for the IL-10/TNF-a ratio [6].

The role of sSTREM-1 as an anti-inflammatory media-
tor is further supported by experimental studies. By using
a chimeric protein TREM-1/IgG1 (equivalent to the extra-
cellular domain of TREM-1), Bouchon et al. [2] demon-
strated a protective effect on outcome of its administration
both during endotoxemia and peritonitis in C57BL/6 mice.
We obtained the same beneficial effect, along with a reduc-
tion in the inflammatory response, by administering a short
fragment of the STREM-1 into BALB/c mice [7]. Interest-
ingly, the survival advantage conferred by this short pep-
tide was still evident when it was injected as late as 24 h
after the onset of sepsis.

The mechanism by which sSTREM-1 modulates the
inflammatory response is not clear but may be linked to
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protection of the membrane-bound TREM-1 by preventing
engagement with its endogenous ligand. This form of
counterinflammatory mechanism has been described for
the TNF-a/soluble receptor of the TNF-a complex and
is crucial to the appropriate regulation of the immune
system [8]. An illustration of the necessity of such a tight
regulation is highlighted during the tumor necrosis factor
receptor (tnfr) associated periodic syndrome (TRAPS)
which is an autosomal dominant, multisystemic, autoin-
flammatory disorder caused by mutations in the tnfr/ gene
(tnfrsfla). The pathogenesis of the hyperinflammatory
state in TRAPS has been attributed to a shedding defect
of TNFRSF1a from the cell surface resulting in increased
TNF inflammatory signaling [9].

Another mechanism by which sSTREM-1 may exert
its anti-inflammatory action has recently been suggested
by Hamerman et al. [10]. These authors demonstrated
that DAP12 (the accessory protein that mediates the
TREM-1 signaling) deficient macrophages produce higher
levels of inflammatory cytokines in response to diverse
microbial stimuli. Moreover, DAP12-deficient mice were
more susceptible to endotoxemia and had enhanced
resistance to infection by Listeria monocytogenes. These
data suggest the existence of DAP12-pairing receptor(s)
that negatively regulate the TLR-mediated signaling. One
of these could be a specific receptor for sSTREM-1, since
many DAP12-paired receptors have a related inhibitory
receptor [11].

In addition to these questions, another interesting
finding in the Giamarellos-Bourboulis et al. [5] study

is the differential course of sSTREM-1 concentrations in
survivors and nonsurvivors: those patients who finally
died showed constant elevation in STREM-1 levels. Even
more interesting was that the patients who did not manage
to clear their VAP exhibited a constant elevation and even
a constant increase in STREM-1 as compared to those with
VAP resolution [12]. Was the resolution of VAP impaired
by high levels of sTREM-1 (decreasing the phagocy-
tosis competency?), or did sTREM-1 remain elevated
because of an ongoing infectious process? Whichever the
mechanism, these findings are in line with some of our
data which reveal a progressive decrease in STREM-1
concentrations in septic shock survivors, whereas those
patients who ultimately died displayed persistent elevation
in the level of this protein [13, 14]. These findings add to
the growing body of evidence supporting the usefulness
of the measurement of STREM-1 concentration during the
follow-up of the septic process. A progressive decrease
in STREM-1 level may comfort the clinician with the
appropriateness of his treatment. Conversely, persis-
tently elevated sSTREM-1 level should lead to a prompt
reevaluation of the therapy.

TREM-1 seems to be a crucial player during the im-
mensely complex process of the innate immune response
to infection. Whether it is one mediator among hundreds of
others or it is the mediator remains to be elucidated. One
way to better understand its behavior is to conduct studies
within as homogeneous a population as possible, such as
that presented here [5], and for which the authors must be
congratulated.

MC, Faure GC, Bollaert PE (2004)
Soluble triggering receptor expressed
on myeloid cells and the diagnosis of
pneumonia. N Engl J Med 350:451-458

Gibot S, Kolopp-Sarda MN, Béné MC,
Bollaert PE, Lozniewski A, Mory F,
Levy B, Faure GC (2004) A soluble
form of the triggering receptor ex-
pressed on myeloid cells-1 modulates
the inflammatory response in murine
sepsis. J Exp Med 200:1419-1426

References

1. Bouchon A, Dietrich J, Colonna M Giamarellos-Bourboulis EJ, Zakynthi- 8. Lantz M, Gullberg U, Nilsson E (1990)
(2000) Inflammatory responses can nos S, Baziaka F, Papadomichelakis E, Characterization in vitro of a human
be triggered by TREM-1, a novel Virtzili S, Koutoukas P, Armaganidis A, tumor necrosis factor binding protein.
receptor expressed on neutrophils and Giamarellou H, Roussos C (2005) Sol- A soluble form of tumor necrosis factor
monocytes. J Immunol 164:4991-4995 uble triggering receptor expressed on receptor. J Clin Invest 86:1396-1401

2. Bouchon A, Facchetti F, Weigand MA, myeloid cells-1 as an anti-inflammatory 9. Stojanov S, McDermott MF (2005)
Colonna M (2001) TREM-1 amplifies mediator in sepsis. Intensive Care Med The tumour necrosis factor receptor-
inflammation and is a crucial mediator (http://dx.doi.org/10.1007/s00134-005- associated periodic syndrome: currents
of septic shock. Nature 410:1103-1107 0017-1) concepts. Expert Rev Mol Med 22:1-18

3. Radsak MP, Salih HR, Rammensee HG, Monneret G, Finck ME, Venet F, 10. Hamerman JA, Tchao NK, Lowell CA,
Schild H (2004) Triggering receptor ex- Debard AL, Bohé J, Bienvenu J, Lep- Lanier LL (2005) Enhanced Toll-like
pressed on myeloid cells-1 in neutrophil ape A (2004) The anti-inflammatory receptor responses in the absence of
inflammatory responses: differential response dominates after septic shock: signaling adaptor DAP12. Nat Immunol
regulation of activation and survival. J association of low monocyte HLA-DR 6:579-586
Immunol 172:4956-4963 expression and high interleukin-10 con-  11. Lanier LL (2001) Face off-the interplay

4. Gibot S, Cravoisy A, Levy B, Béné centration. Immunol Lett 95:193-198 between activating and inhibitory

immune receptors. Curr Opin Immunol
13:326-331



187

12. Routsi C, Giamarellos-Bourboulis EJ,

Antonopoulou A, Kollias S, Siasiakou
S, Koronaios A, Zakynthinos S, Arma-
ganidis A, Giamarellou H, Roussos C
(2005) Does soluble triggering receptor
expressed on myeloid cells-1 play any
role in the pathogenesis of septic shock?
Clin Exp Immunol 142:62-67

13. Gibot S, Le Renard PE, Bollaert PE,

Kolopp-Sarda MN, Béné MC, Faure
GC, Lévy B (2005) Surface triggering
receptor expressed on myeloid cells

1 expression patterns in septic shock.
Intensive Care Med 31:594-597

14. Gibot S, Cravoisy A, Kolopp-Sarda

MN, Bene MC, Faure GC, Bollaert PE,
Levy B (2005) Time-course of sSTREM
(soluble triggering receptor expressed
on myeloid cells)-1, procalcitonin, and
C-reactive protein plasma concentra-
tions during sepsis. Crit Care Med
33:792-796




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


