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Abstract
Background—Development of atherosclerosis, which is the leading cause of death in developed
countries is due to persistent chronic inflammation in the artery wall. Exciting discoveries related
to IL-1R-TLR signaling in development of atherosclerosis plaque have triggered intense interest in
the molecular mechanisms by which innate immune signaling modulates the onset and
development of atherosclerosis. Previous studies have clearly shown the definitive role of
proinflammatory cytokine IL-1 in the development of atherosclerosis. Removal of IL-1 or IL-1R
reduced vascular inflammation and atherosclerosis in ApoE−/− mice. Recent studies have
provided direct evidence supporting a link between innate immunity and atherogenesis. While it is
still controversial about whether infectious pathogens contribute to cardiovascular diseases, direct
genetic evidence indicates the importance of TLR-IL-1R signaling in atherogenesis.

Methods and Results—To investigate the specific role of IRAK4 kinase in the development of
atherosclerosis, IRAK4 kinase inactive knockin (IRAK4KI) mice were bred onto ApoE−/− mice
to generate IRAK4KI/ApoE−/− mice. The aortic sinus lesion formation was impaired in
IRAK4KI/ApoE−/− mice compared to that in ApoE−/− mice. Furthermore, proinflammatory
cytokine production was reduced in the aortic sinus region of IRAK4KI/ApoE−/− mice compared
to that in ApoE−/− mice. Importantly, the IRAK4 kinase activity was required for modified LDL-
induced IκBα phosphorylation (NFκB activation) and expression of a subset of proinflammatory
genes, but not for the activation of MAPKs in bonemarrow-derived macrophage (BMDM).
Importantly, inactivation of IRAK4 kinase had no effect on modified LDL uptake and foam cell
formation in BMDM.

Conclusions—Taken together, our results indicate that the IRAK4 kinase plays an important
role in modified LDL-mediated signaling and the development of atherosclerosis, suggesting that
pharmacological inhibition of IRAK4 kinase activity might be a feasible approach in the
development of anti-atherosclerosis drugs.

Introduction
Development of atherosclerosis, which is the leading cause of death in developed countries
is due to persistent chronic inflammation in the artery wall (1). Exciting discoveries related
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to IL-1R-TLR signaling in development of atherosclerosis plaque have triggered intense
interest in the molecular mechanisms by which innate immune signaling modulates the onset
and development of atherosclerosis. Previous studies have clearly shown the definitive role
of proinflammatory cytokine IL-1 in the development of atherosclerosis. Removal of IL-1 or
IL-1R reduced vascular inflammation and atherosclerosis in ApoE−/− mice (2;3). Recent
studies have provided direct evidence supporting a link between innate immunity and
atherogenesis. While it is still controversial about whether infectious pathogens contribute to
cardiovascular diseases, direct genetic evidence indicates the importance of TLR-IL-1R
signaling in atherogenesis (4). Elevated serum cholesterol is a major risk factor for the
development of atherosclerosis in humans and genetically altered mice. Macrophage
scavenger receptors (SR) that mediate the uptake of modified forms of LDL (low-density
lipoproteins) cross-talk with TLRs to modulate macrophage apoptosis, modulating
inflammatory response and atherosclerosis (5). A recent study demonstrated that modified
LDL activates inflammatory signaling pathways through CD36-mediated activation of a
new heterodimeric complex TLR4-TLR6 (6). TLR4 polymorphisms that map to
extracellular domain of TLR4 and cause hyporesponsiveness to LPS is associated with
reduced risk for carotid artery atherosclerosis (7). Importantly, TLR2-, TLR4- and IL-1R-
deficient mice displayed reduced atherosclerosis, linking elevated serum cholesterol levels
to activation of IL-1R-TLR signaling pathways (4;8;9).

Toll-like receptors (TLRs) are employed by the innate immune system to recognize
conserved molecules associated with invading microorganisms, leading to inflammatory
responses and linking to adaptive immunity (10–15). Upon binding the traditional TLR
ligands (pathogens associated molecular patterns), all of the TLRs except TLR3 recruit the
adaptor molecule MyD88 through the TIR domain, mediating MyD88-dependent
pathways(16). MyD88 then recruits the serine-threonine kinases IL-1 receptor associated
kinase4 (IRAK4) and IRAK1. IRAK4 phosphorylates IRAK1, which then mediates the
recruitment of TRAF6 to the receptor complex (17). The IRAK1-TRAF6 complex then
dissociates from the receptor to interact with and activate TAK1 and MEKK3, members of
the MAP kinase kinase kinase (MAPKKK) family (18). The activation of TAK1 and
MEKK3 eventually leads to the activation of NFkB and JNK (19), which in turn induce
transcription of inflammatory cytokine and chemokine genes, such as those encoding TNFα,
IL-1β, IL-6 and IL-8. TLR3 and TLR4 also employ a MyD88-indepenent pathway that uses
TIR domain-containing adaptor inducing IFN-β (TRIF) to activate NFkB and IRF3. TLR4-
mediated MyD88-independent activities are abolished in mice lacking TRAM, another
adaptor in this pathway (20). While recent studies have shown that different forms of
modified LDL can activate inflammatory signaling pathways through the activation of TLRs
and scavenger receptors (SR) (6), the SR-TLR-mediated signaling pathways have not been
well characterized.

IRAK4 has an essential role in Toll-like receptor (TLR)-mediated signaling (21;22). IRAK4
kinase-inactive knock-in mice were completely resistant to LPS- and CpG-induced shock,
due to impaired TLR-mediated induction of pro-inflammatory cytokines and chemokines
(23–26). While inactivation of IRAK4 kinase activity abolished TLR/IL-1R-mediated
TAK1-dependent, but not MEKK3-dependent NFkB activation, a reduction of LPS-, R848-
and IL-1-mediated mRNA stability contributed to the reduced cytokine and chemokine
production in bone marrow (BM)-derived macrophages from IRAK4 kinase-inactive knock-
in mice (24;26). These in vivo studies indicate that IRAK4 kinase activity plays a critical
role in TLR-dependent immune responses (27). Much effort has been devoted towards the
search for IRAK4 inhibitors, with the hope of developing better anti-inflammatory therapies.
Therefore, it is critical to determine the importance of IRAK4 kinase activity in different
chronic inflammatory diseases. To investigate the role of IRAK4 kinase activity in the
development of atherosclerosis, IRAK4 kinase inactive knockin (IRAK4KI) mice were bred
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onto ApoE−/− mice to generate ApoE−/−/IRAK4KI mice. The aortic sinus lesion formation
and proinflammatory cytokine production were reduced in the aortic sinus region of ApoE−/
−/IRAK4KI mice compared to that in ApoE−/− mice. Importantly, acLDL-induced IκBα
phosphorylation (NFκB activation) and expression of a subset of proinflammatory genes
were impaired in bone marrow (BM)-derived macrophages from IRAK4 kinase-inactive
knock-in mice. Taken together, our results indicate that the IRAK4 kinase activity plays an
important role in acLDL-mediated signaling and the development of atherosclerosis,
suggesting that pharmacological inhibition of IRAK4 kinase activity might be a feasible
approach in the development of anti-atherosclerosis drugs.

Results
Impaired aortic sinus lesion formation in IRAK4 kinase-inactive knock-in ApoE−/− mice

Our preliminary results indicated that the IRAK4 kinase activity is required for TLR/IL-1R-
induced TAK1-dependent NFκB activation and mRNA stability. In this study, we examined
the role of IRAK4 kinase activity in the development and pathogenesis of atherosclerosis by
using a spontaneous mouse model of atherosclerosis, the ApoE-deficient mice (ApoE−/−), a
well characterized mouse model of human atherosclerosis. ApoE is critical for normal
metabolism of cholesterol-containing lipoproteins in mice and ApoE−/− mice spontaneously
develop hypercholesterolemia and atherosclerosis, even when fed with a normal chow diet.
To investigate the impact of IRAK4 kinase activity on atherosclerosis, IRAK4 kinase
inactive knockin mice (IRAK4 KI) were crossed with ApoE−/− mice to generate ApoE−/−/
IRAK4KI mice. We first examined whether the inactivation of kinase activity of IRAK4
affects total plasma cholesterol level. The plasma cholesterol (Fig 1 A) and lipoprotein
levels (Fig 1 B) were similar between female 16-weeks old ApoE−/−/IRAK4KI and ApoE
−/− mice fed a normal chow diet, indicating that the disruption of IRAK4 kinase activity did
not substantially affect lipid biosynthesis or metabolism. Previously, others have shown that
functional deficiency of IRAK4 inhibited formation of both early and advanced vascular
lesions in a mouse model of physical vascular injury coupled with accelerated
atherosclerosis in ApoE−/− mice (28). This prior study combined injury with the
atherogenic milieu in ApoE−/− mice; however, in the current study we used a mouse model
of spontaneous atherosclerosis by feeding ApoE−/− mice with a chow diet until 18 weeks of
age. The impact of functional deficiency of IRAK4 on the development of spontaneous
atherosclerosis was determined by comparing the severity of atherosclerosis of ApoE−/−/
IRAK4KI with that of ApoE−/− mice. Atherosclerotic lesions were about 60% smaller in
ApoE−/−/IRAK4KI compared to that of ApoE−/− mice (Fig. 2). The lesions, when present,
consisted primarily of macrophages. Thus, functional deficiency of IRAK4 inhibited
vascular lesion formation in IRAK4 kinase inactive knock-in ApoE−/− mice in a mouse
model of spontaneous atherosclerosis.

Functional deficiency of IRAK4 leads to reduced proinflammatory mRNA expression in
arterial tissue

ApoE−/− mice spontaneously develop hypercholesterolemia and atherosclerosis. Modified
lipoproteins accumulate in the artery wall during hypercholesterolemia, setting off a cascade
of pro-inflammatory events, particularly the expression of cytokines and chemokines that
further amplify the inflammatory cascade, including recruitment and activation of
macrophages. To examine the mechanism by which IRAK4 impacts on the development of
spontaneous atherosclerosis in ApoE−/− mice, we analyzed the expression of
proinflammatory cytokines using RNA isolated from the total aorta of ApoE−/− and ApoE
−/−/IRAK4KI mice fed a normal chow diet for 20 weeks. The expression of
proinflammatory genes, such as MCP1, CCL4, IL-6, IP-10, and IL-1β was indeed
significantly increased in the aortic sinus region of these aged ApoE−/− mice compared to
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C57BL/6 wild-type mice (Fig. 3). Consistent with the reduced vascular lesion formation in
ApoE−/−/IRAK4KI mice, the chemokine/cytokine production was impaired in the absence
of IRAK4 kinase activity, suggesting IRAK4 kinase activity is required for the production of
inflammatory genes (Fig. 3). Importantly, the mRNA expression of IL-1R, Toll-like
receptors (TLR2, TLR1, TLR4, and TLR6) and scavenger receptors (SR-A and CD36) was
similarly up-regulated in both ApoE−/− and ApoE−/−/IRAK4KI aorta compared to that in
C57BL/6 wild-type mice (data not shown). Thus, the reduced inflammatory gene expression
in the absence of IRAK4 kinase activity in this model is not due to down-regulation of these
innate immune receptors.

IRAK4 kinase activity is required for the induction of a subset of pro-inflammatory genes
in response to modified LDL

While IRAK4 kinase activity is required for TLR/IL-1R-mediated signaling, modified LDLs
have been shown to activate inflammatory genes in macrophages through the co-activation
of TLRs and SRs. Therefore, it is important to examine whether IRAK4 kinase activity is
required for modified LDL-induced inflammatory response in macrophages. To identify the
acLDL-induced-IRAK4-dependent target genes, we performed quantitative Real-time PCR
to measure the expression of a subset of inflammatory genes using total RNAs isolated from
wild-type and IRAK4KI BM macrophages with and without acLDL stimulation.
Interestingly, acLDL-induced expression of proinflammatory cytokine/chemokine (TNFα,
MIP-2 and KC) was greatly reduced in IRAK4 kinase-inactive knock-in macrophages
compared to that in wild-type macrophages (Fig 4 A), indicating the critical role of IRAK4
kinase activity in acLDL-mediated signaling.

In addition, we also examined CD36-specific ligand, NO2-LDL-induced gene transcription
in WT and IRAK4 kinase-inactive knock-in macrophage by quantitative Real-time PCR.
NO2-LDL-medaited proinflammatory gene expression was also greatly reduced in IRAK4
kinase-inactive knock-in macrophage compared to WT macrophage (Fig 4 B).

To identify global changes in gene expression, we examined gene expression profiles of
macrophages from wild-type and IRAK4 kinase-inactive knock-in mice in response to
acLDL stimulation using the Illumina microarray with probes for 23,000 transcripts. Bone
marrow-derived macrophages from wild-type and IRAK4 kinase-inactive knock-in mice
were treated with acLDL for 24 hours. Importantly, we have identified a group of genes (91
genes) that were induced only in wild-type but not in IRAK4 kinase-inactive knock-in
macrophages at 24 hours of acLDL treatment, some of which were confirmed by real-time
PCR (Fig. 5 A–B). For example, SAA1, MMP9, CXCL4 (PF4) and sST2 (IL-1RL1)
mRNAs were induced by acLDL stimulation in wild-type, but not in IRAK4 KI macrophage
(Fig 5 A–B). We also identified a set of IRAK4-independent genes that were similarly
induced by 24 hours of acLDL treatment (>1.5 fold of induction) in both wild-type and
IRAK4 kinase-inactive knockin macrophages (Fig 6 A–B). For example, MMP8, a
neutrophil collagenase, CDKn1c, a cyclin-dependent kinase inhibitor (p57), DUSP4, a dual
specific protein phosphatase and MMP12, a macrophage metalloelastase mRNAs were
similarly upregulated in wild-type and IRAK4 kinase-inactive knock-in macrophages.

Inactivation of IRAK4 kinase activity has no effect on acLDL uptake and foam cell
formation in macrophages

Endothelial cell injury and dysfunction is a characteristic of the formation of arterial lesions
and is a prominent theory of atherosclerosis disease development. Circulating monocytes
adhere to activated endothelium due to expression of adhesion molecules, where they
differentiate into macrophages, and accumulate lipoproteins, leading to their characteristic
foam cell phenotype. Foam cells contribute to the growth and vulnerability of the
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atherosclerosis plaque by producing growth factors, cytokines, and matrix-degrading
metalloproteinases (MMPs), and by interacting with surrounding endothelium, lymphocytes
and smooth muscle cells. Therefore macrophage foam cell formation is the hallmark of early
atherosclerosis. Since IRAK4 kinase activity is required for acLDL-induced inflammatory
response in macrophages, it is important to determine whether the inactivation of IRAK4
kinase activity has any impact on acLDL uptake and foam cell formation in macrophages.
Bone marrow-derived macrophages from IRAK4 KI mice showed no difference in the
number of acLDL-induced foam cells (detected by oil red O staining) compared to wild-type
macrophages (data not shown), suggesting that the kinase activity of IRAK4 is dispensable
for acLDL induced foam cell formation. We also measured cholesterol accumulation in
macrophages upon acLDL stimulation. Consistent with foam cell formation results, bone
marrow-derived macrophages from IRAK4 KI mice showed similar levels of cholesterol
mass accumulation compared to that in wild-type cells (data not shown). These results are
highly consistent with a previous study that MyD88 is required for early onset of
atherosclerosis development, but does not play a critical role in foam cell formation (9).

TLR2 and TLR4 are partially required for acLDL-induced inflammatory gene expression
The fact that the impact of IRAK4 kinase activity on modified-LDL-mediated inflammatory
response is not due to the ability of the macrophages to uptake or accumulate lipid suggests
acLDL might directly activates the inflammatory signaling pathways through a specific
receptor(s) which dependents on IRAK4 kinase activity to signal. It has been shown that
TLRs, including TLR2 and TLR4 are involved in the development of atherosclerotic plaques
through the endogenous ligands, including modified LDLs. However, how TLRs participate
or regulate the development of atherosclerosis remains unclear. Intriguingly, we indeed
found that acLDL-mediated gene induction was substantially reduced in TLR2- or TLR4-
deficient macrophages, indicating that TLR2 and/or TLR4 may play an important role in
acLDL-mediated signaling pathway (Fig. 7A). Therefore, consistent with the in vivo
evidence that TLRs contribute to the pathogenesis of atherosclerosis, TLRs, especially
TLR2 and TLR4-mediated signaling by endogenous ligands, such as a modified LDL, may
indeed present a critical link between innate immune response and cardiovascular disease
pathogenesis.

We then tested whether scavenger receptors SR-A and CD36 are required for acLDL-
mediated induction in four inflammatory response genes in macrophages, since both
receptors have been implicated as receptors for the uptake of acLDL. Bone marrow-derived
macrophages from wild-type, SR-A-, or CD36-deficient mice were treated with acLDL.
Whereas acLDL-mediated induction of these four inflammatory genes was substantially
reduced in CD36-deficient macrophages, we observed partial reduction in SR-A-deficient
macrophages compared to that in wild-type cells (Fig. 7B–C). These results suggest that
CD36 is required for acLDL-induced inflammatory gene induction through cross-talk with
TLR2 and/or TLR4, while SR-A might play a modulatory role in acLDL-mediated
signaling.

IRAK4 kinase activity is required for modified LDL induced NFκB activation, but not for
MAPK pathway activation

In order to further determine the role of the kinase activity of IRAK4 in modified LDL-
mediated signaling, we examined the activation of the NFκB and MAPK pathways in wild-
type and IRAK4 kinase-inactive knock-in bone marrow-derived macrophages in response to
acLDL stimulation. As shown in Figure 8 A–B, although acLDL-mediated phosphorylation
of ERK, JNK, p38 and AKT were comparable, acLDL-induced IκBα phosphorylation was
greatly reduced in bone marrow-derived macrophages from IRAK4 kinase-inactive knock-in
mice as compared to that in bone marrow-derived macrophages from wild-type mice.
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Moreover, CD36-specific ligand NO2-LDL activation of the MAPK pathway, including
JNK, p38 and ERK were comparable, however, NO2-LDL-mediated IκBα phosphorylation
was greatly attenuated in macrophages from IRAK4 kinase-inactive knock-in as compared
to wild type mice (Fig 8 C–D). These results indicate that the kinase activity of IRAK4 is
required for modified LDL-mediated NFκB activation. Intriguingly, many of the IRAK4
kinase-dependent genes we identified above are well-known NFκB-dependent genes
(including SAA1, MMP9, sST2, and PF4), suggesting the critical role of modified LDL-
induced IRAK4-dependent NFkB activation in induction of these genes.

AcLDL-mediated NFκB DNA binding activity was greatly attenuated in macrophages from
IRAK4 kinase-inactive knock-in mice as compared to that in wild-type mice further
supporting the importance of NFκB activation in induction of subset of proinflammatory
mediator genes (Fig 8 E–F).

Discussion
The molecular mechanisms of atherosclerosis development are complex, and still poorly
understood. Recent studies revealed that TLR/IL-1R signaling is involved in the
development of atherosclerotic plaques. In this study, we investigated the role of IRAK4
kinase activity in the development of atherosclerosis. IRAK4 protein, especially its kinase
activity, is required for the aortic plaque formation as well as pro-inflammatory cytokine
production important for the development of atherosclerosis. Although the total cholesterol
and plasma lipoprotein distribution are comparable, ApoE−/−/IRAK4 KI mice showed
dramatic reduction in aortic sinus lesion size compared to that in ApoE−/− mice. NFκB
activation and NFkB-dependent pro-inflammatory gene expression were abrogated in
IRAK4 KI macrophage upon addition of putative atherogenic ligands acLDL and NO2-
LDL, indicating that the critical role of IRAK4 kinase activity in the development of
atherosclerosis through the regulation of NFκB-dependent target genes.

Emerging studies have indicated that in atherosclerosis, TLRs play a critical role in sensing
deposition of modified LDLs and triggering a sterile inflammation. Removal of TLR2,
TLR4 or adaptor MyD88 indeed reduced the development and pathogenesis of vascular
inflammation and atherosclerosis in ApoE−/− or LDLR−/− mice (4;8;29). Consistent with
these previous findings, we demonstrated here that IRAK4, a key kinase downstream of
TLRs-MyD88, plays an essential role in the development and pathogenesis of
atherosclerosis through its kinase activity. While it is clear that SR-A and CD36 are required
for the uptake of modified LDLs and facilitate the activation and heterodimerization of
TLRs (6), it is intriguing that CD36−/−SR-A−/−/ApoE−/− triple deficiency had minimum
impact on overall lesion area in the aortic root as compared to that in ApoE−/− mice (30).
However, these compound mutant mice had a substantial suppressive effect on
inflammatory gene expression and plaque necrosis. These results implicate that other
scavenger receptors (in addition to SR-A and CD36) might be involved in the detection of
modified LDLs in vivo through their cross-talks with TLRs to trigger and participate in the
initiation process of sterile inflammation in hyperlipidemic environment. The fact that ApoE
−/−IRAK4KI mice displayed substantial reduction in overall lesion area in the aortic root
indicates that pharmacologic inhibitors of IRAK4 kinase activity might be effective in
blocking atherogenesis.

Importantly, we have clearly shown that IRAK4 is required for modified LDL-induced
NFkB, but not MAPK activation. Consistent with this, we identified a subset of genes
regulated in an IRAK4 kinase activity-dependent manner in modified LDL-stimulated
macrophages, are mainly NFκB target genes. This group of genes contains several known
proteins which have a critical role in cardiovascular disease such as an atherosclerosis. For
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example, MMP9 is a critical regulator of macrophage migration and differentiation, while
CXCL4, aka platelet factor 4 (PF4) is a known chemoatractant for monocytes and promotes
their differentiation to uptake modified LDL or cholesterol. We also identified a group of
genes regulated in an IRAK4-independent manner in acLDL-stimulated macrophages.
While some of these genes might be induced through TLR-dependent MyD88/IRAK4-
independent manner, the IRAK4-independent genes might also be TLR-independent and are
induced through the activation of scavenger receptor-mediated signaling.

Two parallel IL-1-mediated signaling pathways have been uncovered for IL-1R-TLR-
mediated NFkB activation: TAK1-dependent and MEKK3-dependent, respectively. The
TAK1-dependent pathway leads to IKKα/β phosphorylation and IKK βactivation, resulting
in classical NFkB activation through IκBα phosphorylation and degradation. The TAK1-
independent MEKK3-dependent pathway involves IKKγ phosphorylation and IKKα
activation, resulting in NFκB activation through dissociation of phosphorylated IκBα from
NFkB without IκBα degradation.

IRAK4 kinase-inactive mutant failed to mediate IL-1R-TLR-induced TAK1-dependent
NFkB activation pathway, but mediated IL-1-induced TAK1-independent NFkB activation
and retained the ability to activate substantial gene expression. One would predict that
pharmacological blocking of IRAK4 kinase activity will leave intact some degree of host
defence, while reducing the levels and duration of inflammatory responses. Future studies
are required for investigate the detailed molecular mechanism for modified LDL-induced
IRAK4-dependent NFkB activation. Although the detailed signaling mechanism and
physiological impact of the modified LDL-induced IRAK4-depdendent or –independent
pathway are still unclear, IRAK4 kinase activity is required for spontaneous development of
atherosclerosis in ApoE−/− mouse. Therefore, it is likely that pharmacological inhibition of
IRAK4 kinase activity will be a promising strategy for anti-atherosclerosis therapy.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Total cholesterol and plasma lipoprotein distribution in 16-week-old apoE −/− or
IRAK4 KI/ApoE −/− mice
A. Total cholesterol in 16-week-old apoE−/− or IRAK4KI/apoE−/− mice
B. FPLC elution profiles of cholesterol from apoE −/− and IRAK4 KI/apoE−/− mice.
Arrows indicate the elution peak for each lipoprotein class: very low density lipoprotein
(VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL).
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Figure 2. Deficiency of IRAK4 kinase activity greatly reduced aortic root lesion area in Apoe −/−
mice
A. Representative photographs of aortic sinus plaques from IRAK4 KI/Apoe−/− (lower)
compared with Apoe−/− (upper) mice. ApoE−/− and IRAK4 KI/ApoE−/− mice were fed
with normal chow diet for 18 weeks after weaning. Cross sections were stained with Oil Red
O for neutral lipid (4X objective lens).
B. Lesion area in ApoE−/− and IRAK4 KI/IRAK4 KI mice on 18 weeks of chow diet after
weaning. Mean ± S.D.; p<0.00005
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Figure 3. Reduced inflammatory gene expression in arterial tissue of ApoE/IRAK4 KI
(A–E) At age 18 weeks, apoE−/− (n=6), IRAK4KI/apoE−/− (n=6), and control B6 mice
(n=2) were sacrificed and aortas retrieved. Total RNA from aorta was analyzed by
quantitative RT-PCR of specific primer pairs for MCP1 (A), CCL4 (B), IL-6 (C), IP-10 (D)
and IL-1β (E). Shown is the expression of MCP1, CCL4, IL-6, IP-10 and IL-1β normalized
to beta-actin expression. The -fold induction was calculated as compared with the expression
of WT untreated cells (set as 1-fold).
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Figure 4. Impaired acLDL-mediated gene expression in macrophages from IRAK4 kinase-
inactive knock-in mice
A–B. Bonemarrow-derived macrophages of wild-type and IRAK4 kinase-inactive knock-in
mice were untreated or treated with acLDL (100 μg/ml) (A) or NO2-LDL (B) for 30 and 120
min. Total RNA was subjected to RT-PCR in order to measure the relative expression of
TNFα (A), MIP-2 (B) and KC (C). Shown is the expression of TNFα, MIP-2 and KC
normalized to beta-actin expression. The fold induction was calculated as compared with the
expression of WT untreated cells.
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Figure 5. Illumina mRNA expression profiling of IRAK4 kinase activity-dependent genes
A. Heatmap of the genes that were induced only in wild-type bonemarrow-derived
macrophage, but not in the IRAK4 KI macrophage upon 24 hours of acLDL (100 μg/ml)
stimulation.
B. Quantitative Real-time PCR of selected genes from Figure 6 A. Wild-type, IRAK4
kinase-inactive knock-in and IRAK4-deficient macrophages were either untreated or
stimulated with acLDL for 24 hours. The fold change was calculated compared with the
expression of untreated samples.
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Figure 6. Illumina mRNA expression profiling of IRAK4 kinase activity-independent genes
A. Heatmap of the genes that were induced similarly (>1.5 fold) in both wild-type and
IRAK4 kinase inactive knock-in macrophage upon 24 hours of acLDL (100 μg/ml)
stimulation.
B. Quantitative Real-time PCR of selected genes from Figure 6 A. Wild-type, IRAK4
kinase-inactive knock-in and IRAK4-deficient macrophages were either untreated or
stimulated with acLDL for 24 hours. The fold change was calculated compared with the
expression of untreated samples (set as value 1)
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Figure 7. SR-A/CD36/TLR2/TLR4 is partially required for acLDL-mediated gene transcriptions
A. Bonemarrow-derived macrophages of wild-type, TLR2, and TLR4 deficient mice were
untreated or treated with acLDL (100 μg/ml) for 30 and 120 min. Total RNA was subjected
to RT-PCR in order to measure the relative expression of TLR2, TLR4, MCP-1, TNFα, KC
and IL-1β. Shown is the expression of TLR2, TLR4, MCP-1, TNFα, KC and IL-1β
normalized to beta-actin expression. The -fold induction was calculated as compared with
the expression of WT untreated cells.
B. Bonemarrow-derived macrophages of wild-type and SR-A deficient mice were untreated
or treated with acLDL (100 μg/ml) for 30 and 120 min. Total RNA was subjected to RT-
PCR in order to measure the relative expression of MCP-1, TNFα, KC and IL-1β. Shown is
the expression of MCP-1, TNFα, KC and IL-1β normalized to beta-actin expression. The -
fold induction was calculated as compared with the expression of WT untreated cells.
C. Bonemarrow-derived macrophages of wild-type and CD36 deficient mice were untreated
or treated with acLDL (100 μg/ml) for 30 and 120 min. Total RNA was subjected to RT-
PCR in order to measure the relative expression of MCP-1, TNFα, KC and IL-1β. Shown is
the expression of MCP-1, TNFα, KC and IL-1β normalized to beta-actin expression. The -
fold induction was calculated as compared with the expression of WT untreated cells.
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Figure 8. The requirement of IRAK4 kinase activity in NFkB activation
A. Cell lysates from WT and IRAK4 KI bone marrow-derived macrophages that were either
untreated or treated with acLDL (100 μg/ml) for the indicated times were analyzed by
Western analysis with antibodies against anti-IκBα and anti-p-IκBα
B. Cell lysates from WT and IRAK4 KI bone marrow-derived macrophages that were either
untreated or treated with acLDL (100 μg/ml) for the indicated times were analyzed by
Western analysis with antibodies against anti-p-AKT, anti-p-JNK, anti-p-ERK, anti-p-p38,
anti-IRAK2, and anti-β-actin.
C. Cell lysates from WT and IRAK4 KI bone marrow-derived macrophages that were either
untreated or treated with NO2-LDL (100 μg/ml) for the indicated times were analyzed by
Western analysis with antibodies against anti-IκBα and anti-p-IκBα
D. Cell lysates from WT and IRAK4 KI bone marrow-derived macrophages that were either
untreated or treated with acLDL (100 μg/ml) for the indicated times were analyzed by
Western analysis with antibodies against anti-IRAK1, anti-p-JNK, anti-p-ERK, anti-p-p38,
anti-IRAK2, and anti-GAPDH.
E. Cell lysates from WT and IRAK4 KI bone marrow-derived macrophages that were either
untreated or treated with acLDL (100 μg/ml) for the indicated times were analyzed by
electrophoretic mobility shift assay with an NFκB specific probe
F. Densitometry of NFκB electrophoretic mobility shift assay results in C using the NIH
Image software package. Similar results were obtained in three separate experiments.
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