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In areas where polyparasitism is highly prevalent, the impact of multiple parasites on the

host response is underestimated. In particular, the presence of helminth infection coin-

cident with malaria profoundly alters the production of malaria-specific IFN-c, IL-12p70,

CXCL9, CXCL10 and CXCL11, cytokines/chemokines known to be critical in mediating

malaria-specific immunity. In order to elucidate the mechanisms underlying the

suppression of malaria-specific cytokines/chemokines, we assessed the expression of

malaria-specific IL-12Rb1, IL-12Rb2 and interferon regulatory factor (IRF)-1 in blood

obtained from 18 filaria-infected (Fil1) and 17 filaria-uninfected (Fil�) individuals in a

filaria–malaria co-endemic region of Mali. We found that Fil1 individuals had significantly

lower RNA expression of IRF-1 but not IL-12Rb1 or IL-12Rb2 in response to malaria antigen

stimulation. We also measured the frequency of IL-12-producing DCs from these subjects

and found that Fil1 subjects had lower frequencies of IL-121 mDCs after malaria antigen

stimulation than did the Fil� subjects. Modeling these data in vitro, we found that mDCs

pre-exposed to live microfilariae not only produced significantly lower levels of CXCL-9,

CXCL-10, IL-12p35, IL-12p40, IL-12p19 and CXCL-11 following stimulation with malaria

antigen but also markedly downregulated the expression of IRF-1, IRF-2 and IRF-3

compared with microfilaria-unexposed mDCs. siRNA-inhibition of irf-1 in mDCs down-

regulated the production of IL-12p70 through repression of IL-12p35. Our data demon-

strate that the modulation of IRFs seen in filarial (and presumably other tissue-invasive

helminths) infection underlies the suppression of malaria-specific cytokines/chemokines

that play a crucial role in immunity to malaria.
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Introduction

In tropical and sub-tropical regions (and especially in Africa),

polyparasitism is highly prevalent, and the impact of multiple

parasites on the host immune system has long been under-

estimated [1]. Of the many parasites that co-exist within

human populations in Sub-Saharan Africa, soil-transmitted and

tissue-invasive helminths along with malaria are the most

predominant, as this region is estimated to be home to �85%

of the malaria cases and more than 90% of world’s helminth

infections [2, 3].

The impact of coincident helminth and malaria parasites

on the host immune system has been the focus of intense

studies recently. Despite varied conclusions reached in a number
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of studies examining the impact of helminth infection

on the outcome of clinical malaria [4–6], recent data reveal

that concomitant soil-transmitted helminth (STH) or filarial

infection alters quite dramatically the immune response to

malaria in children [7, 8]. Most recently, we have also demon-

strated that patent filarial infection profoundly altered the

production of malaria-specific IL-12p70, IP-10 (CXCL-10) and

IFN-g, cytokines known to be critical in mediating immunity to

malaria [8].

Chronic filarial infections are associated with a regulatory

immune environment dominated by increased frequencies of

IL-10-producing CD41 T cells (11) that appear to mediate

suppression of T-cell proliferation and the production of IL-2 and

IFN-g in response to filarial antigens [9, 10]. This exuberant

regulation has also been shown to modulate the T-cell response

to other pathogens (including malaria) through a process known

as spillover or bystander suppression [11].

The induction of Th1-cell immune responses to microbial stimuli

is regulated in large part by the production of IL-12 by APCs and by

the expression of IL-12 receptors (IL-12Rs) by CD41 T cells. The

expression of IL-12p70 by DCs and IL-12Rs by CD41 T cells is

controlled by complex signal transduction pathways involving

nuclear factor kappa B (NF-kB) and the interferon regulatory factors

(IRFs), especially IRF-1 and IRF-2 [12, 13]. IRF-1, however, seems to

play a dominant role in regulating IL-12p70, as its inhibition (and not

that of NF-kB) abrogates the production of IL-12p70 in DCs [14].

With respect to filarial infection, exposure of DCs to microfilariae

(mf) of Brugia malayi specifically suppressed the production IL-12p70

while upregulating the production of IL-8, RANTES, IL-1a, TNF-a and

IL-b [15]. Thus, in the current study we sought to determine the

mechanisms underlying the suppression of malaria-specific Th1-cell

and pro-inflammatory responses both in vivo (in filaria-infected

subjects) and in vitro. Our data demonstrate that IRF-1, in particular,

plays a key role in mediating the suppression of IL-12 production in

DCs that in turn influences the T-cell response to malaria antigen

stimulation.

Results

Study site and patients

The study was conducted in the Kolokani district of Mali where

malaria and filaria are co-endemic, with malaria having seasonal

transmission. The study population has been described in detail

previously [16]. The present study was conducted prior to the

malaria transmission season, but all the subjects had asympto-

matic malaria infection based on microscopy and HRP-2 antigen.

Filarial infection down modulates the expression of
IRF-1

Having demonstrated previously that patent filarial infection

suppresses the production of malaria-specific IL-12p70, IFN-g and

CXCL-10 in an IL-10-dependent manner [8], we sought to examine

those factors associated with the regulation of IL-12p70 in the

context of malaria/filaria co-infection. To this end, expression of

il12rb1, il12rb2 and irf-1 was assessed in filaria-infected (Fil1) and

filaria-uninfected (Fil�) patients (Fig. 1). Although there were no

differences in the baseline expression levels of il12rb1, il12rb2 and

irf-1 (Fig. 1A), when cells were stimulated with malaria antigen

(MalAg), cells from Fil1 had significantly lower expression levels

of irf-1 (GM (range) 3.03 (1.34–5.34) versus 7.71 (3.4–52.79),

p50.008) compared with those from Fil� (Fig. 1B). The

expression of il12rb1 and il12rb2 were lower in the Fil1 group

but the difference did not reach statistical significance. Moreover,

neutralizing anti-IL-10 antibody was clearly capable of reversing

this malaria-specific suppression of irf-1 expression in response to

malaria antigen stimulation (Fig. 1C).
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Figure 1. Patent filarial infection is associated with lower expression of
IRF-1 in response to malaria antigen stimulation that can be reversed
with anti-IL10 antibodies. Whole blood cells from filaria-infected and
-uninfected subjects were stimulated with MalAg or left unstimulated
for 24h, and RNA expression was assessed by reverse transcriptase
real-time PCR (RT-PCR). Expression levels of il12rb1, il12rb2 and irf-1
(A) at baseline, (B) in response to MalAg alone, or (C) in response to
MalAg in the presence of neutralizing antibody to IL-10 are shown. The
graph represents all the date obtained from the study subjects (n5 38).
(A and B) Each symbol represents a subject and the bar represents the
geometric mean. (C) Six Fil1subjects were assessed in the presence of
neutralizing antibodies to IL-10 (square) or of the isotype control
antibody (circle). Statistical significance was determined using
Mann–Whitney (B) or Wilcoxon signed-rank test (C).
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Frequency of IL-12p70/40-producing DCs in response
to MalAg stimulation

The transcription factor IRF-1 regulates, among other genes, the

expression of IL-12 in DCs and the IL-12Rs in CD41 T cells

[13, 17]. Because there were no differences between the

patient groups in the expression of the IL-12Rs, we sought to

determine the frequency of IL-12-producing DCs in Fil1

and Fil� cells in response to MalAg (Fig. 2; see Supporting

Information Fig. 1 for gating strategy) assuming that

these cells reflected best the IRF regulated IL-12 production.

As can be seen in Fig. 2, the frequency of IL-12p70/40-

producing mDCs was significantly lower in Fil1 compared with

that in Fil� subjects (GM (range) 2.9 (0.7–22.2) versus 17.7

(2.6–38.4), p5 0.0037) (Fig. 2A) as was the integrated

geometric mean fluorescence (iGMFI) of IL-12p70/40-

producing mDCs (Fig. 2B) (GM (range) 11 765 (1325–64365)

versus 21 367 (1772–155 587), p50.0049). However,

there were no differences in either the frequency or the iGMFI

of Type 1 interferon-producing pDCs between the two groups

(Fig. 2C and D).

Live mf alter mDC production of Th1-associated
proinflammatory cytokines in response to MalAg

To address more specifically how parasitic helminths can affect DC

responses to MalAg, in vitro-derived mDCs (see Supporting

Information Fig. 2 for the in vitro-derived DC phenotypes and

cytokine response to TLR ligands) pre-exposed to mf were

examined after stimulation with MalAg. As can be seen in Fig. 3,

mf-pre-exposed mDCs had a significantly lower production of

CXCL-9 (GM (range) 99.7 (1–9761) versus 997.8 (1–25205),

p50.0025), CXCL-10 (GM (range) 41.1 (1–6186) versus 553.5

(1–29741), po0.0001), and CXCL-11 (GM (range) 1.2 (1–11.4)

versus 13.4 (9.3–68.55), po0.0001) in response to MalAg

(Fig. 3A) when compared with mf-unexposed DCs. In accord with

the protein data, the transcription levels of IL-12p35 (p50.0002),

IL-12p40 (p50.0060) and IL-23p19 (p50.0034) were

significantly lower in mf pre-exposed mDCs compared with that

in non-exposed mDCs (Fig. 3C). Interestingly, the production of

other inflammatory cytokines by mDCs in response to malaria

antigen IL-1a (GM (range) 66.87 (0.05–42497) versus 1.62

(0.29–27.27), po0.0001), IL-1b (GM (range) 89.55 (1–12304)

versus 2.06 (0.19–50.18) po0.0001), IL-6 (GM (range) 887.3

(1–44510) versus 1208 (1–12837), po0.0001) and TNF-a (GM

(range) 224.1 (1–9761) versus 11.91 (1–178.4), po0.0001)

and the regulatory cytokine IL-10 (GM (range) 22.1 (1–5790)

versus 6.91 (1–69.59), po0.0001) was significantly increased by

pre-exposure to mf (Fig. 3B). Unlike mDCs, pre-exposure

of pDCs to live mf significantly boosted the production of

cytokines in response to MalAg stimulation (Fig. 3D and F).

However, there was no significant difference in the expression

levels of IL-12p19 and IL-12p40 between mf pre-exposed and

unexposed pDCs (Fig. 3E).

Mf inhibit the transcription of IRFs by mDCs in
response to MalAg

To assess the mechanisms underlying the downregulation of Th1-

associated pro-inflammatory cytokines in mf pre-exposed mDCs,

we assessed the expression of the interferon regulatory factors

(IRF) – IRF-1, IRF-2, IRF-3 and IRF-7 – each implicated in the

regulation of IL-12, type I interferons and/or the CXCR3 ligands

CXCL-9 and -10. As shown in Fig. 4, in response to malaria

antigen stimulation, mf pre-exposed mDCs had significantly

lower RNA expression levels of IRF-1 (GM (range) 1.87.

(1–7.95) versus 4.2 (1.2–37.02), p5 0.0031), IRF-2 (GM (range)

1.12 (1–1.85) versus 1.89 (1–5.54), p5 0.0001) and IRF-3 (GM

(range) 1.11 (0.79–2.43) versus 1.47 (1–3.07), p50.0039)

compared with that found in non-exposed mDCs (Fig. 4A).

However, there were no differences in the expression levels of

these transcription factors between mf pre-exposed and non-

exposed pDCs (Fig. 4B).

Mf induce IL-12p70, IL-12p40, IRF-1 and IRF-2 down-
regulation in mDCs co-cultured with MalAg

With the recent data showing that monocyte-derived in vitro

generated DCs differ from blood DCs in terms of their antigen

processing machinery [18], we sought to extend the results

obtained in vitro with blood derived mDCs and pDCs. Thus, we

isolated DCs from PBMCs (Supporting Information Fig. 3) and

assessed the effect of live mf on the innate response to

MalAg (Fig. 5). As seen, mf pre-exposed-mDCs stimulated with

MalAg had significantly lower production of IL-12p40

(p50.0010) and IL-12p70 (p50.04) compared with un-exposed

mDCs (Fig. 5A). Mf had no effect on pDC production of

cytokines in response to MalAg (Fig. 5B). In fact there were no

difference in the amount of cytokines produced between un-

exposed pDCs and mf-exposed pDCs. To ascertain whether mf

mediated the suppression of IL-12 production in blood-derived

mDCs, through the same process seen in in vitro derived mDCs,

we assessed the expression of IRF-1, -2, -3 and -7 in MalAg

stimulated mf pre-exposed mDCs purified from peripheral blood.

As seen in Fig. 5C, the expression of irf-1 and irf-2 were

significantly down regulated in mf pre-exposed-mDCs, though

there were no differences in the expression of irf-3 and irf-7.

There were no differences in the expression of these genes in

pDCs also purified from peripheral blood. In fact, irf-3 was up

regulated in the mf pre-exposed-pDCs in response to MalAg

stimulation (Fig. 5D).

Inhibition of irf-1 in mDCs suppresses the expression
of IL-12p35 and the production of IL-12p70

After demonstrating that mf downregulated the transcription of

il12-p35 and several interferon regulatory factors including irf-1,

as well as the production of IL-12p70 protein, we sought to
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Figure 2. Patent filarial infection is associated not only with lower frequency of IL-12p70/40-producing mDCs but also with the per-cell cytokine
production following malaria antigen stimulation. Whole blood cells were cultured as in Fig. 1, with Brefeldin A added in the last 12h of
incubation. The cells were then stained with antibodies to mDC and pDC surface markers (Alexa fluor 700-mouse anti-human CD3, CD19, CD19,
PE-Cy7-mouse anti-human CD123 and PE-Cy5-mouse anti-human CD11c), and antibodies specific to IL-12p70/40, IFN-b and IL-10. The (A, C) net
frequency and (B, D) iGMFI of cytokine-producing (A, B) mDCs and (C, D) pDCs were determined. The graph represents all the date obtained from
the study subjects (n5 38). Each symbol represents the frequency or the iGMFI of mDCs or pDCs from one subject and the bars represent the
geometric mean. Statistical significance was determined using the Mann–Whitney test.

Figure 3. Pre-exposure of monocyte-derived mDCs and pDCs to Brugia malayi mf suppresses the production of Th1-associated proinflammatory
cytokines in response to malaria antigen stimulation in mDCs but not pDCs. mDCs and pDCs were differentiated in vitro from monocytes for 7
days using a cocktail of GM-CSF/IL-4 and IFN-b/IL-3 respectively, exposed to mf for 48h, then harvested, counted and stimulated with MalAg for
24h. The supernatants were screened for the indicated cytokines and the cells were used for RNA purification and RT-PCR. (A, C, D and F) represent
the net concentration of cytokines measured in culture supernatants, and (B and E) represent the fold change of mRNA expression of the listed
cytokines in MalAg-stimulated over the unstimulated DCs. The figure represents data from 32 individual experiments; each symbol represents a
monocyte donor, and the bars join the data point from an individual sample exposed or unexposed to mf. Statistical significance was determined
comparing cytokine values from the DC-exposed or -unexposed to mf using the Wilcoxon signed-rank test. The p-values were corrected for
multiple comparisons using Holm’s correction.
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determine whether the diminished production of IL-12p70 was

directly related to irf-1 expression. Thus, we inhibited the

expression of irf1 in mDCs using siRNA and examined the effect

on the production of IL-12p70 in response to a strong TLR-

mediated agonist Poly (I:C) and MalAg (Fig. 6). As shown in

Fig. 6A, the silencing of irf-1 (p50.0003 compared with control

siRNA) markedly inhibited the expression of il12p35 (p5 0.002)

but did not affect the expression of il12p40 in response to Poly

(I:C) stimulation. Furthermore, the production of IL-12p70

protein (p50.006) was significantly downregulated in irf-1-

silenced mDCs compared with mDC-treated with control siRNA

(Fig. 6B) whereas irf-1 silencing failed to alter the production of

IL-12p40, CXCL-10, CXCL-9, and CXCL-11 in mDCs stimulated

with Poly (I:C) (Fig. 6B). In response to MalAg (Fig. 6C),

silencing of irf-1 significantly suppressed the expression of

il12p35 and il12p40 (p50.0001 and p50.01, respectively) but

did not affect the expression of cxcl10 when compared with mDCs

exposed to control siRNA (Fig. 6C).

Discussion

Having previously demonstrated that malaria-specific Th1

responses (IFN-g) are attenuated in the context of concomitant

filarial infections – an attenuation that reflects diminished
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Figure 4. Pre-exposure of monocyte-derived DCs induces a down-
regulation of interferon regulatory factors 1, 2 and 3 in mDCs but not
pDCs. In vitro generated (A) mDCs and (B) pDCs were exposed to mf for
48h, stimulated with MalAg for 24h and the cells were used for RNA
purification and RT-PCR. The fold change of RNA expression over
unstimulated DCs or mf-pre-exposed DCs from 22 experiments is
shown. Each symbol represents a value from one monocyte donor, and
the lines join the values from mDCs and mf pre-exposed DCs from the
same volunteer. Statistical significance was determined using
Wilcoxon signed-rank test.

Figure 5. Pre-exposure of blood derived mDCs and pDCs with B. malayi
mf induce a downregulation of Th1-associated proinflammatory
cytokines and suppression of IRF-1 and 2 in mDCs but not pDCs.
mDCs and pDCs were purified from blood using mDCs and BDCA-4/
Neuropilin-1 MicroBead Kit, pre-exposed to mf and stimulated with
MalAg for 24h. (A, B) The supernatants were collected and screened for
cytokines and (C, D) the cells were used for RNA purification and
RT-PCR. The figure represents data from 15 individual experiments/
donors. Each symbol represents cells from one volunteer and the line
joins the cytokine values from the same donor. Comparisons were
done using the Wilcoxon signed-rank tests and the p-values were
corrected for multiple comparisons using Holm’s correction.
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IL-12p70 and CXCL-10 production – we examined those factors

that regulate IL-12 production and responsiveness. A Th1

immune response typically is induced by IL-12p70 produced by

DCs that act on receptors expressed on CD41 T cells [19–21]. The

expression of both IL-12p70 and its receptors is regulated,

in part, by IRF-1 and IRF-2 [12, 13, 20–22]. Our data showed

that upon stimulation with malaria antigen, cells from

filarial-infected subjects had not only significant lower frequency

of IL-12-producing mDCs but also diminished expression

of IRF-1, a transcription factor known to regulate the

expression of IL-12p70 in mDCs and its receptors on CD41

T cells. Although the expression of irf-1 was not determined in

DCs and T cells specifically in Fil1 subject, IRF-1 is known to

modulate the differentiation of Th1 cells despite its expression

and discreet role in other cell types [23]. Although, we did not

address the mechanisms involved in IL-12 signaling or how

IL-12R function on CD41 T cells, we did not find any significant

differences in the expression of either IL-12Rb1 or IL-12Rb2,
suggesting the diminished malaria-specific Th1 response is

likely regulated at the level of IL-12 production, through IRF-1

silencing [24].

DCs play critical role in inducing Th1 effector responses, hence

their importance in immune responses to malaria [25–27].

Although, their role in inducing Th1-cell responses is unequivocal,

data from in vitro studies assessing their function in malaria are

varied [26, 28–33]. Our data clearly show that monocyte-derived

DCs stimulated with malaria antigen produced high levels of not

only pro-inflammatory cytokines (IL-1a, IL-1b, TNF-a and IL-6)

but also high levels of Th1-associated cytokines (CXCL-9, CXCL-10,

CXCL-11 and IL-12 (p35 and p40) the production of which was

profoundly attenuated by live mf (see Fig. 3).

In contrast to human malaria, a recent study of filarial-infected

subjects showed that this helminth infection was associated with

an increased number of circulating mDCs (the major producer of

IL-12) while the number of circulating pDCs was not different

when compared with filaria-uninfected subjects [34]. Despite this

increase in the number of circulating mDCs during filarial infec-

tion, those capable of making IL-12p70 were significantly limited

(see Fig. 2A and B) in Fil1 individuals compared with Fil� indi-

viduals. Interestingly, the effect of live mf on DCs was very specific

to the induction Th1-associated cytokines (e.g. IL-12p70, CXL-9,

CXCL-10 and CXCL-11) as mf-pre-exposed monocyte-derived or

blood-derived mDCs produced higher levels of IL-1b, IL-6 and

TNF-a compared with un-exposed mDCs. These Th1-associated

cytokines are regulated among many other factors by the inter-

feron regulatory factors (IRF-1, IRF-3 and IRF-7) and the NF-kb
pathway. The differential effect of mf on the mDC production of

Th1-associated cytokines (IL-12 and CXCR3 ligands) and the other

pro-inflammatory cytokines suggest that mf may alter specifically

the IRF pathway in mDCs. To this end we found that mf signifi-

cantly inhibited the expression of IRF-1, IRF-2 and IRF-3, tran-

scription factors known to regulate the production of IL-12p35,

IL-12p40 and CXCL-10 [35–37].

Because helminths have been shown to directly or indirectly

condition DCs to induce Th2 responses [38–40], the impairment of

the IRFs (major regulators of IL-12 and CXCR3 ligands) in DCs

may be one mechanism used by filarial parasites to promote Th2

responses by dampening the Th1 responses. The concept is

supported by our data using purified DCs (both mDCs and pDCs)

from whole blood in which IL-12p40, IL-12p70, CXCL-9 and

CXCL-10 (see Fig. 5) production was diminished by the presence

of mf. These results corroborate the data from in vitro generated

mDCs and suggest that mf alter the function of those DCs that

produce IL-12 required to drive the Th1-cell immune responses.

To evaluate the importance of IRF-1 in regulating IL-12p70

production, we showed that IRF-1 siRNA constructs significantly

inhibited the expression of IL-12p35 and the production of

IL-12p70. IL-12p40 and IL-12p35, the two subunits of IL-p70 are
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Figure 6. Inhibition of IRF-1 down-regulate the production of IL-12p70
in mDCs. Monocyte-derived mDCs were transfected with either IRF-1
siRNA or control siRNA and stimulated with (A, B) Poly (I:C) or
(C) MalAg for 24h. (A, C) The cells were used for RNA extraction and
RT-PCR and (B) the supernatants were collected and screened for
cytokine production. The figure represents data from 18 experiments/
donors; each symbol represents data from one volunteer with the lines
joining data points from the same cells treated with either control
siRNA or IRF-1 siRNA constructs. The bars represent the geometric
mean and the error bars the 95% confidence interval. Statistical
significance was estimated using the Wilcoxon signed-rank test.
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differentially regulated, IL-12p35 by IRF-1 and IL-12p40 by

IRF-1, IRF-2 and NF-kB [13, 41, 42]. IRF-1 has also been shown

to be responsible for the impaired production of IL-12 by DCs

and macrophages that in turn impair Th1-cell differentiation

[19, 20]. The down regulation of IRF-1, 2 and 3 in mDCs in

mf-exposed DCs was seen specifically in response to malaria

antigen (and to poly (I:C)) stimulation and did not reflect

an mf-imprinted mDC phenotype. Moreover, analyzing the

transcriptional profile of mf-pre-exposed mDCs failed to find

mf-induced alteration of IRF expression [15]. Although the

mechanism by which filaria parasites mediate the down regula-

tion of IRFs still remains to be elucidated, filarial parasites are

known to suppress the expression and function of TLRs [43–45].

Because signaling through some TLRs activates IRFs [23, 37, 46,

47], modulating TLRs expression and function could be one

mechanism by which filarial parasites suppress IRF expression

and function.

Our data demonstrate that in the context of malaria/filaria

co-infection, filarial parasites directly modulate the ability of

mDCs to produce Th1-associated cytokines in response to malaria

antigen stimulation. This modulation (of IL-12p70, CXCR3

ligands) appears to reflect altered control of IRFs (IRF-1, IRF-2

and IRF-3) in mDCs that has broad implications for the devel-

opment of appropriate Th1-cell-dominated responses following

malaria infection.

Materials and methods

Patients and study site

The patient population used in this study (NCT00471666) has been

described previously [48] and studied under protocols approved by

the NIAID IRB and the Ethical Committee of the University of Mali.

Individual informed consent was obtained from all participants

and/or their legal guardians in French or Bambara.

Whole blood culture

Whole blood cultures were set up as described previously [8, 48].

Malaria parasite extract (MalAg) was prepared using standard

methods described previously [8] and used at 104 infected

erythrocyte/mL of culture. For RNA assays, the cells were stored

at �701C in buffer RLT (Qiagen, Valencia, CA, USA) until used

for RNA purification. For flow cytometry, Brefeldin A (Sigma-

Aldrich, St. Louis, MO, USA) was added to the cultures after 12 h

of incubation.

Gene expression

RNA was purified from frozen samples using the RNeasy kit (Qiagen,

Valencia, CA, USA) according to the manufacturer’s instructions.

cDNA synthesis

Totally, 200 ng of RNA was used to generate cDNA using TaqMan

reverse transcription reagents (ABI, Carlsbad, CA, USA), accord-

ing to the manufacturer’s protocol.

Real-time RT-PCR

Real-time quantitative RT-PCR was performed in an ABI 7900HT

sequence detection system (ABI, Carlsbad, CA, USA) using TaqMan

Assays for IRF-1 (Hs00971960_m1), IRF-2 (Hs00180006_m1), IRF-3

(Hs01547282_m1) and IRF-7 (Hs00185375_m1). An endogenous

18s ribosomal RNA was used for RNA control. Relative

transcripts were determined by the formula: DCT5

CTsample�CT18S control, the relative expression was calculated;

DDCT5AverageDCTstimulated�DCTunstimulated, as was the fold

change by the formula 2�DDCT, in which CT is the threshold

cycle during the exponential phase of amplification.

Flow cytometry

The flow cytometry assay and analysis were performed as described

earlier [48]. The cells were stained with anti-human CD3-Alexa

Fluor 700 (clone UCTH), CD123-PE-Cy7 (clone 6H6) (eBioscience,

San Diego, CA, USA), anti-human CD19-Alexa Fluor 700 (Clone

SJ25C1), CD56-Alexa Fluor 700 (clone NCAM16.2), CD11c (clone

B-ly6), CD14-APC-Cy7 (clone MjP9) (BD Bioscience, San Jose, CA,

USA), PE-conjugated BDCA-1 and BDCA-3 (Miltenyi, Auburn, CA,

USA). Samples were acquired on a BD LSRII (BD PharMingen) and

analyzed using FlowJo (TreeStar, Ashland, OR, USA).

Generation of monocyte-derived myeloid and plasma-
cytoid DCs

Peripheral blood monocytes were obtained by centrifugal elutriation

from normal donors under a protocol approved by the IRB of the

Department of Transfusion Medicine, NIH (IRB 99-CC-0168).

Monocytes were plated at 8.4� 106 cells/well in a 6-well plate

(3506 costar) (Corning, NY USA) in serum-free RPMI 1640 media

(incomplete media) supplemented with 1% glutamine 200mM, 1%

HEPES 1M, 1% penicillin/streptomycin 10000 units/10000mg
(Invitrogen, Carlsbad, CA, USA) and incubated for two hours at

371C in a CO2 incubator. Non-adherent cells were aspirated and the

media was replaced with 2% human serum containing-media. The

cells were incubated for 7 days with GM-CSF and IL-4 (1000/100

units) (Peprotech, Rocky Hill, NJ, USA) for mDCs or IL-3

(Peprotech, Rocky Hill, NJ, USA) and IFN-b (Avonex, Research

Triangle Park, NC, USA) (1500/150 units) for pDCs, added on days

0, 3 and 5. On day 7, the cells were harvested and counted. In vitro

generated mDCs and pDCs expressed markers and produced

cytokines known to be expressed and produced by blood derived

DCs (Supporting Information Fig. 2).
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Purification of mDCs and pDCs from peripheral blood

mDCs and pDCs were isolated from peripheral blood mono-

nuclear cells (PBMCs) of normal donors using the Myeloid DC

Isolation Kit and the CD304 (BDCA-4/Neuropilin-1) MicroBead

Kit respectively according to the manufacturer’s protocol (Milte-

nyi). The purity of the DCs based on flow cytometry using anti-

BDCA-1, anti-BDCA3 and anti-BDCA-2 antibodies was

always495% (Supporting Information Fig. S3).

DC stimulation

mDCs or pDCs were exposed to live B. malayi mf at a final

concentration of 50 000mf/1�106 cells/well as described

previously [49] or were left unexposed for 48 h. The cells were

then harvested, counted, plated at 1� 106 cells/mL and either

cultured in media alone, or with MalAg or with 2.5 mg/mL of Poly

(I:C) (Invitrogen) for 24 h. The supernatants and the cells were

collected and stored at �801C for cytokine assay and real-time

quantitative PCR respectively.

Inhibition of Irf-1 in mDCs

IRF-1 siRNAs were purchased from Invitrogen. The sequences of

IRF-1 siRNA used were, sense 50-AAU UAA UCU GCA UCU CUA

GCC AGG G-30 and antisense 50-CCC UGG CUA GAG AUG CAG AUU

AAU U; sense 50-AAA CAG GCA UCC UUG UUG AUG UCC C and

antisense 30-GGG ACA UCA ACA AGG AUG CCU GUU U-50. A

control stealth RNAi with low GC content was also purchased from

Invitrogen. IRF-1 siRNA and control RNA transfections of in vitro

generated mDCs were done by electroporation using the human DC

Nucleofectors kit and the Amaxa Nucleofectors II Device (Lonza

Walkersville, MD, USA) following the manufacturer’s protocol. After

transfection, cells were left unstimulated or stimulated with Poly

(I:C) or MalAg extract for 24h. The supernatants were collected and

stored for cytokine screening, and the cells were used for RNA

extraction and real-time RT-PCR.

Cytokine analysis

Cytokine analysis in supernatants was performed as described in

[8]. The assay was done using Milliplex kits for human cytokines

(Millipore, Billerica, MA USA) according to the manufacturer’s

protocol.

Statistical analyses

The Mann–Whitney and Wilcoxon signed-rank tests were used for

paired and unpaired analyses, respectively; and p-values were

corrected for multiple comparisons using Holm’s correction. All

analyses were performed using Prism version 5.0 (GraphPad, San

Diego, CA, USA).
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Supporting information Figure 1. Gating strategies for cytokine producing mDCs and pDCS.  

 

 

Whole blood cells from malaria-stimulated or unstimulated culture were used in an 8-parameter 

flow cytometry to determine the frequency of cytokine-producing DCs. FMO (tinted histogram) 

were used to draw the gate for positive events. Histograms of different conditions (tinted, FMO; 

red, unstimulated and blue, malaria antigen –stimulated) from a filaria infected subject and a 

filaria negative subject are shown. 



Supporting information Figure 2. Scatter plots of surface marker expression and cytokine 

production by monocyte-derived mDCs and pDCs.  

 

 

 

Monocyte-derived mDCs (G-4 DCs) and pDCs (I – 3 DCs) were generated in vitro using a 

cocktail of GM-CSF/IL-4 (G-4) and IFN-"/IL-3 (I-3) for seven days and stained with surface 

markers for human mDCs and pDCs. mDCs and pDCs were then stimulated for 24 hrs with a 

TLR2/6 ligand (HKLM), TLR3 ligand (poly (I:C)), TLR7 ligand (Imiquimod), TLR8 ligand 

(ssRNA) or TLR9 ligand (CpG). The supernatants were screened by Luminex for cytokine 

production. 

 



Supporting information Figure 3. Scatter plots showing the purification of mDCs and pDCs 

from blood.  

 

 

 

mDC isolation Kit and the BDCA-4 MicroBead Kit were used to isolate mDCs and pDCs 

respectively, from peripheral blood mononuclear cells obtained from blood bank donor. The 

purity of purified DCs was checked by flow cytometry. 

 


	20111206-CurtissML.pdf
	eji_j_201141991_sm_fig1.pdf

