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Abstract

Host innate-immune responses are tailored by cell-type to control and eradicate specific infectious
agents. For example, an acute RNA virus infection can result in high-level expression of type 1
interferons (IFNs) by both conventional (cDCs) and plasmacytoid dendritic cells (pDCs), but
while cDCs preferentially utilize RIG-I-like Receptor (RLR) signaling to produce type 1 IFNs,
pDCs predominantly employ Toll-like Receptors (TLR) to induce these cytokines. We previously
found that the IKKB/NF-kB pathway regulates early IFN-f3 expression but not the magnitude of
type 1 IFN expression following RLR engagement. In this study, we use IKKf inhibition and mice
deficient in IKKp or canonical NF-xB subunits (p50, RelA/p65 and cRel) to demonstrate that the
IKKB/NF-xB axis is critically important for virus-induced type 1 IFN expression in pDCs, but not
in cDCs. We also reveal a crucial and more general requirement for IKKB/NF-«xB in TLR - but not
RLR- induced expression of type 1 IFNs and inflammatory cytokines. Together, these findings
reveal a previously unappreciated specificity of the IKKB/NF-xB signaling axis in regulation of
anti-microbial responses by different classes of PRR, and therefore by individual cell-types reliant
on particular PRRs for their innate-immune transcriptional responses.
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Introduction

The mammalian immune system is exquisitely sensitive to the nature of invading infectious
agents and tailors host responses that are best suited to eradicate specific agents (1, 2).
Mammalian pattern recognition receptors (PRRs) such as Toll-Like Receptors (TLRS), RIG-
I-like Receptors (RLRs), cGAS/STING and NOD-like receptors play key roles in protective
innate and adaptive immune responses against microbial agents (3-8). Since different PRRs
recognize distinct microbial components, and since individual immune cell types differ in
the classes of PRR they express, host innate-immune responses to an infectious agent are
specified at both the molecular and the cellular level. For example, infection of different
dendritic cell (DC; see below) subsets with bacterial, viral or fungal pathogens triggers
distinct and specialized transcriptional responses in each subset (1), the molecular basis for
which remains an area of intense research.

DCs are a mobile subset of leucocytes specialized for regulating diverse host responses
against microbes (9-12). They are broadly characterized as conventional (cDCs) and
plasmacytoid DCs (pDCs). cDCs play a crucial role in T cell activation, and express high
levels of co-stimulatory molecules, pro-inflammatory cytokines, and type 1 IFNs following
direct infection by virus (13-15). pDCs (also known as IFN producing cells; IPC) are a
unique subset of circulating DCs that, upon stimulation by microbial components, are
specialized in the production of very high levels of type 1 IFN (15-19). Recent studies have
revealed critical differences in the manner in which cDCs and pDCs produce type 1 IFNs
following an acute RNA virus infection. While cDCs are critically reliant on the RLR
pathway for induction of type 1 IFNs following infection, pDCs instead employ TLR-
dependent sensing mechanisms to detect RNA viruses (20-22). In particular, TLR7 and
TLR9 expression in pDCs detects viral ssSRNA and DNA, respectively, leading to high type
1 IFN expression (8, 23).

Members of the Interferon Regulatory Factor (IRF) and NF-xB transcription factor families
are activated following engagement of multiple PRRs (3, 23-31). Both IRF3 and IRF7 are
crucial for inducing IFN-a/p (32, 33). However, while IRF3 contributes to IFN expression
following RLR engagement in cDCs, IRF7 is essential for optimal IFN expression in pDCs
(32-35). NF-xB activation by PRRs typically depends on IxB kinase j (IKKp) (36). Our
previous studies indicate that while IKKB/NF-«xB is required for early induction of IFN-f
after virus infection, it does not regulate the magnitude of type 1 IFN expression following
virus triggering of the RLR pathway in cDCs and MEFs (37, 38). In the present study, we
examined the role of the NF-xB signaling axis in TLR signaling. We report that, in contrast
to the RLR pathway, NF-xB is essential for the induction of type 1 IFNs downstream of
TLRs. We show that induction of type 1 IFNs by pDCs is severely defective when IKKS is
inhibited, or when components of the IKKp/canonical NF-xB signaling module are
genetically ablated. We also reveal a broad requirement for NF-xB activity in TLR-driven
expression of type 1 IFNs and other pro-inflammatory genes in multiple cell-types. Together
with our previous findings, these results demonstrate that the IKKB/NF-xB axis is essential
for TLR - but not RLR- mediated induction of type 1 IFNs, indicative of a previously
unappreciated specificity in transcription factor utilization by distinct cell-types and classes
of PRRs.
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Materials and Methods

Mice and materials

Cells

RelA™~, p50~/~ and cRel™~ mice have been described previously (39). IKKS*~ mice (40)
were kindly provided by Dr. Zhi-Wei Li (H. Lee Moffitt Cancer Center). E14 wild-type
(WT) and Rel A/~ fetal liver hematopoietic precursors (CD45.2) were adoptively transferred
into lethally irradiated CD45.1 recipient mice as previously described (39). Recipient mice
were typically used after 6-8 weeks. All experiments with mice were carried out in
accordance with institutional guidelines. E. coli LPS 0127:B8 (Sigma) was used at 100ng/ml
and R837 (imiquimod from Invitrogen) was used at 5pug/ml. The IKKp inhibitor PS-1145
was used at 10uM and was obtained from Sigma. PS-1145 does not prevent phosphorylation
(activation) of IKKf but inhibits ability to phosphorylate substrates (41).

Bone marrow-derived conventional DCs (BMDCs/cDCs) were cultured from mouse bone
marrow precursors as described (42). To obtain Flt-3 ligand-induced pDCs (BM-pDCs),
bone marrow cells (2 x106 cells/ml) were cultured in 24-well plates in DC medium (RPMI
1640, 5% of fetal bovine serum, 5 UM of 2-ME, antibiotics) in the presence of 200 ng/ml of
Flt-3 ligand. On day 7, pDCs were purified using anti-B220 MicroBeads (Miltenyi) and re-
suspended in fresh DC medium. Mouse splenic pDCs were purified using anti-mPDCA-1
magnetic beads or FACS sorted (B220*CD11c" population) and cultured in DC medium.
Mouse embryonic fibroblasts (MEFs) were prepared from day 12.5 embryos.

SeV and NDV infections

Unless otherwise indicated, SeV was used at 200 HA units/ml and Newcastle disease virus
(NDV) was used at a multiplicity of infection (MOI) of 2 in DCs and 10 in MEFs, as
described previously (42). For infection with NDV in vivo, mice received intravenous
injections of virus (1 x 107 pfu/mouse) or saline control. 8 hours after injection, splenic
pDCs were purified using anti-mPDCA-1 MicroBeads (Miltenyi Biotec)

Real-time PCR, Ribonuclease Protection Assay, immnoblotting and transfection

Real-time PCR methods and primers were used as previously described (42). Whole cell
extracts were prepared by lysing cells in RIPA buffer (25 mM Tris-HCI, pH7.9, 150 mM
NaCl, 2 mM EDTA, 0.5% NP-40) supplemented with protease inhibitor cocktail (Roche)
and phosphatase inhibitors (NaF and Na3gVVO,). The extracts were subjected to immunoblot
analysis using antibodies against phospho-1KKa/p and total IKKp (Cell Signaling). IRF-3
dimerization was detected by native-gel immunoblot analysis as described (43). Western
blotting for IRF-3 was performed using anti-IRF-3 antibody (Zymed). Ribonuclease
Protection Assay (RPA) was performed as previously described (44). Poly (1:C) (Invivogen)
was used as dsRNA for transfection using electroporation as previously described (45).
Briefly, 4 x 108 cDC cells were resuspended in 300pl RPMI medium with or without 3pg
Poly(1:C) and pulsed once at 300V, 150mF (Bio-Rad Gene Pulser 11). Cell suspensions were
washed with 1.7ml DC media once, then seeded to low attachment 24-well plates for 6h
after which cells were collected for RT-PCR.

J Immunol. Author manuscript; available in PMC 2015 September 01.
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ELISA and EMSA

After different treatments, cells were cultured for indicated time periods and supernatants
were collected. Expression of IFN-a and IFN-B was determined by ELISA kits from PBL
Biomedical Laboratories following the manufacturer’s recommendations. Readings below
the first standard curve sample were considered undetected (U.D). For detection of NF-xB
activation, nuclear extracts were prepared and EMSA was performed as previously
described (46).

Statistical Analysis

Results

All statistical analysis was performed using Student’s t test, with a p-value of less than 0.05
considered significant. P-values in figure legends are specified as *<0.05, **<0.01,
**%<0.001.

Crucial role of IKKB/NF-xB in virus-induced type 1 IFN expression in pDCs

We previously found that the overall magnitude of type | IFN expression after virus
infection of cDCs is not altered in the absence of NF-xB RelA, p50 or cRel subunits (38).
However, RelA is uniquely required for basal and early virus-induced IFN-f expression in
cDCs and MEFs (37, 38, 47). Type 1 IFN expression by pDCs is believed to be especially
important for the host anti-virus response. To determine the potential role of IKKB/NF-xB
pathway in virus-induced type 1 IFN expression in pDCs, we utilized PS-1145, a highly
specific IKKp inhibitor (41, 48). Interestingly, Sendai virus (SeV)-induced type 1 IFN
production in WT splenic pDCs as well as bone marrow-derived pDCs (BM-pDCs) was
significantly reduced in the presence of PS-1145 (Fig. 1A). Similar results were obtained
following Newcastle disease virus (NDV) infection of splenic and BM-pDCs (Fig. S1). In
contrast, and consistent with our previous results indicating lack of essential requirement for
IKKB/NF-xB (37, 38), PS-1145 did not inhibit SeV-induced expression of IFN-a or IFN-
in cDCs (Fig. 1B). Furthermore, no significant effect of PS-1145 was noticed after 24h SeV
infection while NDV-induced IFN-B was only slightly reduced (Fig. S2). Together, these
results suggest that virus-induced type 1 IFN is selectively dependent on IKKf in pDCs but
not in cDCs.

After SeV infection, IFN-f3 expression was slightly but significantly reduced by ~30% in
RelA~'~ ¢DCs while no reduction was noticed in p50~/~, cRel ™~ and p50~~cRel™~ ¢cDCs
(Fig. 2A). In contrast, IFN-B and IFN-a production was substantially impaired in pDCs
derived from RelA™~, p50~/~, cRel™’~ and p50~/~cRel ™~ knockout mice, with the most
reduction in RelA~'~ and p50~/~cRel™~ pDCs (Fig. 2B). While absence of RelA in ¢cDCs
reduced IFN-f expression by ~30%, a ~75% reduction in RelA absence was seen in pDCs
(Fig. 2A and 2B). p50+cRel absence did not reduce IFN-B expression in cDCs but
significantly reduced it in pDCs (Fig. 2A and 2B). Therefore, these NF-xB subunits are
substantially more important for IFN-f3 expression after virus infection of pDCs versus
cDCs.
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Since absence of p50+cRel does not impact mouse viability, unlike Rel A absence, we
utilized p50~/~cRel~'~ mice for several additional studies. First, we sought to more directly
test role of these NF-xB subunits in IFN-f expression after triggering of the RLR pathway.
Transfection of double-stranded RNA (dsRNA) in cDCs is a powerful stimulus for IFN-B
expression through activation of the RLR pathway (45). Importantly, p50~~cRel~~ cDCs
induced robust and similar expression of IFN-f compared to WT cDCs after dSRNA
transfection (Fig. 2C). Second, unlike p50~/~cRel™~ pDC (Fig. 2B), cDCs from
p50~~cRel ™'~ spleens induced normal levels of IFN-B (Fig. S3). Third, we determined the in
vivo role of p50+cRel in virus-induced type 1 IFN expression in pDCs. WT and
p50~/~cRel™~ mice were infected with NDV (107 pfu/mouse). 8 hours after infection, mMRNA
levels of IFN-B in splenic pDCs was determined. As shown in Fig 2D, IFN-f mRNA in
pDCs from NDV-infected WT mice was robustly induced compared to the PBS control. In
striking contrast, induction of IFN-f mRNA in pDCs from p50~/~cRel™~ mice was greatly
reduced (Fig. 2D). These findings indicate a critical role for NF-xB p50 and cRel subunits in
regulating virus-induced IFN-B expression in pDCs in vivo. On the other hand, our results
indicate that these NF-xB subunits are not essential for RLR-induced IFN-f expression
triggered by dsRNA transfection (Fig. 2C) or by virus infection of cDCs.

IKKB inhibition suppresses TLR-induced type 1 IFN expression in cDCs

As mentioned above, pDCs specifically require TLR while cDCs require the RLR pathway
for virus-induced type 1 IFN expression. An interesting possibility is that IKKB/NF-«xB
dependence for virus-induced type 1 IFN expression in pDC is due to unique requirement
for this signaling module in TLR signaling. To test this possibility, we determined whether
TLR-induced type 1 IFN expression in cDCs was dependent on IKKB/NF-xB. Importantly,
unlike lack of effect after virus infection (Fig. 1B), TLR4 ligand LPS-induced IFN-B mRNA
(not shown) and protein expression was substantially inhibited by PS-1145 in cDCs (Fig.
3A). TLRY7 ligand R837 induced IFN- expression in cDCs was also significantly inhibited
by PS-1145 (Fig. 3A). As expected, PS-1145 significantly inhibited LPS-induced NF-xB
activation (Fig. 3B) but had no appreciable effect on IRF-3 activation (as determined by
activation-induced dimerization) in cDCs (Fig. 3C). These results therefore indicate that
TLR-induced IKKB/NF-kB activation in both pDCs (by virus infection) and cDCs (by LPS,
R837) is required for type 1 IFN expression.

IKKB is essential for TLR but not RLR induced type 1 IFN and inflammatory cytokine
expression in MEFs

We wished to extend analysis of the role for IKKp using IKKB™~ cDCs. Since IKKp
deficiency results in embryonic day 12 lethality (40), we used IKKB ™/~ fetal liver cells to
generate radiation chimeras for obtaining IKKB ™~ cDCs. However, as we previously
observed with p50~/"RelA~'~ mice (39), spleen cDCs, pDCs or BM-derived cDCs were not
obtained in the absence of IKKp (data not shown). Similar to cDCs, virus-induced type 1
IFN expression is known to depend on RLR signaling in MEFs (20). Therefore, to further
understand the role of IKKp in TLR versus RLR-induced gene expression, we utilized early
passage IKKB™~ MEFs (40). Importantly, LPS-induced IFN-B expression was severely
impaired in IKKB™~ MEFs (Fig. 4A). In contrast, SeV or NDV infection induced slightly
elevated expression of IFN-B in IKKB~/~ MEFs compared to WT MEFs (Fig. 4A). Similar
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findings were obtained when IFN-a4 and IFN-a (non4) mRNA expression was analyzed in
IKKPB~/~ MEFs after virus infection (Fig. 4A), while LPS did not induce detectable
expression of IFN-a4 and IFN-a (non4) mRNA in MEFs or cDCs (data not shown). Overall,
these findings indicate a key role for IKKf in TLR-induced but not RLR-induced type 1 IFN
expression in MEFs.

RNA virus infection also induces inflammatory cytokine expression in an RLR/RIG-I-
dependent manner (20). Next, we determined the role of IKKf in RLR-induced expression
of TNFa and IL-6. LPS-induced TNFa expression was abolished in IKKB™~ MEFs, while
TNFa was still induced after virus infection of IKKB™~ MEFs but at a reduced level (Fig.
4B). Therefore, IKKf presence is more crucial for TLR versus RLR-induced TNFa
expression. Furthermore, LPS-induced IL-6 was substantially reduced in IKKB™~ MEFs but
not in virus-infected MEFs, which showed enhanced IL-6 expression in IKKB~~ MEFs (Fig.
4C). These results therefore indicate that IKK is essential for TLR-induced but not RLR-
induced inflammatory cytokine gene expression.

Differential IKKB/NF-xB and IRF-3 activation by TLR versus RLR engagement in cDCs

Overexpression of components of both TLR and RLR pathways have been shown to
strongly activate NF-xB (49, 50). However, it is possible that natural triggering of these
pathways does not equivalently impact NF-xB activation. We hypothesized that the
difference in IKKB/NF-xB requirement between cDCs and pDCs could be linked to a
differential activation of this signaling module in TLR versus RLR pathways. To test this,
we first determined the level of IKKf activation after engagement of the TLR and RLR
pathway in cDCs. LPS induced robust activation-specific phosphorylation of IKKp (Fig.
5A), consistent with strong activation of NF-xB in cDCs (Fig. S4). In striking contrast, RLR
engagement in cDCs by SeV infection showed little or no activation of IKKp (Fig. 5A),
which corresponded to weaker and less sustained NF-xB activation (Fig. S4). However, both
SeV and NDV infection led to substantial increase in IRF-3 activation, while LPS induced
significantly less IRF-3 activation (Fig. 5B). Thus, TLR engagement specifically leads to
high IKKp activation in cDCs. We next determined whether a similar response is triggered
in pDCs following TLR activation by virus infection. Importantly, a substantial increase in
phosphorylated IKK[ was observed in response to SeV infection of pDCs (Fig. 5C). Thus,
strong IKKp activation specifically occurs in response to TLR engagement by distinct
agonists in both cDCs (i.e., LPS) and pDCs (i.e., virus infection).

As RLR engagement results in weak, likely suboptimal activation of NF-xB in cDCs, we
asked if TLR stimulation by virtue of its capacity to robustly activate NF-xB could enhance
virus-induced IFN expression in cDCs. Indeed, LPS treatment of cDCs together with SeV
infection synergistically increased levels of IFN-8 mMRNA compared to LPS or SeV alone
(Fig. 5D) or LPS and NDV (data not shown). Furthermore, PS-1145 decreased SeV+LPS-
induced IFN-f expression to levels comparable to SeV alone (Fig. 5D). Therefore, strong
TLR-induced IKKB/NF-«B activation can enhance RLR-induced IFN-f expression in cDCs,
indicating that lack of a requirement for IKKB/NF-xB signaling in type 1 IFN gene
expression downstream of RLRs is likely due to weak activation of this pathway in cDCs.

J Immunol. Author manuscript; available in PMC 2015 September 01.
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TLR and RLR pathways induce distinct gene expression patterns in cDCs

We hypothesized that differential IKKB/NF-xB activation by TLR versus RLR pathways
may also impact gene expression patterns induced by these PRR. Both NF-«B target
inflammatory cytokines (IL-1a, IL-18, TNF-a and IL-6) and Th1l cytokines (IL-12 p40,
IL-12 p35 and IL-18) (44) were strongly induced by LPS in ¢DCs (Fig. 6). In contrast,
mRNA induction of these genes following SeV or NDV infection was substantially lower in
comparison with LPS (Fig. 6). On the other hand, IFN-f was strongly induced by virus/RLR
but only weakly by LPS/TLR (Fig. 6). These results therefore indicate that differential
activation of IKKB/NF-xB by TLR versus RLR pathways in cDCs can also lead to induction
of distinct gene expression responses.

Discussion

Although IKKB/NF-xB is activated by all known microbial PRRs (3), the role of this
signaling module in mediating transcriptional responses to different classes of PRR is not
well understood. We demonstrate here that IKKB/NF-«xB is selectively required for TLR -
but not RLR - induced expression of type 1 IFN and inflammatory cytokines. Consequently,
cell-types (such as cDCs and MEFs) that rely on RLR signaling for RNA virus-triggered
induction of type 1 IFNs do not require NF-xB signaling, while cell-types (e.g., pDCs) that
respond to RNA viruses via TLR-mediated signaling pathways are dependent on IKKB/NF-
kB signaling for optimal induction of type 1 IFNs. Mechanistically, we find that difference
in NF-xB ‘signal strength’ may underlie this differential requirement for the IKKB/NF-xB
module in transcriptional responses downstream of RLRs versus TLRs in DC subsets: RLR
stimulation in cDCs results in weaker activation of IKKB/NF-kB than does TLR stimulation
in pDCs by the same RNA virus trigger.

This selective utilization of IKKB/NF-xB for induction of type 1 IFNs by the TLR pathway
may explain, at least in part, why pDCs produce such copious amounts of type I IFNs. In
pDCs, endosomal vesicle TLR signaling leads to high and sustained IRF7 activation via
assembly of a unique MyD88-1RF7 transcriptional-transductional signaling complex (35,
51). The additional activation of NF-xB by TLR signaling in pDCs may then allow
synergistic interactions between NF-xB and IRF7 leading to the characteristic high-level
IFN expression that is a defining feature of this cell-type. The requirement for NF-xB in
high-level IFN production by pDCs may result from CBP/p300 histone acetyl transferase
transcriptional co-activator recruitment to the ifnf locus, and perhaps to other type 1 IFN
gene loci.

In contrast to NF-xB, IRF-3 is activated significantly more strongly by RLRs than by the
TLRs. High-level IRF-3 activation in cell-types (e.g., cDCs, MEFs) where RLRs are the
primary sensors and producers of type 1 IFNs after RNA virus infection may therefore
minimize a requirement for strong IKKp-induced NF-«B activation for type 1 IFN gene
expression (52). Nonetheless, our earlier work has demonstrated an important role for NF-
kB very early in IFN-f induction by RLRs (37), consistent with the idea that an initial,
relatively-weak NF-xB signal serves to recruit essential coactivators to type | IFN gene loci
immediately after RLR activation, after which strong IRF-3 activity can drive IFN-$ gene
expression (52). While both TLR or RLR pathway components may potently activate NF-
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kB in overexpression studies (49, 50), our results indicate that the natural activation of these
two pathways leads to significantly different activation levels of IKKB/NF-xB, with
consequently distinct effects on the induction of type 1 IFN genes.

Genome-wide gene expression studies have previously revealed that transcriptional
mechanisms play a key role in determining specificity of host responses against different
infectious agents (1, 2). For example, studies in DCs have shown that pro-inflammatory
cytokines (e.g., TNFa, IL-1a/B, and IL-6) are strongly induced by bacteria but weakly by
viruses while, conversely, type 1 IFN genes are strongly induced by viruses but only weakly
by bacteria (1). As the molecular basis for this specificity is unclear, we explored whether
differential activation of NF-xB versus IRF3 pathways by TLRs and RLRs leads to the
induction of distinct gene expression patterns, besides type 1 IFNs. A side-by-side
comparison of LPS stimulation versus SeV and NDV infection of cDCs showed a dramatic
difference in induction of inflammatory cytokines versus IFN- expression by these stimuli.
These results therefore indicate that (a) strong activation and critical requirement for
IKKB/NF-xB by TLR signaling is crucial for high-level expression of inflammatory
cytokines (e.g., TNFa, IL-1a/B, and IL-6), while conversely, (b) low activation and lack of
requirement of IKKB/NF-xB by RLR is likely responsible for low expression of
inflammatory cytokines following RNA virus infection. More generally, differential
activation of IKKB/NF-xB and IRF3 axes may allow induction of distinct gene expression
responses by infectious agents activating different PRRs in distinct cell-types. These
findings as they relate to our discoveries in cDCs versus pDCs are schematically
summarized in Fig. 7.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Differential effect of IKKf inhibition on virus-induced type 1 IFN expression in cDCs and
pDCs
(A) Effect of IKKp inhibitor PS-1145 on SeV infection-induced type 1 IFN production by

splenic pDCs and BM-derived pDCs determined by ELISA. (B) Effect of PS-1145 on SeV
infection-induced IFN-f3 and IFN-a protein expression in cDCs determined by ELISA. All
virus infections were for 6h. SeV: sendai virus. PS: PS-1145. Sp_pDCs: splenic
plasmacytoid dendritic cells. BM_pDCs: bone marrow-derived plasmacytoid dendritic cells
generated by FLT-3 ligand. P-values are specified as *<0.05, **<0.01, ***<0.001.
Representative results from 3 independent experiments are shown.
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Fig. 2. NF-xB deficiency severely impairsin vitro and in vivo virus-induced type 1 IFN
expression in pDCs

(A) ELISA analysis of IFN-B production induced by SeV infection in WT and NF-xB
knockout cDCs. (B) ELISA analysis of type 1 IFN production induced by SeV infection in
WT and NF-«B knockout splenic pDCs. (C) WT and p50~~cRel~~ ¢cDC were transfected
with Poly (I:C) by electroporation. Poly (I:C) administration and transfection are indicated.
Real-time PCR analysis of IFN-B mRNA expression is shown. (D) Real-time PCR analysis
of IFN-B mRNA expression in splenic pDCs from WT and p50~/~cRel ™~ mice infected with
NDV. NDV: newcastle disease virus. All virus infections were for 6h. P-values are specified
as *<0.05, **<0.01, ***<0.001. Representative results from 2 independent experiments are
shown.
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Fig. 3. IKKB inhibition suppresses TL R-induced type 1 IFN expression in cDCs
(A) Effect of PS-1145 on LPS- or R837-induced IFN-f protein expression (6h) determined

by ELISA in cDCs. (B) Effect of PS-1145 on LPS-induced NF-kB activation (6h) in cDCs
determined by EMSA. (C) Effect of PS-1145 on LPS-induced IRF-3 activation
(dimerization) (6h) in cDCs determined by Native Gel Western Blotting. P-values are
specified as *<0.05, **<0.01, ***<0.001. Representative results from 2 or 3 independent

experiments are shown.
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Fig. 4. IKKB isessential for TLR but not RLR induced type 1 IFN and inflammatory cytokine
expression in MEFs

(A) IFN-B, IFN-a4, and IFN-a (non4) mRNA expression in IKKB** and IKKB~~ MEFs
induced by LPS, SeV or NDV infection as determined by real-time PCR. (B) TNFa mRNA
expression in IKKB** and IKKB ™/~ MEFs induced by LPS, SeV or NDV infection as
determined by real-time PCR. (C) IL-6 mMRNA expression in IKKB*/* and IKKS™~ MEFs
induced by LPS, SeV or NDV infection as determined by real-time PCR. P-values are
specified as *<0.05, **<0.01, ***<0.001. Representative results from 3 independent MEF
isolates are shown.
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Fig. 5. Differential IKKB/NF-kB and IRF-3 activation by TLR versus RLR engagement in cDCs
(A) Phosphorylation of IKKB induced by LPS and SeV in cDCs determined by Western

Blotting. (B) Activation of IRF-3 induced by LPS and SeV in cDCs determined by Native
Gel Western Blotting. (C) Phosphorylation of IKKf induced by SeV infection in splenic
pDCs determined by Western Blotting. (D) Effect of PS-1145 on synergistic induction of
IFN-B by LPS plus SeV infection in cDCs determined by real-time PCR. P-values are
specified as *<0.05, **<0.01, ***<0.001. Representative results from 2 or 3 independent
experiments are shown.
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Fig. 6. TLR and RLR pathwaysinduce distinct gene expression patternsin cDCs
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Fig. 7. Regulation of RLR and TL R-induced transcriptional responsesin cDCsand pDCs
RLR engagement in cDCs leads to strong IRF-3 but weak NF-xB activation resulting in

high type 1 IFN but low inflammatory cytokine expression. In contrast, TLR-induced
combined IRF-7 and NF-xB activation in pDCs leads to very high type 1 IFN expression,
while impact on inflammatory cytokines remains to be defined.
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