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Abstract

Background: In Bacillus anthracis, lethal toxin (LeTx) is a critical virulence factor that causes immune suppression and toxic
shock in the infected host. NF-kB is a key mediator of the inflammatory response and is crucial for the plasticity of first level
immune cells such as macrophages, monocytes and neutrophils. In macrophages, this inflammatory response, mediated by
NF-kB, can regulate host defense against invading pathogens. A Jumoniji C family histone 3 lysine-27 (H3K27) demethylase,
Jmjd3, plays a crucial role in macrophage plasticity and inflammation. Here we report that NF-kB and Jmjd3 can modulate
the LeTx intoxication resistance of RAW 264.7 cells.

Principal Findings: This study showed that a 2 h exposure of macrophages to LeTx caused substantial cell death with a
survival rate of around 40%. The expression of the Jmjd3 gene was induced 8-fold in intoxication-resistant cells generated
by treatment with lipopolysaccharides of RAW 264.7 cells. These intoxication-resistant cell lines (PLx intox and PLxL intox)
were maintained for 8 passages and had a survival rate of around 100% on secondary exposure to LeTx and
lipopolysaccharides. Analysis of NF-kB gene expression showed that the expression of p7100, p50 and p65 was induced
around 20, 7 and 4 fold, respectively, in both of the intoxication-resistant cell lines following a 2 h treatment with PLxL
(0.1+0.1+1 pg/ml). In contrast, these NF-kB genes were not induced following treatment with PLx treatment at the same
concentrations.

Conclusions: Although LeTx influences macrophage physiology and causes defects of some key signaling pathways such as
GSK3p which contributes to cytotoxicity, these results indicate that modulation of NF-kB by p50, p100 and Jmjd3 could be
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vital for the recovery of murine macrophages from exposure to the anthrax lethal toxin.
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Introduction

The transcription factor, NF-kB, regulates numerous genes
involved in cell survival (cellular inhibitor of apoptosis; ¢-IAP,
cellular FLICE-like inhibitory protein; ¢-FLIP and B-cell lympho-
ma extra large, Bel-xl), proliferation (TNF, IL-1, IL-6, cyclin-D1 and
¢-myc), angiogenesis (VEGF, TNF, IL-1 and IL-8), inflammation
(TNF, IL-1 and chemokines), invasion (cyclooxygenase-2; COX-2
and matrix metalloprotease 9; MAMPY) and metastasis (intercellular
adhesion molecule; ICAM-1 and vascular cell adhesion molecule;
VCAM-1) [1]. Although the function of NF-kB is primarily
mediated by a single abundant species, the p65-p50 heterodimer,
there are five transcription factors of the mammalian NF-xB
family: p65 (also called RelA), c-Rel, RelB, p50 and p52.
Depending on the cell status, these proteins act through the
formation of homo- or heterodimers. Proteins of the NF-xB
contain a highly homologous Rel region that mediates protein-
DNA interactions with its N-terminal domain and dimerization
with its C-terminal domain. Depending on the cell type and the
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differentiation status, the relative abundance of each dimer may
vary [1,2].

The present study focuses on the epigenetic role of NF-kB on
cell survival following lethal toxin (LeTx) shock. LeTx is a binary
toxin of Bacillis anthracts composed of protective antigen (P), a
molecular transporter allowing receptor-mediated entry and
release of Lx into the cytosol and lethal factor (Ix), a zinc
metalloprotease that cleaves the N-terminal end of mitogen-
activated protein kinase (MAPK) kinases (MEK) 1 to 7, with the
exception of MEKY, resulting in the inactivation of most of their
downstream signaling cascades. P binds to either of two surface
receptors: anthrax receptor 1 (also known as the tumor endothelial
marker 8) and anthrax receptor 2 (also known as the capillary
morphogenesis gene-2). While anthrax receptor 2 is widely
distributed in human tissues, anthrax receptor 1 is expressed
abundantly in macrophages and is also found in other cells,
including endothelial cells and several tumor cells [3,4,5,6]. It
has been reported that NACHT-leucine-rich repeat and pyrin
domain-containing protein 1b (NALP1b) in mice acts as the host
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factor that confers rapid LeTx cytotoxicity [7]. However, human
macrophages lacking NALP1b are resistant to rapid necrotic cell
death induced by LeTx. Instead, LeTx was shown to cause
delayed apoptotic cell death of differentiated macrophages and
inhibit cell proliferation and differentiation, most likely mediated
through MAPK inhibition [8,9,10].

The exact mechanism of anthrax pathogenesis by the inhibition
of cell proliferation by LeTx remains obscure. Interestingly,
recovery from prolonged MEK-cleaving Lx activity required cell
proliferation, which was mediated in some cells through an
adaptive response by the induction of the phosphatidylinositol 3-
kinase (PI3K)/Akt/GSK3 signaling pathway. This suggests that
the recovery from cellular LeTx toxicity somehow depends either
on the activation of PI3K/Akt pathway or on protection from cell
cycle arrest by the GSK3-inhibitor [11]. Although impaired
immune response, cell lysis due to loss of ions and degradation of
survival factors are critical components of LeT'x-induced cell death
[12,13], in macrophages, a short exposure to LeTx primarily
down regulates NF-kB and GSK3 regulated genes [14,15]. Several
kinases, including PI3K/Akt kinase, signal through NF-xB for cell
survival. In non-stimulated cells, the basal nuclear NF-kB levels
may regulate the expression of certain genes required for cell
survival [16]. However, NF-kB can regulate the induction of
Jmjd3 which is responsible for macrophage plasticity and
differentiation, by binding to the to the three kB sites on its
promoter. Jmjd3, hydroxylase and H3K27me3
demethylase, is quickly and strongly induced in macrophages
exposed to bacterial products and inflammatory cytokines [17].
Since, NF-kB acts broadly to influence gene expression events that
impact cell survival, differentiation, and proliferation [18], the
present study examines the possibility that differential induction of
NF-xB in the cells that have developed resistance to LeTx

an active
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intoxication may be mediated via the formation of open chromatin

by Jmjds3.

Results

The effect of LeTx and LPS on the RAW 264.7 cells

The anthrax toxin, LeTx, is specifically cytotoxic to macro-
phages, causing apoptosis of human macrophages [8]. Down
regulation of the kinesin motor protein KiflC resulted in the
resistance of some murine macrophages to LeTx induced
cytotoxicity, whereas up-regulation of this protein increased the
sensitivity of cells to LeTx [15]. The effect of LeTx, P, Lx and
mutant lethal factor (mLF), alone and in combination, on RAW
264.7 cells was investigated in incubations from 30 min to 24 h in
duration. Two different combinations of LeTx and LPS
concentration resulted in significant cell death even within
30 min. LeTx/PLx (0.1+0.1 & 1+1 ug/ml) and PLxL
(0.140.14+0.1 & 1+1+1 pg/ml) greatly decreased absorbance in
cell proliferation assays at both lower and higher concentrations
compared to untreated cell controls (Fig. 1). Treatment with
0.2 pg/ml LPS and mLF with P had a negligible effect on cell
viability, and only Lx (1 pg/ml) did not result in severe cell death

(Fig. 1).

Induction of Jmjd3 by LPS and with LeTx and LPS (PLxL)

Macrophages and their progenitors also show some degree of
plasticity when exposed to inflammatory stimuli. It was reported
that histone H3 lysine 9 methylation (H3K9me) was erased from
the promoters of some slowly activated inflammatory genes upon
activation [19]. The requirement of NF-xB for inflammatory gene
expression is supported by recent evidence that showed that Jmjd3
induction by LPS was strongly inhibited by IxBo-SR [17].
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Figure 1. Cell viability assay. RAW 264.7 cells were treated with different combinations of P, Lx, LPS and mLF for 30 min to 24 h. After 24 hours,
cells treated with both high and low concentrations of PLx and PLxL showed significantly less survival than untreated cells. Treatment with 0.2 pg/ml
LPS and mLF had a negligible effect on cell viability whereas Lx with P and LPS treatment resulted in severe cell death except only Lx (1 ug/ml). Data
shown are representative of three independent experiments, * +P<<0.05, compared with untreated and PmLF treated cells respectively. Values

represent mean = SD (N=3).
doi:10.1371/journal.pone.0009913.9001
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Analysis of different upstream regions of Jmjd3 showed the
presence of three kB sites. A ChIP experiment with an antibody
directed against the NF-kB subunit p65/RelA revealed the
presence of p65/RelA in LPS-stimulated cells at region 2, which
lies upstream of the second exon. Therefore, inducible transcrip-
tion of Jmjd3 depends on functional kB sites [17]. In this study,
gene expression of JmjC following different combinations of
treatments, including P, PLx, PLxL. and LPS, was analyzed. PLx
and PLxL treatment resulted in cell death in 30 to 40% of cells. A
cell lysate of these cells was collected after washing. After 2 h
stimulation with PLxL and LPS, only Jmjd3 was significantly up-
regulated (>8 fold) in Raw264.7 cells compared to untreated cell
controls (Fig. 2).

Establishment of LeTx intoxication-resistant cells

An initial cell proliferation assay showed that both lower and
higher concentrations of PLx (0.1+0.1 & 1+1 pug/ml) and PLxL
((0.140.140.1 & 1+1+1 pg/ml)) were cytotoxic to cells within
30 min and that they had higher cytotoxicity at 2 h and 4 h.
These data are compatible with a previous study in which more
than 80% of cells were lysed within 4 h [20]. This study also
observed that the remaining 20% cells showed resistance to LeTx
[20]. To create a population of cells resistant to LeTx intoxication,
RAW 264.7 cells were treated with levels of both PLx and PLxL
that resulted in 50% cell death after 24 hours. The remaining cells
were washed to remove dead cells and cultured for a further 8
passages (Table 1). The two intoxication-resistant cell lines were
termed “PLx intox” and “PLxL intox”. Cell proliferation assays
of the initial, 4" and 8" passages revealed significantly less
cytotoxicity after stimulation with LPS (data not shown).
Interestingly, treatment of RAW 264.7 cells with PLx and PLxL
resulted in a cell survival rate of only 20% whereas almost 100% of
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the intoxication-resistant cells survived (Fig. 3). These results
suggest that LPS stimulation is likely responsible for the survival of
intoxication-resistant cells and might be necessary for the
induction of NF-kB regulated genes along with Jmjd3.

Induction of Jmjd3 in intoxication-resistant cells

Histone modification plays a vital role in the induction of
inflammatory gene expression. The covalent modifications of
histones play a major role in gene regulation by affecting
chromatin compaction and thereby DNA accessibility. These
changes to histones at various positions result in either transcrip-
tional repression (such as H3K9 me3 and H3K27me3 methyla-
tion) or in activation (H3K4me3, H3-Serinel0 phosphorylation
and H3K9 acetylation) [21,22]. The expression levels of Jmjd3,
also necessary for gene activation, were compared in intoxication-
resistant cells versus Raw 264.7 cells treated with various
molecules. Interestingly, after a 2 h treatment with PLxL
(0.140.1+1 pg/ml), Jmyd3 induction was similar in both in Raw
264.7 and intoxication-resistant cells while treatment with PLx
(0.140.1 pg/ml) did not affect fnyd3 induction (Fig. 4).

Induction of NF-kB genes in intoxication-resistant cells
Different NF-kB gene products can form homo- and heterodi-
mers depending on cell type and gene regulation. While p65—p50
heterodimers are predominant, some homodimers, such as p50
and p52, act as repressors because these proteins lack the
transcription activation domain present in RelA, RelB, v-Rel
and c-Rel [23,24]. The p50 homodimer is abundant in endotoxin-
tolerant macrophages [25] as well as in tumor-associated
macrophages [26,27]. The pattern of expression of NI-xB
signaling genes in RAW 264.7 cells after 60 min, 90 min and
180 min of LeTx exposure was determined by microarray analysis

LPS

Figure 2. Induction of Jmjd3 by LPS alone and in combination with P, Lx and LPS (PLxL). Expression of different JmjC genes in Raw 264.7
macrophages stimulated with P (0.1 ug/ml), PLx (0.1+0.1 ug/ml), PLxL (0.1+0.1+1 pg/ml) or LPS (1 ug/ml) for 2 h. Jmjd3 was significantly up-regulated
(>8 fold) only in cells treated with PLxL and LPS than No treated cells (*P<<0.05). Data shown are representative of three independent experiments.

Results are expressed as the mean * SD of triplicate wells.
doi:10.1371/journal.pone.0009913.g002
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Table 1. Establishment of intoxication-resistant cells.

Treatment Pattern, for 24 h Steps

P (0.1 ug/ml) 1. Washing and let the cell grow for overnight

and collection of total RNA
PLx (0.1+0.1 pg/ml) 2. Maintaining the treated cell up to 8" passages
PLXL (0.140.1+1 pg/ml)

LPS (1 pg/ml)

PLx and PLxL treated cells called PLx and PLxL intoxication (intox) resistant cells
respectively.
doi:10.1371/journal.pone.0009913.t001

(data not shown). The microarray datasets were analgzcd using
Ingenuity pathway analysis software (IPA, Ingenuity =~ Systems,
www.ingenuity.com, Mountain View, CA, USA) described in Text
S1. After 60 min exposure to LeTx, PI3K, insulin and growth
factor receptor severely down-regulated (more than two orders of
magnitude) in the canonical NF-kB signaling pathway (Fig. S1).
There were 20, 7 and 4 fold inductions of p100, p50 and p6I,
respectively, in both of PLx intox and PLxL intox after a 2 h
treatment with PLxL (0.1+0.1+1 pug/ml) but these genes were not
induced by PLx treatment (Fig. 5). IRF3 (interferon regulatory
factor 3) was slightly induced in PLxL treated intoxication-resistant
cells. Recently, LPS-tolerant macrophages were found to have an
alternative phenotype in which p50 played an essential role [28].

Analysis of Jmjd3 and H3K27me3 level by
immunofluorescence

Jmjd3 has both conserved iron-binding residues and a
conserved o-ketoglutarate (¢-KG) binding site, and it shows
enzymatic activity, which was assayed using histone 3 as substrate.
Jmjd3 demethylated H3K27me3 and, with lower efficiency,
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H3K27me?2 in an iron-dependent manner, showing that Jmjd3
is true histone H3K27me3 demethylase [17]. The global
H3K27me3 level in RAW 264.7 and intoxication-resistant cells
were measured. Although untreated RAW 264.7 cells (Negative
Control/NC) showed better expression, there was no significant
variation in the level of H3K27me3 in PLxL intox cells (with or
without PLxL, 0.1+0.1+1 pg/ml, 2 h treatment) (Fig. 6A). Al-
though Jmjd3 was found in RAW 264.7 and PLxL intoxication
resistant cells clearly with 2 h treatment of LPS (1 pug/ml) (Fig. 6B).
Given these results, it is possible that chromatin immunoprecip-
itation analysis would give a better indication of the presence of
H3K27me3 and Jmjd3 at the promoter of a particular gene.

Discussion

NF-xB activation is induced by a variety of stimuli, including
inflammatory cytokines, phorbol esters, bacterial toxins (such as
lipopolysaccharides), viruses, UV light and different mitogens.
Some co-activator and co-repressor proteins have also been shown
to be required for the regulation of gene expression by many
transcription factors through altering chromatin structure. Co-
activator proteins include CREB-binding protein (CBP) and its
structural homolog, p300, which interact with the p65 subunit of
NF-kB to enhance its ability to activate transcription [29]. Recent
work has shown that the chromatin histone H3-lysine 4
methyltransferase, SET7/9, is a novel co-activator of NF-kB and
that depletion of SET7/9 attenuates the transcription of different
NF-kB downstream genes, including the histone H3-lysine 27
demethylase, JM7D3 [30]. These studies suggest that both histone
methylase and demethylase might be necessary for NF-xB activity.
The demethylase, Jmjd3, was chosen as the subject of this study of
intoxication-resistant cells on the basis of two criteria, namely, that
it can be regulated by NF-kB and that it is vital for macrophage
plasticity. After 60 min of exposure to LeTx, the expression of
several key NF-kB signaling genes, chiefly phosphatidylinositol
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Figure 3. Cell viability assay for intoxication-resistant cells. Both PLx and PLxL intoxication-resistant cells were treated for 2 h with PLx
(0.1+0.1 png/ml) or PLxL (0.1+0.14+1 pg/ml). The survival rate for both cell lines treated with PLxL was around 100% whereas it was only around 20% for
PLx treatment. RAW 264.7 cells had a very low survival rate for both PLx and PLxL treatment. Data shown are representative of two independent
experiments, *P<<0.05 compared with PLxL treated RAW 264.7 cells. Values represent mean = SD (N=3).

doi:10.1371/journal.pone.0009913.g003
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Figure 4. Induction of Jmjd3 expression in intoxication-resistant (PLx and PLxL) and RAW 264.7 cells. Treatment of RAW 264.7 and
intoxication-resistant cells with PLxL (0.1+0.1+1 pg/ml) showed almost identical Jmjd3 induction than without treatment. Treatment of cells with PLx
(0.140.1 nug/ml) did not result in any significant change. Data shown are representative of two independent experiments, *P<0.05 compared with
untreated RAW 264.7 cells. Results are expressed as the mean *+ SD of triplicate wells.

doi:10.1371/journal.pone.0009913.9g004
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Figure 5. Induction of NF-kB genes in intoxication-resistant (PLx and PLxL) and RAW 264.7 cells. Treatment of Raw 264.7 and
intoxication-resistant cells with PLxL (0.1+0.1+1 pg/ml) resulted in a 20, 7 and 4 fold induction of p700, p50 and p65, respectively (=*#P<<0.05,
compared with respective expressions in untreated RAW 264.7 cells). There was also a small induction of IRF3 in intoxication resistant cells. Data
shown are representative of two independent experiments. Results are expressed as the mean * SD of triplicate wells.
doi:10.1371/journal.pone.0009913.g005
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Figure 6. Analysis of H3K27me3 and Jmjd3 expression. A. H3K27me3 was expressed in untreated Raw 264.7 cells, and there was no significant
variation in expression in PLxL intoxication-resistant cells (with or without PLxL, 0.1+0.1+1 pug/ml for 2 h treatment). B. Jmjd3 expression was
measured by western blotting. Beta-actin was used as a loading control. Here, one of three representative experiments is shown.

doi:10.1371/journal.pone.0009913.g006

3-kinase (PI3K) was impaired (Fig. S1). It was reported that the
phosphatidylinositol 3-kinase signaling pathway is important in
recovery from anthrax toxin-induced cell cycle arrest [11]. LPS
tolerant macrophages were characterized by low NF-kB activity
and impaired expression of NF-kB dependent genes (e.g. TNF, IL-
12 and IEN-f) [31]. When the expression of NF-kB dependent
genes from intoxication-resistant cells was analyzed, a significant
induction in the expression of p100, p50 and p65 was found in both
PLx intox and PLxL intox after 2 h of treatment with PLxL
(Fig. 5). The expression of several genes was altered after 180 min
of LeTx treatment including dual-specificity phosphatase 6
(Dusp6), which was down-regulated, and TNF receptor-associated
factor 1 (7Traf1) and ¢-Mer proto-oncogene tyrosine kinase (Mertk),
which were up-regulated (data not shown). The effects of these
different alterations in gene expression might be to protect
macrophages from cell death. It was suggested that resistant cells
generated by a 4 h exposure to LeTx exposure might have
alternative molecular functions [20].

Intoxication-resistant cells generated in this study were a resistant
population of normal macrophages in which the different NF-xB
genes, especially p700, p50 and p65, were abundantly expressed. At
the same time, the expression of the H3K27me3 demethylase,

@ PLoS ONE | www.plosone.org

Jmyd3, was also increased. Although NF-xB is required for Jmjd3
expression, the increased expression of Jmjd3 may be crucial to the
formation of the open chromatin necessary to change the gene
expression profile of intoxication-resistant cells. Accumulation of the
p50 homodimer in monocytes/macrophages was described as
mediating tolerance to LPS and was found in peripheral blood
monocytes of septic patients [28]. The data from this study strongly
suggest that increased levels of Jmjd3, in addition to the differential
expression of NF-kB genes, are vital for the LPS induced LeTx
tolerance of macrophage cells and could be the factors responsible
for epigenetic regulation in intoxication-resistant cells.

Materials and Methods

Reagents

Bacillus anthracis protective antigen (P), lethal factor (Lx), mutant
lethal factor (mLF) and lipopolysaccharides (LPS) were from
Sigma-Aldrich (USA). RPMI 1640, fetal bovine serum (FBS), and
penicillin-streptomycin  (PS) were purchased from Gibco Life
Technologies (UK). Anti-JMJD3 (AP1022b) was collected from
Abgent and anti-rabbit IgG-HRP was collected from Jackson
Immuno. Res. Lab. Inc.
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Cell culture

Murine macrophage cell line, RAW 264.7, was originally
obtained from the American Type Culture Collection (Manassas,
VA). Cell cultures were maintained at sub-confluence at 37°C in a
5% COgy humidified atmosphere using RPMI medium supple-
mented with 10% fetal bovine serum (FBS), 100 TU/ml penicillin
and 10pg/ml streptomycin. One day prior to treatment, cells were
seeded at 4x10° cells/100-mm plate (Nunc'™, Kamstrupvej,
Denmark).

Cell proliferation assay

Cell proliferation was assayed by a tetrazolium salt colorimetric
assay using PreMix WST-1 according to manufacturer’s instruc-
tions (Takara Bio Inc., Shiga, Japan). Briefly, cells were seeded at a
density of 1.5x10* cells per well in 96-well plates in a volume of
100 pl, and they were incubated overnight. PreMix WST-1 was
added as indicated and incubated for an additional 4 h, and then
the absorbance was read at 45020 nm. The experiment was
performed in triplicate, and the results were analyzed using a
Student’s #test of three independent experiments.

Quantitative real time RT-PCR

Primers were designed using Primer Express (Applied Biosys-
tems, Foster City, CA), and all primers are listed in Table 2. Real
time RT-PCR was performed using the SYBR Green PCR Master
Mix (Takara Bio Inc., Shiga, Japan) and the 7500 fast real time
PCR system (Applied Biosystems, Foster City, CA) as were
previously described [32]. Briefly, the reaction mixture contained
2 X SYBR” Green PCR Master Mix (Takara Bio Inc., Shiga,
Japan), 10 pmol of the forward and reverse primers and 0.05 pg
cDNA from treated and untreated RAW 264.7 cells. At each
cycle, the accumulation of PCR products was detected by
monitoring the increase in fluorescence of the double stranded
DNA-binding SYBR Green reporter dye. A typical protocol
included a denaturation step at 95°C for 15 min, followed by
40 cycles of 95°C denaturation for 30 sec, 60°C annealing for
1 min and 72°C extension for 1 min. Following the real time RT-
PCR, a dissociation curve (melting curve) was generated using a
temperature ramp of 60 to 95°C. Glyceraldehyde-3-phosphate

@ PLoS ONE | www.plosone.org

Table 2. List of primers used for quantitative real time RT-PCR.

Gene Forward Primer Reverse Primer

Jmjdia 5'-CACATTTAGGTTCCCAGTCACA -3 5'-GCCACGATGTTAACACAGGA-3’
Jmjd1b 5'-TTCTGCTGGAAGGCTCACTT -3’ 5'-GATGCATCCCATTAGCATCC-3'
Jmjdic 5'- AGAAGAGAAAGGCGAGGTC-3" 5'-TTGGGACCTATCTCACAGCA-3’
Jmjd2a 5'-GACCACACTCTGCCCACAC-3’ 5'- TCCTGGGGTATTTCCAGACA-3’
Jmjd2b 5'- GGCTTTAACTGCGCTGAGTC-3’ 5'- GTGTGGTCCAGCACTGTGAG-3'
Jmjd2c 5'- CACGGAGGACATGGATCTCT-3' 5'- CGAAGGGAATGCCATACTTC-3'
Jmjd2d 5'- GTCTTGGTCGTCGTCCTTGT-3’ 5'- AATCCCCCTTCAGAAGCTGT-3'
Jmjd3 5" - CCCCCATTTCAGCTGACTAA-3' 5" - CTGGACCAAGGGGTGTGTT-3’
Jmjd4 5'- CTCAAGGACTGGCATCTGTG-3" 5'- CTGAGGAGCGGAAGATGTC-3'
Jmjd5 5'-TGTCATGTTAGAGCGGATGG-3' 5'- TGTACCTTGAGCCCACTTCC-3’
p65 5' - AGGCTTCTGGGCCTTATGTG-3’ 5'- TGCTTCTCTCGCCAGGAATAC-3'
p50 5" - GGAGGCATGTTCGGTAGTGG-3’ 5'- CCCTGCGTTGGATTTCGTG-3'
p100 5" - GGCCGGAAGACCTATCCTACT-3’ 5'- CTACAGACACAGCGCACACT-3'
IRF3: 5'- GAGAGCCGAACGAGGTTCAG-3 5' - CTTCCAGGTTGACACGTCCG-3'
doi:10.1371/journal.pone.0009913.t002

dehydrogenase (GAPDH) was used as an internal control. All data
were analyzed using the 97 AACT method [33].

Western blotting

Western blotting was performed following standard procedures
[34]. Briefly, equal amounts of protein from nuclear and
cytoplasmic extracts (20 pg) were resolved by electrophoresis
on 10% or 12% polyacrylamide gels for Jmjd3 or B-actin,
respectively. Proteins were then transferred to polyvinylidene
difluoride (PVDF) membranes (Schleicher & Schuell Bioscience,
Inc., Keene, NH) by electroblotting using the immersion method.
The membranes were blocked with 5% skimmed milk in 1% TBS-
Tween for one hour and incubated overnight with primary
antibodies at 4°C. After washing, the membranes were incubated
for one hour with the secondary antibody. Blots were visualized
with enhanced chemiluminescence (ECL"™ Plus Western Blotting
Detection Kit; GE Healthcare, Piscataway, NJ).

Immunofluorescence analysis

Cells were fixed for 30 min at room temperature with 4% (w/v)
paraformaldehyde in phosphate buffered saline (PBS) and were then
permeabilized with 0.3% (v/v) Triton X-100 in PBS. Fixed cells
were incubated overnight with the indicated primary antibodies.

Statistical analysis

All values are expressed as the mean® standard deviation (SD).
Statistical analysis was performed using SPSS 17.0 (SPSS Inc., IL,
USA). Data were tested using a one-way ANOVA followed by the
Tukey’s HSD post hoc test. P-value of <<0.05 were considered
significant.

Supporting Information

Figure S1 Effect of LeTx on RAW 264.7 cells after 60 min,
90 min and 180 min. IPA analysis was performed. Exposure to
LeTx (60 min) showed severe down-regulation (more than two
orders of magnitude) of PI3K, insulin and growth factor receptor in
the canonical NF-kB signaling pathway. The molecules colored
white were not affected by LeTx. The molecules colored green were
down-regulated in response to LeTx. The node color indicates the
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expression level of the genes and the brightness of node colors is
proportional to the fold changes of gene expression levels.
Found at: doi:10.1371/journal.pone.0009913.s001 (0.41 MB TIF)

Text S1

Found at: doi:10.1371/journal.pone.0009913.s002 (0.03 MB
DOC)

References

1. Sun SC, Ley SC (2008) New insights into NF-kappaB regulation and function.
Trends Immunol 29: 469-478.

2. Natoli G, Saccani S, Bosisio D, Marazzi I (2005) Interactions of NF-kappaB with
chromatin: the art of being at the right place at the right time. Nat Immunol 6:
439-445.

3. Bonuccelli G, Sotgia F, Frank PG, Williams TM, de Almeida CJ, et al. (2005)
ATR/TEMS is highly expressed in epithelial cells lining Bacillus anthracis’ three
sites of entry: implications for the pathogenesis of anthrax infection. Am J Physiol
Cell Physiol 288: C1402-1410.

4. Bradley KA, Mogridge J, Mourez M, Collier RJ, Young JA (2001) Identification
of the cellular receptor for anthrax toxin. Nature 414: 225-229.

5. Rmali KA, Al-Rawi MA, Parr C, Puntis MC, Jiang WG (2004) Upregulation of
tumour endothelial marker-8 by interleukin-1beta and its impact in IL-1beta
induced angiogenesis. Int J] Mol Med 14: 75-80.

6. Scobie HM, Rainey GJ, Bradley KA, Young JA (2003) Human capillary
morphogenesis protein 2 functions as an anthrax toxin receptor. Proc Natl Acad
Sci U S A 100: 5170-5174.

7. Boyden ED, Dietrich WF (2006) Nalplb controls mouse macrophage
susceptibility to anthrax lethal toxin. Nat Genet 38: 240-244.

8. Kassam A, Der SD, Mogridge J (2005) Differentiation of human monocytic cell
lines confers susceptibility to Bacillus anthracis lethal toxin. Cell Microbiol 7:
281-292.

9. Muchlbauer SM, Evering TH, Bonuccelli G, Squires RC, Ashton AW, et al.
(2007) Anthrax lethal toxin kills macrophages in a strain-specific manner by
apoptosis or caspase-1-mediated necrosis. Cell Cycle 6: 758-766.

10. Popov SG, Villasmil R, Bernardi J, Grene E, Cardwell J, et al. (2002) Effect of
Bacillus anthracis lethal toxin on human peripheral blood mononuclear cells.
FEBS Lett 527: 211-215.

11. Ha SD, Ng D, Pelech SL, Kim SO (2007) Ciritical role of the phosphatidyli-
nositol 3-kinase/Akt/glycogen synthase kinase-3 signaling pathway in recovery
from anthrax lethal toxin-induced cell cycle arrest and MEK cleavage in
macrophages. J Biol Chem 282: 36230-36239.

12. Hanna PC, Acosta D, Collier R] (1993) On the role of macrophages in anthrax.
Proc Natl Acad Sci U S A 90: 10198-10201.

13. Tang G, Leppla SH (1999) Proteasome activity is required for anthrax lethal
toxin to kill macrophages. Infect Immun 67: 3055-3060.

14. Jope RS, Johnson GV (2004) The glamour and gloom of glycogen synthase
kinase-3. Trends Biochem Sci 29: 95-102.

15. Tucker AE, Salles II, Voth DE, Ortiz-Leduc W, Wang H, et al. (2003)
Decreased glycogen synthase kinase 3-beta levels and related physiological
changes in Bacillus anthracis lethal toxin-treated macrophages. Cell Microbiol 5:
523-532.

16. Bactz D, Regula KM, Ens K, Shaw J, Kothari S, et al. (2005) Nuclear factor-
kappaB-mediated cell survival involves transcriptional silencing of the mito-
chondrial death gene BNIP3 in ventricular myocytes. Circulation 112:
3777-3785.

17. De Santa F, Totaro MG, Prosperini E, Notarbartolo S, Testa G, et al. (2007)
The histone H3 lysine-27 demethylase Jmjd3 links inflammation to inhibition of
polycomb-mediated gene silencing. Cell 130: 1083-1094.

@ PLoS ONE | www.plosone.org

NF-xB and Jmjd3

Author Contributions

Conceived and designed the experiments: NDD KH]J YGC. Performed the
experiments: NDD KH]J. Analyzed the data: NDD KHJ YGC.
Contributed reagents/materials/analysis tools: YGC. Wrote the paper:
NDD.

18. Hayden MS, Ghosh S (2008) Shared principles in NF-kappaB signaling. Cell
132: 344-362.

19. Saccani S, Natoli G (2002) Dynamic changes in histone H3 Lys 9 methylation
occurring at tightly regulated inducible inflammatory genes. Genes Dev 16:
2219-2224.

20. Comer JE, Galindo CL, Chopra AK, Peterson JW (2005) GeneChip analyses of
global transcriptional responses of murine macrophages to the lethal toxin of
Bacillus anthracis. Infect Immun 73: 1879-1885.

21. Clayton AL, Rose S, Barratt MJ, Mahadevan LC (2000) Phosphoacetylation of
histone H3 on c-fos- and c-jun-associated nucleosomes upon gene activation.
EMBO J 19: 3714-3726.

22. Volmat V, Camps M, Arkinstall S, Pouyssegur J, Lenormand P (2001) The
nucleus, a site for signal termination by sequestration and inactivation of p42/
p44 MAP kinases. ] Cell Sci 114: 3433-3443.

23. Bonizzi G, Karin M (2004) The two NF-kappaB activation pathways and their
role in innate and adaptive immunity. Trends Immunol 25: 280-288.

24. Li Q, Verma IM (2002) NF-kappaB regulation in the immune system. Nat Rev
Immunol 2: 725-734.

25. Ziegler-Heitbrock L (2001) The p50-homodimer mechanism in tolerance to
LPS. J Endotoxin Res 7: 219-222.

26. Saccani A, Schioppa T, Porta C, Biswas SK, Nebuloni M, et al. (2006) p50
nuclear factor-kappaB overexpression in tumor-associated macrophages inhibits
M1 inflammatory responses and antitumor resistance. Cancer Res 66:
11432-11440.

27. Sica A, Bronte V (2007) Altered macrophage differentiation and immune
dysfunction in tumor development. J Clin Invest 117: 1155-1166.

28. Porta C, Rimoldi M, Raes G, Brys L, Ghezzi P, et al. (2009) Tolerance and M2
(alternative) macrophage polarization are related processes orchestrated by p50
nuclear factor kappaB. Proc Natl Acad Sci U S A 106: 14978-14983.

29. Zhong H, Voll RE, Ghosh S (1998) Phosphorylation of NF-kappa B p65 by
PKA stimulates transcriptional activity by promoting a novel bivalent interaction
with the coactivator CBP/p300. Mol Cell 1: 661-671.

30. Li Y, Reddy MA, Miao F, Shanmugam N, Yee JK, et al. (2008) Role of the
histone H3 lysine 4 methyltransferase, SET7/9, in the regulation of NF-kappaB-
dependent inflammatory genes. Relevance to diabetes and inflammation. J Biol
Chem 283: 26771-26781.

31. Dobrovolskaia MA, Medvedev AE, Thomas KE, Cuesta N, Toshchakov V,
et al. (2003) Induction of in vitro reprogramming by Toll-like receptor (TLR)2
and TLR4 agonists in murine macrophages: effects of TLR “homotolerance”
versus “heterotolerance” on NF-kappa B signaling pathway components.
J Immunol 170: 508-519.

32. Baik SY, Jung KH, Choi MR, Yang BH, Kim SH, et al. (2005) Fluoxetine-
induced up-regulation of 14-3-3zeta and tryptophan hydroxylase levels in RBL-
2H3 cells. Neurosci Lett 374: 53-57.

33. Pfaffl MW (2001) A new mathematical model for relative quantification in real-
time RT-PCR. Nucleic Acids Res 29: e45.

34. Jung KH, Seo GM, Yoon JW, Park KS, Kim JC, et al. (2008) Protein expression
pattern of murine macrophages treated with anthrax lethal toxin. Biochim
Biophys Acta 1784: 1501-1506.

March 2010 | Volume 5 | Issue 3 | 9913



