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Abstract 

Introduction: Macrophage-derived foam cells are critical components of atherosclerotic 
lesions and their inflammatory response can influence atherogenesis. Previously we 
demonstrated that interferon-beta (IFNβ) promotes atherogenesis, but how IFNβ 
influences inflammatory responses of foam cells is incompletely understood. Ingenuity 
Pathway Analysis of published datasets indicated downregulated interferon signaling upon 
monocyte/macrophage lipid exposure. Hence we wanted to assess whether this also results 
in a decreased interferon response as this could affect IFN-mediated immune activities.
Methods: In vitro, murine bone marrow-derived macrophages or human monocyte-derived 
macrophages (MDMs) were loaded with acLDL overnight followed by 6 hours IFNβ or IFNγ 
treatment. Hereafter IFN-target gene expression was examined. For in vivo validation, LDLR 
-/- mice were put on normal chow (NC) or on a high cholesterol diet (HCD) for 10 weeks. 
Four days before sacrifice a thioglycollate injection was given, followed by IFNβ, IFNγ or 
PBS administration 24 and 8 hours before sacrifice, after which the peritoneal macrophages 
(PEMs) were collected. To assess effects of lipid exposure on anti-viral immunity in vitro, 
replication of a HIV-1 based luciferase reporter virus was measured in human MDMs.
Results and Conclusion: Macrophage lipid loading impaired the induction of IFNβ target 
genes like CCL5 and CXCL10. Additionally, ex vivo cultured PEMs from IFNβ-treated animals 
on HCD versus NC showed decreased inflammatory activity. This hyporesponsive state was 
found to be specific for IFNβ, presumably by decreased IFNβ-induced phosphorylation of 
STAT2. No effects of this hyporesponsiveness were observed with regards to viral replication 
using a model for HIV-1 infection. However, this does not exclude that a lipid environment 
could affect IFNβ-mediated anti-viral immunity with regards to the replication of other 
viruses or at different levels of the viral life cycle, which in the end could have implications 
for lipid-related disorders like atherosclerosis and obesity. 

Keywords: interferon-beta; foam cell; inflammatory response; obesity; animal model
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Introduction

Interferons (IFNs) are critical regulators of innate and adaptive immune responses. The 
family of interferons is subdivided into three different subtypes; the type I (mainly IFNα and 
IFNβ), type II (IFNγ) and the type III (mainly IFNλ) IFNs. The IFNs were the first cytokines to 
be discovered and were found to interfere with viral replication 1. Nowadays many more 
immunomodulatory functions can be ascribed to this class of cytokines, with effects on 
many different cell types, during numerous infections but also in retaining immunological 
homeostasis 2. The interferons are also known to influence atherosclerosis development 3. 
While the definite pro-atherosclerotic role for IFNγ was described by several reports many 
years ago 4-9, the influence of the type I IFNs on atherosclerosis development has only just 
recently been described 10-13.
The inflammatory response of macrophage-derived foam cells, being critical components 
of atherosclerotic lesions, is of importance as this response can influence atherosclerotic 
development 14. A plethora of factors in the plaque microenvironment, like cytokines, can 
influence macrophage polarization, which affects their inflammatory state 15. IFNγ, for 
example, has been shown to stimulate macrophage pro-inflammatory responses 16. However, 
the way in which the interferons influence foam cell inflammatory responses is incompletely 
understood. When we analyzed publicly available micro-array data from monocytes and 
macrophages that had been exposed to lipids 17-19, we could appreciate that this exposure 
led to downregulation of interferon signaling mediators. This led us to question whether 
macrophage lipid exposure or macrophage foam cell formation also results in a decreased 
interferon response, as this could have implications for IFN-mediated immune activities in 
lipid related disorders like atherosclerosis and obesity. Obesity has already been described 
as a risk factor for different types of infection and infection severity 20. And the interaction 
between obesity and infection has recently received substantial attention as data indicated 
that obesity was associated with poor outcome in the recent influenza H1N1 pandemic 21-24. 
As the incidence of obesity is growing rapidly worldwide, lipid-related immune dysregulation 
is an important research area.
In this study we could demonstrate that macrophage lipid loading impaired the cellular 
response to IFNβ, whereas the IFNγ response was unaffected by a lipid environment. In 
addition, IFNβ-stimulated macrophages showed decreased immune activity upon lipid 
loading. We found decreased IFNβ-induced phosphorylation of STAT2, a critical component of 
the type I IFN signalosome, upon macrophage lipid loading. No effects of a lipid environment 
could be observed with regards to viral replication of a HIV-1-based virus in IFNβ-stimulated 
human macrophages. This does not exclude, though, that a lipid environment could affect 
IFNβ-mediated anti-viral immunity, which in the end also could have implications for lipid-
related disorders like atherosclerosis and obesity. 

Materials and Methods

Mice
Male LDLR-/- mice (on a C57Bl/6 background) were bred at the Academic Medical Center 
(Amsterdam, The Netherlands). All animal experiments were approved by the University of 
Amsterdam Animal Experimental committee that conforms to the guide for the care and use 
of laboratory animals described by the US National Institutes of Health (NIH Publication 8th 
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edition, revised 2011).

Cytokine treatment in LDLR-/- mice
24 LDLR-/- mice were either fed a normal chow or a high cholesterol diet (0.25% cholesterol, 
16.42% crude fat; Special Diet Services, Essex, United Kingdom) for 10 weeks. Four days 
before sacrifice the animals were given an intraperitoneal injection of 1 ml 3% thioglycollate 
medium (Fisher, Bleiswijk, The Netherlands). Subsequently, an intraperitoneal injection 
of 100 µl with 5000 U IFNβ or IFNγ (R&D Systems, United Kingdom) in sterile PBS was 
administered, 24 and 8 hours before sacrifice. Control animals received 100 µl sterile PBS.

Primary macrophage culture
Bone marrow cells were isolated from the hind limbs of C57Bl/6 mice and cultured in RPMI-
1640 medium (Life Technologies, Bleiswijk, The Netherlands), with 10% heat inactivated 
fetal calf serum (Bodinco, Alkmaar, The Netherlands), 100 U/ml penicillin, 100 µg/ml 
streptomycin, 2mM L-glutamine (GIBCO Invitrogen, Breda, The Netherlands) and 15% L929-
conditioned medium. Bone marrow-derived macrophages (BMDMs) were generated by 
culturing the cells for 8 days. Then, BMDMs were seeded in bacteriologic plastic plates at 
a density of 1*106 cells/well in 6-wells plates and  5*105 cells/well in 24-wells plates (both 
Greiner Bio-One, Alphen a/d Rijn, The Netherlands). BMDMs were loaded overnight with 
50 µg/ml acetylated LDL (Sanbio, Uden, The Netherlands) to induce macrophage foam cell 
formation, and were the next day stimulated as indicated.
Four days after an intraperitoneal injection of 1 ml 3% thioglycollate medium, thioglycollate-
elicited peritoneal macrophages (PEMs) were obtained. The peritoneal cavity was flushed 
with 10 ml ice-cold sterile PBS to harvest the cells. Cell pellets of 5*105 cells were frozen 
in liquid nitrogen for further gene expression analysis. In addition, cells were pooled per 
group and seeded on tissue culture plates at a density 1*105 cells/well in 96-wells plates 
(Thermo Scientific, Breda, The Netherlands). Cells adhered for 3 hours in RPMI-1640 (Life 
Technologies, Bleiswijk, The Netherlands), complemented with 10% heat inactivated fetal calf 
serum (Bodinco, Alkmaar, The Netherlands), 100 U/ml penicillin, 100 µg/ml streptomycin, 2 
mM L-glutamine (GIBCO Invitrogen, Breda, The Netherlands). Next, non-adherent cells were 
removed and the remaining peritoneal macrophages were stimulated as indicated.
Human monocyte-derived macrophages (MDMs) were isolated as described before 25. 
Hereafter cells were seeded at a density of 5*105 cells/well in 24-wells tissue culture plates 
(Greiner Bio-One, Alphen a/d Rijn, The Netherlands) and cultured as indicated before 25. 
Human MDMs were loaded overnight with 50 µg/ml acetylated LDL (acLDL) and the next 
day stimulated as indicated. 

Ingenuity Pathway Analysis
Ingenuity pathway analysis (Ingenuity System Inc, USA) of upstream regulators of interferon 
signaling was performed on micro-array data of oxidized LDL exposed murine BMDMs 17, 
PEMs from high cholesterol fed LDLR-/- mice 19 and monocytes from patients with familial 
hypercholesterolemia, available from the GEO database: GSE6054 18. 

Gene expression analysis
Macrophage total RNA was isolated using the High Pure RNA isolation kit (Roche, Woerden, 
The Netherlands).  cDNA synthesis was then performed using the iScript cDNA synthesis kit 
(Biorad, Veenendaal, The Netherlands), followed by quantitative real-time PCR using 4 ng 
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cDNA, 300 nM of each primer and 300 nmol Sybr Green Fast Mix. Quantitative real-time PCR 
was performed on a Viia7 Real-time PCR system (all Invitrogen, Life Technologies, Bleiswijk, 
The Netherlands). Gene expression was calculated relative to the gene expression of acidic 
ribosomal phosphoprotein (ARBP) and cyclophilin A. 

Colorimetric assays
PEMs were stimulated ex vivo with LPS (10 ng/ml) plus IFNγ (100 U/ml), or left unstimulated, 
for 24 hours. Hereafter, supernatants were collected and were used to perform ELISAs for 
IL-6 (sample 1:20 diluted) and TNF (sample 1:10 diluted), according to the manufacturer’s 
instructions (Invitrogen, Bleiswijk, The Netherlands). Absorbance was measured at 450 nm 
on a microplate reader. In addition, nitric oxide (NO) production was assessed by using 50 µl 
culture medium, mixed with 50 µl of Griess reagent (Sigma, Zwijndrecht, The Netherlands), 
after which the absorbance was measured at 550 nm.

Western blot
After overnight acLDL lipid loading of BMDMs and 6 hours stimulation with IFNβ, samples 
were prepared for western blot by adding NP40 lysis buffer plus a 1:25 protease inhibitor 
cocktail and 1:20 phosphatase inhibitor (both from Roche, Woerden, The Netherlands). 
Sample protein concentrations were then determined using the Pierce BCA Protein Assay 
Kit (Thermo Scientific, Breda, The Netherlands). Equal amounts of protein samples were 
loaded on a 4-12% Bis-Tris protein gel and transferred to a nitrocellulose membrane (Bio-
Rad, Veenendaal, The Netherlands) by blotting for 2 hours at 30 V. After blocking in 5% 
non-fat dry milk, blots were incubated overnight with anti-phospho-STAT1 (1:1000; Santa 
Cruz Biotechnology, Heidelberg, Germany), anti-phospho-STAT2 (1:750; Cell Signaling 
Technologies, Leiden, The Netherlands), anti-IRF9 (1:1000; Santa Cruz Biotechnology, 
Heidelberg, Germany) and anti-α-tubulin (1:5000; Sigma, Zwijndrecht, The Nederlands). 
Blots were then washed and incubated with the appropriate HRP-conjugated secondary 
antibody (1:5000; DAKO, Heverlee, Belgium) and visualized using the ECL substrate kit 
(Thermo Scientific, Breda, The Netherlands). Hereafter blots were stripped for 15 minutes 
using stripping buffer (Thermo Scientific, Breda, The Netherlands), washed, blocked, 
and incubated overnight with anti-STAT1 (1:500; Santa Cruz Biotechnology, Heidelberg, 
Germany) and anti-STAT2 (1:1000; Cell Signaling Technologies, Leiden, The Netherlands) 
antibodies. The abovementioned procedure was then repeated. Densitometry analysis was 
performed using ImageJ software (NIH, Bethesda, USA).

Viral replication
Human monocyte-derived macrophages were seeded at a density of 2*105 cells/well in 
96-wells plates (Nunc, Langenselbold, Germany). They were loaded with 20 µg/ml oxidized 
LDL (Sanbio, Uden, The Netherlands) overnight and the next day stimulated with 0.1 U/
ml IFNβ, 200 U/ml IFNγ or left unstimulated for 6 hours. As important HIV-1 targets 26, 
the macrophages were infected with a single round HIV-1 luciferase reporter virus, NL4-
3Luc, pseudotyped with vesicular stomatitis virus glycoprotein (VSV-G) at a multiplicity 
of infection (MOI) of 0.02. 48 hours post-infection viral replication was assessed by their 
luciferase activity, as described previously 27. Activity was measured on a Berthold Centro LB 
960 luminometer (Berthold Technologies, Bad Wildbad, Germany).
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Statistical analysis
Data are presented as mean ± the standard error of the mean (SEM). Statistical analyses 
were performed using GraphPad Prism 5 software (Graphpad Software Inc., California, USA). 
Statistical significance was calculated using a two-way ANOVA followed by a Bonferroni 
post-hoc test and significance was set at p<0.05. 

Results 

The inflammatory response of macrophage-derived foam cells is of importance as this 
response might influence immune regulation in atherosclerosis development. For a first 
approach we analyzed publicly available micro-array data and a dataset from our own 
previous studies to identify regulated pathways in cells that were exposed to lipids. We used 
a dataset of oxidized LDL exposed murine bone marrow derived macrophages 17, peritoneal 
foam cells from high cholesterol diet fed LDLR-/- mice 19 and monocytes from patients with 
familial hypercholesterolemia 18. Performing Ingenuity Pathway Analysis on these earlier 
studies indicated that monocyte and macrophage lipid exposure results in downregulation 
of several upstream regulators of interferon signaling, such as IRF7, IRF3, IFNG, STAT1, IFNA 
and IFNB. These data suggest suppressed interferon signaling pathways upon lipid exposure 
(Figure 1). 

Figure 1. Ingenuity Pathway Analysis (IPA) of upstream regulators indicates a downregulated type I and type 
II interferon signaling upon lipid exposure. (A) IPA in bone marrow-derived macrophages treated with 25 µg/ml 
oxLDL for 24 hours 18. (B) IPA in thioglycollate-elicited peritoneal macrophages from LDLR-/- mice after 12 weeks 
of high cholesterol/high fat diet 20. (C) IPA in monocytes from familial hypercholesterolemia patients 19. Red text 
indicates IFN-signaling molecules.

With this in mind, we wanted to assess whether macrophage lipid loading actually results 
in a decreased interferon response. We therefore used an in vitro macrophage foam cell 
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approach in which we loaded BMDMs with acetylated LDL (acLDL) overnight, followed by 
stimulation with either 100 U/ml IFNβ or IFNγ for 6 hours. Gene expression analysis showed 
decreased induction of IFNβ target genes upon macrophage lipid loading (Figure 2A), while 
induction of IFNγ target genes was unaffected by lipid loading (Figure 2B).

Figure 2. Gene expression of IFNβ target genes is downregulated upon macrophage lipid loading in vitro. (A) 
Gene expression of IFNβ or (B) IFNγ target genes in bone marrow-derived macrophages upon o/n lipid loading with 
acLDL, subsequently co-treated with or without 100 U/ml IFNβ or IFNγ for 6 hours. Data represents mean ± S.E.M. 
* p<0.05, ** p<0.01, *** p<0.001.

Next, we wanted to validate these findings in an in vivo setting and therefore LDLR-/- mice 
were put on a normal chow (NC) or on a high cholesterol diet (HCD) for a period of 10 weeks 
to induce hyperlipidemia and in vivo foam cell formation 28. Three days after peritoneal 
administration of thioglycollate, two injections of IFNβ, IFNγ or PBS were given, 24 and 8 hours 
before sacrifice. Upon sacrifice, peritoneal macrophages (PEMs) were harvested. Similar to 
our in vitro data, in vivo lipid loading of PEMs impaired gene expression of IFNβ target genes. 
PEMs from IFNβ-stimulated mice that had been on HCD showed decreased IFNβ-target gene 
expression as compared to PEMs from IFNβ-stimulated animals that had been on NC (Figure 
3A). We then examined the general activation of lipid-loaded macrophages after interferon 
stimulation, by measuring pro-inflammatory parameters like nitric oxide production and 
secretion of IL-6 and TNF. To do so, PEMs were ex vivo stimulated with the pro-inflammatory 
stimulus LPS+IFNγ. In addition to the demonstrated IFNβ hyporesponsiveness, we observed 
that PEMs from IFNβ-treated animals that had been on HCD had a decreased inflammatory 
response as compared to PEMs from IFNβ-treated animals on NC, as production of all three 
inflammatory parameters was significantly decreased (Figure 3B-3D).
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Figure 3. Peritoneal macrophages (PEMs) from IFNβ-treated animals on high cholesterol diet show IFNβ 
hyporesponsiveness and decreased inflammatory activity as compared to PEMs from IFNβ-treated animals on 
chow. (A) Gene expression of IFNβ target genes in PEMs from individual mice, n=3/group. (B) NO, (C) IL-6 and (D) 
TNF production following ex vivo stimulation of PEMs with LPS+IFNγ for 24 hours. Data represents mean ± S.E.M. 
* p<0.05, *** p<0.001.

Figure 4. Hypercholesterolemia-induced hyporesponsive state is specific for IFNβ. (A) Gene expression of IFNγ 
target genes in PEMs from individual mice, n=3/group. (B) NO, (C) IL-6 and (D) TNF production following ex vivo 
stimulation of PEMs with LPS+IFNγ for 24 hours. Data represents mean ± S.E.M. * p<0.05.
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Corresponding with the in vitro data, induction of IFNγ target genes upon IFNγ administration 
was unaffected by a high cholesterol environment (Figure 4A). In addition, the decreased 
inflammatory response of HCD PEMs that was observed after in vivo IFNβ administration 
was not found following in vivo IFNγ administration (Figure 4B-4D). Altogether, these 
data made us conclude that macrophage lipid loading indeed results in a downregulated 
interferon response, which seems to be restricted to the type I IFNs.

To determine the mechanism behind this hypercholesterolemia-induced hyporesponsive 
state towards IFNβ, protein expression of STAT1, STAT2 and IRF9, the three constituents of 
the main type I interferon signalosome, the ISGF3 complex, was measured in IFNβ-stimulated 
BMDMs in the presence or absence of acLDL. We observed decreased phosphorylation of 
STAT2, while phosphorylation of STAT1 and protein expression of IRF9 was unaffected by the 
presence of lipids (Figure 5A-5C).

Figure 5. Lipid loaded macrophages stimulated with IFNβ show decreased phosphorylation of STAT2. (A) Western 
blot analysis of phosphorylated STAT2, (B) phosphorylated STAT1 and (C) IRF9 in BMDMs upon o/n lipid loading 
with acLDL, subsequently co-treated with or without IFNβ for 6 hours.

As the type I IFNs are crucial for anti-viral immunity, we assessed whether macrophage 
lipid loading also affects IFNβ-mediated anti-viral activity. First, we confirmed our in vitro 
findings in human monocyte-derived macrophages (MDMs), where we again could show 
IFNβ hyporesponsiveness upon lipid loading (Figure 6A). We then examined whether viral 
infection of a VSV-G pseudotyped single-round HIV-1 reporter virus NL4-3Luc*VSV-G, in 
interferon-stimulated human MDMs was affected by lipid loading (Figure 6B). A strong 
inhibition of viral replication was observed upon stimulation with either IFNβ or IFNγ, which 
has already been described 29. Although lipid loading of human MDMs did decrease viral 
replication, we could not show an additional effect of lipid loading on the replication of 
this virus in IFN-stimulated MDMs (Figure 6C). To ensure that the presence of oxLDL in the 
medium did not interfere with viral entry 30, and thus possibly with viral replication, a parallel 
experiment was performed in which human MDMs were infected in the absence of oxLDL 
and interferons for 2 hours. Hereafter, free virus particles were removed by replacing the 
medium with fresh medium which again contained oxLDL and interferons for a remaining 
period of 46 hours (Figure 6D). Again, no additional effect of lipid loading was observed 
in IFN-stimulated MDMs (Figure 6E). As both experiments showed a similar pattern of 
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viral replication, we could exclude the influence of oxLDL on viral entry. Altogether, the 
hypercholesterolemia interferes with HIV-1 replication in human MDMs, however, no 
additional effect of hypercholesterolemia on HIV-1 replication is observed in IFNβ treated 
MDMs.

Figure 6. IFNβ hyporesponsiveness upon lipid loading has no effect on viral replication of HIV-1 virus in human 
monocyte-derived macrophages in vitro. (A) Gene expression of IFNβ target genes in human monocyte-derived 
macrophages (MDMs) upon o/n lipid loading with acLDL, subsequently co-treated with or without 100 U/ml IFNβ 
for 6 hours. (B) The experimental set-up used to examine viral replication, as measured in (C). (D) The experimental 
set-up used to examine the influence of oxLDL on viral entry and replication, as measured in (E). RLU; Relative light 
units. Data represents mean ± S.E.M. * p<0.05, ** p<0.01, *** p<0.001.

Discussion

Macrophages are essential mediators of the innate and adaptive immune response and are 
also important components of atherosclerotic lesions 14. Likewise, the interferons are crucially 
involved in the immune response and were found to significantly influence atherosclerosis 
throughout several stages of disease development 3. In this study we used in vitro and in 
vivo macrophage foam cell models to assess whether macrophage lipid exposure affects 
their interferon responses and activation. When we performed Ingenuity Pathway Analysis 
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on micro-array data from cells that had been exposed to lipids 17-19, we could demonstrate 
that this exposure results in downregulation of upstream regulators of interferon signaling 
mediators. In accordance with these data we observed macrophage hyporesponsiveness 
towards IFNβ in the presence of lipids, which is accompanied by a decreased IFNβ-mediated 
inflammatory response in general. Our observation that IFNγ-mediated immunity remained 
unaffected in a lipid environment, argues for a type I IFN specific effect. We propose decreased 
phosphorylation of STAT2 as a likely mechanism behind this hypercholesterolemia-induced 
IFNβ hyporesponsiveness, because of the prominent role of phosphorylated STAT2 in the 
ISGF3 complex which is needed for the induction of IFNβ target genes 31. However, the 
mechanism by which STAT2 phosphorylation is downregulated and its biological relevance 
still remain to be discovered. 
Due to the essential anti-viral actions of IFNβ 2, and the accumulating evidence associating 
obesity with increased frequency, higher severity and poorer prognosis of infections 32, 
we examined whether this hyperlipidemia-induced hyporesponsive state affected IFNβ-
mediated anti-viral activities. We hypothesized that with this impaired immune activity, viral 
infection could not be controlled properly. To test this we examined viral replication of HIV-
1 in human monocyte-derived macrophages. We observed that hyperlipidemia inhibited 
viral replication in MDMs. IFNβ has previously been described to efficiently inhibit HIV-1 
replication in MDMs 29, but hyperlipidemia had no additional effect on HIV-1 replication 
in IFN-stimulated MDMs. However, we cannot exclude an effect of the hyporesponse on 
other virus families that differ in virulence and infection mechanisms 33, which should 
therefore be subject to further investigation. This assumption is strengthened by a study 
from Easterbrook et al. 34 which also showed varied immune responses upon infection with 
different virus strains in lean versus obese mice. This suggests that functional effects of our 
observed IFNβ hyporesponsiveness may be highly variable and context dependent.
Our data is consistent with studies from Smith et al. 35, 36 in which lean and diet-induced obese 
(DIO) C57Bl/6 mice were infected with influenza virus. DIO mice showed an altered immune 
response as characterized by decreased lung gene expression of inflammatory cytokines 
and chemokines, including the type I IFNs itself. Additionally, DIO mice demonstrated an 
increased mortality rate as compared to lean animals, which indicates that obesity results 
in an inability to mount an effective immune response. Unfortunately, the authors do not 
present a possible mechanism behind this inability. However, they do comment on an old 
study in which maturation of monocytes into macrophages was significantly reduced in 
morbidly obese individuals as compared to lean individuals 37, which possibly could explain 
the diminished expression of pro-inflammatory cytokines in DIO mice. In addition to our 
observed decrease in phosphorylation of STAT2, a comparable issue might be present in 
our experiment as we observed reduced infiltration of Ly6C+ monocytes in the peritoneum 
of IFNβ-treated animals on HCD as compared to IFNβ-treated animals on chow (data not 
shown). It is thus likely that multiple mechanisms contribute to the hypercholesterolemia-
induced IFNβ hyporesponsive state. 
In contrast to the possible detrimental effects of IFNβ hyporesponsiveness on anti-viral 
immunity, this hyporesponsiveness may also have slight disease dampening effects in, 
for instance, the development of atherosclerosis and obesity. The IFNβ target genes 
CCL5 and CXCL10 have been found to enhance atherosclerosis development either upon 
systemic 38 or myeloid-specific 12 modulation in experimental atherosclerosis. In obesity 
these chemokines are also known to stimulate disease progression 39, 40. As in our study 
macrophage lipid loading resulted in decreased expression of these genes, this could, albeit 
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indirectly, slightly diminish atherosclerosis and obesity development. However, this will 
have only minor implications as both diseases are extremely complex. Taken together, the 
hypercholesterolemia-induced hyporesponsiveness to IFNβ might have dual implications; 
negative implications for anti-viral immunity on the one hand, whereas it could have small 
inhibitory effects on the development of atherosclerosis and obesity on the other hand. 
To conclude, in this study we observed that a high cholesterol environment, which is present 
in atherosclerosis and in obesity, results in IFNβ hyporesponsiveness of macrophage foam 
cells and in dysfunctional foam cell inflammatory responses.  Further studies are needed 
to address whether this altered immune response also influences anti-viral immunity, 
which would have serious implications for our society in which lipid-related disorders as 
atherosclerosis and obesity are reaching epidemic proportions.
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