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Abstract

Invasive mold infections (IMI) are among the most devastating complications following che-
motherapy and hematopoietic stem cell transplantation (HSCT), with high mortality rates.
Yet, the molecular basis for human susceptibility to invasive aspergillosis (I1A) and mucor-
mycosis remain poorly understood. Herein, we aimed to characterize the immune profile of
individuals with hematological malignancies (n = 18) who developed IMI during the course
of chemotherapy or HSCT, and compared it to that of hematological patients who had no ev-
idence of invasive fungal infection (n = 16). First, we measured the expression of the pattern
recognition receptors pentraxin 3, dectin-1, and Toll-like receptors (TLR) 2 and 4 in periph-
eral blood of chemotherapy and HSCT recipients with IMI. Compared to hematological con-
trols, individuals with IA and mucormycosis had defective expression of dectin-1;in
addition, patients with mucormycosis had decreased TLR2 and increased TLR4 expres-
sion. Since fungal recognition via dectin-1 favors T helper 17 responses and the latter are
highly dependent on activation of the signal transducer and activator of transcription (STAT)
3, we next used phospho-flow cytometry to measure the phosphorylation of the transcription
factors STAT1 and STAT3 in response to interferon-gamma (IFN-y) and interleukin (IL)-6,
respectively. While IFN-y/STAT1 signaling was similar between groups, naive T cells from
patients with IA, but not those with mucormycosis, exhibited reduced responsiveness to IL-
6 as measured by STAT3 phosphorylation. Furthermore, IL-6 increased Aspergillus-in-
duced IL-17 production in culture supernatants from healthy and hematological controls but
not in patients with IA. Altogether, these observations suggest an important role for dectin-1
and the IL-6/STATS3 pathway in protective immunity against Aspergillus.
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Introduction

Patients with hematological malignancies, particularly those with acute myeloid leukemia, are
highly susceptible to invasive mold infections (IMI) during the remission-induction phase of
chemotherapy and in cases of refractory disease. Hematopoietic stem cell transplantation
(HSCT) is increasingly used to treat hematologic malignancies, primary immunodeficiencies
and other disorders [1]. Invasive aspergillosis (IA) is the most common fungal infection, and a
leading cause of mortality in this patient population [2,3]. Mucormycosis is the second most
common IMI in patients with hematological malignancies [2,3]. The estimated 12-week mor-
tality rates for infections due to Aspergillus spp is 36% and as high as 64% for cases due to
Mucorales spp [3]. Neutropenia, mucositis, steroid use, graft-versus-host disease and cytomega-
lovirus infection are known risk factors for IA [4]; in addition, iron overload and hyperglyce-
mia are considered risk factors for mucormycosis [5]. However, the molecular basis for human
susceptibility to invasive disease due to Aspergillus spp and Mucorales spp remain poorly under-
stood. In the present study, we aimed to characterize the immune profile of individuals with
hematological malignancies who developed IMI during the course of chemotherapy or follow-
ing HSCT, and compared it to that of hematological patients who had no evidence of invasive
fungal infection.

Materials and Methods
Ethics Statement

Blood sampling and peripheral blood mononuclear cell (PBMC) isolation were conducted with
written informed consent of all study participants and approval of the local ethics committee
(Research Ethics Board of the University Health Network).

Study participants

This was a single-center cross-sectional study. Adult (18-70 years) hematological patients re-
ceiving chemotherapy or undergoing HSCT with diagnosis of probable/proven IMI due to As-
pergillus spp (n = 14) or Mucorales spp (n = 4) based on the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the Na-
tional Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Con-
sensus Group criteria [6] were enrolled. Clinical features of the study patients and date of
sample collection relative to diagnosis of IMI and date of HSCT are described in S1 Table. The
non-invasive fungal infection (non-IFI) control group consisted of adult hematological patients
(n = 16) receiving chemotherapy or undergoing HSCT who had no history or evidence of IFI
(including probable/proven IMI by EORTC/MSG criteria) and had otherwise similar demo-
graphic and clinical characteristics to the IMI group (S2 Table). In addition to immunocom-
promised individuals, adult healthy volunteers were enrolled as a second control group (n = 7).
If a patient was neutropenic at the time of enrollment, sample collection was deferred until
white cell count recovery in order to have sufficient cells for experimental analysis.

Cell isolation and stimulation

After blood sample collection in EDTA-containing tubes, serum samples were kept at -20°C
until further analysis. PBMCs were separated by standard Ficoll-Paque (Sigma, St. Louis, MO)
density gradient centrifugation and cryopreserved at -80°C until further analysis. Preparatory
experiments confirmed that freeze-thaw procedures did not lead to an altered phenotype (data
not shown). For immunoassay experiments, freshly thawed cells were suspended in RPMI
1640 medium supplemented with 2 mM L-glutamine, 100 U/mL of penicillin, 100 ug/mL

PLOS ONE | DOI:10.1371/journal.pone.0123171  April 2, 2015 2/12



@’PLOS | ONE

IL-6 Responsiveness in Invasive Aspergillosis

streptomycin (all from Gibco, Paisley, UK), and 10% human pooled serum. Cells were cultured
at a density of 2 x 10° cells/mL in the absence or presence of the activators: Phorbol 12-Myris-
tate 13-Acetate (50 ng/mL) (PMA; Sigma, St. Louis, MO) and ionomycin (1 pg/mL) (Life Tech-
nologies Inc., Grand Island, NY) (PMA-IO), Aspergillus fumigatus lysate (50 pg/mL) (Miltenyi
Biotec, Auburn, CA), and recombinant human interleukin (IL)-6 (100 ng/mL) (R&D Systems,
Minneapolis, MN), for 72 h in an incubator (5% CO,, 95% humidity, 37°C).

Immunostaining of cell surface antigens

Expression of surface markers was assessed using standard protocols. Briefly, freshly thawed
PBMCs were washed with cold staining media: phosphate buffered saline (PBS; Gibco, Life
Technologies, Grand Island, NY) containing 1% bovine serum albumin (BSA; Sigma, St. Louis,
MO); incubated with Fc blocking reagent (Miltenyi Biotec, Auburn, CA) for 15min at 4°C;
washed again with staining media and incubated for 15 minutes at 4°C in the presence of fluo-
rochrome-conjugated MAbs. The following markers were analyzed: TLR2-FITC, TLR4-AF700,
CD14-PE-Cy7, fixed viability stain 450 (BD Biosciences, San Diego, CA); Dectin-1-APC and
CD45-PE (R&D Systems, Minneapolis, MN). Appropriate Fluorescence Minus One (FMO)
controls were included in all assays. After staining, cells were washed and resuspended in stain-
ing media before analysis.

Phospho-specific flow cytometric analysis

Freshly thawed PBMCs were resuspended in serum-free, antibiotic-free RPMI 1640 media.
Cells were distributed (0.5 x 10°cells in 100 pL per tube) to Falcon polystyrene round-bottom
tubes (12 x 75 mm; Corning Incorporated, Durham, NC) and treated with IL-6 or IFN-y

(100 ng/mL) (R&D Systems, Minneapolis, MN) for 15 min at 37°C before subjecting them to
phospho-specific flow cytometric analysis as described previously [7]. Briefly, after stimula-
tion, cells were fixed by incubating in 2% PFA (BD Cytofix Fixation Buffer; BD Biosciences)
for 10 min at 37°C and pelleted. They were then permeabilized by resuspending with vigorous
vortexing in 300 pL ice-cold methanol. Cells were washed in staining media. Fluorophore-
specific MAbs were added and incubated for 30 min at RT. The following markers were ana-
lyzed: CD3-PE/Cy7, CD4-APC/Cy7, CD45RO-PerCP/Cy5.5, CD33-APC, STAT1 (pY701)-
AF488, STAT3 (pY705)-AF488, (BD Biosciences, San Diego, CA); and CD45-PE (R&D Sys-
tems, Minneapolis, MN). The cells were washed with staining media and pelleted. Finally, the
samples were resuspended in 250 pL of staining media and analyzed.

Flow cytometry acquisition and analysis

At least 10,000 gated events were collected for each sample. Singlet events were acquired based
on forward scatter and side scatter properties (S5 and S6 Figs). Potential blast cells were ex-
cluded at the time of analysis by gating on CD45 high cells (S5 and S6 Figs). Dead cells were
excluded on the basis of forward scatter and side scatter properties and/or live/dead stain. Cells
were acquired on an LSR IT instrument (BD Immunocytometry Systems, San Jose, CA) and an-
alyzed using Flow]Jo analytical software (Tree star, Version 9.0.2; Ashland, OR).

Immunoassays

The levels of PTX3, IFN-vy, and IL-17A in sera or culture supernatants were determined by cy-
tokine-specific enzyme-linked immunosorbent assays (ELISA) according to manufacturer’s in-
structions (PTX3 and IL-17A kits from R&D Systems, Minneapolis, MN; IFN-y kit from
Cellestis [a Qiagen company], Valencia, CA).
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Statistical Analysis

Data was analyzed using GraphPad Prism (GraphPad Software, Inc., Version 6.0; San Diego,
CA) and IBM SPSS Statistics (IBM Corp, Version 20.0: Armonk, NY). Heat maps were con-
structed using CIMminer available at: http://discover.ncinih.gov/cimminer (Genomics and
Bioinformatics Group, Center for Cancer Research (CCR) National Cancer Institute (NCI); Be-
thesda, MD). Linear regressions were completed using GraphPad via least-squares fit. When
analyzing phospho-specific flow data, fold change was calculated by dividing the median fluo-
rescence intensity (MFI) of the stimulated sample by that of the unstimulated sample. For im-
munoassay data, fold change was calculated by dividing the cytokine levels produced in
response to stimulation by those of non-stimulated cells; or, when indicated, by dividing the cy-
tokine levels produced in response to Aspergillus in the presence of IL-6 by those of cells simu-
lated with Aspergillus lysate alone. Detectable Aspergillus-induced cytokine production was
defined as >2.5 fold change from baseline. Values > 3 SD were excluded from the data analy-
sis. Statistical significance was determined using unpaired and paired Student’s -tests, as well
as Pearson’s Chi-Square Test. The threshold of statistical significance was defined as p < 0.05.

Results and Discussion

The first cellular line of defense against filamentous fungi consists of epithelial cells and phago-
cytes, particularly pulmonary alveolar macrophages [5,8]. Detection of fungal antigens such as
beta-glucans, galactomannan and zymosan by epithelial and phagocytic cells occurs via pattern
recognition receptors (PRRs), which recognize highly conserved structures expressed on the
cell wall of invading fungi. Pentraxin 3 (PTX3) is a soluble PRR that is rapidly released by neu-
trophils and other cell types in response to inflammatory signals [9]. PTX3 has potent anti-As-
pergillus activity [9] but its role in response to other filamentous fungi is unknown. Genetic
deficiency of PTX3 is associated with increased risk of IA in HSCT recipients [10]. Circulating
levels of PTX3 are elevated in hematological patients with IMI and normalize with successful
antifungal therapy [11]. In our cohort, PTX3 levels were significantly higher in patients with
IMI when compared to healthy controls (1.67 + 0.72 vs. 0.61 + 0.32, ng/mL, respectively;

p =0.0001) but they were similar between patients with IMI and non-IFI hematological con-
trols (S1A Fig). Compared to healthy volunteers, serum PTX3 levels were significantly elevated
in patients with IA (0.61 £ 0.32 vs. 1.57 + 0.69, ng/mL, respectively; p = 0.0009) (Fig 1A). How-
ever, PTX3 levels did not discriminate between cases of IA and patients with mucormycosis
(1.57 £ 0.69 vs. 1.97 + 0.84, ng/mL, respectively; p = 0.43) or hematological controls

(1.57 £ 0.69 vs. 1.63 £ 0. 7, ng/mL, respectively; p = 0.82). This observation is not surprising as
PTX3 is not highly specific for Aspergillus infection [8].

In addition to soluble PRRs, fungal recognition by the innate immune system relies on
membrane-bound PRRs. Dectin-1 and the Toll-like receptors (TLR) 2 and 4 are involved in
the recognition of Aspergillus spp and Mucorales spp in humans [5,8,12]. Polymorphisms in the
genes encoding dectin-1 (CLEC7A) and TLR4 are associated with increased susceptibility to IA
in hematological patients [13-15]. To gain insight into the expression of membrane-bound
PRRs in the setting of IMI, we next measured the surface levels of dectin-1, TLR2 and TLR4 on
circulating monocytes using flow cytometry. Monocyte counts were similar for all the study
groups (S3 Table). Potential blast cells were excluded at the time of analysis by gating on
CD45" 8" cells (S5 Fig). The percentage of dectin-1-expressing CD14+ cells was significantly
reduced in patients with IMI when compared to that of non-IFI hematological patients or
healthy controls (66.4 + 20.8 vs. 87.5 + 8.12 [p = 0.001] or 88.9 £ 7.02 [p = 0.0009], respectively)
(S1B Fig). This observation was true irrespective of the type of mold infection (Fig 1B): the fre-
quency of dectin-1-expressing monocytes was reduced in both patients with IA and patients
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Fig 1. Pattern recognition receptors in hematological patients with IMI. (a) Serum levels of PTX3 (ng/mL) measured by immunoassay in healthy controls
(blue circles; n = 6), hematological patients with IA (red squares; n = 12) or mucormycosis (black inverted triangles; n = 4) and non-IFl hematological controls
(green triangles; n = 16) are shown. *p<0.05, **p<0.01, and ***p<0.005 using the unpaired two-tailed Student’s t-test. (b-d) Surface expression of dectin-1
(b), TLR2 (c) and TLR4 (d) on monocytes was measured by flow cytometry. Gating on CD45M9"CD14+ cells was performed in order to avoid interference of
the analysis by potential blasts in leukemic patients with residual disease. Dot plots represent the percentage of monocytes (CD45""CD14+ cells)
expressing dectin-1, TLR2 or TLR4 in peripheral blood samples from healthy controls (blue circles; n = 7), hematological patients with |A (red squares;

n = 12) or mucormycosis (black triangles; n = 4) and non-IFl hematological controls (green triangles; n = 13). *p<0.05, **p<0.01 using the unpaired two-
tailed Student’s t-test. All data are shown as mean = s.e.m.

doi:10.1371/journal.pone.0123171.g001

with mucormycosis compared to non-IFI hematological controls (65.6 + 23.2 vs. 87.5 + 8.12;
p=0.008, and 68.7 + 13.4 vs. 87.5 + 8.12; p = 0.06, respectively). TLR2 expression was de-
creased in patients with mucormycosis but not in those with IA (p = 0.03 for mucormycosis vs.
all groups) (Fig 1C). The percentage of circulating monocytes expressing TLR2 was:

86.1 £6.77,98.9 + 1.23,98.7 £ 1.44, and 99.5 + 0.38 for mucormycosis, IA, non-IFI and healthy
control groups, respectively. In contrast, when compared to healthy controls (0.43 + 0.43), the
frequency of TLR4-expressing monocytes was significantly increased in patients with mucor-
mycosis (9.57 + 3.63; p = 0.01) and, to a less extent, in those with, IA (3.86 + 4.49; p = 0.04) and
non-IFI hematological controls (6.75 + 5.4; p = 0.003) (Fig 1D). Of note, all the patients with
IMI due to Mucorales spp received therapy with liposomal amphotericin B (S1 Table); thus,
this observation is consistent with the notion that exposure to liposomal amphotericin B upre-
gulates TLR4 expression [16]. These findings suggest that while dectin-1 expression is pro-
foundly reduced in both patients with IMI due to Aspergillus spp or Mucorales spp, TLR
diversion from TLR2 to TLR4 is characteristic of patients with mucormycosis. Reduced dectin-
1 expression in patients with IMI is consistent with studies showing that loss-of-function poly-
morphisms in CLEC7A result in increased susceptibility to IA following chemotherapy or
HSCT [13,15].
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Fungal recognition via PRRs is followed by antigen processing and presentation, and ulti-
mately, activation of the host adaptive immune response orchestrated by fungus-specific CD4+
T cells [8]. Since T-cell production capacity is significantly reduced in chemotherapy and
HSCT recipients [17], we first attempted to establish whether there were differences in the fre-
quency of circulating CD4+ T cells subsets in hematological patients by IMI status. Although
the absolute lymphocyte count and memory CD4+ T cell counts were similar across groups,
we observed a significantly reduced number of naive CD4+ T cells in patients with IA, but not
those with mucormycosis, compared to non-IFI controls (S3 Table). This finding suggests that
inadequate reconstitution of the naive CD4+ T cell compartment following chemotherapy or
HSCT might be associated with an increased risk of IA.

We next aimed to assess for qualitative defects in CD4+ T cells amongst hematological pa-
tients with IML. T helper (Th) 17 cells play an important role in anti-fungal immunity against
Aspergillus [8]. Since dectin-1-mediated fungal recognition favors Th17 differentiation [18,19],
we hypothesized that individuals with IMI have defects in the signaling pathways that lead to
Th17 differentiation. The Janus kinase/signal transducer and activator of transcription (JAK/
STAT) signaling pathways have an important role in the control of innate and adaptive im-
mune responses [20]. Assessment of JAK/STAT phosphorylation by phospho-specific flow
cytometric analysis (phospho-flow) [21,22] has been shown to be a useful strategy to identify
immune correlates of clinical outcomes in infectious diseases, autoimmunity and cancer [7,23-
25]. The interleukin-6 (IL-6)/STAT3 and interferon-gamma (IFN-y)/STAT1 pathways are crit-
ical for the development of Th17 cells [26] and macrophage activation, respectively. Using
phospho-flow, we measured IL-6-induced STAT3 and IFN-y-induced STAT1 phosphorylation
in circulating monocytes, naive and memory CD4+ T cells (Fig 2A). The percentage of naive
CD4+ T cells responding to IL-6, as measured by STAT3 phosphorylation, was significantly re-
duced in patients with IMI (S2 Fig). This observation was particularly true for patients with IA
when compared to healthy and non-IFI hematological controls (54 £ 26 vs. 90 £ 4.72
[p =0.0003] and 80.4 + 9.28 [p = 0.004], respectively) (Fig 2B and 2C). The number of memo-
ry CD4+ T cells responding to IL-6 was also reduced, though to a less extent, in IA when com-
pared to healthy and non-IFI hematological controls (Fig 2C). Patients with mucormycosis
had reduced numbers of monocytes and memory CD4+ T cells responding to IL-6, as com-
pared to healthy controls (Fig 2C). Monocyte and lymphocyte responsiveness to IFN-y was
similar across all study groups (Fig 2C). In addition to the reduced percentage of naive CD4+
T cells responding to IL-6 (Fig 2C), the magnitude of IL-6-induced STAT3 phosphorylation
on naive CD4+ T cells was also significantly reduced in patients with IA (Fig 2D) but not in
those with mucormycosis (fluorescence intensity fold change: 2.66 + 0.74 vs. 6.28 £ 2.66
[p=0.02] and 3.54 + 1.31 [p = 0.04] for IA vs. healthy and non-IFI hematological controls, re-
spectively). Similarly, IA cases exhibited defective monocyte responsiveness to IL-6, as mea-
sured by STAT3 phosphorylation (fluorescence intensity fold change: 2.40 + 1.08), when
compared to healthy and non-IFI controls (4.67 +1.81 [p = 0.03] and 3.50 + 1.23 [p = 0.04], re-
spectively) (Fig 2D). These findings are consistent with the increased risk of IA previously re-
ported in patients with autosomal dominant STAT3 deficiency [27,28].

As STAT3 mutations result in impaired Th17 cell responses [29], we next evaluated cyto-
kine production by Aspergillus-specific T cells. The magnitude of Aspergillus-induced cytokine
production was variable across groups (S3 Fig). IFN-vy in response to Aspergillus fumigatus ly-
sate was detectable in culture supernatants from 5 of 5 (100%) healthy controls, 5 of 7 (71.4%)
IA cases and 1 of 4 (25%) non-IFI hematological controls (S4 Fig). Aspergillus-induced IL-17
production was detectable in 3 of 5 (60%) healthy controls, 4 of 7 (57%) IA cases, and none of
the non-IFI hematological controls (Fig 3A and 3B). These results are consistent with the no-
tion that among hematological patients, fungus-specific T cells are detectable only in the
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Fig 2. STAT1 and STAT3 phosphorylation in hematological patients with IMI. (a-d) IFN-y-induced STAT1 phosphorylation and IL-6-induced STAT3
phosphorylation were measured in peripheral blood mononuclear cells using phospho-flow. (a) On the left, representative dot plots for gating of naive and
memory CD4+ T cells are shown; gating of T cells (CD3+) or monocytes (CD33+, not shown) was done on CD45M9" cells in order to avoid interference of the
analysis by potential blasts in leukemic patients with residual disease. On the right, representative histograms of the levels of phosphorylated STAT (pSTAT)
proteins in non-stimulated (NS) and cytokine-stimulated cells are shown; baseline pSTAT levels are shown in grey, IFN-y-induced pSTAT1 is shown in
purple and IL-6-induced pSTAT3 is shown in orange. (b) Representative histograms of IL-6 induced pSTAT3 (top row) and IFN-y-induced pSTAT1 (bottom
row) in different patient groups. Y axis corresponds to number of events (i.e. number of naive CD4+ T cells) and X axis corresponds to fluorescence intensity
(i.e. pPSTAT-Alexa Fluor 488). (c) Percentage of monocytes (CD45"9"CD33+ cells), naive T helper (Th) cells (CD45"9"CD3+CD4+CD45R0- cells) and
memory Th cells (CD45M9"CD3+CD4+CD45R0+ cells) expressing pSTAT3 (top row) and pSTAT1 (bottom row) in response to IL-6 and IFN-y, respectively,
in healthy controls (blue circles; n = 7), hematological patients with IA (red squares; n = 13) or mucormycosis (black inverted triangles; n = 4) and non-IFI
hematological controls (green triangles; n = 15). *p<0.05, **p<0.01 and ***p<0.005 using the unpaired two-tailed Student’s t-test. Data are shown as
mean + s.e.m. (d) Heat map for log2 scale of mean fluorescence intensity (MFI) fold change. Fold change was calculated by dividing the MFI of the cytokine-
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stimulated sample by that of the unstimulated sample. Heat map color scale is showed in the bottom. Each row on the heat map corresponds to an individual
patient or control as indicated by the study ID number on the left. Each column on the heat map corresponds to specific cell type/pSTAT as indicated on the
top. Note reduced IL-6-induced pSTAT3 in monocytes (p = 0.01 for IA vs. healthy controls and p<0.05 for IA vs. non-IFI) and naive CD4+ T cells (p = 0.006
for IA vs. healthy controls and p = 0.04 for IA vs. non-IFI) from patients with IA, using unpaired two-tailed Student’s t-test.

doi:10.1371/journal.pone.0123171.9002

context of a sizeable, clinically evident, fungal burden [30]. Addition of IL-6 to the culture su-
pernatants resulted in increased production of IL-17, as compared to Aspergillus fumigatus ly-
sate alone, in healthy (388 + 242 vs. 256 + 257, pg/mL; p = 0.02) and non-IFI hematological
controls (87 £ 30 vs. 57 + 33, pg/mL; p = 0.016). However, this IL-17 boosting effect of IL-6
was not seen in A patients (76 + 37 vs. 83 + 40, pg/mL; p = 0.66) (Fig 3A). IL-6 did not influ-
ence Aspergillus-induced IFN-y production in any group (S4 Fig).

In summary, hematological patients with IA had an immune phenotype characterized by
defective dectin-1 expression on monocytes, a depleted naive CD4+ T cell compartment; and
impaired responsiveness to IL-6 as measured by STAT3 phosphorylation on monocytes and
CD4+ T cells as well as by IL-17 production in culture supernatants. A pivotal role for IL-6 in
protective immunity against Aspergillus has been reported in mice [31] but until now, human
data was lacking. Although the small number of cases prevents us from drawing any conclu-
sions in the mucor group, patients with mucormycosis tended to have reduced dectin-1 levels
and were characterized by a diversion from TRL2 to TLR4 expression. These findings improve
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our understanding about the immunological profile underlying susceptibility to IMI in chemo-
therapy and HSCT recipients. Whether these immune phenotypes have a role in prediction of

clinical outcomes or constitute suitable therapeutic targets in hematological patients should be

evaluated in future studies.

Supporting Information

S1 Fig. Pattern recognition receptors in hematological patients with IMI. (a) Serum levels
of PTX3 (ng/mL) measured by immunoassay in healthy controls (blue circles; n = 6), hemato-
logical patients with IMI (n = 16; IA cases are shown in red squares [n = 12] and mucormycosis
cases are shown in red diamonds [n = 4]) and non-IFI hematological controls (green triangles;
n = 16) are shown. ***p<0.005 using the unpaired two-tailed Student’s ¢-test. (b) Expression of
dectin-1, TLR2 and TLR4 was measured by flow cytometry. Representative dot plots for gating
of monocytes are shown on the left; gating on CD45highCD14+ cells was performed in order
to avoid interference of the analysis by potential blasts in leukemic patients with residual dis-
ease. Bars on the right represent the percentage of monocytes (CD45highCD14+ cells) express-
ing dectin-1, TLR2 or TLR4 in peripheral blood samples from healthy controls (blue bars;

n = 7), hematological patients with IMI (red bars; n = 16) and non-IFI hematological controls
(green bars; n = 13). “p<0.05 and *** p <0.005 using the unpaired two-tailed Student’s ¢-test.
All data are shown as mean + s.e.m.

(PDF)

S2 Fig. STAT1 and STAT3 phosphorylation in hematological patients with IMI. IFN-y-in-
duced STAT1 phosphorylation and IL-6-induced STAT3 phosphorylation were measured in
peripheral blood mononuclear cells using phospho-flow. Percentage of monocytes
(CD45highCD33+ cells), naive T helper (Th) cells (CD45highCD3+CD4+CD45RO- cells) and
memory Th cells (CD45highCD3+CD4+CD45RO+ cells) expressing pSTAT3 (left panels) and
PSTAT1 (right panels) in response to IL-6 and IFN-y, respectively, in healthy controls (blue
circles; n = 7), hematological patients with IMI (n = 17; IA cases shown in red squares [n = 13]
and mucormycosis cases shown in red diamonds [n = 4]) and non-IFI hematological controls
(green triangles; n = 14). *p<0.05, **p<0.01 and ***p<0.005 using the unpaired two-tailed Stu-
dent’s t-test. Data are shown as mean + s.e.m.

(PDF)

S3 Fig. Aspergillus-induced cytokine production. IL-17 (left panels) and IFN-y (right panels)
levels were measured by immunoassay on peripheral blood mononuclear cell culture superna-
tants from healthy controls (n = 5), IA cases (n = 7) and non-IFI hematological controls (n = 4)
after 72hr of stimulation with Aspergillus fumigatus lysate (50 ug/mL). Bottom panels show
fold change after addition of IL-6 to the culture media calculated by dividing cytokine levels in
response to Aspergillus (50 pg/mL) plus IL-6 (100 ng/mL) by those of cells stimulated with As-
pergillus lysate alone. *p<0.05 using the unpaired two-tailed Student’s t-test. Data are shown as
mean * s.e.m.

(PDF)

$4 Fig. Effect of IL-6 on Aspergillus-induced IFN-y production. (a) Levels of IFN-y (IU/mL)
measured by immunoassay on culture supernatants are shown. Left panels show the levels of
IFN-y in peripheral blood mononuclear cells (PBMCs) incubated in media alone (NS) or in the
presence of Aspergillus fumigatus lysate (50 pug/mL) for 72hr. Right panels correspond to levels
of IFN-y in PBMCs incubated with Aspergillus fumigatus alone or in the presence of recombi-
nant human IL-6 (100 ng/mL). Each line corresponds to an individual patient or control as in-
dicated by the study ID number on the right. *p<0.05 using the paired two-tailed Student’s ¢-
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test. (b) Heat map for log2 scale of IFN-v levels fold change. Each row on the heat map corre-
sponds to an individual patient or control as indicated by the study ID number on the left.
Fold change was calculated by dividing the IFN-y levels produced in response to Phorbol
12-Myristate 13-Acetate and ionomycin (50 ng/mL and 1 pg/mL, respectively; depicted as
PMA/Io) or Aspergillus fumigatus (50 ug/mL; depicted as Aspergillus) stimulation by those of
non-stimulated cells; and by dividing IFN-y levels in response to Aspergillus (50 pg/mL) plus
IL-6 (100 ng/mL) by those of cells stimulated with Aspergillus lysate alone (depicted as Asp +
IL-6). Heat map color scale is showed in the bottom.

(PDF)

S5 Fig. Representative gating of monocytes for surface expression of PRRs. At least 10,000
gated events were collected for each sample. Singlet events were acquired based on forward
scatter and side scatter properties. Potential blast cells were excluded at the time of analysis by
gating on CD45high cells. Dead cells were excluded on the basis of forward scatter and side
scatter properties, and live/dead staining. The following markers were analyzed: Dectin-
1-APC, TLR2-FITC, TLR4-AF700, CD14-PE-Cy7, CD45-PE, and fixed viability stain 450.
(PDF)

S6 Fig. Representative gating of naive T helper cells for phospho-flow. At least 10,000 gated
events were collected for each sample. Singlet events were acquired based on forward scatter
and side scatter properties. Potential blast cells were excluded at the time of analysis by gating
on CD45high cells. Dead cells were excluded on the basis of forward scatter and side scatter
properties. The following markers were analyzed: CD3-PE/Cy7, CD4-APC/Cy7, CD45RO--
PerCP/Cy5.5, CD33-APC, CD45-PE and STAT1 (pY701)-AF488 or STAT3 (pY705)-AF488.
(PDF)

S1 Table. Clinical features of patients.
(PDF)

$2 Table. Demographic and selected clinical features by study group.
(PDF)

S3 Table. White blood cell counts and mononuclear cell subpopulations for study patients.
(PDF)

$4 Table. Dectin-1 and pSTATS3 levels by time of sample collection.
(PDF)

Acknowledgments

We are indebted to all the patients that participated in the present study. Because of space con-
straints, we regret our inability to cite other excellent work relevant to the present article.

Author Contributions

Conceived and designed the experiments: JEC AB SH. Performed the experiments: JFC AB.
Analyzed the data: JEC AB. Contributed reagents/materials/analysis tools: DK RK RP AS MS
JHL VG AH. Wrote the paper: JFC AB SH.

References

1. Jenq RR, van den Brink MR. Allogeneic haematopoietic stem cell transplantation: individualized stem
cell and immune therapy of cancer. Nat Rev Cancer 2010; 10(3):213-221. doi: 10.1038/nrc2804
PMID: 20168320

PLOS ONE | DOI:10.1371/journal.pone.0123171  April 2, 2015 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0123171.s010
http://dx.doi.org/10.1038/nrc2804
http://www.ncbi.nlm.nih.gov/pubmed/20168320

@’PLOS | ONE

IL-6 Responsiveness in Invasive Aspergillosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kontoyiannis DP, Marr KA, Park BJ, Alexander BD, Anaissie EJ, Walsh TJ et al. Prospective surveil-
lance for invasive fungal infections in hematopoietic stem cell transplant recipients, 2001-2006: over-
view of the Transplant-Associated Infection Surveillance Network (TRANSNET) Database. Clin Infect
Dis 2010; 50(8):1091-1100. doi: 10.1086/651263 PMID: 20218877

Neofytos D, Horn D, Anaissie E, Steinbach W, Olyaei A, Fishman J et al. Epidemiology and outcome of
invasive fungal infection in adult hematopoietic stem cell transplant recipients: analysis of Multicenter
Prospective Antifungal Therapy (PATH) Alliance registry. Clin Infect Dis 2009; 48(3):265-273. doi: 10.
1086/595846 PMID: 19115967

Marr KA, Carter RA, Boeckh M, Martin P, Corey L. Invasive aspergillosis in allogeneic stem cell trans-
plant recipients: changes in epidemiology and risk factors. Blood 2002; 100(13):4358-4366. PMID:
12393425

Roilides E, Kontoyiannis DP, Walsh TJ. Host defenses against zygomycetes. Clin Infect Dis 2012; 54
Suppl 1:S61-6. doi: 10.1093/cid/cir869.:561-S66. PMID: 22247447

De PB, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, Calandra T et al. Revised definitions of inva-
sive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases My-
coses Study Group (EORTC/MSG) Consensus Group. Clin Infect Dis 2008; 46(12):1813-1821. doi:
10.1086/588660 PMID: 18462102

Camargo JF, Kulkarni H, Agan BK, Gaitan AA, Beachy LA, Srinivas S et al. Responsiveness of T cells
to interleukin-7 is associated with higher CD4+ T cell counts in HIV-1-positive individuals with highly ac-
tive antiretroviral therapy-induced viral load suppression. J Infect Dis 2009; 199(12):1872-1882. doi:
10.1086/598858 PMID: 19432535

Camargo JF, Husain S. Immune correlates of protection in human invasive aspergillosis. Clin Infect Dis
2014; 59(4):569-577. doi: 10.1093/cid/ciu337 PMID: 24803380

Jaillon S, Peri G, Delneste Y, Fremaux |, Doni A, Moalli F et al. The humoral pattern recognition receptor
PTX3 is stored in neutrophil granules and localizes in extracellular traps. J Exp Med 2007; 204(4):793—
804. PMID: 17389238

Cunha C, Aversa F, Lacerda JF, Busca A, Kurzai O, Grube M et al. Genetic PTX3 deficiency and asper-
gillosis in stem-cell transplantation. N Engl J Med 2014; 370(5):421-432. doi: 10.1056/
NEJMoa1211161 PMID: 24476432

Biagi E, Col M, Migliavacca M, Dell'Oro M, Silvestri D, Montanelli A et al. PTX3 as a potential novel tool
for the diagnosis and monitoring of pulmonary fungal infections in immuno-compromised pediatric pa-
tients. J Pediatr Hematol Oncol 2008; 30(12):881-885. doi: 10.1097/MPH.0b013e318180bc1d PMID:
19131771

Brown GD. Dectin-1: a signalling non-TLR pattern-recognition receptor. Nat Rev Immunol 2006; 6
(1):33-43. PMID: 16341139

Cunha C, Di IM, Bozza S, Giovannini G, Zagarella S, Zelante T et al. Dectin-1 Y238X polymorphism as-
sociates with susceptibility to invasive aspergillosis in hematopoietic transplantation through im-
pairment of both recipient- and donor-dependent mechanisms of antifungal immunity. Blood 2010; 116
(24):5394-5402. doi: 10.1182/blood-2010-04-279307 PMID: 20807886

Bochud PY, Chien JW, Marr KA, Leisenring WM, Upton A, Janer M et al. Toll-like receptor 4 polymor-
phisms and aspergillosis in stem-cell transplantation. N Engl J Med 2008; 359(17):1766—1777. doi: 10.
1056/NEJM0a0802629 PMID: 18946062

Sainz J, Lupianez CB, Segura-Catena J, Vazquez L, Rios R, Oyonarte S et al. Dectin-1 and DC-SIGN
polymorphisms associated with invasive pulmonary Aspergillosis infection. PLoS One 2012; 7(2):
€32273. doi: 10.1371/journal.pone.0032273 PMID: 22384201

Bellocchio S, Gaziano R, Bozza S, Rossi G, Montagnoli C, Perruccio K et al. Liposomal amphotericin B
activates antifungal resistance with reduced toxicity by diverting Toll-like receptor signalling from TLR-2
to TLR-4. J Antimicrob Chemother 2005; 55(2):214-222. PMID: 15649994

Ringhoffer S, Rojewski M, Dohner H, Bunjes D, Ringhoffer M. T-cell reconstitution after allogeneic stem
cell transplantation: assessment by measurement of the sjTREC/betaTREC ratio and thymic naive T
cells. Haematologica 2013; 98(10):1600—1608. doi: 10.3324/haematol.2012.072264 PMID: 23585532

Chamilos G, Ganguly D, Lande R, Gregorio J, Meller S, Goldman WE et al. Generation of IL-23 produc-
ing dendritic cells (DCs) by airborne fungi regulates fungal pathogenicity via the induction of T(H)-17 re-
sponses. PLoS One 2010; 5(9):e12955. doi: 10.1371/journal.pone.0012955 PMID: 20886035

Rivera A, Hohl TM, Collins N, Leiner |, Gallegos A, Saijo S et al. Dectin-1 diversifies Aspergillus fumiga-
tus-specific T cell responses by inhibiting T helper type 1 CD4 T cell differentiation. J Exp Med 2011;
208(2):369-381. doi: 10.1084/jem.20100906 PMID: 21242294

Shuai K, Liu B. Regulation of JAK-STAT signalling in the immune system. Nat Rev Immunol 2003; 3
(11):900-911. PMID: 14668806

PLOS ONE | DOI:10.1371/journal.pone.0123171

April 2,2015 11/12


http://dx.doi.org/10.1086/651263
http://www.ncbi.nlm.nih.gov/pubmed/20218877
http://dx.doi.org/10.1086/595846
http://dx.doi.org/10.1086/595846
http://www.ncbi.nlm.nih.gov/pubmed/19115967
http://www.ncbi.nlm.nih.gov/pubmed/12393425
http://dx.doi.org/10.1093/cid/cir869
http://www.ncbi.nlm.nih.gov/pubmed/22247447
http://dx.doi.org/10.1086/588660
http://www.ncbi.nlm.nih.gov/pubmed/18462102
http://dx.doi.org/10.1086/598858
http://www.ncbi.nlm.nih.gov/pubmed/19432535
http://dx.doi.org/10.1093/cid/ciu337
http://www.ncbi.nlm.nih.gov/pubmed/24803380
http://www.ncbi.nlm.nih.gov/pubmed/17389238
http://dx.doi.org/10.1056/NEJMoa1211161
http://dx.doi.org/10.1056/NEJMoa1211161
http://www.ncbi.nlm.nih.gov/pubmed/24476432
http://dx.doi.org/10.1097/MPH.0b013e318180bc1d
http://www.ncbi.nlm.nih.gov/pubmed/19131771
http://www.ncbi.nlm.nih.gov/pubmed/16341139
http://dx.doi.org/10.1182/blood-2010-04-279307
http://www.ncbi.nlm.nih.gov/pubmed/20807886
http://dx.doi.org/10.1056/NEJMoa0802629
http://dx.doi.org/10.1056/NEJMoa0802629
http://www.ncbi.nlm.nih.gov/pubmed/18946062
http://dx.doi.org/10.1371/journal.pone.0032273
http://www.ncbi.nlm.nih.gov/pubmed/22384201
http://www.ncbi.nlm.nih.gov/pubmed/15649994
http://dx.doi.org/10.3324/haematol.2012.072264
http://www.ncbi.nlm.nih.gov/pubmed/23585532
http://dx.doi.org/10.1371/journal.pone.0012955
http://www.ncbi.nlm.nih.gov/pubmed/20886035
http://dx.doi.org/10.1084/jem.20100906
http://www.ncbi.nlm.nih.gov/pubmed/21242294
http://www.ncbi.nlm.nih.gov/pubmed/14668806

@’PLOS | ONE

IL-6 Responsiveness in Invasive Aspergillosis

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Krutzik PO, Nolan GP. Intracellular phospho-protein staining techniques for flow cytometry: monitoring
single cell signaling events. Cytometry A 2003; 55(2):61-70. PMID: 14505311

Krutzik PO, Irish JM, Nolan GP, Perez OD. Analysis of protein phosphorylation and cellular signaling
events by flow cytometry: techniques and clinical applications. Clin Immunol 2004; 110(3):206—221.
PMID: 15047199

Irish JM, Hovland R, Krutzik PO, Perez OD, Bruserud O, Gjertsen BT et al. Single cell profiling of poten-
tiated phospho-protein networks in cancer cells. Cell 2004; 118(2):217-228. PMID: 15260991

Lee AW, Sharp ER, O'Mahony A, Rosenberg MG, Israelski DM, Nolan GP et al. Single-cell, phosphoe-
pitope-specific analysis demonstrates cell type- and pathway-specific dysregulation of Jak/STAT and
MAPK signaling associated with in vivo human immunodeficiency virus type 1 infection. J Virol 2008;
82(7):3702-3712. doi: 10.1128/JV1.01582-07 PMID: 18216116

Huang X, Guo Y, Bao C, Shen N. Multidimensional single cell based STAT phosphorylation profiling
identifies a novel biosignature for evaluation of systemic lupus erythematosus activity. PLoS One 2011;
6(7):e21671. doi: 10.1371/journal.pone.0021671 PMID: 21799742

Muranski P, Restifo NP. Essentials of Th17 cell commitment and plasticity. Blood 2013; 121(13):2402—
2414. doi: 10.1182/blood-2012-09-378653 PMID: 23325835

Vinh DC, Sugui JA, Hsu AP, Freeman AF, Holland SM. Invasive fungal disease in autosomal-dominant
hyper-IgE syndrome. J Allergy Clin Immunol 2010; 125(6):1389-1390. doi: 10.1016/j.jaci.2010.01.047
PMID: 20392475

Chandesris MO, Melki |, Natividad A, Puel A, Fieschi C, Yun L et al. Autosomal dominant STAT3 defi-
ciency and hyper-IgE syndrome: molecular, cellular, and clinical features from a French national sur-
vey. Medicine (Baltimore) 2012; 91(4):e1-19. doi: 10.1097/MD.0b013e31825f95b9 PMID: 22751495

Milner JD, Brenchley JM, Laurence A, Freeman AF, Hill BJ, Elias KM et al. Impaired T(H)17 cell differ-
entiation in subjects with autosomal dominant hyper-IgE syndrome. Nature 2008; 452(7188):773-776.
doi: 10.1038/nature06764 PMID: 18337720

Potenza L, Vallerini D, Barozzi P, Riva G, Forghieri F, Zanetti E et al. Mucorales-specific T cells emerge
in the course of invasive mucormycosis and may be used as a surrogate diagnostic marker in high-risk
patients. Blood 2011; 118(20):5416-5419. doi: 10.1182/blood-2011-07-366526 PMID: 21931119

Cenci E, Mencacci A, Casagrande A, Mosci P, Bistoni F, Romani L. Impaired antifungal effector activity
but not inflammatory cell recruitment in interleukin-6-deficient mice with invasive pulmonary aspergillo-
sis. J Infect Dis 2001; 184(5):610-617. PMID: 11494166

PLOS ONE | DOI:10.1371/journal.pone.0123171

April 2,2015 12/12


http://www.ncbi.nlm.nih.gov/pubmed/14505311
http://www.ncbi.nlm.nih.gov/pubmed/15047199
http://www.ncbi.nlm.nih.gov/pubmed/15260991
http://dx.doi.org/10.1128/JVI.01582-07
http://www.ncbi.nlm.nih.gov/pubmed/18216116
http://dx.doi.org/10.1371/journal.pone.0021671
http://www.ncbi.nlm.nih.gov/pubmed/21799742
http://dx.doi.org/10.1182/blood-2012-09-378653
http://www.ncbi.nlm.nih.gov/pubmed/23325835
http://dx.doi.org/10.1016/j.jaci.2010.01.047
http://www.ncbi.nlm.nih.gov/pubmed/20392475
http://dx.doi.org/10.1097/MD.0b013e31825f95b9
http://www.ncbi.nlm.nih.gov/pubmed/22751495
http://dx.doi.org/10.1038/nature06764
http://www.ncbi.nlm.nih.gov/pubmed/18337720
http://dx.doi.org/10.1182/blood-2011-07-366526
http://www.ncbi.nlm.nih.gov/pubmed/21931119
http://www.ncbi.nlm.nih.gov/pubmed/11494166


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /MediumResolution
      >>
      /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


