
INTRODUCTION
Sepsis is associated with the failure of

the host to develop an effective immune
response against invading microorgan-
isms due to immunosuppression of un-
known genesis. The consequence is unre-
stricted spreading of bacteria that may
lead to multiorgan failure and death (1).
During sepsis, monocytes/macrophages
fail to secrete tumor-necrosis factor (TNF)
α in response to in vitro stimulation with

lipopolysaccharide (LPS) (2,3). Moreover,
the proliferative capacity, as well as the
secretion of the T helper (Th) type 1-asso-
ciated cytokines interleukin (IL) 2 and in-
terferon (IFN) γ from T-lymphocytes, is
impaired (2,4–6). Therefore, therapies that
modulate this cellular dysfunction might
have beneficial effects on the outcome of
sepsis.

An effective immune response against
bacterial infections requires the develop-

ment of a Th1 response that is associated
with the release of IFN-γ. Antigen-specific
T cells are activated by antigen-present-
ing cells (APC) through the interaction of
co-stimulatory molecules such as CD40
and CD86 on the APC, with their respec-
tive ligands CD40 ligand (CD40L) and
CD28/CTLA-4, respectively, on T cells.
Dendritic cells (DC) are the most potent
APC due to their high expression of
major histocompatibility complex (MHC)
and co-stimulatory molecules that are
upregulated during DC maturation trig-
gered by microbial agents (7). Stimulated
DC secrete a distinct pattern of cytokines
that is decisive for the type of subse-
quent Th cell differentiation. IL-12 is a
heterodimeric cytokine and promotes the
polarization of naïve Th cells toward
Th1. Microbial stimuli such as immunos-
timulatory oligonucleotides (CpG) or
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The development of immunosuppression during polymicrobial sepsis is associated with the failure of dendritic cells (DC) to pro-
mote the polarization of T helper (Th) cells toward a protective Th1 type. The aim of the study was to test potential immunomod-
ulatory approaches to restore the capacity of splenic DC to secrete interleukin (IL) 12 that represents the key cytokine in Th1 cell
polarization. Murine polymicrobial sepsis was induced by cecal ligation and puncture (CLP). Splenic DC were isolated at differ-
ent time points after CLP or sham operation, and stimulated with bacterial components in the presence or absence of neutraliz-
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septic mice showed an impaired capacity to release the pro-inflammatory and Th1-promoting cytokines tumor necrosis factor α,
IFN-γ, and IL-12 in response to bacterial stimuli, but secreted IL-10. Endogenous IL-10 was not responsible for the impaired IL-12 se-
cretion. Up to 6 h after CLP, the combined treatment of DC from septic mice with IFN-γ and GM-CSF increased the secretion of
IL-12. Later, DC from septic mice responded to IFN-γ and GM-CSF with increased expression of the co-stimulatory molecule CD86,
while IL-12 secretion was no more enhanced. In contrast, splenic macrophages from septic mice during late sepsis responded to
GM-CSF with increased cytokine release. Thus, therapy of sepsis with IFN-γ/GM-CSF might be sufficient to restore the activity of
macrophages, but fails to restore DC function adequate for the development of a protective Th1-like immune response.
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LPS are recognized by Toll-like receptors
(TLR) and are potent inducers of DC-de-
rived IL-12. LPS requires additional liga-
tion of CD40 on the surface of DC for op-
timal induction of IL-12 synthesis (8,9).
In contrast, DC-derived IL-10 favors the
development of Th2 cells, but suppresses
the development of a Th1 response
through inhibition of IL-12 secretion (10).
Neutralization of endogenous IL-10 re-
sults in increased IL-12 secretion in re-
sponse to LPS or CpG (11,12).

There is an increasing body of evi-
dence that DC are involved in the patho-
mechanisms leading to sepsis-associated
immune dysfunction. DC are beneficial
at least during the early phase of sepsis
development because depletion of DC in
vivo before onset of disease results in in-
creased mortality (13). Later, apoptosis of
DC takes place in various lymphoid and
non-lymphoid tissues in septic patients
(14) as well as in septic mice (15–17), and
the extent of DC loss in septic patients
correlates with poor outcome (18). We
have recently shown that, in mice,
splenic DC rapidly increase their expres-
sion of CD40 and CD86 after induction
of sepsis, but simultaneously develop a
dysfunction that is characterized by an
impaired capacity to secrete IL-12 in re-
sponse to bacterial stimuli and to drive
Th cell proliferation (19).

The relevance of DC dysfunction in dis-
ease development has been clearly shown
by Benjamim et al. who applied compe-
tent DC from naïve mice into post-septic
mice and thereby reduced infection-in-
duced mortality (20). IL-12 is essential for
survival of sepsis because it promotes the
release of IFN-γ that in turn supports the
clearance of the infection through en-
hanced microbicidal activity of the innate
immune system (21). The aim of the pres-
ent study was to find immunomodulatory
approaches to restore the suppressed ca-
pacity of splenic DC to secrete IL-12 dur-
ing murine polymicrobial sepsis induced
by cecal ligation and puncture (CLP). Se-
lected approaches were the neutralization
of endogenous IL-10 and treatment with
the immunomodulatory substances IFN-γ
and/or GM-CSF.

MATERIALS AND METHODS

Cecal Ligation and Puncture
Female BALB/c mice (Harlan Winkel-

mann, Borchen, Germany) were 8–10
weeks old and had access to standard ro-
dent food and water ad libitum. All ani-
mal procedures were carried out follow-
ing institutional guidelines at the
Medical Faculty, University of Duisburg-
Essen, Germany. Polymicrobial sepsis
was induced by CLP using a 17-gauge
needle as described previously (19).
Under these conditions, the mortality
was 20% within 24 h. Sham animals un-
derwent a laparotomy without ligation
and puncture of the cecum.

Culture Medium and Reagents
Very low endotoxin medium VLE

RPMI 1640 (Biochrom, Berlin, Germany)
containing 10% heat-inactivated FCS
(Sigma, Taufkirchen, Germany), 10 mM
HEPES (Biochrom), 2 mM L-Glutamine
(Biochrom), 0.06 mg/mL Penicillin
(Sigma), 0.02 mg/mL Gentamicin G
(Sigma), and 0.05 mM 2-ME (Sigma) was
used as culture medium throughout all
experiments. Murine recombinant GM-
CSF, IFN-γ, CD40L, neutralizing anti-IL-
10 antibodies (clone JES052A5), and the
respective rat IgG1 isotype control were
purchased from R&D Systems, Wies-
baden, Germany. Synthetic phosphoroth-
ioated CpG 1668 oligonucleotides (22)
were purchased from Qiagen, Köln, Ger-
many. All these reagents were free of de-
tectable LPS contaminations as tested
using Limulus Amebocyte Assay
(Biowhittaker, Walkersville, MD, USA).
LPS (E. coli 026:B6) was obtained from
Sigma.

Preparation and Culture of Total
Spleen Cells

At different time points after CLP or
sham operation, spleens were removed
and single cell suspensions were pre-
pared through collagenase digestion
using 0.02 U/mL Blendzyme 2 (Roche,
Grenzach-Wyhlen, Germany) at 37°C for
18 min. Spleens were minced through a
cell strainer (70 μm diameter) and red

blood cells were lysed using ammonium
chloride. For flow cytometric analyses of
DC, total spleen cells were cultured in
48-well plates (Nunc, Wiesbaden, Ger-
many; 106 cells/well in 300 μL culture
medium). In case of macrophage analy-
ses, total spleen cells were kept in 24-
well “low attachment” plates (Corning,
Schiphol-Rijk, The Netherlands; 2.5 ×
106/well in 500 μL culture medium) to
enable detachment of adherent cells.
CD86 or CD40 expression on DC was an-
alyzed using total spleen cells cultured in
the presence or absence of 10 ng/mL
GM-CSF, 10 ng/mL IFN-γ, 5 μg/mL
CpG, or 100 ng/mL LPS for 18 h. Stimu-
lation of total spleen cells with 10 ng/mL
LPS for 8 h in the absence or presence of
10 ng/mL GM-CSF or with 5 μg/mL
CpG for 18 h was used for the examina-
tion of intracellular levels of TNF-α and
IL-12p40, respectively. Unstimulated cells
served as negative controls. All cultures
were set up in triplicate and were pooled
before flow cytometric analyses.

Purification of Splenic DC
Splenic DC were purified from freshly

isolated total spleen cells using CD11c
Microbeads (Miltenyi Biotech,
Moenchengladbach, Germany) and mag-
netic cell sorting (MACS, Miltenyi
Biotech) and were cultured as described
previously (19). Purity was generally
85% to 90% as confirmed by CD11c stain-
ing and flow cytometry. Purified splenic
DC were cultured with 5 μg/mL CpG or
100 ng/mL LPS + 2.5 μg/mL CD40L. In
some experiments, purified splenic DC
were stimulated with CpG in combina-
tion with medium, GM-CSF (10 ng/mL),
IFN-γ (10 ng/mL), IFN-γ + GM-CSF, anti-
IL-10 antibodies (10 μg/mL), or the re-
spective rat IgG1 isotype control (10
μg/mL). Previous experiments have
shown that 10 μg/mL anti-IL-10 antibod-
ies were sufficient to neutralize the activ-
ity of 1 ng/mL IL-10 (data not shown).
All cultures were set up in triplicate.
After 18 h, supernatants were analyzed
for the presence of IL-12p70, TNF-α,
IFN-γ, or IL-10 using the cytometric bead
array (CBA) Mouse Inflammation Kit
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(BD Biosciences, Heidelberg, Germany)
or ELISA (ebioscience, NatuTec, Frank-
furt, Germany).

Flow Cytometry
Total spleen cells were sequentially in-

cubated with total mouse IgG (100
μg/mL; Sigma) to block unspecific bind-
ing, and with an antibody mixture (all an-
tibodies from BD Biosciences) containing
anti-CD11c-allophycocyanin (APC; clone
HL3) either in combination with biotiny-
lated anti-IFN-γ receptor (clone GR20),
with anti-CD86-phycoerythrin (PE; clone
GL1), or with anti-CD40-fluorescein isoth-
iocyanate (FITC; clone 3/23). Strepta-
vidin-PE was added in a third step to cells
labeled with the biotin-conjugated anti-
body. Appropriate isotype controls were
used for all stainings. For intracellular IL-
12p40 or TNF-α staining, monensin (Gol-
giStop 0.66 μL/mL, BD Biosciences) was
added to the cells during the last 6 h of
culture. After surface staining using APC-
labeled anti-CD11c or anti-F4/80 (clone
BM8; ebioscience) antibodies, cells were
fixed and permeabilized using Cytofix/
Cytoperm (BD Biosciences) for 20 min at
RT. Thereafter, intracellular TNF-α or IL-
12p40 were stained using anti-TNF-α-PE
(clone MP6-XT22), anti-IL-12p40-PE
(clone C15.6) antibodies, or the respective
isotype control antibody (all from BD Bio-
sciences). Cells were washed with perme-
abilization buffer (BD Biosciences) and
were resuspended in Cell Wash. All data
were acquired using a FACScalibur (BD
Biosciences). Living cells were selected ac-
cording to forward and side scatter prop-
erties. DC were gated as CD11c-positive
cells, macrophages were gated as F4/80-
positive cells. The fluorescence intensity
value that was exceeded by less than 2%
of the cells upon isotype control staining
was defined as the threshold for specific
staining. According to this threshold, the
percentage of positive cells and the corre-
sponding mean fluorescence intensity
(MFI) of the gated cells were determined.

Statistics
Results on cytokine expression are pre-

sented as the mean ± SD of triplicate cul-

tures. Statistical differences between se-
lected groups, as indicated in the Figure
legends, were tested using one-way anal-
ysis of variance (ANOVA, two-tailed) fol-
lowed by Bonferroni’s multiple compari-
son test. Data on IFN-γ receptor
expression on DC from separate mice
were normalized to the mean value ob-
tained from sham mice and were tested
using two-tailed Mann-Whitney U test
(see Figure 1). A P < 0.05 was considered
to be significant.

RESULTS

Cytokine Profile and CD40 Expression
of Splenic DC During Sepsis

To analyze the cytokine expression pro-
file of DC after induction of polymicro-
bial sepsis, splenic DC were isolated 3, 6,
16, and 24 h after CLP or sham operation
and were stimulated with CpG or with
LPS + CD40L. The amounts of TNF-α,
IL-12, and IFN-γ as pro-inflammatory
and Th1-associated cytokines and of
IL-10 as the predominant Th2-promot-
ing cytokine were determined in the su-
pernatants. DC from sham mice re-
leased IL-12, TNF-α, and IFN-γ in
response to CpG or LPS + CD40L (Fig-
ure 2A). Low amounts of IL-10 were se-
creted in response to CpG or LPS +
CD40L. In contrast, CpG-stimulated DC
from septic animals produced signifi-
cantly lower amounts of IL-12, IFN-γ,
and TNF-α in comparison to the corre-
sponding DC from sham-operated mice
as early as 3 h after CLP (Figure 2A).
With disease progress, the production of
these cytokines from DC stimulated
with CpG, as well as with LPS + CD40L,
further decreased (Figure 2A). Due to
the low number of DC that could be iso-
lated from the spleen, we focused on
one stimulus. CpG was a more potent
and CD40-independent inducer of IL-12
synthesis by DC in comparison to LPS +
CD40L. Therefore, we selected CpG for
further studies on the modulation of
IL-12 release.

To analyze the cytokine expression of
DC that were not separated from other
splenic cell populations, total spleen

cells were prepared 3 and 24 h after CLP
or sham operation, and were stimulated
with CpG. DC were stained for intracel-
lular IL-12p40 that represents the regu-
lated subunit of the IL-12 heterodimer in
combination with CD11c on the cell sur-
face. At both time points, the percentage
of IL-12p40-positive DC from sham mice
strongly increased upon stimulation
with CpG in comparison to unstimu-
lated cells (Figure 2B). By 3 h after CLP,
the percentage of IL-12p40-positive DC
increased upon stimulation with CpG,
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Figure 1. Modulation of CpG-induced IL-12
secretion from DC through IFN-γ and/or
GM-CSF. At 3 h (A), 6 h (B), and 24 h (C)
after CLP (black bars) or sham operation
(white bars), splenic DC were purified and
stimulated with CpG in combination with
none (med), GM-CSF (GM), IFN-γ, or IFN-γ
+ GM. Untreated cells served as negative
control (Ctrl). After 18 h, the amount of IL-
12 was determined in the supernatants.
Data show the mean ± SD of triplicate cul-
tures and are representative for at least
two experiments. *, P < 0.05; **, P < 0.01,
***, P < 0.001 versus med sham; $, P < 0.05;
$$$, P < 0.001 versus med CLP.



but to a lesser extend than it was found
for DC from sham mice. In contrast,
upon CpG-stimulation of total spleen
cells prepared 24 h after CLP, the per-
centage of IL-12p40-positive DC re-
mained on the level obtained for unstim-
ulated DC (Figure 2B). Thus, the
impaired secretion of CpG-induced
IL-12 from DC correlates with a strong
reduction of the number of DC that ex-
press IL-12p40.

The completely contrary effects were
seen in terms of IL-10 production. From
16 h after CLP, DC from septic mice re-
leased IL-10 even in the absence of any
stimulus and further enhanced IL-10 se-
cretion upon stimulation with CpG (Fig-
ure 2A). In contrast, the secretion of IL-
10 in response to LPS + CD40L did not
change significantly within the first 16 h
after CLP.

For analyses of CD40 expression on
DC after stimulation with bacterial
products, total spleen cells were pre-
pared 3, 6, and 24 h after CLP or sham
operation and cultured in the absence
or presence of CpG or LPS. DC from
sham mice responded to CpG or LPS
with increased expression of CD40 at
each time point (Figure 3). The levels of
CD40 on DC from septic mice at 3 h
after CLP similarly increased upon
challenge with CpG or LPS, but re-
mained below the levels observed on
DC from sham mice 6 h after operation
(Figure 3). The CpG- or LPS-triggered
increase of CD40 expression was less
prominent on DC from septic mice 24 h
after CLP due to elevated basal levels in
comparison to unstimulated DC from
sham mice (Figure 3). In summary,
early during sepsis, DC selectively lose
the capacity to release Th1-associated
cytokines, but acquire a bias for in-
creased IL-10 secretion.

Decreased IL-12 Release of DC During
Sepsis is Not Caused by Endogenous
IL-10 Production

We have recently shown that at later
stages during sepsis (24 h after CLP),
endogenous IL-10 was not responsible
for the failure of DC to release IL-12
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Figure 2. Time course of the cytokine secretion pattern of splenic DC in response to bac-
terial products. (A) At different time points (3, 6, 16, and 24 h) after CLP (black bars) or
sham operation (white bars), splenic DC were purified and cultured with none (med),
with CpG, or with CD40L + LPS. After 18 h, the content of different cytokines in the super-
natants was determined. Data show the mean ± SD of triplicate cultures. (B) Intracellular
IL-12p40 staining of splenic DC upon stimulation with CpG. At 3 and 24 h after CLP or
sham operation (n = three to four mice per group), total spleen cells were pooled and
cultured in medium alone (med), or were stimulated CpG for 18 h. Monensin was present
during the last 6 h of culture. After surface staining of CD11c, cells were fixed, permeabi-
lized, and stained for intracellular IL-12p40. CD11c-positive DC were gated and the per-
centage of IL-12p40−positive cells was determined according to staining with the isotype
control antibody. The numbers indicate the percentage of IL-12p40−positive cells. 
All data are representative for at least two experiments. *, P < 0.05; **, P < 0.01; ***, P <
0.001 sham versus CLP; n.d., not determined.



(19). At that time point, IL-12 synthesis
of DC from septic mice was nearly un-
detectable (Figure 2A). We addressed
the question whether IL-10 might be in-
volved in the suppression of IL-12 syn-
thesis at earlier time points during sep-
sis when DC dysfunction was less
prominent. Therefore, DC were purified
and stimulated with CpG in the absence
or presence of neutralizing anti-IL-10 or
isotype control antibodies at different
time points (3 and 6 h) after CLP or
sham operation. As described above,
DC from septic mice released less IL-12
at both time points than DC from sham
mice (Figure 4). The presence of the iso-
type control antibody during stimula-
tion with CpG did not affect the IL-12
secretion of DC from either group (Fig-
ure 4). Increased secretion of IL-12 was
observed when DC from sham mice
were stimulated in the presence of the
anti-IL-10 antibody at both time points
(Figure 4). The presence of the anti-IL-
10-antibody comparably increased the
IL-12 release of DC from septic mice 3 h
after CLP (Figure 4A). In contrast, 6 h
after CLP, when the suppressed IL-12
production was clearly visible, neutral-
ization of IL-10 only marginally in-
creased the amount of IL-12 secreted by
DC (Figure 4B). Thus, endogenous IL-10
does not seem to be responsible for the
failure of DC to release IL-12 early dur-
ing sepsis.

Influence of IFN-γ and GM-CSF on
DC-Derived IL-12 Secretion

To investigate whether the suppressed
capacity of DC to secrete IL-12 during
sepsis can be restored, splenic DC were
isolated 3, 6, and 24 h after CLP or sham
operation, and were stimulated with CpG
either in the absence or presence of GM-
CSF, IFN-γ, or a combination of both.
GM-CSF, IFN-γ, and IFN-γ + GM-CSF en-
hanced the CpG-induced secretion of
IL-12 from DC of sham mice with IFN-γ +
GM-CSF being superior to the individual
cytokines (Figure 1). DC from septic mice
isolated 3 h after CLP, showed a slightly
reduced IL-12 secretion upon stimulation
with CpG alone. GM-CSF marginally
increased the IL-12 secretion of CpG-
stimulated DC from septic mice 
(Figure 1A). IL-12 levels of DC stimulated
in the presence of IFN-γ or of the combi-
nation of IFN-γ and GM-CSF, exceeded
even the IL-12 level of CpG-stimulated
DC from sham mice (Figure 1A). How-
ever, DC from septic mice 6 h after CLP
had lost the responsiveness to IFN-γ and
to GM-CSF. At this time point, the IL-12
production of DC from septic mice was
enhanced only through a combined treat-
ment with IFN-γ + GM-CSF, however it
did not reach IL-12 levels released by
CpG-stimulated DC from sham mice
(Figure 1B). At 24 h after CLP, DC from
septic mice completely failed to secrete
IL-12 and additionally were absolutely

unresponsive to any immunomodulator
(Figure 1C). IFN-γ or GM-CSF alone did
not induce the release of IL-12 from DC
of sham or septic mice (data not shown).
Thus, during sepsis, DC responded to
IFN-γ and/or GM-CSF with increased
IL-12 secretion only during a short time
frame early after induction of sepsis.

Decreased IFN-γ Receptor Expression
on Splenic DC after CLP

The reduced responsiveness of DC
from septic mice to IFN-γ might be asso-
ciated with a decreased expression of the
IFN-γ receptor. Therefore, the expression
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Figure 3. Time course of CD40 expression of splenic DC in response to bacterial products.
Three, 6, or 24 h after CLP (black bars) or sham operation (white bars), total spleen cells
were stimulated with none (med), CpG, or LPS. The expression of CD40 on DC was exam-
ined using flow cytometry. Data are representative for at least two experiments. MFI,
mean fluorescence intensity.

Figure 4. Effect of neutralization of en-
dogenous IL-10 on CpG-induced IL-12 re-
lease. At 3 h (A) and 6 h (B) after CLP
(black bars) or sham operation (white
bars), splenic DC were purified and stimu-
lated with CpG in combination with none
(med), anti-IL-10 antibody (αIL-10), or iso-
type control antibody (iso). Untreated
cells served as negative control (Ctrl). After
18 h, the amount of IL-12 was determined
in the supernatants. Data show the mean
± SD of triplicate cultures. $$$, P < 0.001
med sham versus med CLP; ***, P < 0.001
αIL-10 sham versus iso sham; #, P < 0.05;
###, P < 0.001 αIL-10 CLP versus iso CLP.



of the IFN-γ receptor on splenic DC was
determined at 3, 6, and 24 h after CLP or
sham operation by means of flow cytom-
etry. DC from sham mice all expressed
high levels of the IFN-γ receptor on the
cell surface (Figure 5A, B). The expres-
sion of the IFN-γ receptor on DC from
septic mice was only slightly lower than
on the corresponding cells of sham-
operated animals 3 h after CLP (Figure 5B).
However, the expression of the IFN-γ re-
ceptor on DC decreased during ongoing
sepsis to 56% and 52% of the levels on
DC from sham animals at 6 h and 24 h,
respectively (Figure 5B). Thus, a decrease

of the IFN-γ receptor expression on
splenic DC takes place during sepsis and
at least partly parallels the loss of IFN-γ
responsiveness of DC in terms of IL-12
secretion.

Influence of IFN-γ and GM-CSF on the
Expression of CD86 on DC

GM-CSF and IFN-γ alone induced an
increased expression of the co-stimulatory
molecule CD86 on DC from sham mice
(Figure 6A). To further investigate the
unresponsiveness of DC from septic mice
to GM-CSF or IFN-γ, the expression of
CD86 was determined as an additional
parameter. Therefore, total spleen cells
were isolated 3, 6, and 24 h after CLP or
sham operation and cultured with or
without IFN-γ or GM-CSF. After 18 h, the
expression of CD86 was determined on
DC by means of flow cytometry. Stimula-
tion with IFN-γ or GM-CSF increased the
levels of CD86 on the cell surface of DC
from sham and septic mice at any time
point, although to a different extent (Fig-
ure 6). DC from septic mice expressed
higher basal levels of CD86 as soon as 3
h after CLP (Figure 6B), and these levels
further increased during later time
points (Figure 6C, D). Even 24 h after
CLP, IFN-γ or GM-CSF enhanced the
CD86 expression on the surface of DC,
although to a minor degree (Figure 6D).
Thus, in contrast to the effect on the
CpG-induced IL-12 secretion, DC from
septic mice responded to both IFN-γ and
GM-CSF with increased expression of
CD86.

Diverse Responsiveness of
Macrophages and DC to GM-CSF
During Sepsis

Macrophages from septic mice are im-
paired in their capacity to release TNF-α
upon ex vivo stimulation with LPS (3,23).
We addressed the question whether GM-
CSF was able to restore the depressed
TNF-α secretion from macrophages of
septic mice in comparison to splenic DC.
Because TNF-α production is strongly in-
duced by LPS, it can be detected through
intracellular staining and flow cytometry.
Total spleen cells were prepared 24 h
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Figure 5. Kinetics of the IFN-γ receptor ex-
pression on DC during sepsis. At 3 h, 6 h,
and 24 h after CLP or sham operation,
total spleen cells were prepared and the
expression of the IFN-γ receptor (IFN-γR) on
DC was analyzed through flow cytometry.
The mean fluorescence intensity (MFI) for
IFN-γR expression was determined on
gated CD11c-positive DC. (A) Representa-
tive histogram for staining of DC from a
sham-treated mouse with the anti-IFN-γR
antibody (bold line) or with the isotype
control antibody (dashed line). (B) For
each experiment, the mean value of the
MFI for IFN-γR expression on DC from sham-
treated mice was set as 100% and was
used to normalize the MFI of sham mice
(white bars) and CLP mice (black bars).
Data show the mean ± SD (n = three ex-
periments each with three to four mice per
group). ***, P < 0.001 sham versus CLP.

Figure 6. Expression of CD86 on DC during
sepsis and its modulation through GM-CSF
or IFN-γ. After CLP or sham operation (n =
three to four mice per group), total spleen
cells were pooled and cultured in the
presence or absence of GM-CSF or IFN-γ.
After 18 h, the expression of CD86 on DC
was determined by means of flow cytom-
etry. (A) Representative histogram of DC
from a sham-treated mouse showing the
expression of CD86 after culture with none
(gray shaded area), GM-CSF (thin line), or
IFN-γ (bold line). The dashed line shows the
staining with the isotype control antibody.
(B-D), mean fluorescence intensity (MFI)
values for CD86 on DC within pooled total
spleen cells at 3 h (B), 6 h (C), and 24 h
(D) after CLP (black bars) or sham opera-
tion (white bars). Data are representative
for two experiments.



after CLP or sham operation and were
stimulated with LPS or with LPS + GM-
CSF. Untreated cells served as control.
TNF-α production was determined by in-
tracellular staining and flow cytometry.
More than 20% of splenic DC from sham
mice were positive for TNF-α after stimu-
lation with LPS. The presence of GM-CSF
during LPS stimulation clearly increased
the percentage of TNF-α-positive DC, as
well as the amount of TNF-α per cell as
indicated by the elevated MFI value (Fig-
ure 7A). In contrast, less than 5% LPS-
stimulated splenic DC from septic mice
produced TNF-α, and GM-CSF increased
the percentage of TNF-α-positive DC
only marginally (Figure 7A). Nearly 30%
of macrophages in LPS-stimulated total
spleen cells from sham mice were posi-
tive for TNF-α, and GM-CSF further in-
creased the number of TNF-α-producing
cells (Figure 7B). About 10% of splenic
macrophages from septic mice sponta-
neously produced TNF-α. The percentage
of TNF-α-positive macrophages further
increased upon stimulation with LPS, but
fell notably short of reaching the level of
LPS-stimulated macrophages from sham
mice (Figure 7B). The presence of GM-
CSF during LPS stimulation increased the
percentage of TNF-α-positive macro-
phages as well as the MFI value of posi-
tive cells from septic mice (Figure 7B).
Thus, in contrast to DC, splenic macro-
phages from septic mice respond to
GM-CSF with increased production of
TNF-α and reverse, in part, their sepsis-
associated immune dysfunction.

DISCUSSION
The present study shows that during

murine polymicrobial sepsis, splenic DC
rapidly lose their capacity to respond to
bacterial components with the release of
pro-inflammatory and Th1-promoting
cytokines. The impaired capacity of DC
to secrete IL-12 was not mediated by the
parallel rise of endogenous IL-10 produc-
tion. Moreover, attempts to restore the
suppressed release of IL-12 through
treatment with the immunomodulatory
cytokines IFN-γ and GM-CSF showed
that DC responded to these mediators

only during the very early phase after in-
duction of sepsis. Downregulation of cy-
tokine receptors does not seem to be re-
sponsible for this insensitivity of DC to
IFN-γ and GM-CSF because DC still re-
sponded to these cytokines with in-
creased expression of CD86 even at later
time points during sepsis. In contrast,
macrophages that similarly showed a
sepsis-associated reduced responsiveness
to bacterial products could be reactivated
through GM-CSF.

DC play a decisive role in the interac-
tion between the innate and the adaptive
immune system due to their cytokine se-
cretion pattern. We show here that DC
dysfunction characterized by the reduced
secretion of IL-12, IFN-γ, and TNF-α in
response to bacterial stimuli becomes
visible as soon as 3 h after induction of
sepsis (Figure 2A). Among these three
cytokines, IL-12 represents the most rele-
vant one with regard to its contribution
to the development of Th1 responses.
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Figure 7. Modulation of the expression of TNF-α through GM-CSF in splenic DC and
macrophages. At 24 h after CLP or sham operation (n = three to four mice per group),
total spleen cells were pooled and cultured in medium alone (Med), or were stimulated
with LPS or with GM-CSF (GM) + LPS for 8 h. Monensin was present during the last 6 h of
culture. After surface staining of CD11c or F4/80, cells were fixed, permeabilized, and
stained for intracellular TNF-α. CD11c-positive DC (A) and F4/80-positive macrophages (B)
were gated and the percentage of TNF-α-positive cells was determined according to
staining with the isotype control antibody. The numbers indicate the percentage of TNF-
α-positive cells and the respective mean fluorescence intensity of TNF-α staining (in
brackets). Data are representative for two experiments. SSC, side scatter; DC, dendritic
cells; Mac, macrophages.



This state of abnormal responsiveness of
DC to bacterial stimuli is not restricted to
the acute phase of sepsis as we describe
here, but has also been found even after
resolution of the disease—at which time
it contributes to an enhanced susceptibil-
ity to secondary infections (20). The
mechanisms that underlie the impaired
capacity of DC from septic mice to se-
crete Th1-promoting cytokines are not
clear so far. The finding that DC from
septic mice increase the expression of
CD40 on the surface at time points when
IL-12 secretion is already reduced (for ex-
ample, 3 and 6 h after CLP; Figure 3), ar-
gues against a defect in the recognition
of CpG or LPS through their receptors.
We can exclude that endogenous IL-10 is
involved neither at early time points
when IL-12 secretion is not yet com-
pletely blocked (Figure 4), nor at later
time points during sepsis when the DC-
derived IL-10 secretion increases (19).
Sepsis is not associated with a general
dysfunction of DC. The finding that DC
in the peritoneal cavity that represents
the site of sepsis initiation are able to se-
crete IL-12 (24) suggests that DC in the
spleen are modulated through factors, so
far unknown, prior or in parallel to their
contact with spreading bacteria. Such po-
tential mediators are transforming
growth factor β prostaglandin E2, IL-10,
but also catecholamines, such as norepi-
nephrine, that are produced in the peri-
toneal cavity, in the gut, or in the liver,
and might reach the DC in the spleen via
circulation (3,25,26). All these factors are
known to suppress DC-derived IL-12
production (27–30).

During acute sepsis, the presence of
IL-12 is required for the polarization of
Th cells toward Th1 and for the release
of IFN-γ that stimulate the bactericidal
activity of phagocytes (21). Whether DC
are the cellular source of the indispensa-
ble IL-12 has not been determined in that
report. Strategies that increase the levels
of IL-12 at the site of infection, either
through application of DC from naïve
mice or through adenoviral transfection,
lead to an improved immune response
against microorganisms (20,31). There-

fore, it is assumed that treatment regi-
mens increasing the DC-derived levels of
IL-12 at the site of DC/T cell interaction
during sepsis result in an improved bac-
terial clearance and, possibly, outcome.

As possible candidates to restore the
capacity of DC from septic mice to re-
lease IL-12, we analyzed the immuno-
modulatory cytokines GM-CSF and
IFN-γ. DC from sham mice responded to
both agents with increased expression of
the co-stimulatory molecule CD86 and
enhanced secretion of IL-12 and TNF-α
upon challenge with bacterial stimuli
(Figures 1,6,7). GM-CSF and IFN-γ and,
most effectively, a combination of both
substances, increased the release of IL-12
from DC of septic mice only within the
first 6 h after induction of sepsis (Figure 1).
At 24 h after sepsis, DC were irreversibly
changed and became refractory to both
immunostimulatory substances in terms
of IL-12 secretion (Figure 1). A downreg-
ulation of the IFN-γ-receptor might con-
tribute, at least in part, to the unrespon-
siveness of DC to IFN-γ during the later
phase of sepsis (Figure 5B). However,
the missing responsiveness of DC to
GM-CSF and IFN-γ during sepsis is re-
stricted to the modulation of cytokine
secretion, because the expression of the
co-stimulatory molecule CD86 was en-
hanced upon treatment with either or
both substances even 24 h after sepsis
(Figure 6). This fact argues against a re-
ceptor-dependent mechanism for the
failure of GM-CSF and IFN-γ to restore
DC-derived IL-12 secretion, but rather
indicates changes in the IFN-γ and GM-
CSF receptors downstream signaling
pathways in DC during sepsis.

IFN-γ signals via Janus kinase (JAK)-
mediated phosphorylation of transcrip-
tion factors termed signal transducer and
activation of transcription (STAT) 1. Ad-
ditional STAT1 activation can occur
through mitogen-activated protein ki-
nases (MAPK) that are also involved in
TLR signaling (32). This cross-signaling
between STAT1 and MAPK is supposed
to account for the amplifying effect of
IFN-γ on TLR ligand-induced gene acti-
vation. Similarly, increased MAPK acti-

vation is involved in the GM-CSF-medi-
ated increase of TNF-α secretion upon
stimulation with LPS (33,34). The major-
ity of reports on GM-CSF- or IFN-γ-
mediated signaling pathways has been
performed with macrophages. Whether
IFN-γ and GM-CSF-induced signaling
pathways in splenic DC equal those of
macrophages is not clear. The finding
that macrophages maintain their respon-
siveness to GM-CSF during sepsis (Fig-
ure 7) argues against identical signaling
events in macrophages and DC. This as-
sumption is supported by a previous re-
port that GM-CSF induces a diverse pat-
tern of activated STAT molecules in DC
and macrophages (35). Thus, a distur-
bance of the JAK/STAT and/or MAPK
pathway might be responsible for the im-
paired sensitivity of DC to IFN-γ and
GM-CSF during sepsis.

The present study shows that LPS-
stimulated macrophages from septic
mice increased the secretion of TNF-α
upon exposure to GM-CSF and, thus, be-
haved like monocytes from septic pa-
tients (2). Ex vivo studies showing that
GM-CSF and IFN-γ stimulated increased
HLA-DR expression on monocytes from
septic patients and enhanced LPS-
induced TNF-α secretion prompted sev-
eral clinical trials using GM-CSF or
IFN-γ in sepsis therapy (36–39). How-
ever, treatment of trauma patients with
IFN-γ showed only minor effects on the
rate of infections and did not reduce
mortality significantly, despite an IFN-γ-
mediated increased HLA-DR expression
on monocytes in all studies (40,41). In
other trials, GM-CSF did not show any
benefit in terms of postoperative septic
complications (42) or survival, neverthe-
less it led to a faster clearance of the in-
fection (43). Additionally, GM-CSF given
3 h after CLP had no protective effect on
septic rats (44). The reasons why such
immunomodulatory therapies did not
accomplish previous expectations are
not clear. Considering the requirement
of intact DC function in the develop-
ment of a protective immune response
against the infection, the unresponsive-
ness of DC to GM-CSF and IFN-γ during
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sepsis might explain the partial failure of
IFN-γ and GM-CSF in sepsis therapy. To
verify this hypothesis, further studies
that correlate the responsiveness of DC
to GM-CSF and IFN-γ with disease de-
velopment after treatment with these cy-
tokines must be performed in the same
animal model.

A novel approach for immunotherapy
of pancreatitis associated with the devel-
opment of immunosuppression similar
to sepsis is the application of a combina-
tion of GM-CSF and IFN-γ. Ex vivo treat-
ment of monocytes from patients with
acute pancreatitis with GM-CSF plus
IFN-γ normalized both the suppressed
HLA-DR expression and the impaired
capacity to secrete TNF-α up to normal
levels while each cytokine alone failed to
elevate these immune functions (45).
Similarly, the combination of GM-CSF
and IFN-γ was the most effective in
restoring IL-12 production of DC from
septic mice in our model (Figure 1). The
combination was still effective when the
single substances failed to exert any ef-
fects (Figure 1B). Under this view, we ex-
pect that an efficient treatment of sepsis
with the combination of GM-CSF and
IFN-γ must be initiated within the first 6
h after the appearance of bacteria. The
mechanisms that underlie the synergism
of GM-CSF and IFN-γ have not yet been
elucidated. Signaling molecules of the
MAPK pathway are activated by both
cytokines and therefore might amplify
each other (32–34). Further studies are re-
quired to address this issue.

In summary, the development of im-
munosuppression during sepsis is associ-
ated with an impaired capacity of splenic
DC and macrophages to release Th1-
promoting cytokines upon stimulation
with bacterial products. GM-CSF can re-
store the impaired cytokine secretion of
macrophages, whereas DC are insensi-
tive to GM-CSF and IFN-γ in this regard.
Future studies should aim to understand
the cause of DC dysfunction during sep-
sis and to find strategies that restore the
unique features of DC as major players
in the induction of protective Th1 cell
responses.

ACKNOWLEDGMENTS
This work is supported by DFG grant

FL-353/2-1 (to Stefanie B Flohé). We are
grateful to Michaela Bak for excellent
technical assistance and to Ernst
Kreuzfelder and to Bärbel Nyadu for
support in flow cytometry.

REFERENCES
1. Angus DC, Linde-Zwirble WT, Lidicker J, Cler-

mont G, Carcillo J, Pinsky MR. (2001) Epidemiol-
ogy of severe sepsis in the United States: analysis
of incidence, outcome, and associated costs of
care. Crit. Care Med. 29:1303–10.

2. Munoz C, Carlet J, Fitting C, Misset B, Bleriot
JP, Cavaillon JM. (1991) Dysregulation of in vitro
cytokine production by monocytes during sep-
sis. J. Clin. Invest. 88:1747–54.

3. Ayala A, Chaudry IH. (1996) Immune dysfunc-
tion in murine polymicrobial sepsis: mediators,
macrophages, lymphocytes and apoptosis. Shock.
6 Suppl. 1:S27–38.

4. Ferguson NR, Galley HF, Webster NR. (1999)
T helper cell subset ratios in patients with severe
sepsis. Intensive Care Med. 25:106–9.

5. Heidecke CD, et al. (1999) Selective defects of
T lymphocyte function in patients with lethal in-
traabdominal infection. Am. J. Surg. 178:288–92.

6. Ayala A, Deol ZK, Lehman DL, Herdon CD,
Chaudry IH. (1994) Polymicrobial sepsis but not
low-dose endotoxin infusion causes decreased
splenocyte IL-2/IFN-gamma release while in-
creasing IL-4/IL-10 production. J. Surg. Res.
56:579–85.

7. Banchereau J, Steinman RM. (1998) Dendritic cells
and the control of immunity. Nature. 392:245–52.

8. Edwards AD, et al. (2002) Microbial recognition
via Toll-like receptor-dependent and -indepen-
dent pathways determines the cytokine response
of murine dendritic cell subsets to CD40 trigger-
ing. J. Immunol. 169:3652–60.

9. Cella M, Scheidegger D, Palmer-Lehmann K,
Lane P, Lanzavecchia A, Alber G. (1996) Ligation
of CD40 on dendritic cells triggers production of
high levels of interleukin-12 and enhances T cell
stimulatory capacity: T-T help via APC activa-
tion. J. Exp. Med. 184:747–52.

10. Aste-Amezaga M, Ma X, Sartori A, Trinchieri G.
(1998) Molecular mechanisms of the induction of
IL-12 and its inhibition by IL-10. J. Immunol.
160:5936–44.

11. Corinti S, Albanesi C, la Sala A, Pastore S,
Girolomoni G. (2001) Regulatory activity of au-
tocrine IL-10 on dendritic cell functions. J. Im-
munol. 166:4312–8.

12. Boonstra A, et al. (2006) Macrophages and
myeloid dendritic cells, but not plasmacytoid
dendritic cells, produce IL-10 in response to
MyD88- and TRIF-dependent TLR signals, and
TLR-independent signals. J. Immunol. 177:7551–8.

13. Scumpia PO, et al. (2005) CD11c+ dendritic cells

are required for survival in murine polymicrobial
sepsis. J. Immunol. 175:3282–6.

14. Hotchkiss RS, et al. (2002) Depletion of dendritic
cells, but not macrophages, in patients with sep-
sis. J. Immunol. 168:2493–500.

15. Hiramatsu M, Hotchkiss RS, Karl IE, Buchman
TG. (1997) Cecal ligation and puncture (CLP) in-
duces apoptosis in thymus, spleen, lung, and gut
by an endotoxin and TNF-independent pathway.
Shock. 7:247–53.

16. Efron PA, et al. (2004) Characterization of the sys-
temic loss of dendritic cells in murine lymph
nodes during polymicrobial sepsis. J. Immunol.
173:3035–43.

17. Tinsley KW, et al. (2003) Sepsis induces apoptosis
and profound depletion of splenic interdigitating
and follicular dendritic cells. J. Immunol.
171:909–14.

18. Guisset O, et al. (2007) Decrease in circulating
dendritic cells predicts fatal outcome in septic
shock. Intensive Care Med. 33:148–52.

19. Flohé SB, Agrawal H, Schmitz D, Gertz M, Flohé
S, Schade FU. (2006) Dendritic cells during
polymicrobial sepsis rapidly mature but fail to
initiate a protective Th1-type immune response.
J. Leukoc. Biol. 79:473–81.

20. Benjamim CF, Lundy SK, Lukacs NW,
Hogaboam CM, Kunkel SL. (2005) Reversal of
long-term sepsis-induced immunosuppression
by dendritic cells. Blood. 105:3588–95.

21. Moreno SE, Alves-Filho JC, Alfaya TM, da Silva
JS, Ferreira SH, Liew FY. (2006) IL-12, but not 
IL-18, is critical to neutrophil activation and re-
sistance to polymicrobial sepsis induced by cecal
ligation and puncture. J. Immunol. 177:3218–24.

22. Sparwasser T, et al. (1997) Bacterial DNA causes
septic shock. Nature. 386:336–7.

23. Deng J, Muthu K, Gamelli R, Shankar R, Jones
SB. (2004) Adrenergic modulation of splenic
macrophage cytokine release in polymicrobial
sepsis. Am. J. Physiol. Cell Physiol. 287:C730–6.

24. Ding Y, et al. (2004) Polymicrobial sepsis induces
divergent effects on splenic and peritoneal den-
dritic cell function in mice. Shock. 22:137–44.

25. Emmanuilidis K, et al. (2001) Critical role of
Kupffer cell-derived IL-10 for host defense in
septic peritonitis. J. Immunol. 167:3919–27.

26. Yang S, Koo DJ, Zhou M, Chaudry IH, Wang P.
(2000) Gut-derived norepinephrine plays a criti-
cal role in producing hepatocellular dysfunction
during early sepsis. Am. J. Physiol. Gastrointest.
Liver Physiol. 279:G1274–81.

27. Kalinski P, Hilkens CM, Wierenga EA, Kapsen-
berg ML. (1999) T-cell priming by type-1 and
type-2 polarized dendritic cells: the concept of a
third signal. Immunol. Today. 20:561–7.

28. Strobl H, Knapp W. (1999) TGF-beta1 regulation
of dendritic cells. Microbes. Infect. 1:1283–90.

29. Maestroni GJ. (2002) Short exposure of maturing,
bone marrow-derived dendritic cells to norepi-
nephrine: impact on kinetics of cytokine produc-
tion and Th development. J. Neuroimmunol.
129:106–14.

R E S E A R C H  A R T I C L E

M O L  M E D  1 4 ( 5 - 6 ) 2 4 7 - 2 5 6 ,  M AY - J U N E  2 0 0 8  |  F L O H É  E T  A L .  |  2 5 5



30. De Smedt T, Van Mechelen M, De Becker G,
Urbain J, Leo O, Moser M. (1997) Effect of inter-
leukin-10 on dendritic cell maturation and func-
tion. Eur. J. Immunol. 27:1229–35.

31. Wen H, Hogaboam CM, Gauldie J, Kunkel SL.
(2006) Severe sepsis exacerbates cell-mediated
immunity in the lung due to an altered dendritic
cell cytokine profile. Am. J. Pathol. 168:1940–50.

32. Kovarik P, et al. (1999) Stress-induced phosphory-
lation of STAT1 at Ser727 requires p38 mitogen-
activated protein kinase whereas IFN-gamma
uses a different signaling pathway. Proc. Natl.
Acad. Sci. U. S. A. 96:13956–61.

33. McLeish KR, et al. (1998) Activation of mitogen-
activated protein kinase cascades during priming
of human neutrophils by TNF-alpha and GM-
CSF. J. Leukoc. Biol. 64:537–45.

34. Rani M, Husain B, Lendemans S, Schade FU, Flohe
S. (2006) Haemorrhagic shock in mice—intracellular
signaling and immunomodulation of peritoneal
macrophages’ LPS response. Immunobiology.
211:711–9.

35. Welte T, Koch F, Schuler G, Lechner J, Doppler
W, Heufler C. (1997) Granulocyte-macrophage
colony-stimulating factor induces a unique set of
STAT factors in murine dendritic cells. Eur. J. Im-
munol. 27:2737–40.

36. Flohé S, et al. (1999) Influence of granulocyte-
macrophage colony-stimulating factor (GM-CSF)
on whole blood endotoxin responsiveness fol-
lowing trauma, cardiopulmonary bypass, and se-
vere sepsis. Shock. 12:17–24.

37. Williams MA, et al. (1998) Granulocyte-
macrophage colony-stimulating factor induces
activation and restores respiratory burst activity
in monocytes from septic patients. J. Infect. Dis.
177:107–15.

38. Nierhaus A, et al. (2003) Reversal of im-
munoparalysis by recombinant human granulo-
cyte-macrophage colony-stimulating factor in pa-
tients with severe sepsis. Intensive Care Med.
29:646–51.

39. Docke WD, et al. (1997) Monocyte deactivation in
septic patients: restoration by IFN-gamma treat-
ment. Nat. Med. 3:678–81.

40. Dries DJ, et al. (1994) Effect of interferon gamma
on infection-related death in patients with severe
injuries. A randomized, double-blind, placebo-
controlled trial. Arch. Surg. 129:1031–41; discus-
sion 1042.

41. Polk HC, Jr, et al. (1992) A randomized prospec-
tive clinical trial to determine the efficacy of in-
terferon-gamma in severely injured patients. Am.
J. Surg. 163:191–6.

42. Mels AK, et al. (2001) Immune-stimulating effects
of low-dose perioperative recombinant granulo-
cyte-macrophage colony-stimulating factor in pa-
tients operated on for primary colorectal carci-
noma. Br. J. Surg. 88:539–44.

43. Rosenbloom AJ, Linden PK, Dorrance A,
Penkosky N, Cohen-Melamed MH, Pinsky MR.
(2005) Effect of granulocyte-monocyte colony-
stimulating factor therapy on leukocyte function

and clearance of serious infection in nonneu-
tropenic patients. Chest. 127:2139–50.

44. Toda H, et al. (1994) Effect of granulocyte-
macrophage colony-stimulating factor on sepsis-
induced organ injury in rats. Blood. 83:2893–8.

45. Kylanpaa ML, et al. (2005) Monocyte anergy is
present in patients with severe acute pancreatitis
and is significantly alleviated by granulocyte-
macrophage colony-stimulating factor and
interferon-gamma in vitro. Pancreas. 31:23–7.

2 5 6 |  F L O H É  E T  A L .  |  M O L  M E D  1 4 ( 5 - 6 ) 2 4 7 - 2 5 6 ,  M AY - J U N E  2 0 0 8

R E S T O R A T I O N  O F  I M M U N E  D Y S F U N C T I O N  D U R I N G  S E P S I S



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


