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Immunoprofiling of
monocytes in STAT1
gain-of-function chronic
mucocutaneous candidiasis

Marketa Bloomfield1,2†, Irena Zentsova1†, Tomas Milota1,
Anna Sediva1 and Zuzana Parackova1*

1Department of Immunology, 2ndFaculty of Medicine Charles University, University Hospital in
Motol, Prague, Czechia, 2Department of Paediatrics, Thomayer University Hospital, First Faculty of
Medicine, Charles University, Prague, Czechia
Patients with STAT1 gain-of-function (GOF) mutations suffer from an inborn

error of immunity hallmarked by chronic mucocutaneous candidiasis (CMC).

The pathogenesis behind this complex and heterogeneous disease is still

incompletely understood. Beyond the well-recognized Th17 failure, linked to

the STAT1/STAT3 dysbalance-driven abrogation of antifungal defense, only

little is known about the consequences of augmented STAT1 signaling in other

cells, including, interestingly, the innate immune cells. STAT1-mediated

signaling was previously shown to be increased in STAT1 GOF CD14+

monocytes. Therefore, we hypothesized that monocytes might represent

important co-orchestrators of antifungal defense failure, as well as various

immunodysregulatory phenomena seen in patients with STAT1 GOF CMC,

including autoimmunity. In this article, we demonstrate that human STAT1 GOF

monocytes are characterized by proinflammatory phenotypes and a strong

inflammatory skew of their secretory cytokine profile. Moreover, they exhibit

diminished CD16 expression, and reduction of classical (CD14++C16-) and

expansion of intermediate (CD14++16+) subpopulations. Amongst the

functional aberrations, a selectively enhanced responsiveness to TLR7/8

stimulation, but not to other TLR ligands, was noted, which might represent

a contributing mechanism in the pathogenesis of STAT1 GOF-associated

autoimmunity. Importantly, some of these features extend to STAT1 GOF

monocyte-derived dendritic cells and to STAT1 GOF peripheral myeloid

dendritic cells, suggesting that the alterations observed in monocytes are, in

fact, intrinsic due to STAT1 mutation, and not mere bystanders of chronic

inflammatory environment. Lastly, we observe that the proinflammatory bias of

STAT1 GOF monocytes may be ameliorated with JAK inhibition. Taken

together, we show that monocytes likely play an active role in both the

microbial susceptibility and autoimmunity in STAT1 GOF CMC.
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Introduction

Hypermorphic mutations in signal transducer and activator

of transcription 1 gene (STAT1 gain-of-function, STAT1 GOF)

in humans cause an inborn error of immunity which is

hallmarked by chronic mucocutaneous candidiasis (CMC).

This complex syndrome of immune dysregulation displays a

broad phenotype beyond the microbial susceptibility, including

autoimmunity (often severe and life threatening), malignancy

and vascular abnormalities (1–4). While the increased fungal

susceptibility is now well linked to the failure of Th17 immunity

(5), the non-infectious features of STAT1 GOF CMC are much

less understood. JAK inhibition (with compounds ruxolitinib or

baricitinib) have recently proved effective in ameliorating both

the candida susceptibility and the autoimmunity in some

patients with STAT1 GOF mutations (6, 7).

The Janus Activating Kinase (JAK)/STAT pathway is

utilized by both adaptive and innate immune cells in response

to signals from many various cytokines and hormones. It

encompasses seven structurally homologous STAT proteins

which are involved in a range of essential cellular processes,

such as growth, differentiation, metabolism and immune

functions (8–10). STAT1 transduces signals from interferons

and IL-27, promoting the expression of interferon-stimulated

genes (11). In the cells of STAT1 GOF patients (as well as in

STAT1 GOF cell models), increased STAT1 activity is proposed

to be caused by one, or a combination of the following:

augmented STAT1 phosphorylation, delayed STAT1

dephosphorylation, increased total STAT1 protein levels or

increased stability of the STAT1 dimer (12, 13). These events

likely result in altered histone acetylation upon STAT1-DNA

interaction. Consequently, the transcription of STAT3-inducible

genes is reduced, as STAT1 and STAT3 compete for the DNA-

binding sites. Thus, the STAT3-mediated Th17 differentiation is

hampered, and the Th17-dependent defense against Candida is

impaired (5, 14, 15).

Although more than 100 STAT1 GOF mutations in over 400

patients have been identified worldwide to date (16), only two

studies (suggesting the functional alteration of natural killer

cells) have addressed the possible involvement of innate immune

cells in the disease, beyond the description of increased pSTAT1

(17, 18). Monocytes are innate immune cells involved not only in

the first-line antimicrobial host defense, but also in the initiation,

mediation, and regulation of inflammatory processes, as well as

in the tissue repair and homeostatic processes (19). This cell

lineage is derived from bone marrow from a common precursor

shared with macrophages and dendritic cells (DCs), into which

monocytes may also differentiate directly. Three distinct subsets

of monocytes are recognized: the classical (CD14++ CD16-),

intermediate (CD14++ CD16+) and nonclassical (CD14+CD16

++). These subsets differ in numbers, blood/tissue distribution,
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and functional properties (20). Interestingly, monocytes have

been associated with various autoimmune diseases or

immunodysregulatory phenomena (21) and previous research

showed that STAT1 GOF mutations affect the JAK/STAT1-

mediated signaling in CD14+ monocytes (1, 3, 13, 22).

Therefore, we hypothesized that monocytes might play an

active role in the pathogenesis of immune dysregulation in

STAT1 GOF CMC, perhaps even beyond the fungal

susceptibility. In this report, we set out to explore the

phenotype and functions of human ex-vivo STAT1

GOF monocytes.
Methods

Patients

The biologic material was obtained from 8 Czech patients

followed at the Department of Immunology, 2nd Faculty of

Medicine, Charles University and University Hospital in Motol,

who were diagnosed with CMC due to STAT1 mutation. All

patients were non-consanguineous, of Caucasian ethnicity, 3

males and 5 females, the median age was 45 years (range 8–52

years). All patients suffered from CMC of various severity, three

had clinical ly manifest autoimmunity and six had

autoantibodies against organ-nonspecific antigens. All

patients received antifungal prophylaxis. Three patients

received selective Janus kinases (JAK) 1/2 inhibitor ruxolitinib

(one each for CMC and severe autoimmune anemia, refractory

CMC and severe lung disease, and CMC and severe keratitis,

respectively, all of which improved on the treatment), however

majority of samples for this study were obtained prior to

ruxolitinib initiation, unless indicated otherwise. No patients

received any other immunomodulatory compounds at the time

of sampling or during a relevant period prior to sampling. The

mutations within the cohort include previously described

heterozygous mutations causing amino acid change in p.E29A,

p.Y68C, p.A267V, p.T288N, p.N357D and p.M390T (Figure 1A).

Consistently with STAT1 GOF immunophenotype, all patients

had increased IFNa- and/or IFNg-induced STAT1 signaling in

CD3+ T cells and low numbers of peripheral CD4+ Th17 cells.

Monocyte counts were within age-matched reference ranges in all

patients (Supplementary Table). Corresponding age and sex-

matched healthy donors (HD) were enrolled into the study. The

study was carried out in accordance with the recommendations of

the Ethical Committee of the second Faculty of Medicine, Charles

University in Prague, and University Hospital in Motol, Czech

Republic. The study protocol was approved by the institutional

Ethical Committee. All subjects or their legal guardians gave

written informed consents with the research and publication in

accordance with the Declaration of Helsinki.
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Phosphoflow

Whole blood was stimulated with 1µg/ml IFNg or IFNa
(Abcam, Cambridge, UK) for 5, 15, 30, 60 and 120 minutes or

left untreated at 37°C. Intracellular signaling was prevented by

using 4% paraformaldehyde without methanol for 10 minutes at

room temperature. Erythrocytes were lysed using 0,1% Triton-X

for 20 minutes (Sigma Aldrich, St. Luis, USA) at 37°C, leukocytes
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were permeabilized with ice-cold 80% methanol for 30 minutes

and stained with anti-phosphoSTAT1-BV421 (Tyr701) (clone

4a) and anti-phosphoSTAT3-PE (Tyr705) (clone 4/5-STAT3)

(both from BD Bioscience, San Jose, USA), anti CD14-APC

(63D3), CD66b-PC7 (clone G10F5) (BioLegend, San Diego,

USA) in case of whole blood. The samples were acquired on

BD Fortessa (BD Biosciences), and data analysis was performed

using FlowJo (TreeStar).
B C

D

A

FIGURE 1

STAT1 mutations in the patient cohort. (A) STAT1 mutations in the 3D dimeric protein structure; the position of each mutation is
highlighted (B) Representative histogram of STAT1 phosphorylation (Tyr701) upon IFNa stimulation in STAT1 GOF and HDs’
monocytesdetected by flow cytometry (C) Kinetics of STAT1 and STAT3 phosphorylation (Tyr701) upon IFNa stimulation in STAT1 GOF (n =
3) and HDs’ monocytes (n = 4) detected by flow cytometry (D) Phosphorylation of STAT1 (pSTAT1; Tyr701) and STAT3 (pSTAT3; Tyr705)
upon IFNg and IFNa stimulation in STAT1 GOF (n = 7) and HDs’ monocytes (n = 11) detected by flow cytometry HD - healthy donors; Tyr -
tyrosine. Values are standardized and expressed as median values. Statistical analyses were performed using paired t-tests. Values of
p<0.05 (*), p<0.01 were considered statistically significant.
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Monocyte and DC subsets

Monocytes and dendritic cells from peripheral blood were

stained with the following antibodies: Lin-FITC (CD3, CD19,

CD20 and CD56), CD16-A700 (clone 3G8), CD11c-APC (clone

BU15), CD14-PE-DyLight594 (clone MEM-15) CD5-APC

(L17F12) (Exbio), HLA-DR-PerCP (clone L243) (BD

Biosciences), CD123-PE-Cy7 (clone 6H6), CCR2-BV421

(clone K036C2), CD1c-BV510 (clone L161), CD141-BV421

(clone M80) CD163-BV510 (GHI/61) (Biolegend), for 30

minutes in the dark. The cells were then lysed, centrifuged,

resuspended and data were acquired on BD Fortessa (BD

Biosciences), and data analysis was performed using

FlowJo (TreeStar).
Monocyte and DC phenotype

Monocytes and dendritic cells from peripheral blood were

stained with the following antibodies: Lin-FITC (CD3, CD19,

CD20 and CD56), CD16-A700 (clone 3G8), CD11c-APC

(clone BU15), CD14-PE-DyLight594 (clone MEM-15),

CD86-PE (clone BU63) (Exbio), HLA-DR-PerCP (clone

L243) (BD Biosciences), PD-L1-BV510 (clone 29E.2A3),

PD-1-BV421 (clone EH12.2H7), CD123-PE-Cy7 (clone

6H6), CD40-BV650 (clone 5C3) (Biolegend) for 30 minutes

in the dark. The cells were then lysed, centrifuged,

resuspended and data were acquired on BD Fortessa (BD

Biosciences), and data analysis was performed using

FlowJo (TreeStar).
Monocyte and DC maturation

Peripheral blood was stimulated with LPS (1ug/ml),

zymosan (100ng/ml), R848 (1ug/ml), polyI:C (50ug/ml),

IFNg (1ug/ml), heat-killed 1x106 C. albicans or left

untreated for 24 hours. Then CD86 expression was detected

by staining the peripheral blood with Lin-FITC (CD3, CD19,

CD20 and CD56), CD16-A700 (clone 3G8), CD11c-APC

(clone BU15), CD14-PE-DyLight594 (clone MEM-15),

CD86-PE (clone BU63), HLA-DR-PerCP (clone L243) (BD

Biosciences), CD123-PE-Cy7 (clone 6H6), CD1c-BV510

(clone L161) and CD141-BV421 (clone M80) (Biolegend)

for 30 minutes in the dark. The cells were then lysed,

centrifuged, resuspended and data were acquired on BD

Fortessa (BD Biosciences), and data analysis was performed

using FlowJo (TreeStar).
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Cytokine production

For intracellular cytokine detection, 100ul of peripheral

blood from heparin coated tubes was stained against lineage

specific markers (CD3, CD19, CD20, CD56) conjugated with

FITC, CD16-Alexa Fluor 700, CD11c-APC, CD14-PE-

DyLight594 (Exbio), HLA-DR-PerCP (BD Biosciences), CD1c-

BV510, CD141-BV421 (BioLegend), and CD123-PE-Cy7

(ThermoFisher Scientific). After RBC were lysed with BD

Lysing solution (BD Biosciences), cells were fixed and

permeabilized using FixPerm kit (ThermoFisher Scientific).

Cytokines were stained using anti IL-6-PE (clone MQ2-13A5)

(Biolegend), IL-1b-PE (clone CRM56) – (ThermoFisher

Scientific) TNFa-PE (clone MAb11) (Exbio) or CXCL10-PE

(clone J034D6), respectively. When indicated, peripheral blood

was stimulated with R848 (1ug/ml) for 4 hours and 1 ml/ml

Brefeldin A (Biolegend) was added for the last 3 h of the

incubation (BD Biosciences). CXCL10 production was

detected as described above.
CD16 expression

For CD16 extracellular detection, whole blood was stained

with the following antibodies: Lin-FITC (CD3, CD19, CD20

and CD56), CD16-A700 (clone 3G8), CD11c-APC (clone

BU15), CD14-PE-DyLight594 (clone MEM-15) (Exbio),

CCR2-BV421 (clone K036C2) (Biolegend), HLA-DR-PerCP

(clone L243) (BD Biosciences). For intracellular CD16

detection the whole blood was lysed, fixed and permeabilized

before CD16-A700 staining. Data was acquired on BD Fortessa

(BD Biosciences), and data analysis was performed using

FlowJo (TreeStar).
Generation of monocyte-derived
dendritic cells

Monocyte-derived DCs (cDCs) were generated from

adherent monocytes cultured in IL-4 (20ng/mL) and GM-CSF

(500IU/mL) (CellGenix, Freiburg, Germany) presence for 6

days. The cytokines were replenished on day 3. On day 6, the

cells were harvested, seeded in 96-well plates at 1x106/mL

concentration and the next day the phenotype and cell-free

supernatant was collected for cytokine production assessment.

Cells were stained with anti, CD14-PEDy590 (clone MEM15),

CD86-PerCP (clone BU63), CD16-A700 (clone 3G8) (Exbio),

HLA-DR-A700 (clone L243), CD40-BV650 (clone 5C3), PD-L1-
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BV510 (clone 29E.2A3) (BioLegend). The samples were

collected using BD Fortessa (BD Biosciences) and BD

FACSDiva software (BD Biosciences) was used for signal

acquisition. Cytokine production was determined byLuminex

xMAP technology.
Serum cytokine/chemokine/growth
factors levels

Peripheral blood was collected into blood tubes without

anticoagulant agent and centrifuged at 3000rpm, 5 minutes.

The serum was collected, aliquoted and stored at 80°C. The

serum cytokine, chemokine and growth factor quantification

were performed by LUMINEX xMAP technology.
Statistical analysis

The results obtained from at least three independent

experiments are given as the medians ± SDs. Not all patients

were involved in all experiments due to the limited amount of

blood available per sample. Statistical analysis was performed

using non-parametric one-way analysis of variance (ANOVA)

with multiple comparisons Dunn’s post-test where applicable. A

two-tailed paired Wilcoxon or unpaired Mann-Whitney t-test

was also applied for data analysis using GraphPad Prism 8.

Values of p<0.05 (*), p<0.01 (**) p<0.001 (***) and p<0.0001

(****) were considered statistically significant.
Results

STAT1 phosphorylation is increased in
STAT1 GOF monocytes and reversible
with ruxolitinib

Firstly, STAT1 phosphorylation assays in monocytes after

IFNa and IFNg stimulation were performed. As expected, most

of the patients displayed increased levels of phosphorylated

STAT1 (pSTAT1), except for patients carrying p.Y68C

mutation (Figures 1B, D). In STAT1 GOF patients treated

with ruxolitinib, the pSTAT1 was reduced to HDs’ levels.

Regarding pSTAT1 kinetics, STAT1 GOF patients’ monocytes

initiated the pSTAT1 dephosphorylation after similar time as

HDs (5-30 minutes post stimulation) but took significantly

longer than HDs to revert to basal unstimulated levels of

pSTAT1 (Figure 1C), implying a delayed deactivation of the

overt pSTAT1 activity. Patients treated with ruxolitinib

exhibited similar kinetics as HDs (Figure 1C).
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Peripheral STAT1 GOF monocytes exhibit
pro-inflammatory phenotype

When STAT1 GOF CD14+ monocytes’ basal cytokine

production and cellular phenotypes were assessed, a marked

pro-inflammatory skew was noted (Figures 2A–C). Significantly

higher production of IL-1b, IL-6, TNFa and CXCL10 by

unstimulated STAT1 GOF monocytes was observed compared

to HDs (Figures 2A, B). In parallel, enhanced expression of

CD40 maturation marker and decreased expression of inhibitory

PD-L1 surface molecules were detected in STAT1 GOF

monocytes (Figures 2A, C). On the other hand, no difference

in the expression of CD86, a classic monocyte inflammation

marker, was observed.
CD16 expression is critically diminished
on STAT1 GOF monocytes

When examining the STAT1 GOF monocyte subsets

distribution, the commonly used differentiators of the classical

(CD14++CD16-), intermediate (CD14++CD16+) and non-

classical (CD14+CD16++) monocytes (20) were indiscriminate

due to very low CD16 expression (Figure 2D). Therefore, CCR2

expression was used to distinguish between the monocytes’

subsets (23) (Figure 2E). We observed diminished CD16

expression on both intermediate and non-classical monocytes

(Figure 2F). Even though the data points distribution in our

cohort was wide-ranging, a mild skew in STAT1 GOF

monocytes’ subsets could be discerned (Figures 2G, H),

characterized by a decrease of classical and increase of

intermediate monocytes. Moreover, when CD16 was stained

intracellularly, only a minimal difference was observed between

STAT1 GOF and HDs’ monocytes, suggesting that CD16

internalization is not the cause of diminished CD16 surface

expression in patients’ monocytes (Supplementary Figure 1).
The responsiveness of STAT1 GOF
monocytes to TLR7/8 stimulation
is enhanced

Upon stimulation of STAT1GOFmonocytes with various Toll-

like receptors (TLR) ligands, increased response was observed to

R848 (imidazoquinoline), a dual TLR8 and TLR7 synthetic agonist,

but not to lipopolysaccharide (LPS), polyI:C, fungal zymosan or

Candida antigens. TLR7/8-stimulated STAT1 GOF monocytes

expressed increased surface levels of CD86 and produced higher

amounts of CXCL10 (Figures 2I, J), implying the involvement of

STAT1 in TLR7/8-mediated inflammatory response.
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FIGURE 2

Monocyte characteristics. (A) Radar graph of STAT1 GOF (n = 7) and HDs’ (n = 8) monocyte phenotype and basal cytokine production
(B) Cytokine production of STAT1 GOF (n = 7) and HDs’ (n = 8) monocytes detected by flow cytometry (C) Phenotype of STAT1 GOF (n = 7)
and HDs’ (n = 8) monocytes detected by flow cytometry (D) Representative dot plot of monocyte subset determination (E) Representative dot
plot of monocyte subset determination utilizing CCR2 expression (F) CD16 expression on monocyte subsets surface of STAT1 GOF (n = 7) and
HDs (n=8) detected by flow cytometry (G) Distribution of monocyte subsets in STAT1 GOF (n = 7) and HDs (n = 8) (H) Quantification of
monocyte subsets in STAT1 GOF (n = 7) and HDs (n = 8) (I) CD86 expression on monocyte surface upon stimulation of various TLR ligands for
24hours in STAT1 GOF (n=7) and HDs (n=9) detected by flow cytometry (J) CXCL10 production by monocytes upon R848 (1ug/ml) stimulation
in STAT1 GOF (n = 7) and HDs (n=8) detected by flow cytometry HD - healthy donors. Values are standardized and expressed as median values.
Statistical analyses were performed using paired t-tests. Values of p<0.05 (*), p<0.01 (**), and p<0.0001 (****) were considered statistically
significant.
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Myeloid DCs and their DC4 subsets are
increased and plasmacytoid DCs are
decreased in STAT1 GOF patients

Bone marrow-derived monocytes are precursors of myeloid

DCs, which constitute the majority of blood DCs in the healthy.

As such, circulating DCs should also exhibit signs of

dysregulation inflicted by STAT1 GOF mutation. Multiple

subsets of DCs are recognized, each defined by unique

combination of their surface markers. These include DC1

(CD14-CD1c-CD141+CD16-), DC2 (CD14-CD1c+CD5

+CD163-), DC3 (CD14-CD1c+CD5-CD163+) and DC4

(CD14-CD1c-CD141-CD16+) as subtypes of mDCs (CD11c

+HLA-DR+CD14-), and plasmacytoid DCs (pDCs; CD123

+HLA-DR+CD14-) (24, 25). The gating strategies are

illustrated in Figures 3A, B. Increased mDCs and decreased

pDCs were found in the STAT1 GOF samples (Figures 3C–E).

Also, several differences were revealed in the distribution of

mDCs subpopulations, specifically increased DC2 and DC4

subsets and decreased DC1 and DC3 subsets (Figures 3C, G).

Interestingly, STAT1 GOF DC4 also expressed increased levels

of CD123 (Figure 3D). Similarly to monocytes, STAT1 GOF

mDCs expressed lower levels of CD16 and PD-L1. We also

observed higher levels of CD86, however, the result was not

statistically significant (Figure 3F).
The responsiveness of STAT1 GOF mDCs
to TLR7/8 stimulation is enhanced

In a similar experimental setup as above, we examined

mDCs’ responsiveness to various TLR ligands (Figure 3H). A

higher reactivity was observed to LPS and R848. Upon

stimulation, STAT1 GOF mDCs expressed increased surface

levels of CD86, indirectly indicating a role of STAT1 in TLR4

and TLR7/8-induced inflammatory processes. Even though the

CXCL10 production after R848 stimulation seemed to be

increased in STAT1 GOF patients, it was statistically not

significant (Figure 3I).
Monocyte-derived DC model
corroborates inflammatory profile of
STAT1 GOF monocytes and DCs

To ascertain that the changes in monocytes and DCs are

genotype-driven and not secondary to chronic infections,

inflammation or treatment, an in-vitro monocyte-derived DC

model (moDCs) was employed. After six days of cultivation

from adherent monocytes, the generated STAT1 GOF moDCs

expressed higher levels of CD86, CD40 and reduced amounts of

PD-L1 Figure 4A, similarly to primary monocytes and DCs.
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STAT1 GOF moDCs produced increased levels of pro-

inflammatory cytokines, such as IL-1b, IL-6, TNFa and

CXCL10 (Figure 4B). Moreover, decreased expression of CD16

on the STAT1 GOF moDCs ’ surface was observed,

corresponding to the STAT1 GOF intermediate and non-

classical monocytes (Figure 4C).
Serum cytokines, chemokines and
growth factors profiles are altered in
STAT1 GOF patients

Monocytes are major producers of various stimulatory, pro-

migratory cytokines and growth factors. Having previously

established changes in STAT1 GOF mutant monocytes’

phenotype and secretory activities, we set out to explore the

patients’ serum cytokine profiles. Out of 57 cytokines,

chemokines and growth factors (GF) six were excluded: four

(IL-2, IL-3, M-CSF and IFNb) were undetectable and two

(lactoferrin and CXCL4) exceeded the detection maximum.

Out of 51 analytes, 17 cytokines/chemokines/GFs were

differentially produced in the STAT1 GOF group compared to

HDs (Figures 5A, B). These included cytokines involved in

monocyte/macrophage biology, such as IL-1a, IL-1RA,

CXCL10, IL-18, MDC, as well as in neutrophil functions, such

as MMP8 and lipocalin. Interestingly, higher levels of IL-17A

and IL-17E were detected in the STAT1 GOF patients’ sera.

When sera of STAT1 GOF patients treated with ruxolitinib

were examined, 11 cytokines were produced differentially

(lipocalin, sCD40L, VEGF-A, FLT-3L, MIG, IL-10, CD62L,

MDC, IL-1RA, IL-10 and IL-9) compared to HDs (Figure 5A).

Principal component analysis revealed that HDs separated

distinctly from both patients’ groups (Figure 5B), suggesting

that ruxolitinib treatment had only a minor effect on the serum

cytokine/chemokine/GF profile in the patients. Indeed, two

analytes only (EGF and GROa) differed statistically

significantly between treated and untreated patient

groups (Figure 5D).

However, when the serum cytokine profiles were

sequentially analyzed in a patient before and on ruxolitinib

(STAT1 GOF5 and STAT1 GOF RUXO1 in Figure 1A), the

majority of analytes decreased on treatment, while few,

including IL-17F, eotaxin, IL-7, IL-9, PDGF-AB/AA and

lipocalin increased (Figure 5C).
Ruxolitinib treatment partially
ameliorated monocyte inflammatory bias

To assess whether the JAK/STAT signaling blockade would

ameliorate the STAT1 GOF-driven inflammatory bias in

monocytes, the phenotype and ligand-independent cytokine
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FIGURE 3

Dendritic cells characteristics (A) Gating strategy for DC2 and DC3 subsets analysis (B) Gating strategy forDC1 and DC4 determination
(C) Color-coded gating strategy identifying DC subsets in STAT1 GOF patients (n = 5) and HDs (n = 5). The individual subsets are depicted as
manually gated populations overlaid onto the tSNE plots (D) Representative tSNE plots of 5 STAT1 GOF and 5 HDs’ DC showing expression of
CD14, D16 and CD123. The DC’s subsets are depicted as manually gated populations overlaid onto the tSNE plots (E) pDC and mDC
quantification in STAT1 GOF (n = 7) and HDs (n = 9) detected by flow cytometry (F) mDC phenotype of STAT1 GOF (n = 7) and HDs’ DC (n = 9)
detected by flow cytometry(G) Quantification of DCs’ subsets in STAT1 GOF and HDs detected by flow cytometry (H) CD86 expression on
mDCs’ surface upon stimulation with various TLR ligands for 24hours in STAT1 GOF (n = 7) and HDs (n = 9) detected by flow cytometry
(I) CXCL10 production by mDCs upon R848 (1ug/mL) stimulation in STAT1 GOF (n=7) and HD (n=8) detected by flow cytometry DC, dendritic
cell; HD, healthy donors; tSNE, t-distributed stochastic neighbor embedding. Values are standardized and expressed as median values. Statistical
analyses were performed using paired t-tests. Values of p<0.05 (*), and p<0.0001 (****) were considered statistically significant.
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production of monocytes from a patient treated with ruxolitinib

for over one year were analyzed. Compared to untreated

patient’s monocytes, the ruxolitinib treated patient’s cells

displayed reduced production of proinflammatory cytokines

(Figure 5E) and reduced expression of CD86, CD40 and PD-

L1 (Figure 5F).
Discussion

In this article, we demonstrate that human peripheral

monocytes harboring heterozygous hypermorphic mutations

in STAT1 gene are intrinsically altered in their phenotypes and

functions. Characterized by diminished CD16 expression,

reduction of classical (CD14++C16-) and expansion of

intermediate (CD14++16+) subpopulations, monocytes adopt

proinflammatory phenotypes and exhibit a strong inflammatory

skew within their secretory cytokine profile. We also describe a
Frontiers in Immunology 09
selective enhancement of TLR7/8 responsiveness. Importantly,

these features extended to STAT1 GOF monocyte-derived

dendritic cells, and some to blood myeloid dendritic cells,

which differentiate from monocytes. Finally, in one patient,

from whom sequential samples were available, upstream JAK

inhibition ameliorated the proinflammatory bias of STAT1

GOF monocytes.

STAT1 is an essential signaling component in monocytes’

biologic processes (26, 27). The consequences of its disbalanced

actions in this cell line are not recognized in detail, however, they

are likely multifaceted, context-dependent and heavily

contraregulated. Monocytes of STAT1 GOF patients were

originally shown to have increased levels of stimulation-

induced tyrosine phosphorylated STAT1 protein (pSTAT1) (1,

3, 22). More recent studies declared that the reason for increased

pSTAT1 levels may, in fact, be the increased total STAT1 protein

(13, 28). In this study, increased levels of pSTAT1 and

upregulation of STAT1-targeted genes, such as CXCL10, as
B C

A

FIGURE 4

Monocyte-derived derived dendritic cells model (A) Expression of CD86, CD40 and PD-L1 on moDCs’ surface of STAT1 GOF (n = 3) and HDs
(n = 3) detected by flow cytometry (B) Cytokine production of STAT1 GOF (n = 3) and HDs’ (n = 3) moDCs detected by LUMINEX (C) CD16
expression on moDCs’ surface of STAT1 GOF (n = 3) and HDs (n = 3) detected by flow cytometry.
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FIGURE 5

Serum cytokines/chemokines/growth factors (A) Heat map showing differences in serum levels of various cytokines, chemokines and GFs
between STAT1 GOF patients (n = 5), ruxolitinib-treated STAT1 GOF patients (STAT1 GOF RUXO) (n = 3) and HDs (n = 7) detected by LUMINEX
(B) Principal component analysis showing differences in serum levels of various cytokines, chemokines and GFs between STAT1 GOF patients
(n=5), ruxolitinib-treated STAT1 GOF patients (STAT1 GOF RUXO) (n = 3) and HDs (n = 7) (C) Dynamics of analytes in a patient before and on
ruxolitinib treatment (D) Differences in serum cytokine levels between ruxolitinib treated STAT1 GOF patients (n = 3) and untreated patients
(n = 5) (E) Comparison of basal cytokine production by monocytes in HD, STAT1 GOF patient and the ruxolitinib-treated patient (F) Monocyte’s
phenotype in HD, STAT1 GOF patient and the ruxolitinib-treated patient detected by flow cytometry HD - healthy donors; GF - growth factor.
Values are standardized and expressed as median values. Statistical analyses were performed using paired t-tests. Values of p<0.05 (*), were
considered statistically significant.
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well as CXCL10 serum increase were detected in STAT1 GOF

patients’ monocytes and DCs, in concordance with others (29),

the total STAT1 was not analyzed.

Monocytes represent a frontline innate cellular barrier

against fungi. They have been associated with systemic

candidiasis, specifically via their surface C-type lectin-like

receptors Dectin 1 and Dectin 2 (30). It was also shown that

both the classical and CD16+ monocytes can internalize and

eradicate Candida, but only the classical CD16- monocytes

promote the induction of Th17 and Th17-mediated responses

to Candida albicans (31) (30). In our cohort, the diminished

proportion of classical monocytes, favoring the intermediate

subsets, was detected, which may, therefore, represent a

contributing factor in the fungal defense failure.

The hereby observed loss of surface CD16 from monocytes,

mDCs and moDCs is unclear as to its origin and significance.

CD16 is a transmembrane Fc gamma type III low-affinity

receptor for IgG expressed predominantly on natural killer

cells, neutrophils, monocytes, macrophages and a subset of T

cells. It is associated with phagocytosis, secretion of

inflammatory cytokines and clearance of immune complexes

(32). A well-controlled expression of CD16 is likely an important

regulatory mechanism of cellular executive functions. Several

possible mechanisms may be involved in its surface loss -

increased internalization, degradation, excessive shedding or

downregulation of CD16 expression. We observed only a small

decrease in intracellular levels of CD16, suggesting that neither

internalization, nor increased degradation are the likely culprits.

CD16 shedding was shown to be a regulatory mechanism in

natural killer cells, resulting in decreased immune cell contacts

via immune synapses (33). Moreover, stimulation of monocytes

with TLR agonists resulted in metalloproteinase ADAM17-

mediated shedding of CD16+ from monocytes (34).

Downregulation of CD16 has been previously described in

natural killer cells after exposure to influenza vaccine, and,

interestingly, the recovery of CD16 expression was surprisingly

slow; in fact, CD16 only partially recovered by day 18 from the

downregulation induction (35). Previous authors also revealed

that CD16 regulates the TRIF-dependent TLR4 pathway in

monocytes by activating STAT1 (and other proteins), which

resulted in enhanced expression of CXCL10 (36). It is therefore

conceivable that a negative feedback loop might exist, in which a

constitutively overactivated STAT1 signaling would cause

downregulation of CD16.

Monocytes have been associated with autoimmunity (37)

and autoimmune phenomena represent frequent complications

in patients with STAT1 GOF mutations. Although several

hypotheses have been suggested, such as aberrant functions of

regulatory T cells, B cells, and the upregulated type I IFN

signaling (2, 38–41), the molecular mechanism behind

autoimmunity in STAT1 GOF patients remains unexplained.

It is most likely orchestrated by multiple elements. In this study,

we challenged STAT1 GOF monocytes with various TLR
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agonists and noted augmented responsiveness to TLR7/8

ligand only. This is interesting as the receptor recognizes not

only pathogen-associated but also self-derived single-stranded

RNA, and is associated with expression of IFN-inducible genes,

such as CXCL10, through STAT1 activation (42). Moreover,

TLR7 agonists were demonstrated to drive lupus nephritis in

murine models (43) and, conversely, TRL7 blockade protects

from the disease (44). Importantly, human CD14dim CD16+

monocytes, the likely executors of local surveillance and tissue

patrolling, have been shown to be activated by viruses and

immune complexes containing nucleic acids via a

proinflammatory TLR7/TLR8-MyD88-MEK pathway (45).

Interestingly, we observed a similar selectively augmented

response to TLR7/8 ligands by the STAT1 GOF myeloid DCs

and we suspect it to be due to the same unknown mechanism

shared by the mutated myeloid lineage. Similarly to monocytes,

TLR7 hyperactivity in mDCs was previously suggested to drive

lupus nephritis in murine models (46). Thus, we propose that

monocytes (and DCs) contribute to the pathogenesis of STAT1

GOF-associated autoimmunity, which may be at least partly

driven by the TLR7/8 hyperresponsiveness to self-nucleic acids.

The interpretation of the hereby observed skew of the

subtypes of STAT1 GOF DCs is largely hypothetical, as only

limited understanding currently exists regarding functions and

biology of individual DCs subsets. For example, the diminished

pool of pDCs, characterized by their antiviral sensing and

interferon production, may contribute to the viral

susceptibility of STAT1 GOF patients. The pDCs’ decrease

may be caused by type I IFN negative feedback loop (47),

potentiated by type I interferon milieu in STAT1 GOF

(correspondingly, IFNa was increased in the sera of our

patients). The increase of DC4 subset, also known for its

involvement in antiviral immunity and interferon response

(24), may then be a secondary compensatory mechanism, and

also contribute to the enhanced IFN signature. Moreover, DC4

cells have been shown to express high amounts of TLR7/8 (48),

again possibly contributing to the self-tolerance failure. The DC2

subset, expanded in our STAT1 GOF patients, may be an

important player in shaping the T cell response. This subset

was described to be an effective T cell activator in psoriasis with

capacity to polarize Th17 (49). This is, however, puzzling

because Th17 are, in fact, decreased in STAT1 GOF. More

data are needed to determine the role of DCs STAT1 GOF

and how the abnormal subsets translate into the disease.

Although we were unable to provide direct evidence that the

phenotypical alterations observed in STAT1 GOF monocytes are

mechanistically linked to the augmented STAT1 signaling, and

not merely secondary to the overall chronic inflammatory milieu

or salvage regulatory mechanisms, several indices would suggest

so. Most importantly, we show that in vitro generated STAT1

GOF monocyte-derived DCs retain the abnormal features of

primary patients’ monocytes, including increased surface

expression of CD86, decreased expression of PD-L1 and
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CD16, and increased production of inflammatory cytokines.

Additionally, chronic stimulation in monocytes was shown to

result in cellular exhaustion characterized by reduction of CD86

and elevation of PD-L1 (50–52), which is contrary to the

phenotype of STAT1 GOF monocytes observed by us.

In summary, the dataset presented here indicates a

proinflammatory skew and abnormal functions of STAT1 GOF

monocytes of patients with CMC, which may directly contribute

to both their microbial susceptibility and autoimmunity. These

observations instate monocytes as prominent co-orchestrators of

STAT1 GOF-associated immune dysregulation. As our data

suggest, the aberrations seen in monocytes are likely carried

onto other monocyte-derived cells, which outlines and

substantiates a direction of possible future research in STAT1

GOF towards the DCs or macrophage biology.
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37. Oż ańska A, Szymczak D, Rybka J. Pattern of human monocyte
subpopulations in health and disease. Scand J Immunol (2020) 92:e12883.
doi: 10.1111/SJI.12883

38. Lee-KirschMA,Wolf C, Günther C. Aicardi–goutières syndrome: Amodel disease
for systemic autoimmunity. Clin Exp Immunol (2014) 175:17. doi: 10.1111/CEI.12160

39. Okada S, Asano T, Moriya K, Boisson-Dupuis S, Kobayashi M, Casanova JL,
et al. Human STAT1 gain-of-Function heterozygous mutations: Chronic
mucocutaneous candidiasis and type I interferonopathy. J Clin Immunol (2020)
40:1065–81. doi: 10.1007/S10875-020-00847-X/FIGURES/2

40. Romberg N, Morbach H, Lawrence MG, Kim S, Kang I, Holland SM, et al.
Gain-of-function STAT1 mutations are associated with PD-L1 overexpression and
a defect in b-cell survival. J Allergy Clin Immunol (2013) 131:1691. doi: 10.1016/
J.JACI.2013.01.004

41. van Zelm MC, Bosco JJ, Aui PM, De Jong S, Hore-Lacy F, O’Hehir RE, et al.
Impaired STAT3-dependent upregulation of IL2Ra in b cells of a patient with a
STAT1 gain-of-Function mutation. Front Immunol (2019) 10:768/BIBTEX.
doi: 10.3389/FIMMU.2019.00768/BIBTEX

42. Akira S. Innate immunity to pathogens: Diversity in receptors for microbial
recognition. Immunol Rev (2009) 227:5–8. doi: 10.1111/J.1600-065X.2008.00739.X

43. Pisitkun P, Deane JA, Difilippantonio MJ, Tarasenko T, Satterthwaite AB,
Bolland S. Autoreactive b cell responses to RNA-related antigens due to TLR7 gene
duplication. Science (80-) (2006) 312:1669–72. doi: 10.1126/SCIENCE.1124978/
SUPPL_FILE/PISITKUN.SOM.PDF

44. Murakami Y, Fukui R, Tanaka R, Motoi Y, Kanno A, Sato R, et al. Anti-
TLR7 antibody protects against lupus nephritis in NZBWF1 mice by targeting b
cells and patrolling monocytes. Front Immunol (2021) 12:777197/BIBTEX.
doi: 10.3389/FIMMU.2021.777197/BIBTEX

45. Cros J, Cagnard N, Woollard K, Patey N, Zhang SY, Senechal B, et al.
Human CD14dim monocytes patrol and sense nucleic acids and viruses via TLR7
and TLR8 receptors . Immunity (2010) 33:375–86. doi : 10.1016/
J.IMMUNI.2010.08.012

46. Celhar T, Hopkins R, Thornhill SI, De Magalhaes R, Hwang SH, Lee HY,
et al. RNA Sensing by conventional dendritic cells is central to the development of
frontiersin.org

https://doi.org/10.1002/EJI.201445344
https://doi.org/10.1007/s10875-018-0519-6
https://doi.org/10.1007/S10875-022-01257-X/FIGURES/2
https://doi.org/10.1007/S10875-022-01257-X/FIGURES/2
https://doi.org/10.1126/SCIENCE.8197455
https://doi.org/10.1039/B606246F
https://doi.org/10.1038/NRM909
https://doi.org/10.1074/JBC.R700016200
https://doi.org/10.1073/PNAS.0501063102
https://doi.org/10.3389/FIMMU.2019.01433/BIBTEX
https://doi.org/10.3389/FIMMU.2019.01433/BIBTEX
https://doi.org/10.1016/J.JID.2017.09.035
https://doi.org/10.1016/J.JID.2017.09.035
https://doi.org/10.1038/s41525-021-00196-7
https://doi.org/10.3389/FIMMU.2021.654406/BIBTEX
https://doi.org/10.3389/FIMMU.2021.654406/BIBTEX
https://doi.org/10.1016/J.JACI.2017.08.040
https://doi.org/10.1016/J.JACI.2016.10.051
https://doi.org/10.1016/J.JACI.2016.10.051
https://doi.org/10.1016/j.immuni.2018.10.005
https://doi.org/10.1182/BLOOD-2010-02-258558
https://doi.org/10.3389/fimmu.2019.01140
https://doi.org/10.1189/JLB.0513250
https://doi.org/10.1189/JLB.0513250
https://doi.org/10.3389/FIMMU.2019.01761/BIBTEX
https://doi.org/10.3389/FIMMU.2019.01761/BIBTEX
https://doi.org/10.1126/SCIENCE.AAH4573/SUPPL_FILE/AAH4573_VILLANI_SM.PDF
https://doi.org/10.1126/SCIENCE.AAH4573/SUPPL_FILE/AAH4573_VILLANI_SM.PDF
https://doi.org/10.1016/J.IMMUNI.2019.08.008
https://doi.org/10.1093/INTIMM/11.7.1075
https://doi.org/10.1007/S10753-014-9922-1
https://doi.org/10.1007/S10875-018-0557-0/FIGURES/1
https://doi.org/10.1007/S10875-018-0557-0/FIGURES/1
https://doi.org/10.1016/J.GENE.2016.04.006
https://doi.org/10.1371/JOURNAL.PPAT.1007850
https://doi.org/10.1002/EJI.201141418
https://doi.org/10.1038/SREP34310
https://doi.org/10.1083/JCB.201712085/VIDEO-4
https://doi.org/10.3389/FIMMU.2019.01902/BIBTEX
https://doi.org/10.3389/FIMMU.2019.01902/BIBTEX
https://doi.org/10.3389/FIMMU.2016.00384/BIBTEX
https://doi.org/10.4049/JIMMUNOL.1100244
https://doi.org/10.1111/SJI.12883
https://doi.org/10.1111/CEI.12160
https://doi.org/10.1007/S10875-020-00847-X/FIGURES/2
https://doi.org/10.1016/J.JACI.2013.01.004
https://doi.org/10.1016/J.JACI.2013.01.004
https://doi.org/10.3389/FIMMU.2019.00768/BIBTEX
https://doi.org/10.1111/J.1600-065X.2008.00739.X
https://doi.org/10.1126/SCIENCE.1124978/SUPPL_FILE/PISITKUN.SOM.PDF
https://doi.org/10.1126/SCIENCE.1124978/SUPPL_FILE/PISITKUN.SOM.PDF
https://doi.org/10.3389/FIMMU.2021.777197/BIBTEX
https://doi.org/10.1016/J.IMMUNI.2010.08.012
https://doi.org/10.1016/J.IMMUNI.2010.08.012
https://doi.org/10.3389/fimmu.2022.983977
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Bloomfield et al. 10.3389/fimmu.2022.983977
lupus nephritis. Proc Natl Acad Sci U.S.A. (2015) 112:E6195–204. doi: 10.1073/
PNAS.1507052112/SUPPL_FILE/PNAS.201507052SI.PDF

47. Swiecki M, Wang Y, Vermi W, Gilfillan S, Schreiber RD, Colonna M. Type I
interferon negatively controls plasmacytoid dendritic cell numbers in vivo. J Exp
Med (2011) 208:2367–74. doi: 10.1084/JEM.20110654

48. Piccioli D, Tavarini S, Borgogni E, Steri V, Nuti S, Sammicheli C, et al.
Functional specialization of human circulating CD16 and CD1c myeloid dendritic-
cell subsets. Blood (2007) 109:5371–9. doi: 10.1182/BLOOD-2006-08-038422

49. Korenfeld D, Gorvel L, Munk A, Man J, Schaffer A, Tung T, et al. A type of
human skin dendritic cell marked by CD5 is associated with the development of
inflammatory skin disease. JCI Insight (2017) 2:1–16. doi: 10.1172/
JCI.INSIGHT.96101
Frontiers in Immunology 14
50. Ferreira da Mota NV, Colo Brunialti MK, Santos SS, Machado FR, Assuncao
M, Pontes Azevedo LC, et al. Immunophenotyping of monocytes during human
sepsis shows impairment in antigen presentation: A shift toward nonclassical
differentiation and upregulation of FCgRi-receptor. Shock (2018) 50:293–300.
doi: 10.1097/SHK.0000000000001078

51. Parackova Z, Zentsova I, Bloomfield M, Vrabcova P, Smetanova J, Klocperk
A, et al. Disharmonic inflammatory signatures in COVID-19: Augmented
neutrophils’ but impaired monocytes’ and dendritic cells’ responsiveness. Cells
(2020) 9:1–19. doi: 10.3390/cells9102206

52. Pradhan K, Yi Z, Geng S, Li L. Development of exhausted memory
monocytes and underlying mechanisms. Front Immunol (2021) 12:778830/
BIBTEX. doi: 10.3389/FIMMU.2021.778830/BIBTEX
frontiersin.org

https://doi.org/10.1073/PNAS.1507052112/SUPPL_FILE/PNAS.201507052SI.PDF
https://doi.org/10.1073/PNAS.1507052112/SUPPL_FILE/PNAS.201507052SI.PDF
https://doi.org/10.1084/JEM.20110654
https://doi.org/10.1182/BLOOD-2006-08-038422
https://doi.org/10.1172/JCI.INSIGHT.96101
https://doi.org/10.1172/JCI.INSIGHT.96101
https://doi.org/10.1097/SHK.0000000000001078
https://doi.org/10.3390/cells9102206
https://doi.org/10.3389/FIMMU.2021.778830/BIBTEX
https://doi.org/10.3389/fimmu.2022.983977
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Immunoprofiling of monocytes in STAT1 gain-of-function chronic mucocutaneous candidiasis
	Introduction
	Methods
	Patients
	Phosphoflow
	Monocyte and DC subsets
	Monocyte and DC phenotype
	Monocyte and DC maturation
	Cytokine production
	CD16 expression
	Generation of monocyte-derived dendritic cells
	Serum cytokine/chemokine/growth factors levels
	Statistical analysis

	Results
	STAT1 phosphorylation is increased in STAT1 GOF monocytes and reversible with ruxolitinib
	Peripheral STAT1 GOF monocytes exhibit pro-inflammatory phenotype
	CD16 expression is critically diminished on STAT1 GOF&nbsp;monocytes
	The responsiveness of STAT1 GOF monocytes to TLR7/8 stimulation is enhanced
	Myeloid DCs and their DC4 subsets are increased and plasmacytoid DCs are decreased in STAT1 GOF patients
	The responsiveness of STAT1 GOF mDCs to TLR7/8 stimulation is enhanced
	Monocyte-derived DC model corroborates inflammatory profile of STAT1 GOF monocytes and DCs
	Serum cytokines, chemokines and growth factors profiles are altered in STAT1 GOF patients
	Ruxolitinib treatment partially ameliorated monocyte inflammatory bias

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


