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Abstract

Pattern recognition receptors (PRR) detect microbial products and induce cytokines, which shape
the immunological response. Interleukin-12 (IL-12), tumor necrosis factor alpha (TNF-a) and
IL-1pB are proinflammatory cytokines, which are essential for resistance against infection, but if
produced at high levels, may contribute to immunopathology. In contrast, IL-10 is an
immunosuppressive cytokine, which dampens proinflammatory responses, but can also lead to
defective pathogen clearance. The regulation of these cytokines is therefore central to the
generation of an effective but balanced immune response. Here, we show that macrophages
derived from C57BL/6 mice produce low levels of IL-12, TNF-a and IL-18, but high levels of
IL-10 in response to TLR4 and TLR2 ligands LPS and PamCSK4, and Burkholderia pseudomaller
a Gram-negative bacterium which activates TLR 2/4. In contrast, macrophages derived from
BALB/c mice show a reciprocal pattern of cytokine production. Differential production of IL-10 in
B. pseudomallef and LPS stimulated C57BL/6 and BALB/c macrophages was due to a type | IFN
and ERK1/2-dependent, but IL-27 independent mechanism. Enhanced type | IFN expression in
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LPS-stimulated C57BL/6 macrophages was accompanied by increased STAT1 and IRF3
activation. Further, type | IFN contributed to differential IL-1p and IL-12 production in B.
pseudomallei and LPS stimulated C57BL/6 and BALB/c macrophages, via both IL-10-dependent
and independent mechanisms. These findings highlight key pathways responsible for the
regulation of pro- and anti-inflammatory cytokines in macrophages and reveal how they may differ
according to the genetic background of the host.

Introduction

Proinflammatory immune responses are critical in the defence against pathogens, however,
excessive inflammation has the potential to cause damage to the host. Thus,
immunoregulatory pathways controlling inflammatory cytokine production are critical in
ensuring an effective but balanced immune response (1). Pattern recognition receptor (PRR)
activated macrophages are an important early source of proinflammatory cytokines such as
interleukin (IL)-12, tumor necrosis factor (TNF)-a and IL-1p, and their production is
modulated by a complex array of direct and indirect regulatory mechanisms (1, 2).

A central negative regulator of inflammatory responses is the immunosuppressive cytokine
IL-10 (3). The spontaneous onset of colitis in response to commensal gut flora in IL-10
deficient mice (4) and enhanced susceptibility of IL-10 deficient mice to septic shock (5),
demonstrate the importance of IL-10 as negative feedback regulator in the immune system.
IL-10 can be produced by several cell types within the immune system, including PRR-
stimulated macrophages (6), to which IL-10 can signal back in an autocrine manner and
inhibit the production of proinflammatory cytokines via a STAT3 dependent mechanism (7—
9).

Type | interferons (IFN), constitute a group of cytokines including IFN-B and multiple IFN-
a proteins (10). Studies of the functions of type | IFN have revealed complex
immunoregulatory roles for these cytokines. For example, type | IFN has been shown to
promote the production of 1L-10 from murine macrophages (11), human monocytes (12) and
human DCs (13), although the mechanisms by which this occurs are not fully understood. In
the context of proinflammatory cytokine production, the effects of type I IFN are diverse.
Mechanisms whereby type | IFN regulates distinct proinflammatory cytokines are as yet
unclear (14-19). The role of type | IFN /n vivo in the context of infection and inflammation
is complex (20). Type I IFN has been shown in different settings to contribute to control of
the pathogen or conversely may regulate or exacerbate inflammatory pathologies (20).

C57BL/6 and BALB/c mice differ significantly in their immune responses giving rise to
distinct outcomes of infection and have provided robust models for studying susceptibility or
resistance to various pathogens (21-23). Burkholderia pseudomallei, is a Gram-negative
bacterium and the causative agent of melioidosis, a major cause of sepsis and mortality in
endemic regions of South East Asia and Northern Australia which is being increasingly
being reported across the tropics. There is no available vaccine, antibiotic treatment is
prolonged and not always effective and mortality rates in acute cases can approach 50% even
with optimal clinical management (24). Both proinflammatory cytokines and IL-10 are
found at high levels in the plasma of individuals with acute infection and their
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concentrations can predict mortality (25). Infection with B. pseudomallei serves as an
important clinical and experimental example of Gram-negative sepsis and resistance to
infection is genetically determined. Several studies have shown that BALB/c mice, even
when infected at low dose, will develop acute disease and succumb much earlier than
C57BL/6 mice, which conversely can establish a longer-term chronic infection with this
pathogen if infected with a low bacterial load (26—28). Relative susceptibility to B.
pseudomaller infection has been correlated with distinct profiles of proinflammatory
cytokines produced by innate cells in addition to IFN-vy, in B. pseudomallei infected
C57BL/6 and BALB/c mice (28-31). However, the complexities of /n vivo infection models
have made it difficult to fully dissect the mechanisms underlying differential cytokine
production between these two strains of mice. Similarly, in the context of colitis, a disease
associated with the elevated production of several proinflammatory cytokines, 1L-10
deficient BALB/c mice are more susceptible than IL-10 deficient C57BL/6 mice (32), but
again the mechanisms underlying this phenotype are incompletely understood. Thus, the /n
vitro study of cellular immune responses from these mice provides a valuable comparative
model for the mechanistic dissection of cytokine regulation, which additionally may
contribute to differences in resistance of C57BL/6 and BALB/c mice to infection and
inflammatory diseases.

We report here reciprocal profiles of 1L-10 versus IL-12, TNF-a and IL-1p production from
C57BL/6 and BALB/c macrophages stimulated with B. pseudomallei and purified TLR2 and
TLR4 ligands. Our investigation into these phenotypes revealed type | IFN to be a central
mediator of differential cytokine production in C57BL/6 and BALB/c macrophages.
Enhanced type | IFN production accounted for the reduced levels of IL-1p and IL-12
observed in C57BL/6 as compared to BALB/c macrophages, by IL-10-dependent and
independent mechanisms. We also show that prolonged IL-10 expression in C57BL/6
macrophages results from type | IFN-induced ERK1/2 activation. These results support an
important immunoregulatory role for type | IFN together with IL-10 and demonstrate that
this activity is dependent upon the genetic background of the host.

Materials and methods

Animals

C57BL/6 Wild Type (WT), BALB/c WT, C57BL/6 //107~, BALB/c //107- and all other
mutant mice were bred and maintained at The Francis Crick Institute, Mill Hill Laboratory
under specific pathogen-free conditions in accordance with the Home Office, UK, Animal
Scientific Procedures Act, 1986. 7/r47-and Trif’- breeding pairs, all on a C57BL/6
background, were provided by Professor S. Akira (Osaka University, Osaka, Japan).
C57BL/6 /fnarl” breeders originated from B&K Universal (Hull), UK, and C57BL/6
Teer”- (referred to as //27ra”~ in text) breeders were provided by Genentech, CA, USA. Al
mice used were female, between 8-16 wk of age.

Generation and stimulation of bone marrow derived macrophages (BMDMSs)

BMDMs were generated as previously described (33). On day 6, adherent cells were
harvested and seeded in 48-well tissue culture plates at 0.5x108 cells/well and rested for
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18-20 h prior to stimulation. Cells were stimulated, unless otherwise stated, with 10 ng/ml
Salmonella minnesota LPS (Alexis), 200 ng/ml Pam3CSK4 (InvivoGen, Fr) or heat-killed
(to avoid heavy Containment Level 3 work) B. pseudomallef 576 (Bps) at a ratio of 5-500 B.
pseudomalleito 1 BMDM. Data were verified to be similar at the cytokine protein and
mRNA level using live B. pseudomallei 576 (Bps) (data not shown). When indicated, cells
were treated with recombinant IFN-B (PBL) or recombinant IL-27 (R&D), both of which
were shown to have very low levels of < 1 EU/pg endotoxin only, which on dilution in LPS
free media for assay resulted in < 0.02 EU/ml. Antibodies, 10 ug/ml anti-IFNAR1 mAb
(clone MAR1-5A3, mouse 1gG1, Bio X Cell), 10 pg/ml anti-1L-10R (clone 1B1.3a, rat
IgG1) or relevant isotype control (clones GL113 or TC31.2F11, respectively), were all gifts
from DNAX (now Merck, Palo Alto, CA, USA). MEK inhibitor PD184352 (1 uM) or
PD0325901 (0.1 pM) and p38 inhibitor SB203580 (0.5 uM) were added to BMDMs 1 h
prior or 2 h post stimulation with LPS as indicated (34).

Cytokine quantification

Cytokines were quantified from supernatants of stimulated cells. IL-10 and IL-12p40 were
quantified by ELISA. Cone JES5-2A5 (eBiosciences) was used for 1L-10 capture and
biotinylated anti-mouse IL-10 SXC-1 (BD Biosciences) for detection. Clone C15.6.7 was
used for IL-12p40 capture and biotinylated anti-mouse I1L-12p40 C17.8 for detection (both
gifts from DNAX), followed by HRP conjugated Streptavidin (Jackson ImmunoResearch
Laboratories Inc.). IL-12p70, TNF-a and IL-27 (eBioscience), IL-1p (R&D) and IFN-p
(PBL) were quantified using commercially available ELISA Kkits.

RNA isolation and quantitative real-time PCR (QRT-PCR)

RNA was harvested and isolated using RNeasy Mini Kit (QIAGEN) according to the
manufacturer’s instructions. cDNA was synthesised using High Capacity cDNA Reverse
Transcription kit (Applied Biosystems), according to the manufacturer’s instructions
followed by RNase H (Promega) treatment for 30 min at 37°C. //10, /1124, Ifnb1, Oaslg,
Statl, Stat3, Irf7, Irf9and Tlr4 gene expression were quantified by qRT-PCR (7900HT,
Applied Biosystems) using the TagMan system, and normalised to HprtZ mRNA. Primer
probes used were //70(Mm00439616_m1); //12a (MmO00434165_m1); /fnbl
(Mm00439552_s1); Oas1g (Mm01730198 m1l); Statl (Mm_00439518 m1l); Stat3
(Mm_01219775_m1); /rf7(Mm_00516793_g1); /rf9(Mm_00492679_m1); 7/r4
(MmQ045273_m1); Hprt1 (Mm00446968_m1), all purchased from Applied Biosystems. For
the quantification of premature //Z0mRNA, the following primers were designed using
Primer Express 2.0 software and custom made by Applied Biosystems — forward (exon 3)
5’AGCATGGCCCAGAAATCAAG-3’; probe (exon 3) 5’CTCAGGATGCGGCTGA-3’;
reverse (intron 4) 5’ AGAACGCATCTGCTACTCACACA-3’.

FACS staining

For FACS analysis BMDMs were stimulated with LPS, washed and blocked with anti-
CD16/CD32 antibody. Cells were then stained with PE-labeled anti-mouse TLR4 (SA15-21,
Bio Legend) for 30 min at 4°C and acquired using BD LSR Il (Becton and Dickinson). Data
were analysed by FlowJo software.
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Microarray processing and analysis

RNA quality was confirmed (RNA integrity number (RIN) range 9.0-10.0) using an Agilent
2100 Bioanalyzer (Agilent Technologies). RNA was prepared for microarray analysis using
the Illumina®TotalPrep-96 RNA Amplification kit following manufacturer’s instructions.
1500 ng cRNA was hybridised onto Illumina BeadChip arrays (MouseWG-6 v2) and
scanned by an Illumina iScan. Signal intensity calculations and background subtraction were
performed using GenomeStudio software (Illumina). Analysis of microarray data was done
using GeneSpring GX software version 12.6.1 (Agilent Technologies). A lower threshold of
signal intensity was set to 10, the expression values log transformed (base2) and scaled to
the 75t percentile for normalisation. The expression value of each gene probe was then
normalised to the median of expression of that gene probe in all samples. Gene probes were
quality filtered for those “present’ (p<0.01) in at least one sample, 19191 gene probes
remained. Further statistical analysis and generation of gene lists is described in the relevant
figure legends. Canonical pathway analysis was conducted using Ingenuity Pathway
Analysis (IPA) software (Ingenuity® Systems, www.ingenuity.com). Expression data
conform to the MIAME standards for microarray analysis. Microarray data has been
deposited at the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/
geo/), accession number GSE798009.

Determination of mMRNA stability

BMDMs were stimulated with LPS, and 1 h later 10 pg/ml Actinomycin D (Streptomyces
sp., Sigma) was added (t = 0) to the cultures. MRNA was harvested after 30, 60 or 90 min
reverse transcribed into cDNA and quantified by qRT-PCR.

Quantification of interferon regulator factor 3 (IRF3) activation

Nuclear extracts of 2 h heat-killed B. pseudomallei stimulated BMDMs (5:1 B.
pseudomalle;BMDM) were prepared with the Nuclear Extract kit and assayed with the
TransAM IRF3 kit (both from Active Motif) according to the manufacturer’s instructions.

Western blotting

BMDMs were rested in 1% FCS for 20 h prior to stimulation with LPS or recombinant IFN-
B. At the indicated time points cells were washed with PBS and lysed in RIPA buffer as
previously described (35) or in Triton lysis buffer (for IRF3 western blots). Proteins were
resolved on a 12.5% SDS-polyacrylamide gel and transferred to P\VDF membranes
(Millipore). Membranes were probed with antibodies against phospho-ERK1/2 (T185/
Y187), total ERK1/2 (both Invitrogen), phospho-p38 (T180/Y182), total p38, phospho-
STAT1 (Y701), total STAT1, phospho-IRF3 (S396, 4D4G) (Cell Signalling Technology),
total IRF3, GAPDH (FL-335), HSP90a/p (H-114) (Santa Cruz Biotechnology) or Actin
(Calbiochem) followed by HRP conjugated goat anti-rabbit IgG, rabbit anti-goat 1gG
(Southern Biotech) or goat anti-mouse IgM (Calbiochem), and visualised using Pierce ECL
western blotting substrate (Thermo Scientific) or Luminata™ Crescendo Western
Chemiluminescent HRP Substrate (Millipore). Western blots were quantified using the
Quantity One software.
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Statistical analysis

Results

GraphPad Prism software was used to analyse data by one- or two-way ANOVA with
Bonferroni’s multiple comparison testing, or Student’s t-test. Statistical analysis of
microarray data was done using GeneSpring GX software version 12.6.1 (Agilent
Technologies) and is described in the relevant figure legend.

B. pseudomallei, LPS and Pam3CSK4 induce higher levels of IL-10 but lower levels of
proinflammatory cytokines in C57BL/6 compared to BALB/c macrophages

To better understand the factors regulating the production of pro- and anti-inflammatory
cytokines in innate immune cells, we investigated TLR-induced IL-10, IL-12, TNF-a and
IL-1pB production from C57BL/6 and BALB/c macrophages. C57BL/6 and BALB/c
macrophages were stimulated over a time-course with either B. pseudomallei, which
activates both TLR2 and TLR4 signalling (36-38), or purified TLR2 and TLR4 ligands
Pam3CSK4 and LPS, respectively (Figure 1). Significantly higher levels of 1L-10 were
produced by C57BL/6 as compared to BALB/c macrophages with all three stimuli across the
time-course of stimulation (Figure 1A). IL-12 is a heterodimeric cytokine composed of
IL-12p40 and IL-12p35 subunits, which generate the biologically active IL-12p70 (39). In
contrast to IL-10, levels of I1L-12p40 production were higher in B. pseudomalleiand LPS
stimulated BALB/c compared to C57BL/6 macrophages (Figure 1B). However, the levels of
IL-12p40 production were marginally higher in C57BL/6 macrophages stimulated with
Pam3CSK4 (Figure 1B). The expression of //72a mRNA (which encodes the IL-12p35
subunit) was significantly higher in BALB/c compared to C57BL/6 macrophages stimulated
with B. pseudomallei, LPS or Pam3CSK4 (Figure 1B). Consistent with this, the level of
IL-12p70 production was significantly higher in B. pseudomallei stimulated BALB/c
compared to C57BL/6 macrophages (Figure 1B), although generally below the limit of
detection in LPS or Pam3CSK4 stimulated cells. We also observed higher levels of TNF-a
(Figure 1C) and IL-1p (Figure 1D) production from BALB/c compared to C57BL/6
macrophages across the time-course of B. pseudomallei, LPS and Pam3CSK4 stimulation.
Elevated levels of 1L-10 but lower proinflammatory cytokine production was also observed
in C57BL/6 relative to BALB/c macrophages when stimulated with a range of doses of B.
pseudomallei, LPS and Pam3CSK4 (Supplementary Figure 1).

IL-10 has the ability to suppress proinflammatory cytokine production from macrophages
(3). To investigate if the low levels of IL-12, TNF-a and IL-1p production from C57BL/6
compared to BALB/c macrophages were due to the much higher levels of 1L-10 produced by
C57BL/6 macrophages, B. pseudomallei, LPS and Pam3CSK4 stimulated C57BL/6 /107
and BALB/c //107- macrophages were assessed for their levels of IL-12p70, TNF-a and
IL-1B production (Supplementary Figure 2). IL-12p70 production was found to be greatly
increased in //2107- macrophages relative to WT cells from both strains of mice, however the
levels remained higher in BALB/c compared to C57BL/6 macrophages in response to B.
pseudomallef or LPS stimulation (Supplementary Figure 2A). In Pam3CSK4 stimulated
cells, the increase in IL-12p70 production in IL-10 deficient cells compared to WT was
modest, although the levels of 1L-12p70 production were the same in C57BL/6 //107- and
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BALBI/c //107- macrophages (Supplementary Figure 2A). In contrast, TNF-a production
was equivalent in B. pseudomallei, LPS and Pam3CSK4 stimulated C57BL/6 /107 and
BALB/c //107- macrophages (Supplementary Figure 2B). IL-1B production remained higher
in B. pseudomallei and LPS stimulated BALB/c /107~ compared to C57BL/6 /107"
macrophages, but was more comparable in Pam3CSK4 stimulated cells (Supplementary
Figure 2C). Thus, the differential production of TNF-a by all stimuli, and the differences in
Pam3CSK4-induced IL-12p70 and IL-1f were largely explained by I1L-10 mediated
inhibition. However, the differential production of IL-12p70 and IL-1B in B. pseudomallei
and LPS stimulated C57BL/6 and BALB/c macrophages, although may in part be explained
by IL-10, was still observed in the complete absence of 1L-10 suggesting an additional
mechanism of inhibition in C57BL/6 macrophages. Additionally, the factors contributing to
the differential production of IL-10 itself in C57BL/6 and BALB/c macrophages remained
unclear.

B. pseudomallei stimulated C57BL/6 macrophages express higher levels of type | IFN
pathway related genes compared to BALB/c macrophages

To investigate further the potential mechanisms underlying differential production of IL-10
and proinflammatory cytokines by TLR4 stimulated C57BL/6 and BALB/c macrophages,
we first undertook experiments to address whether this was attributable to differential TLR4
expression or early signalling events downstream of this receptor. Steady state 7/r4 mMRNA
expression, TLR4 surface expression and TLR4 endocytosis post-LPS stimulation were the
same in C57BL/6 and BALB/c macrophages (Figure 2A and B). Early activation of the
MAP kinases ERK1/2 or p38 by LPS was also similar in C57BL/6 and BALB/c
macrophages (Figure 2C). These data suggest that the differential cytokine production in
BALB/c versus C57BL/6 macrophages was not simply due to differential TLR abundance or
immediate signalling downstream of TLRA4.

We therefore undertook an unbiased microarray analysis of these cells stimulated with B.
pseudomallei for 3 and 6 h. At 3 h, 790 genes were found to be differentially regulated by B.
pseudomalleiin C57BL/6 and BALB/c macrophages (Figure 2D). The majority of these
genes were up-regulated by B. pseudomallei stimulation in both strains of mice and of these,
almost all were more strongly up-regulated in C57BL/6 compared to BALB/c macrophages.
The genes down-regulated by B. pseudomallei stimulation in C57BL/6 macrophages were
also down-regulated in BALB/c macrophages, although either more strongly or more weakly
in comparison. At 6 h, 2246 genes were found to be differentially regulated by B.
pseudomalle/in C57BL/6 and BALB/c macrophages (Figure 2D), suggesting a
reinforcement of differential gene expression over time. These genes included those up- and
down-regulated by B. pseudomallei stimulation and in contrast to the 3 h time-point, were
either more strongly or weakly induced in BALB/c macrophages resulting in a complex
profile of gene expression (Figure 2D). Of note, /10 (BALB/c low — grey dot highlighted
red in Figure 2D, 6 hr post stimulation), //Z2aand Tnf(BALB/c high — grey dots highlighted
red in Figure 2D, 6 hr post stimulation) were found to be present at similar relative levels
between BALB/c and C57BL/6 macrophages, as observed at the protein level (Figure 1).
IL-1B was not found to be significantly differentially expressed at the mRNA level,
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suggesting that this cytokine may be differentially regulated post-transcriptionally in
C57BL/6 and BALB/c macrophages.

In order to better understand the biological relationships between the differentially regulated
genes, transcripts identified at 3 and 6 h, were subjected to canonical pathway analysis
(IPA). Amongst the top 10 pathways significantly associated with the gene lists at each time-
point, several were found to relate to type | IFN mediated processes. These included
‘Interferon Signalling’, ‘JAK/STAT Signalling’, ‘Activation of IRF by cytosolic PRRs’ and
‘Role of JAK1, JAK2, TYK2 in IFN signalling” at 3 h, and ‘Activation of IRF by cytosolic
PRRs’, ‘Role of PKR in IFN induction and antiviral response” and ‘Interferon Signalling’ at
6 h (Figure 2E, Supplementary Table I). The majority of differentially regulated genes
within these type | IFN related pathways, including Oaslg, Statl, Stat3, Irf7and /Isgf3g
(IRF9), were more highly expressed in C57BL/6 macrophages (Supplementary Table 1) and
this was validated by gRT-PCR (Figure 2F). In addition, the dominance of the IFN-inducible
signalling pathway genes in C57BL/6 versus BALB/c macrophages was validated in an
independent experiment using live B. pseudomallei (data not shown). These data suggest
that enhanced type | IFN signalling in C57BL/6 compared to BALB/c macrophages may be
a fundamental difference in the responses of these cells to B. pseudomallei and may explain
their differential expression of 1L-10 versus proinflammatory cytokines.

BALB/c macrophages show reduced IFN- production, STAT1 and IRF3 activation
compared to C57BL/6 macrophages upon TLR4 stimulation

In keeping with higher expression of type | IFN-inducible genes in C57BL/6 macrophages
as shown by our microarray analysis (Figure 2), /fnbZ mRNA was more highly expressed in
B. pseudomallei and LPS stimulated C57BL/6 macrophages compared to BALB/c
macrophages (Figure 3A). In both strains, /fnbZ mRNA expression peaked at 1 h, returning
to near baseline levels by 6 h explaining why in the microarray analysis, which was
conducted at later time-points, /fnb1 itself was not identified as a C57BL/6 high gene
(Supplementary Table I). Protein levels of IFN-B production which peaked at 3 h were also
higher in B. pseudomallei and LPS stimulated C57BL/6 compared to BALB/c macrophages
(Figure 3B). We additionally assessed the phosphorylation of STAT1, activated downstream
of the type | IFN receptor, in LPS stimulated C57BL/6, BALB/c and C57BL/6 /fnarl”
macrophages (Figure 3C and D). STAT1 was phosphorylated in macrophages from both
strains of mice but was reduced in BALB/c macrophages compared to C57BL/6 after 2 h of
stimulation. Thus, the level of type | IFN produced by BALB/c macrophages is sufficient to
activate STATL, but not to the level seen in C57BL/6 macrophages. The total absence of
STAT1 phosphorylation in LPS stimulated C57BL/6 /far1”- macrophages confirmed that
the STAT1 activation in WT macrophages was due to type | IFN signalling (Figure 3C and
D).

To investigate the mechanism by which B. pseudomallei induces IFN-B production,
C57BL/6 Trif”-and C57BL/6 T/r4”- macrophages were assessed for their production of
IFN-p in response to B. pseudomallei or LPS (Figure 3E). In the absence of TRIF or TLR4,
neither B. pseudomallei nor LPS were able to induce IFN-B production suggesting that
differential production of this cytokine in B. pseudomallei or LPS stimulated C57BL/6 and
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BALB/c macrophages may be a result of differential activation of the TLR4/TRIF pathway.
In support of this, the activation of IRF3 which is required for IFN-f production downstream
of TLR4 (40), was lower in B. pseudomallei stimulated BALB/c macrophages (Figure 3F-
H).

Type I IEN signalling mediates the higher level of IL-10 production observed in B.
pseudomallei and LPS stimulated C57BL/6 compared to BALB/c macrophages

Type I IFN has been reported to positively regulate 1L-10 production in macrophages
stimulated with LPS or infected with bacteria such as L/steria monocytogenes or
Mycobacterium tuberculosis (Mth) (11, 16, 33, 41, 42). To determine if autocrine type | IFN
signalling mediated the higher level of IL-10 production in C57BL/6 compared to BALB/c
macrophages, C57BL/6 /frarl”- macrophages were stimulated with B. pseudomallei or LPS
over a time-course. The level of IL-10 production was significantly reduced in C57BL/6
Ifnarl”- macrophages compared to C57BL/6 WT macrophages, and reduced to the level of
IL-10 produced by BALB/c macrophages (Figure 4A). Microarray analysis of C57BL/6 WT,
BALB/c and C57BL/6 /fnarl”- macrophages stimulated with B. pseudomallei for 6 h
revealed lower expression of //Z0mRNA and IL-10 pathway genes including Sfat3, Jakl1,
Cerb, Il4raand Arg2in BALB/c and C57BL/6 /fnarl” macrophages relative to C57BL/6
WT macrophages (Figure 4B). These data support a role for type I IFN in the differential
regulation of IL-10 in B. pseudomallei and LPS stimulated C57BL/6 and BALB/c
macrophages.

Type I IFN signalling promotes IL-10 through active transcription and stabilisation of 1110

MRNA

To investigate the mechanisms by which type I IFN promotes IL-10 production in C57BL/6
macrophages, a detailed time-course of //Z0 mRNA kinetics was carried out on B.
pseudomallei and LPS stimulated C57BL/6 WT, BALB/c and C57BL/6 /fnarl”
macrophages. B. pseudomallef and LPS stimulated C57BL/6 WT macrophages expressed an
initial //20 mMRNA peak at 0.5 h followed by a second peak at 4 h (Figure 5A). BALB/c
macrophages expressed the initial peak of //Z0 mRNA, although at a lower magnitude to
C57BL/6 WT macrophages, however completely lacked the second peak of //Z0 mRNA
(Figure 5A). In C57BL/6 /fnarl”- macrophages, while the first peak of //Z0 mRNA was
mostly unaffected by the absence of type I IFN signalling, the second peak was completely
abrogated (Figure 5A). This suggests that autocrine type | IFN activates a late transcriptional
wave of //Z0 mRNA expression, supported by the presence of a second peak of premature
/I70mRNA, indicative of active transcription, in LPS stimulated C57BL/6 but not BALB/c
macrophages (Figure 5B). Additionally, whereas in BALB/c and C57BL/6 /fnarl”-
macrophages a rapid decay of the //Z0mRNA is observed after 0.5 h, in C57BL/6
macrophages this decay is much less pronounced (Figure 5A). Thus, we further investigated
if there was an additional effect of type | IFN on //20 mRNA stability. We observed reduced
/70 MRNA stability in C57BL/6 /fnarl”- macrophages compared to C57BL/6 WT
macrophages demonstrating that autocrine type | IFN also has a stabilising effect on /10
mRNA (Figure 5C).
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It has been reported that in LPS stimulated macrophages, type | IFN induced IL-27 is
required for the optimal enhancement of IL-10 by type I IFN (43). However, others have
shown that murine macrophages stimulated with LPS are unresponsive to IL-27 (44). To
investigate if the type | IFN mediated enhancement of IL-10 production in C57BL/6 WT
macrophages is dependent on IL-27, C57BL/6, BALB/c and C57BL/6 /fnarl”- macrophages
were stimulated with B. pseudomallei or LPS and IL-27 production was determined
(Supplementary Figure 3A). In response to both stimuli, the overall magnitude of IL-27
production was similar in C57BL/6 and BALB/c macrophages. In C57BL/6 /fnarl”"
macrophages, IL-27 production was drastically reduced (Supplementary Figure 3A), in
agreement with previous studies (45) showing a role for type I IFN in the promotion of
IL-27 in C57BL/6 macrophages. However, B. pseudomallei and LPS stimulated C57BL/6
1127ra”- macrophages revealed no significant difference in 1L-10 production as compared to
WT macrophages (Supplementary Figure 3B). In addition, 1L-10 production was similarly
enhanced by addition of exogenous IFN-B in WT C57BL/6 and C57BL/6 //27ra”
macrophages (Supplementary Figure 3C). Furthermore, the addition of exogenous IL-27 did
not enhance IL-10 production by LPS stimulated C57BL/6, BALB/c or C57BL/6 /fnarl”-
macrophages (Supplementary Figure 3D). These data demonstrate that type | IFN mediated
enhancement of 1L-10 in B. pseudomallei and LPS stimulated C57BL/6 macrophages is
independent of 1L-27.

Addition of type | IFN enhances IL-10 production in both C57BL/6 and BALB/c
macrophages stimulated with B. pseudomallei and LPS

To test whether the addition of type I IFN could enhance 1L-10 production in BALB/c
macrophages and potentially rescue IL-10 production in this strain, we treated C57BL/6 and
BALB/c macrophages with exogenous IFN-p in the presence or absence of PRR ligation by
B. pseudomaller or LPS (Figure 5D). Treatment with IFN-B in the absence of PRR
stimulation did not induce IL-10 production from C57BL/6 or BALB/c macrophages. In B.
pseudomallei stimulated cells, the addition of IFN-B greatly enhanced IL-10 production in
C57BL/6 and BALB/c macrophages, however 1L-10 production remained significantly
higher in C57BL/6 macrophages (Figure 5D). In LPS stimulated macrophages, the addition
of IFN-B also enhanced IL-10 production in both C57BL/6 and BALB/c macrophages
(Figure 5D). Furthermore, upon treatment with IFN-p, the levels of LPS induced IL-10 from
BALB/c macrophages were as high as that from C57BL/6 macrophages (Figure 5D).
BALB/c macrophages therefore have the capacity to produce enhanced levels of IL-10 in
response to IFN-B treatment. Furthermore, in LPS stimulated cells, IFN-f had the potential
to fully restore IL-10 production to the level observed in similarly stimulated C57BL/6
macrophages.

Type | IFN stimulates IL-10 production in C57BL/6 macrophages through the activation of
ERK1/2 MAP kinase

Our data suggest that type | IFN is an important factor in driving the differential production
of IL-10 in C57BL/6 and BALB/c macrophages, however, how type | IFN regulates IL-10
production in macrophages is incompletely understood. ERK1/2 and p38 MAP kinases are
central regulators of IL-10 in TLR stimulated C57BL/6 macrophages Reviewed in (46). We
compared the contribution of these MAP kinases to IL-10 production in C57BL/6 and
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BALB/c macrophages by incubating the cells with p38 and MEK1/2 (upstream of ERK1/2)
inhibitors. In keeping with previous studies Reviewed in (46) we observed reduced IL-10
production in LPS stimulated C57BL/6 macrophages upon inhibition of p38 or ERK1/2
signalling (Figure 6A). 1L-10 production was further reduced when p38 and ERK1/2
activation were concomitantly blocked (Figure 6A). In BALB/c macrophages, however,
IL-10 production was almost completely abrogated by inhibition of p38 signalling alone, but
not affected by ERK1/2 inhibition (Figure 6A). Similarly, in LPS stimulated C57BL/6
Ifnar1”- macrophages, inhibition of p38 signalling significantly reduced 1L-10 production
whereas ERK1/2 inhibition had no effect (Figure 6B). This implied a role for ERK1/2 in the
regulation of IL-10 only in the presence of type | IFN. Supporting this, ERK1/2
phosphorylation was induced in C57BL/6 and BALB/c macrophages upon treatment with
recombinant IFN-B and this was not observed in C57BL/6 /fnar1”- macrophages
demonstrating the specificity of the IFN-p activation of ERK1/2 (Figure 6C) and that this
was not through activation of any PRR. To formally establish the role of p38 and ERK1/2 in
the regulation of IL-10 by type I IFN, we inhibited these MAP kinases 1 h before, or 2 h
after LPS stimulation, the latter time-point representing the peak of autocrine type I IFN
signalling (Figure 3C). Inhibition of p38 prior to LPS stimulation led to a decrease in //10
MRNA expression at all time-points, however the type | IFN-dependent second peak of /10
mRNA remained present (Figure 6D). Inhibition of p38 at 2 h post-stimulation had no
significant effect on //Z0mRNA levels (Figure 6D). Inhibition of ERK1/2 signalling at
either time-point had no effect on the first peak of //Z0mRNA, while completely blocking
the second peak of //Z0 mRNA transcription (Figure 6E). This result was confirmed using an
additional structurally unrelated yet specific MEK1/2 inhibitor (Trametinib, Selleckchem,
data not shown). These findings demonstrate a requirement for ERK1/2 in the induction of
/170 mRNA expression by autocrine type | IFN in C57BL/6 macrophages.

Reduced levels of IL-1p and IL-12 production observed in C57BL/6 as compared to BALB/c
macrophages result from type | IFN action through IL-10 dependent and independent
mechanisms

Since IL-10 mediated inhibition did not fully account for differential IL-1p production in 5.
pseudomaller or LPS stimulated C57BL/6 and BALB/c macrophages (Supplementary Figure
2C), we sought to investigate if type | IFN had an additional effect on the regulation of
IL-1B in these cells. Assessment of IL-1p production in B. pseudomallefand LPS stimulated
C57BL/6 /fnar1”- macrophages revealed significantly elevated 1L-1p production relative to
C57BL/6 WT macrophages, to levels similar to BALB/c macrophages (Figure 7A). Indeed,
the addition of exogenous IFN- significantly reduced IL-1f production in both C57BL/6
and BALB/c macrophages, supporting a role for type I IFN in the negative regulation of
IL-1p in this system (Figure 7B). To determine if type | IFN could negatively regulate IL-1p
production through mechanisms other than through the promotion of IL-10 as previously
reported (14, 16, 42), IL-1p production was assessed from C57BL/6, BALB/c and C57BL/6
Ifnar”- macrophages stimulated with B. pseudomallei or LPS in the presence of a blocking
antibody against the 1L-10 receptor (anti-IL10R), or isotype control antibody (Figure 7C).
The blockade of IL-10 signalling enhanced IL-1f production in all cell types. However, in
the presence of anti-IL10R, IL-1p production was highly elevated in C57BL/6 /fnar1”
macrophages relative to C57BL/6 WT and even BALB/c macrophages (Figure 7C). Thus,
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the loss of type I IFN signalling can enhance IL-1f production in the absence of IL-10
signalling, supporting a role for IL-10 independent inhibition of IL-1p production by type |
IFN in B. pseudomallei and LPS stimulated C57BL/6 macrophages. The production of TNF-
a in C57BL/6 /fnarl”- macrophages was enhanced relative to C57BL/6 WT in the context
of B. pseudomallei stimulation, but was not affected in LPS stimulated macrophages,
implying stimulus-specific regulation of this cytokine by type I IFN (Supplementary Figure
3E).

Type | IFN has been reported to modulate the levels of IL-12 production in various contexts
(15, 16, 18, 19, 33). We observed that IL-12p70 production and //12a expression levels were
not different in B. pseudomallei and LPS stimulated C57BL/6 /fnarl”- macrophages as
compared to C57BL/6 WT macrophages (Figures 8A and B). However, the addition of IFN-
[ abrogated the production of IL-12p70 from B. pseudomallei stimulated cells (no I1L-12p70
was detected in LPS stimulated cells), even in BALB/c macrophages, suggesting that type |
IFN does have the capacity to inhibit IL-12p70 production in this system (Figure 8C). We
considered that residual IL-10 production in C57BL/6 /fnarl”- macrophages was preventing
the induction of high levels of 1L-12p70 production, however even in the presence of anti-
IL10R, IL-12p70 production was equivalent in C57BL/6 /fnar1”- macrophages compared to
C57BL/6 WT macrophages stimulated with B. pseudomallei or LPS (Figure 8D).

Despite a negative regulatory effect of exogenous IFN-f addition on the production of
IL-12p70 (Figure 8C), previous studies have indicated that low level basal IFN-f
production, which gives rise to tonic type I IFN signalling, is required for optimal 1L-12
production from innate cells (16, 18). As tonic type I IFN signalling is absent from C57BL/6
Ifnarl”- macrophages, we postulated that this may contribute to poor 1L-12p70 production,
even in the absence of IL-10 signalling (Figure 8D). Thus, to uncouple tonic type | IFN
signalling from PRR induced autocrine type | IFN signalling, we treated WT C57BL/6 and
BALB/c macrophages with anti-IFNAR1 in the presence and absence of anti-IL-10R mAbs
(Figure 8E). Upon treatment with anti-IFNARZL, no effect was observed on IL-12p70
production from B. pseudomallei or LPS stimulated C57BL/6 macrophages, however, a
small increase in IL-12p70 production was observed in BALB/c macrophages (Figure 8E,
inset).

As expected, treatment with anti-IL-10R mAbs significantly increased IL-12p70 production
in macrophages from both strains of mice, but IL-12p70 remained higher in BALB/c
macrophages. In C57BL/6 macrophages, anti-IFNAR1 treatment in the presence of anti-
IL-10R, significantly increased IL-12p70 levels relative to anti-IL-10R treatment alone. In
contrast, anti-IFNARL1 plus anti-IL-10R mAbs treated BALB/c macrophages did not further
enhance 1L-12p70 production. Importantly, the level of IL-12p70 production from anti-
IFNARZ/anti-1L-10R treated C57BL/6 and BALB/c macrophages were comparable. Similar
results were obtained by treating C57BL/6 //107- and BALB/c //10”- macrophages with anti-
IFNARL1 (Supplementary Figure 3F). These findings demonstrate that deficient IL-12p70
production from C57BL/6 macrophages can be rescued by the elimination of both PRR-
induced IL-10 and type I IFN signalling.
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Discussion

The balance of pro- and anti-inflammatory immune responses is essential to ensure effective
but safe pathogen clearance. C57BL/6 and BALB/c mice differ significantly in their immune
responses during infections and inflammatory diseases (21, 23, 32). A clear example of this
is the B. pseudomallei infection model where C57BL/6 mice have enhanced resistance
compared to BALB/c mice (26-28). The higher production of proinflammatory cytokines in
BALB/c mice has been associated with exacerbated B. pseudomallei induced pathology (28—
30). However, it is unclear whether this exacerbated pathology is contributed to by decreased
control of the pathogen, or an inability to induce a regulated response. In /n vivo settings,
signals from multiple cell types are integrated to induce a balanced production of
proinflammatory versus anti-inflammatory cytokines such as IL-10, to control pathogens
with minimum host damage. This complexity makes the clear dissection of these
mechanisms prohibitive in in vivo models. We report here, using an /n vitro model that
allows the examination of these complex phenotypes, that C57BL/6 macrophages produced
higher levels of IL-10, but lower levels of TNF-a, IL-12p70 and IL-1p compared to BALB/c
macrophages when stimulated with the bacterium B. pseudomallei; LPS or Pam3CSK4. We
reveal a central role for autocrine type I IFN in the increased production of IL-10 and
increased //70 mRNA stability by C57BL/6 macrophages, which is accompanied by
increased STAT1 and IRF3 activation. The enhanced and prolonged expression of //Z0was
dependent on type | IFN-induced late ERK1/2 phosphorylation. Conversely, type | IFN
suppressed the production of the proinflammatory cytokines, IL-12 and IL-1p, via IL-10-
dependent and independent mechanisms in B. pseudomallei and LPS stimulated C57BL/6
macrophages. These findings demonstrate that fundamental differences in type I IFN
induction and function in C57BL/6 and BALB/c macrophage responses may contribute to
their differential phenotypes.

The differential production of cytokines by macrophages from both mouse strains was not
due to different levels of 7/r4 mMRNA expression or protein production, and this was
corroborated by similar levels of early p38 and ERK1/2 activation following LPS
stimulation. A comparative microarray analysis of temporal gene expression in B.
pseudomallei stimulated C57BL/6 and BALB/c macrophages revealed major differences in
gene expression, with 790 genes being differentially expressed after 3 hours, and strikingly
2246 genes being differentially expressed after 6 hours post-stimulation. This microarray
analysis revealed an unexpected higher expression of type | IFN responsive genes and type |
IFN pathway genes in C57BL/6 macrophages, including Oaslg, Statl, Stat3, Irf7 and
/rf9.This corresponded with higher IFN-f production in B. pseudomallei and LPS stimulated
C57BL/6 macrophages. Our findings that B. pseudomalleiinduced IFN-B production was
dependent on TLR4 and TRIF, and that IRF3 was more activated in B. pseudomallei
stimulated C57BL/6 macrophages, suggest that signalling events affecting the TLR4-
TRAM/TRIF-TBKZ1-IRF3 axis, which is critical for the induction of type | IFN downstream
of TLR4 (40), may be responsible for the enhanced production of type I IFN in this strain.

Our findings demonstrating higher levels of expression of type | IFN in C57BL/6
macrophages led us to investigate the potential role of type I IFN in differential production
of proinflammatory cytokines and 1L-10 in C57BL/6 and BALB/c macrophages. Reduced
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IL-10 production in B. pseudomallei and LPS stimulated C57BL/6 /fnar1”- macrophages
demonstrated the importance of autocrine type | IFN in maintaining high levels of IL-10 in
C57BL/6 macrophages. This is in agreement with previous studies of type I IFN regulated
IL-10 production in TLR4 stimulated macrophages (11, 41, 43). However, our detailed
investigation into the mechanisms of //Z0expression in B. pseudomallei and LPS stimulated
macrophages clearly showed two, previously undescribed, distinct waves of active //10
transcription in C57BL/6 but not BALB/c macrophages, the second of which was
completely dependent on type | IFN signalling. We additionally identified a role for
autocrine type | IFN in the stabilisation of the //Z0transcript. Complete absence of the type |
IFN dependent second peak of //Z0mRNA in BALB/c macrophages and the similar level of
IL-10 production in BALB/c and C57BL/6 /fnarl”- macrophages stimulated with 5.
pseudomallef and LPS, provide evidence for our novel finding that type I IFN drives
differential production of IL-10 in C57BL/6 and BALB/c macrophages. This was further
supported by our microarray analysis revealing reduced expression of several IL-10 pathway
genes in B. pseudomallei stimulated BALB/c and C57BL/6 /fnarl”- macrophages relative to
C57BL/6 WT. Thus, although our data suggest that BALB/c macrophages retain
responsiveness to type | IFN, we show that the autocrine type | IFN mediated feed-forward
loop, critical for the maintenance of IL-10 production in TLR4 stimulated C57BL/6
macrophages (11, 41, 43), is absent in BALB/c macrophages. Further, the similar levels of
IL-10 production in C57BL/6 and BALB/c macrophages stimulated with LPS in the
presence of IFN-P suggest that the low level of type I IFN production, as opposed to
deficient responsiveness to type | IFN, is a key contributing factor to the reduced levels of
IL-10 production observed in BALB/c macrophages.

To date the mechanisms of 1L-10 regulation by type I IFN are incompletely understood. In
accordance with the literature (35, 47-51) we show here that IL-10 production by C57BL/6
macrophages in response to TLR ligation required both p38 and ERK1/2 activation,
although BALB/c macrophages showed less of a requirement for ERK1/2 activation. Our
further findings that inhibition of ERK1/2 signalling also has no effect on IL-10 production
in macrophages from C57BL/6 /frarl’- mice, and that type | IFN can directly induce
ERKZ1/2 phosphorylation, indicate that ERK1/2 is an important factor in the regulation of
IL-10 by type I IFN. In accordance with this, we show prolonged induction of //Z0 mRNA
expression to be dependent on ERK1/2 but not p38 activation.

It has been reported that type | IFN requires the production of I1L-27 to optimally enhance
IL-10 production in C57BL/6 mouse macrophages stimulated with LPS (43). We herein
found no role for IL-27 signalling in the production of 1L-10 by LPS-stimulated
macrophages or the enhancement of 1L-10 by IFN-p treatment, although IL-27 production
itself was dependent on Type | IFN signaling. Our findings thus differ from those of lyer et
al. (43) regarding the ability of IL-27 to induce IL-10 production in C57BL/6 macrophages,
perhaps due to differences in BMDM culture or laboratory conditions. However, our results
are consistent with previous reports that resting and TLR stimulated murine macrophages
are unresponsive to IL-27 (16, 44) and that IL-27 does not regulate IL-10 production in Mtb
infected macrophages (16). Our findings therefore demonstrate that differential production
of IL-10 in C57BL/6 and BALB/c macrophages is due a type | IFN dependent but IL-27
independent mechanism.
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The assessment of IL-10 deficient C57BL/6 and BALB/c macrophages showed that the
differential production of TNF-a, IL-12 and IL-1p in Pam3CSK4 stimulated cells was
largely attributable to 1L-10. In contrast, only differential TNF-a production was explained
by IL-10 in B. pseudomallei and LPS stimulated C57BL/6 and BALB/c macrophages. IL-1p
has previously been reported to be suppressed by type I IFN in macrophages (14, 16, 42). In
the absence of type | IFN signalling, we observed an increase in C57BL/6 macrophage
IL-1B production to the level of BALB/c macrophages. In keeping with previous reports (14,
16, 42), negative regulation of IL-1p by type I IFN was retained in the absence of IL-10.
Indeed, in the absence of both IL-10 and type I IFN signalling, IL-1p production from
C57BL/6 /fnarl”- macrophages was higher than that of anti-1L10R treated BALB/c
macrophages. Thus, C57BL/6 macrophages have a high capacity to produce IL-1p if these
two inhibitory loops are removed.

Whereas type | IFN has been shown to negatively regulate macrophage production of TNF-
a and IL-1B via mechanisms that are predominantly or only partially dependent on IL-10,
respectively (14, 16), it has been reported that type | IFN can both positively and negatively
regulate I1L-12 production /n vitro (15-19). Furthermore, the role for IL-10 in the regulation
of IL-12 by type | IFN is not fully understood and may depend on the context (15-17).
Despite our finding that treatment with exogenous IFN-f can suppress B. pseudomallei
induced IL-12 production, 1L-12p70 production was not enhanced in C57BL/6 /fnarl”
macrophages compared to C57BL/6 WT macrophages, even in the presence of anti-1L-10R
mAb. We postulated that the failure of C57BL/6 /fnarl”- macrophages to produce high
levels of I1L-12 was due to the absence of tonic type | IFN signalling, reported to be required
for optimal IL-12 production in innate cells (18). Indeed, blockade of type I IFN signalling
with the anti-IFNARL1 antibody only 2 h prior to stimulation showed an increase in IL-12p70
protein in C57BL/6 macrophages when 1L-10 signalling was concomitantly blocked. The
levels of I1L-12p70 in C57BL/6 macrophages were similar to those observed in BALB/c
macrophages when type | IFN and IL-10 signalling were simultaneously blocked.
Collectively our data show that differential production and function of TLR-induced type I
IFN accounts for the differential production of I1L-12p70 and IL-1p in C57BL/6 and BALB/c
macrophages.

We herein demonstrate distinct profiles of pro- and anti-inflammatory cytokine production in
C57BL/6 and BALB/c macrophages and provide mechanisms to account for these
differences. C57BL/6 macrophages, in response to TLR4-ligation, produced higher levels of
type | IFN accompanied by increased induction of type | IFN-inducible genes and STAT1
activation, as compared to BALB/c macrophages. Type | IFN was found to induce increased
and sustained //Z0mRNA expression via an ERK1/2-dependent pathway, demonstrating the
importance of temporal regulation of cytokine gene expression. Additionally, type I IFN
increased //70 mRNA stability. Collectively, these effects of type | IFN resulted in the
increased 1L-10 protein production observed in C57BL/6 macrophages. Type | IFN
regulated IL-12p70 and IL-1B production via IL-10-dependent and IL-10-independent
mechanisms, with both accounting for the differential production of these proinflammatory
cytokines by C57BL/6 and BALB/c macrophages. This work highlights the complex role of
type I IFN in the regulation of innate immune responses, and further suggests that the extent
of type I IFN mediated activity may differ according to the genetic background of the host.
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Our findings emphasise the fact that the C57BL/6 genetic strain of mouse, commonly used
in immunological studies, may not reflect the true breadth of immunoregulatory mechanisms
operating in TLR stimulated macrophages, or in broader immunological contexts, and
supports the dissection of complex molecular mechanisms of cytokine gene regulation in
model systems.
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Acknowledgments

We thank The Francis Crick Institute, Mill Hill Laboratory, Biological Services for breeding and maintenance of the
mice. We thank the Advanced Sequencing Platform for help with microarray sample processing and the Flow
Cytometry Platform at The Francis Crick Institute, Mill Hill Laboratory. We would like to thank Nico Ghilardi,
Department of Immunology, Genentech, Inc., South San Francisco, CA, 94080, for the C57BL/6 Teer” (referred to
as H127ra”"in text) breeders, and Professor Shizuo Akira, Osaka University, Japan, for 7/r- -/ ’ Trif/- mice and
Professor Werner Mdller, University of Manchester, UK, for the 1107 mice.

This work was supported by the Francis Crick Institute, which receives its core funding from Cancer Research UK,
the UK Medical Research Council, and the Wellcome Trust (Crick 10126) since 15t April 2015 and before that by
the UK Medical Research Council (MRC U117565642) and also by the European Research Council grant 294682-
TB-PATH (Crick 10127). A.H. was additionally funded by an MRC Centenary Award. M.S. was funded by the
Fundac&o para a Ciéncia e Tecnologia, Portugal. (FCT; Grant number FCT-ANR/BIM-MEC/0007/2013), Portugal.
M.S. is a associate FCT-investigator.

Abbreviations

(B. pseudomallei or Bps)
Burkholderia pseudomaller

RU
relative units

WT
wild type

References

1. Murray PJ, Smale ST. Restraint of inflammatory signaling by interdependent strata of negative
regulatory pathways. Nat Immunol. 2012; 13:916-924. [PubMed: 22990889]

2. Kawai T, Akira S. The role of pattern-recognition receptors in innate immunity: update on Toll-like
receptors. Nat Immunol. 2010; 11:373-384. [PubMed: 20404851]

3. Moore KW, de Waal Malefyt R, Coffman RL, O'Garra A. Interleukin-10 and the interleukin-10
receptor. Annual review of immunology. 2001; 19:683-765.

4. Sellon RK, Tonkonogy S, Schultz M, Dieleman LA, Grenther W, Balish E, Rennick DM, Sartor RB.
Resident enteric bacteria are necessary for development of spontaneous colitis and immune system
activation in interleukin-10-deficient mice. Infect Immun. 1998; 66:5224-5231. [PubMed: 9784526]

5. Berg DJ, Kuhn R, Rajewsky K, Muller W, Menon S, Davidson N, Grunig G, Rennick D.
Interleukin-10 is a central regulator of the response to LPS in murine models of endotoxic shock
and the Shwartzman reaction but not endotoxin tolerance. The Journal of clinical investigation.
1995; 96:2339-2347. [PubMed: 7593621]

6. Saraiva MA, O'Garra A. The regulation of IL-10 production by immune cells. Nat Rev Immunol.
2010; 10:170-181. [PubMed: 20154735]

J Immunol. Author manuscript; available in PMC 2017 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Howes et al.

10

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 17

. Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O'Garra A. IL-10 inhibits cytokine production

by activated macrophages. J Immunol. 1991; 147:3815-3822. [PubMed: 1940369]

. Lang R, Patel D, Morris JJ, Rutschman RL, Murray PJ. Shaping gene expression in activated and

resting primary macrophages by 1L-10. J Immunol. 2002; 169:2253-2263. [PubMed: 12193690]

. Williams L, Bradley L, Smith A, Foxwell B. Signal transducer and activator of transcription 3 is the

dominant mediator of the anti-inflammatory effects of IL-10 in human macrophages. J Immunol.
2004; 172:567-576. [PubMed: 14688368]

. Trinchieri G. Type | interferon: friend or foe? J Exp Med. 2010; 207:2053-2063. [PubMed:
20837696]

Chang EY, Guo B, Doyle SE, Cheng G. Cutting edge: involvement of the type | IFN production
and signaling pathway in lipopolysaccharide-induced IL-10 production. J Immunol. 2007;
178:6705-6709. [PubMed: 17513714]

. Ziegler-Heitbrock L, Lotzerich M, Schaefer A, Werner T, Frankenberger M, Benkhart E. IFN-alpha
induces the human IL-10 gene by recruiting both IFN regulatory factor 1 and Stat3. J Immunol.
2003; 171:285-290. [PubMed: 12817009]

Wang H, Brown J, Garcia CA, Tang Y, Benakanakere MR, Greenway T, Alard P, Kinane DF,
Martin M. The Role of Glycogen Synthase Kinase 3 in Regulating IFN-{beta}-Mediated IL-10
Production. J Immunol. 2010; 186:675-684. [PubMed: 21160051]

Guarda G, Braun M, Staehli F, Tardivel A, Mattmann C, Forster I, Farlik M, Decker T, Du Pasquier
RA, Romero P, Tschopp J. Type | interferon inhibits interleukin-1 production and inflammasome
activation. Immunity. 2011; 34:213-223. [PubMed: 21349431]

Byrnes AA, Ma X, Cuomo P, Park K, Wahl L, Wolf SF, Zhou H, Trinchieri G, Karp CL. Type |
interferons and IL-12: convergence and cross-regulation among mediators of cellular immunity.
Eur J Immunol. 2001; 31:2026-2034. [PubMed: 11449355]

McNab FW, Ewbank J, Howes A, Moreira-Teixeira L, Martirosyan A, Ghilardi N, Saraiva M,
O'Garra A. Type | IFN induces IL-10 production in an IL-27-independent manner and blocks
responsiveness to IFN-gamma for production of IL-12 and bacterial killing in Mycobacterium
tuberculosis-infected macrophages. J Immunol. 2014; 193:3600-3612. [PubMed: 25187652]

McRae BL, Semnani RT, Hayes MP, van Seventer GA. Type | IFNs inhibit human dendritic cell
IL-12 production and Th1 cell development. J Immunol. 1998; 160:4298-4304. [PubMed:
9574532]

Gautier G, Humbert M, Deauvieau F, Scuiller M, Hiscott J, Bates EE, Trinchieri G, Caux C,
Garrone P. A type | interferon autocrine-paracrine loop is involved in Toll-like receptor-induced
interleukin-12p70 secretion by dendritic cells. J Exp Med. 2005; 201:1435-1446. [PubMed:
15851485]

Cousens LP, Orange JS, Su HC, Biron CA. Interferon-alpha/beta inhibition of interleukin 12 and
interferon-gamma production in vitro and endogenously during viral infection. Proceedings of the
National Academy of Sciences of the United States of America. 1997; 94:634-639. [PubMed:
9012836]

McNab F, Mayer-Barber K, Sher A, Wack A, O'Garra A. Type | interferons in infectious disease.
Nat Rev Immunol. 2015; 15:87-103. [PubMed: 25614319]

Sacks D, Noben-Trauth N. The immunology of susceptibility and resistance to Leishmania major
in mice. Nat Rev Immunol. 2002; 2:845-858. [PubMed: 12415308]

Mainou-Fowler T, MacGowan AP, Postlethwaite R. Virulence of Listeria spp.: course of infection
in resistant and susceptible mice. J Med Microbiol. 1988; 27:131-140. [PubMed: 3139882]
Schluter D, Deckert-Schluter M, Lorenz E, Meyer T, Rollinghoff M, Bogdan C. Inhibition of
inducible nitric oxide synthase exacerbates chronic cerebral toxoplasmosis in Toxoplasma gondii-
susceptible C57BL/6 mice but does not reactivate the latent disease in T. gondii-resistant BALB/c
mice. J Immunol. 1999; 162:3512-3518. [PubMed: 10092808]

Wiersinga WJ, van der Poll T, White NJ, Day NP, Peacock SJ. Melioidosis: insights into the
pathogenicity of Burkholderia pseudomallei. Nature reviews Microbiology. 2006; 4:272-282.
[PubMed: 16541135]

Simpson AJ, Smith MD, Weverling GJ, Suputtamongkol Y, Angus BJ, Chaowagul W, White NJ,
van Deventer SJ, Prins JM. Prognostic value of cytokine concentrations (tumor necrosis factor-

J Immunol. Author manuscript; available in PMC 2017 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Howes et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 18

alpha, interleukin-6, and interleukin-10) and clinical parameters in severe melioidosis. The Journal
of infectious diseases. 2000; 181:621-625. [PubMed: 10669346]

Leakey AK, Ulett GC, Hirst RG. BALB/c and C57BI/6 mice infected with virulent Burkholderia
pseudomallei provide contrasting animal models for the acute and chronic forms of human
melioidosis. Microbial Pathogenesis. 1998; 24:269-275. [PubMed: 9600859]

Titball RW, Russell P, Cuccui J, Easton A, Haque A, Atkins T, Sarkar-Tyson M, Harley V, Wren B,
Bancroft GJ. Burkholderia pseudomallei: animal models of infection. Trans R Soc Trop Med Hyg.
2008; 102(Suppl 1):S111-116. [PubMed: 19121670]

Tan GY, Liu Y, Sivalingam SP, Sim SH, Wang D, Paucod JC, Gauthier Y, Ooi EE. Burkholderia
pseudomallei aerosol infection results in differential inflammatory responses in BALB/c and
C57BI/6 mice. J Med Microbiol. 2008; 57:508-515. [PubMed: 18349373]

Ulett GC, Ketheesan N, Hirst RG. Cytokine gene expression in innately susceptible BALB/c mice
and relatively resistant C57BL/6 mice during infection with virulent Burkholderia pseudomallei.
Infect Immun. 2000; 68:2034-2042. [PubMed: 10722599]

Ulett GC, Ketheesan N, Hirst RG. Proinflammatory cytokine mRNA responses in experimental
Burkholderia pseudomallei infection in mice. Acta tropica. 2000; 74:229-234. [PubMed:
10674654]

Liu B, Koo GC, Yap EH, Chua KL, Gan YH. Model of differential susceptibility to mucosal
Burkholderia pseudomallei infection. Infect Immun. 2002; 70:504-511. [PubMed: 11796576]
Berg DJ, Davidson N, Kuhn R, Muller W, Menon S, Holland G, Thompson-Snipes L, Leach MW,
Rennick D. Enterocolitis and colon cancer in interleukin-10-deficient mice are associated with
aberrant cytokine production and CD4(+) TH1-like responses. The Journal of clinical
investigation. 1996; 98:1010-1020. [PubMed: 8770874]

McNab FW, Ewbank J, Rajshaum R, Stavropoulos E, Martirosyan A, Redford PS, Wu X, Graham
CM, Saraiva M, Tsichlis P, Chaussabel D, et al. TPL-2-ERK1/2 signaling promotes host resistance
against intracellular bacterial infection by negative regulation of type I IFN production. J Immunol.
2013; 191:1732-1743. [PubMed: 23842752]

Bain J, Plater L, Elliott M, Shpiro N, Hastie CJ, McLauchlan H, Klevernic I, Arthur JS, Alessi DR,
Cohen P. The selectivity of protein kinase inhibitors: a further update. The Biochemical journal.
2007; 408:297-315. [PubMed: 17850214]

Kaiser F, Cook D, Papoutsopoulou S, Rajsbaum R, Wu X, Yang HT, Grant S, Ricciardi-Castagnoli
P, Tsichlis PN, Ley SC, O'Garra A. TPL-2 negatively regulates interferon-beta production in
macrophages and myeloid dendritic cells. J Exp Med. 2009; 206:1863-1871. [PubMed: 19667062]
Wiersinga WJ, Wieland CW, Dessing MC, Chantratita N, Cheng AC, Limmathurotsakul D,
Chierakul W, Leendertse M, Florquin S, de Vos AF, White N, et al. Toll-like receptor 2 impairs
host defense in gram-negative sepsis caused by Burkholderia pseudomallei (Melioidosis). PLoS
medicine. 2007; 4:e248. [PubMed: 17676990]

Hii CS, Sun GW, Goh JW, Lu J, Stevens MP, Gan YH. Interleukin-8 induction by Burkholderia
pseudomallei can occur without Toll-like receptor signaling but requires a functional type 111
secretion system. The Journal of infectious diseases. 2008; 197:1537-1547. [PubMed: 18419546]
West TE, Ernst RK, Jansson-Hutson MJ, Skerrett SJ. Activation of Toll-like receptors by
Burkholderia pseudomallei. BMC Immunol. 2008; 9:46. [PubMed: 18691413]

Kobayashi M, Fitz L, Ryan M, Hewick RM, Clark SC, Chan S, Loudon R, Sherman F, Perussia B,
Trinchieri G. Identification and purification of natural killer cell stimulatory factor (NKSF), a
cytokine with multiple biologic effects on human lymphocytes. J Exp Med. 1989; 170:827-845.
[PubMed: 2504877]

Honda K, Yanai H, Takaoka A, Taniguchi T. Regulation of the type I IFN induction: a current view.
International immunology. 2005; 17:1367-1378. [PubMed: 16214811]

Pattison MJ, Mackenzie KF, Arthur JS. Inhibition of JAKs in Macrophages Increases
Lipopolysaccharide-Induced Cytokine Production by Blocking IL-10-Mediated Feedback. J
Immunol. 2012; 189:2784-2792. [PubMed: 22904308]

Mayer-Barber KD, Andrade BB, Barber DL, Hieny S, Feng CG, Caspar P, Oland S, Gordon S,
Sher A. Innate and adaptive interferons suppress IL-1alpha and IL-1beta production by distinct

J Immunol. Author manuscript; available in PMC 2017 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Howes et al.

43.

44,

45.

46.

47.

48.

49.

50.

5L

Page 19

pulmonary myeloid subsets during Mycobacterium tuberculosis infection. Immunity. 2011;
35:1023-1034. [PubMed: 22195750]

lyer SS, Ghaffari AA, Cheng G. Lipopolysaccharide-mediated 1L-10 transcriptional regulation
requires sequential induction of type I IFNs and IL-27 in macrophages. J Immunol. 2010;
185:6599-6607. [PubMed: 21041726]

Kalliolias GD, Ivashkiv LB. IL-27 activates human monocytes via STAT1 and suppresses 1L-10
production but the inflammatory functions of IL-27 are abrogated by TLRs and p38. J Immunol.
2008; 180:6325-6333. [PubMed: 18424756]

Molle C, Goldman M, Goriely S. Critical role of the IFN-stimulated gene factor 3 complex in
TLR-mediated IL-27p28 gene expression revealing a two-step activation process. J Immunol.
2010; 184:1784-1792. [PubMed: 20083668]

Gabrysova L, Howes A, Saraiva M, O'Garra A. The regulation of IL-10 expression. Current topics
in microbiology and immunology. 2014; 380:157-190. [PubMed: 25004818]

Banerjee A, Gugasyan R, McMahon M, Gerondakis S. Diverse Toll-like receptors utilize Tpl2 to
activate extracellular signal-regulated kinase (ERK) in hemopoietic cells. Proceedings of the
National Academy of Sciences of the United States of America. 2006; 103:3274-3279. [PubMed:
16484370]

Dillon S, Agrawal A, Van Dyke T, Landreth G, McCauley L, Koh A, Maliszewski C, Akira S,
Pulendran B. A Toll-like receptor 2 ligand stimulates Th2 responses in vivo, via induction of
extracellular signal-regulated kinase mitogen-activated protein kinase and c-Fos in dendritic cells.
J Immunol. 2004; 172:4733-4743. [PubMed: 15067049]

Kim C, Sano Y, Todorova K, Carlson BA, Arpa L, Celada A, Lawrence T, Otsu K, Brissette JL,
Arthur JS, Park JM. The kinase p38 alpha serves cell type-specific inflammatory functions in skin
injury and coordinates pro- and anti-inflammatory gene expression. Nat Immunol. 2008; 9:1019-
1027. [PubMed: 18677317]

Ma W, Lim W, Gee K, Aucoin S, Nandan D, Kozlowski M, Diaz-Mitoma F, Kumar A. The p38
mitogen-activated kinase pathway regulates the human interleukin-10 promoter via the activation
of Sp1 transcription factor in lipopolysaccharide-stimulated human macrophages. The Journal of
biological chemistry. 2001; 276:13664-13674. [PubMed: 11278848]

Yi AK, Yoon JG, Yeo SJ, Hong SC, English BK, Krieg AM. Role of mitogen-activated protein
kinases in CpG DNA-mediated IL-10 and IL-12 production: central role of extracellular signal-
regulated kinase in the negative feedback loop of the CpG DNA-mediated Th1 response. J
Immunol. 2002; 168:4711-4720. [PubMed: 11971021]

J Immunol. Author manuscript; available in PMC 2017 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Howes et al.

Bps (TLR2/4)

LPS (TLR4)

*

Page 20

Pam3CSK4 (TLRZ) #C57BL/6
. BBALBL

*k e Hkk

2 4 6 8 10 12 14 16 18 20 22 24

2 4 6 8 1012 14 16 18 20 22 24

0 < =
0 2 4 6 8 1012 14 16 18 20 22 24

Time (h) Time (h) Time (h)
B Bps (TLR2/4) LPS (TLR4) Pam3CSK4 (TLR2) . c.oi
o 10000 **% 5000 1500 8 BALB/c
<t="3s000 . 4000 *
&E oo ,,3000 . 1o+
‘.'8_’4000 2000 - 500
==2000 1000 —— L
T i s i tomTaTete 2 N i s folztato sz O T3 oz iatois Rz
§ 25000 - 150005 20000,
20000 i B
DE:S1 oo v 10000 . 150004
Sy 100004 %
“!v 5000 ]*** 5000 e 5000 ]***
= 0 0 ] 0
0 4 6 8 10 12 0 2 4 6 & 10 12 2 4 6 8 10 12
. Time (h) Time (h)
o 250 *
~= 200
g—g 150
\78_’ 100 ]**
50
- —_—r%
Tt o a2z 24
Time (h)
C Bps (TLR2/4) LPS (TLR4) Pam3CSK4 (TLR2) + cs7aue
= 5000 6000 8000 - 8 BALB/c
?E 4000 4000 6000 :
L5 3000
Z 8 2000 ]** ]* 4000 P
I—\.,moo < o] 2000 2000
T T i oo mnn PR EE LYY Y O T3 & 5 fo1z14 76 18 20 22 2¢
Time (h) Time (h) Time (h)
D Bps (TLR2/4) LPS (TLR4) Pam3CSK4 (TLR2) + cs/mus
400. 100. *k%k 150, 8 BALB/c
= *% *kk *
300 . 80 o -
= 60
ég’ 200 ek 40 %%k 50 ]**
~ 100

0
0 2 4 6 8 1012 14 16 18 20 22 24

0 0
0 2 4 6 8 1012 14 16 18 20 22 24 0 2 4 6 8 1012 14 16 18 20 22 24

Time (h) Time (h) Time (h)

Figure 1. C57BL /6 macrophages produce higher levels of IL-10 but lower levels of
proinflammatory cytokines compared to BAL B/c macrophagesin response to bacterial products.

C57BL/6 and BALB/c BMDMs were stimulated with B. pseudomallei (Bps in figure), LPS
or Pam3CSK4 for the indicated times. IL-10 (A), IL-12p40, IL-12p70 (B), TNF-a (C) and
IL-1B (D) protein levels in supernatants were determined by ELISA. //12a mRNA
expression (B) was determined by gRT-PCR and normalised to AHprtZ mRNA expression.
Graphs show means £SEM of 3 independent experiments. *p<0.05, **p<0.01, ***p<0.001
as determined by two-way ANOVA (Bonferroni’s multiple comparison test).
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Figure 2. C57BL/6 macrophages show similar early TL R4-induced responses, but higher
expression of type | |FN pathway genes, as compared to BAL B/c macrophages.

(A) TIr4 mRNA expression in C57BL/6 and BALB/c BMDMs at steady state was
determined by qRT-PCR and normalised to Hprt mRNA expression. (B) C57BL/6 and
BALB/c BMDMs were stimulated with LPS for the indicated times and TLR4 expression
analysed by flow cytometry. (C) BMDMs were stimulated with LPS as indicated and
phosphorylation of ERK1/2 and p38 in whole cell lysates was determined by Western
blotting. (D-F) C57BL/6 and BALB/c BMDMs were stimulated with B. pseudomallei for 3
h or 6 h in triplicate cultures. Total RNA was isolated and processed for microarray analysis
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as described in Materials and Methods. (D) Genes significantly differentially regulated by B.
pseudomalleiin C57BL/6 and BALB/c BMDMs were identified by two-way ANOVA
analysis (p<0.01, Benjamini-Hochberg False Discovery Rate) and the selection of genes that
were significantly different due to both stimulation and strain. Genes significantly changed
due to stimulus alone or strain alone, were excluded from the analysis. Expression level of
individual genes (black dots = C57BL/6; grey dots = BALB/c) are shown as Log?2 fold
change over corresponding media control samples, and ordered according to their C57BL/6
expression level. (E) Top 10 IPA pathways significantly associated with the genes
differentially regulated by B. pseudomallei stimulation in C57BL/6 and BALB/c
macrophages at each time-point are shown. The x-axis represents the percentage overlap
between input genes and annotated genes within the pathway. Colours within bars denote
genes that are more highly expressed in C57BL/6 or BALB/c macrophages. Benjamini-
Hochberg (B-H) corrected —log(p-value) represents pathway association. * denotes type |
IFN related pathway. (F) C57BL/6 and BALB/c BMDMs were stimulated with B.
pseudomaller for 6 h. Gene expression was determined by qRT-PCR and expression values
normalised to HprtI mRNA expression. All graphs show means £SEM of 3 independent
experiments. *p<0.05, **p<0.01, ***p<0.001 as determined by two-way ANOVA
(Bonferroni’s multiple comparison test). Western blot (C) is representative of 2 independent
experiments.
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Figure 3. TLR4 dependent | FN-B production, STAT 1 and |RF3 activation are higher in C57BL/6

compared to BAL B/c macrophages.

BMDMs were stimulated with B. pseudomaller or LPS for the indicated times. (A) /fnbl
MRNA expression was determined by gRT-PCR and normalised to HprtI mRNA expression.
(B) IFN-B production was quantified by ELISA. (C) Whole protein extracts were generated

and analysed by Western blot for total and phos

phorylated STAT1, and Actin loading

control. (D) Relative intensity of 2 independent experiments shown for data represented in
C. (E) IFN-p production was quantified by ELISA. (F) C57BL/6 and BALB/c macrophages
were stimulated with B. pseudomallei for 2 h and nuclear extracts analysed for active IRF3
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by ELISA. (G) Whole protein extracts were generated and analysed by Western blot for total
and phosphorylated IRF3, and HSP90 loading control. (H) Relative intensity of 3
independent experiments shown from data in G. Graphs show means +SEM of 2-4 (E) or at
least 3 independent experiments (A, B). *p<0.05, **p<0.01, ***p<0.001 as determined by
two-way ANOVA (Bonferroni’s multiple comparison test).

J Immunol. Author manuscript; available in PMC 2017 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Howes et al. Page 25
A LPS @ C57BL6
- Lk +++ -4 C57BLI6 Ifnart 7~
= T £ BALBIc
£ 400 ++
~ Yok
o 300
-
o 200
< J 0 e R A T
- 100
L) ) A \J L) ) ¥ J T T T T T T T T T
10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)
B [ 2 normalised intensity
5 0 5
meda | HiBps | media |
' ps | media , HkBps
csteue | BALBI C57BLIG Ifnar1™-
IL-10 / IL-10 IL-10
o Vieo 1o V1o IL-10 IL-10
RB* R RB* R * Ra
| Extracellular space | 6 Vil | Extracellular space | # ;.'p e | Extracellular space |
| Cytoplasm | Y4 | Cytoplasm | g 4 | Cytoplasm | /4
TYK2* © JAK1* TYK2" %Y JAK1* TYK2* JAK1*
l/ \‘ SOCS3 \‘ ") SOCS3 _'!{ \‘ 1) SOCs3
STATS* v? STAT3 O sTaT- 7
X X X
STATS: STATS: TATS
STATS STATS TaTH
INucleus | INucleus | ’ Nucleus |
SBE
7\
71\
/| ‘I\
® Y |
socs3 e socs3 Y /Y \| ¢ socs3 Y
cers o war () Hmox1 cors ¢ ar () Hmoxi cors & 1ar () HwoX1
CCR1 a CCR1 a CCR1
ARG2 @ FCGRII ARG2 ©  FCGRII ARG2 ®  FCGRII

Figure 4. B. pseudomallei and L PS stimulated C57BL/6 Ifnar1”- and BALB/c macr ophages have
similar levels of IL-10 production and show reduced expression of |1L-10 pathway genes
compared to C57BL/6 WT macrophages.

(A) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with B.
pseudomallei or LPS for the indicated times. IL-10 production was quantified by ELISA.
Graphs show means = SEM of 4 independent experiments. **p<0.01, ***p<0.001 as
determined by two-way ANOVA (*C57BL/6 vs. BALB/c; *C57BL/6 vs. C57BL/6 /frarl”),
Bonferroni’s multiple comparison test. (B) C57BL/6, BALB/c and C57BL/6 /fnarl”-
BMDMs were stimulated with B. pseudomalleifor 6 h in triplicate cultures. Total RNA was
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isolated and processed for microarray analysis as described in Materials and Methods.
Normalised expression of genes annotated within the IL-10 pathway (IPA) are shown
hierarchically clustered according to expression. Lower panel shows overlay of gene
expression level (red high, blue low) on a schematic of the IL-10 pathway (IPA).
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Figure5. Typel IFN promotes B. pseudomallei and L PS stimulated 1L-10 production
transcriptionally and by stabilisation of 1110 mRNA in C57BL/6 and BAL B/c macrophages.

(A, B) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with B.
pseudomallei or LPS for the indicated times. (C) C57BL/6 and C57BL/6 /frarl”- BMDMs
were stimulated with LPS for 1 h and treated with Actinomycin D (ActD). (A-C) //10
MRNA was harvested and quantified by gRT-PCR, normalised to HprtZ mRNA levels. (D)
C57BL/6 and BALB/c BMDMs were treated with 2 or 20 ng/ml IFN-p for 2 h prior to
stimulation with B. pseudomallei or LPS for 24 h. IL-10 production was quantified by
ELISA. Graphs show means +SEM of 2-3 independent experiments. *p<0.05, **p<0.01,
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**%n<0,001, two-way ANOVA (*C57BL/6 vs. BALB/c; *C57BL/6 vs. C57BL/6 /fnarl”),
Bonferroni’s multiple comparison test.
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Figure6. Typel IFN stimulates|L-10 production in C57BL/6 macrophages through the
activation of ERK /2 MAP kinase.

(A) C57BL/6 and BALB/c BMDMs were treated with PD184352 and/or SB203580 or
DMSO as control 1 h prior to stimulation with LPS for 24 h. IL-10 production was
quantified by ELISA. (B) C57BL/6 WT and /fnar’- BMDMs were treated with PD0325901
or SB203580 or DMSO as control 1 h prior to stimulation with LPS for 24 h. IL-10
production was quantified by ELISA. (C) C57BL/6 WT, /fnar1”- and BALB/c BMDMs
were stimulated with 20 ng/ml IFN-B. Whole protein extracts were generated and analysed
by Western blot for total and phosphorylated ERK1/2 and GAPDH as loading control. (D, E)
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C57BL/6 and BALB/c WT BMDMs were treated with SB203580 or PD0325901 1 h prior to
or 2 h post stimulation with LPS. //Z0 mRNA was harvested at indicated times and
quantified by gRT-PCR, normalised to HprtZI mRNA levels. Graphs show means +SEM of
3-5 independent experiments. *p<0.05, **p<0.01, ***p<0.001, ns= non-significant as
determined by one-way (A) or two-way ANOVA analysis (Bonferroni’s multiple
comparison test) (B, D, E). Western blot shown is representative of 3 independent
experiments.
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Figure7.1L-1pB production isinhibited in B. pseudomallei and L PS stimulated C57BL /6
macrophages by type | IFN through IL-10 dependent and independent mechanisms.

(A) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with B.
pseudomallei or LPS for the indicated times. (B) C57BL/6 and BALB/c BMDMs were
treated with 2 or 20 ng/ml IFN-B for 2 h prior to stimulation with B. pseudomallei or LPS
for 24 h. (C) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with 5.
pseudomallei or LPS for 24 h in the presence of anti-IL10R or isotype control added at the
time of stimulation. IL-1p3 production was quantified by ELISA. Graphs show means + SEM
of 2 (C) or at least 3 (A, B) independent experiments. *p<0.05, **p<0.01, ***p<0.001 as
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determined by one-way (B) or two-way (A,C) ANOVA (*C57BL/6 vs. BALB/c; *C57BL/6
vs. C57BL/6 /fnar1”"), Bonferroni’s multiple comparison test.
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Figure 8. IL-12p70 isnegatively regulated by type |l IFN and IL-10in B. pseudomallei and L PS
stimulated C57BL /6 and BAL B/c macrophages.

(A, B) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with B.
pseudomallei or LPS for the indicated times. (C) C57BL/6 and BALB/c BMDMSs were
treated with 2 or 20 ng/ml IFN-B for 2 h prior to stimulation with B. pseudomallei for 24 h.
(D) C57BL/6, BALB/c and C57BL/6 /fnarl”- BMDMs were stimulated with B.
pseudomallei or LPS for 24 h in the presence of anti-IL10R or isotype control added at the
time of stimulation. (E) C57BL/6 and BALB/c BMDMs were stimulated with B.
pseudomaller or LPS for 24 h in the presence of anti-IFNARZ, anti-IL10R or isotype control
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added 2 h prior to stimulation. IL-12p70 production was quantified by ELISA and //12a
MRNA expression by gRT-PCR. Graphs show means +SEM of 2 (B,D) or at least 3 (A, C,
E) independent experiments. *p<0.05, **p<0.01, ***p<0.001 as determined by two-way
ANOVA (Bonferroni’s multiple comparison test).
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