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Abstract: Systemic Lupus Erythematosus (SLE) is a chronic systemic autoimmune disease associated with significant 

cardiovascular morbidity and mortality. Studies have established that patients with SLE develop accelerated 
atherosclerosis related to endothelial cell dysfunction and acute vascular events not explained by Framingham risk score 
risk stratification. In this article, we closely explore the role of interferons in endothelial cell apoptosis and vascular 

dysfunction. Understanding the mechanisms responsible for the significant increase in atherosclerotic cardiovascular 
complications in patients with SLE, and the role of type I interferon may serve as the basis for developing target therapy 
with pharmacological agents.  
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1. INTRODUCTION 

The pathogenesis of atherosclerosis is multifactorial 

developing years prior to clinical symptoms. Risk 

factors include dyslipidemia, hypertension, diabetes 

mellitus, family history, age, smoking, systemic 

inflammation and obesity. Endothelial cell dysfunction 

and atherogenesis occurs as a result of hyperlipidemia, 

oxidative stress, hypertension or inflammatory insults 

[1]. Endothelial damage stimulates the oxidation and 

accumulation of LDL-C in the affected vessel; and 

monocytes migrate and transform to macrophages in 

the subendothelial intima which then accumulate to 

form a lipid core [2, 3]. The fibrous cap of the 

atherosclerotic plaque is formed when inflammatory 

mediators and cytokines stimulate migration and 

proliferation of smooth muscle cells of the vascular 

intima. Elastin and collagen expand to form the fibrous 

cap which can then rupture exposing the thrombogenic 

tissue below. Atherosclerotic development can 

continue to occur following plaque rupture resulting in 

further lumen narrowing and ischemia of tissues [4].
 

Patients with SLE have up to a 50-fold increase in the 

incidence of cardiovascular disease as a result of 

immune dysregulation [5, 6]. Interferons have been 

shown to play a central role in this inflammatory 

process of atherosclerosis especially in SLE patients.  

2. TYPE 1 INTERFERON (IFN)  

IFN’s are part of a diverse family of cytokines 

produced by innate signaling pathways in response to  
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viruses, nucleic acid-containing immune complexes, 

and necrotic debris associated with antimicrobial 

peptides [7]. Type 1 IFN’s include interferon alpha 

(IFN- ) and interferon beta (IFN- ) Both have been 

recognized to play a pathogenic role in SLE and serum 

levels of type I IFNs, predominantly IFN- , are elevated 

in 50% of patients with SLE [1, 4, 5]. Type 1 IFN’s are 

released from the host cell into the surrounding 

medium, then bind to receptors on target cells inducing 

transcription of approximately 20-30 genes in the target 

cells [8]. Gene expression profiling has revealed that 

the expression of IFN-inducible gene (IFIG) transcripts 

is also up-regulated [9].  

2.1. Interferon Alpha 

IFN-  is a potent antiangiogenic factor that inhibits 

angiogenesis by down-regulation of endothelial 

progenitor cells (EPC) through modulating molecules 

relevant to interleukin-1 functioning. It also skews 

myeloid precursor cells away from myeloid circulating 

angiogenic cells (CAC) towards non angiogenic 

phenotypes by inducing CAC apoptosis. The number 

and function of these cells is decreased in patients with 

SLE as a result of increased IFN levels. Exposure of 

EPC/CACs to IFN-  has been shown to result in 

upregulation of IL-18, caspase 1 and absent in 

melanoma-2 (AIM2). Inhibition of caspase 1 improves 

EPC/CAC differentiation suggesting that ongoing 

activation of this inflammasome- associated enzymes 

contributes to dysfunction of cells that are crucial in 

vascular repair [10]. AIM2 is activated by dsDNA found 

in lupus patients [10].
 
Increased caspase activity is 

driven by the formation of the inflammasome. 

Inflammasome scaffold AIM2 is responsive to 
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Interferon alpha and activates caspase [10]. The 

components of inflammasome all represent an interplay 

of complex interactions. IL - 18 is a cytokine activated 

via cleavage by caspase -1 [11]. IL-18 prevents 

differentiation of EAC/CAC which is integral to 

maintenance of intact epithelium. The role of IL-18 in 

affecting differentiation of EAC/CAC cells is further 

supported by studies where neutralization of IL-18 

restores EAC/CAC differentiation capacity specifically 

in lupus models [10]. Exogenous IL-18 has also been 

observed to induce EPC/CAC dysfunction in healthy 

controls [10]. These results support the contribution of 

IL-18 to EAC/CAC dysfunction. EAC/CAC dysfunction 

is key in the pathogenesis of atherosclerosis as it 

promotes endothelial damage and affects vascular 

repair. Elevated levels of IL-18 correlate with increased 

vascular stiffness and intima media thickness in men 

without evidence of coronary artery disease, indicating 

that this cytokine may play a role in early stages of 

atherosclerosis development [12].
 
There is an ever-

increasing focus on the innate immune system and, in 

particular, IFNs in terms of pathogenesis, recent 

studies have drawn connections in both human and 

murine models between neutrophils, plasmacytoid 

dendritic cells, IFNs, and endothelial dysfunction [13]. 

IFN has a pleiotropic effect on angiogenesis genes. 

IFN-  inhibits angiogenesis through repression of 

interleukin 1 pathways, up regulation of interleukin 1 

receptor antagonists, down regulation of the 

proangiogenic molecule Il-1b and down regulation of 

vascular endothelial growth factor (VEGF) [10, 14]. The 

pleiotropic effects on angiogenesis impairment has 

been used as adjuvant antiangiogenic therapy in 

neoplasias, diabetic retinopathy, hemangiomas, and 

Kaposi sarcoma. IFN-  can decrease colony formation 

of hematopoietic progenitor cells further suggesting its 

implication in EPC decreases in SLE [5]. Therefore, 

following vascular injury increased levels of type I IFNs 

may lead to periods of endothelial damage, followed by 

aberrant repair due to decreased levels of IL-1 and 

VEGF-A [10]. 

Amongst the many sources of IFN-  production are 

the dendritic cells found within atheromatous plaques 

which sensitizes antigen-presenting cells toward 

pathogen-derived Toll-like receptor 4 and toll 9 ligands 

[15]. Thus, local production of IFN-  leads to enhanced 

synthesis of the proinflammatory cytokines and matrix 

metalloproteinases implicated in atherosclerotic plaque 

destabilization. IFN-  expressed within the plaque 

stimulates cytotoxic T cells in blood vessels, 

augmenting vascular damage. Studies indicate that 

pathogens or nucleosome-containing immune 

complexes that induce synthesis of IFN-  contribute to 

instability of inflamed atherosclerotic plaques [16-18].  

All of the above highlight the importance of IFN-  in 

the progression of atherosclerosis. A recent study by Li 

et al. highlighted the role of interferon alpha in the 

initiation of atherosclerosis. IFN-  priming has been 

shown to upregulate the expression of SR-A in human 

monocytes/macrophages, leading to increased lipid 

uptake and foam cell activation [2, 9]. Macrophage 

derived foam cells have been identified as one of the 

main components of early atherosclerotic lesions [19].  

2.2. Interferon Beta 

IFN-  may promote atherosclerosis by promoting 

macrophage recruitment to arteries [20]. IFN-  

enhances macrophage- endothelial cell adhesion and 

promotes leukocyte attraction to atherosclerosis prone 

site in mice and increases macrophage accumulation in 

plaques [20]. Goosens et al. demonstrated that IFN-  

treatment induced chemokine dependant adhesion and 

migration of leukocytes and atherosclerosis 

development in vivo. Leukocyte adhesion was 

attributed through the action of CCL5 and CCR5 

dependant mechanisms. They also showed that there 

is a strong increase in atherosclerotic lesions in mice 

treated with IFN- . Upregulation of IFN-  signaling was 

shown to be increased in plaque rupture in 

atherosclerotic lesions [20]. 

IFN-  also has been shown to upregulate 

production of IL-10 which is a classical anti 

inflammatory cytokine [20]. This anti-inflammatory 

cytokine activity contrasts the pro-atherosclerotic effect 

observed with IFN-  due to the pro-atherosclerotic 

mechanisms that regulate cells affinity to 

atherosclerotic lesions [20]. Although IL-10 production 

is enhanced, Goossens et al. demonstrates that 

through induction of the CCL5-CCR5 axis leukocyte 

attraction to lesions is increased [20]. Further analysis 

is needed to demonstrate the cardiovascular risk of 

type 1 IFN treatment. Targeting of IFN signaling may 

prove to be a therapeutic option to prevent and treat 

atherosclerosis.  

3. EMERGING THERAPY TARGETING ALPHA 
INTERFERON 

3.1. Alpha Interferon Antibody 

Rontalizumab is a recombinant humanized 

monoclonal antibody to IFN- . McBride et al. 
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demonstrated that it was generally safe and well 

tolerated in their phase I trial in patients with mildly 

active SLE [21]. With regard to viral infections, it was 

demonstrated that the exposure-adjusted rate of 

infections was similar between treatment groups, and 

no dose-related increase in infections was observed 

[21]. In contrast to Rontalizumab, which was studied in 

patients with mildly active SLE, sifalimumab is an anti–

IFN-  monoclonal antibody which was studied on 

patients with moderate to severe disease. A Phase I 

Randomized, Controlled, Dose-Escalation Study done 

to evaluate the safety and tolerability of multiple 

intravenous (IV) doses exhibited a dose-dependent 

target neutralization [22]. In addition the study also 

reported decreased SLE flares at higher sifalimumab 

doses further suggesting that the efficacy of 

sifalimumab is dose dependent. Inhibition of the 

interferon pathway is concerning for possible viral 

reactivation, however the study demonstrated an 

acceptable safety and tolerability profile, with a low 

level of viral and other infections [22]. AGS-009 is anti-

IFN-  monoclonal antibody. In the Phase 1a study, all 

patients who received AGS-009 trended toward normal 

IFN-  signatures after only a single dose, whereas 

none of the patients receiving placebo showed a similar 

shift [23]. Furthermore, the magnitude of the shift 

toward normal IFN-alpha signatures was dose-

proportional, suggesting that AGS-009 neutralizes IFN-

alpha effectively [23].  

Although these studies showed promising results, 

the end point was not cardiovascular outcomes. It can 

be however hypothesized that since premature 

atherosclerosis is related to general disease activity, 

that a decrease in general activity may play a role in 

reducing cardiovascular risk. There is also a theoretical 

risk of viral related malignancy in the future, however 

this risk can only be properly evaluated with phase III 

clinical trials.  

3.2. Toll Like Receptor 

Production of interferon alpha is stimulated via 

TLR7 and TLR9, both of which also serve as priming 

signals for inflammasome activation [24-26]. 

Komastuda et al. showed that there is a correlation 

between expression level of IFN-  RNA in PBMCs and 

those of TLR7 and TLR9 mRNAs suggesting that in 

lupus patients this is the source of interferon 

stimulation [27]. An approach towards therapy involves 

antibodies against TLR. IMO - 3100, produced by 

IMERA is a dual antagonist of TLR 7/ 9. It has been 

shown to correct lupus associated dyslipidemia by 

reducing serum cholesterol levels
 
[28]. 

3.3. Interferon Alpha Vaccine 

Zagury et al. prepared an IFN-  derivative, termed 

IFN-  kinoid, and demonstrated it to be an effective 

immunogen to mount a neutralizing anti-IFN-  Ab 

response [29].  

3.4. Proteasome Inhibitors 

Ichikawa demonstrated that proteasome inhibitors, 

including those that selectively target the 

immunoproteasome, are efficacious in the treatment of 

murine lupus via dual inhibition of pathogenic IFN-  

production and autoreactive PCs [30]. They 

demonstrated that TLR-induced IFN-  production is 

completely abrogated by proteasome inhibition [30]. 

Carfilzomib is a non selective proteasome inhibitors 

and ONX 0914 is an immunoproteasome-specific 

inhibitor. Ichikawa et al. demonstrated that inhibition of 

the immunoproteasome is equally efficacious as dual 

targeting agents in preventing lupus disease 

progression [30]. 

Dynavax is working to characterize the role of 

phosphoinositide 3-kinase (PI3K). Scientists have 

shown that PI3K is required for the production of IFN 

by plasmacytoid dendritic cells (PDCs) in response to 

TLR7 or TLR9 stimulation [31].  

4. CLINICAL IMPLICATIONS 

With the knowledge of the role of IFN in the 

development of atherosclerosis, further research is 

needed to be able to clinically treat patients targeting 

IFN. Understanding the mechanisms of SLE can offer 

better drug targets for treatment. Future research 

needs to categorize patients by disease phase, 

pathogenetic mechanisms and genetic susceptibility to 

maximize the success of treatments [32]. Clinical trials 

involving emerging therapies are currently underway 

involving target therapies against IFN. These clinical 

trials may also help to further guide clinical 

management and the possibility of monitoring type-1 

IFN levels to monitor disease progress and further 

disease management [33]. Ideally treatment should be 

targeted at the type 1 IFN pathway leading to disease 

leaving the pathways of type 1 IFN which contribute to 

host cell defenses in response to viruses intact [34]. 

Studies have shown that monitoring serum IFN-related 

chemokine levels can be used as biomarkers of 

disease activity in patients with SLE. These markers 

were also shown to be useful in monitoring patients for 

disease flares. Traditional laboratory values have also 
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been shown to correlate to disease process such as 

complement levels, ESR values and anti-dsDNA 

antibody titers; however serum levels of chemokines 

outperformed these traditional laboratory values 

longitudinally in correlating with disease activity [35]. 

Monitoring these serum levels can help to improve 

disease management and prevent future flare-ups. 

Data has shown that increased chemokine levels may 

predict a future disease flare-up within one year. These 

results indicate that patients with high levels of 

chemokines should be monitored more frequently [35]. 

Although these disease flare-ups do not directly 

correlate to athersclerotic activity, knowing the 

mechanism of IFN in promoting atherosclerotic 

development it can be hypothesized that 

atherosclerosis activity may be increased in those 

patients with rising IFN-regulated serum chemokine 

levels and increased disease activity.  

5. CONCLUSIONS 

IFN plays an important role in the development of 

premature atherosclerosis of SLE patients. An 

imbalance between endothelial cell damage and repair 

develops as a result of alterations in EPC’s and CACs 

which is mediated by IFN- . IFN-  promotes 

atherosclerosis by various mechanisms by affecting 

adhesion and migration of leucocytes to plaques and 

by promoting plaque rupture. Understanding the role of 

IFN in promoting premature atherosclerosis is critical to 

the development of appropriate target therapy. 

DISCLOSURE POLICY 

The authors declare that there is no conflict of 

interests regarding the publication of this article. 

REFERENCES 

[1] Toth P, Shammas N, Dippel E, Foreman B. Cardiovascular 

disease. In R. E. Rakel, & D. P. Rakel (Eds.), Textbook of 
family medicine 2011; pp. 479-82. 

[2] Frieri M. Accelerated atherosclerosis in systemic lupus 
erythematosus: role of proinflammatory cytokines and 
therapeutic approaches. Curr Allergy Asthma Rep 2012; 12: 

25-32. 
http://dx.doi.org/10.1007/s11882-011-0236-1 

[3] Westerweel P, Luyten R, Koomans H, Derksen R, Verhaar 
M. Premature Atherosclerosis-Cardiovascular Disease in 

systemic lupus erythematosus. Arthritis Rheum 2007; 56: 
1384-96. 
http://dx.doi.org/10.1002/art.22568 

[4] Ferrieres J. Effects on coronary atherosclerosis by targeting 
low-density lipoprotein cholesterol with statins. Am J 

Cardiovasc Drugs 2009; 9: 109-15. 
http://dx.doi.org/10.1007/BF03256582 

[5] Denny M, Thacker S, Mehta H, et al. Interferon-  promotes 
abnormal vasculogenisis in lupus: a potential pathway for 

premature atherosclerosis. Blood 2007; 110: 2907-15. 
http://dx.doi.org/10.1182/blood-2007-05-089086 

[6] Frieri M. Mechanisms of disease for the clinician: systemic 

lupus erythematosus. Ann Allergy Asthma Immunol 2013; 
110: 228-32. 
http://dx.doi.org/10.1016/j.anai.2012.12.010 

[7] Elkon K, Stone V. Type I interferon and systemic lupus 

erythematosus. J Interferon Cytokine Res 2011; 31: 803-12. 
http://dx.doi.org/10.1089/jir.2011.0045 

[8] Hunt M. Interferon," Microbiology and Immunology On-line. 
University of South Carolina School of Medicine, 2009 May 
5. Available from http://pathmicro.med.sc.edu/mhunt/ 
interferon.htm. 

[9] Li J, Fu Q, Cui H, et al. Interferon-  priming promotes lipid 
uptake and macrophage-derived foam cell formation: a novel 
link between interferon-  and atherosclerosis in lupus. 

Arthritis Rheum 2011; 63: 492-502. 
http://dx.doi.org/10.1002/art.30165 

[10] Kahlenberg JM, Thacker SG, Berthier CC, Cohen CD, 
Kretzler M, Kaplan MJ. Inflammasome activation of IL-18 
results in endothelial progenitor cell dysfunction in systemic 

lupus erythematosus. J Immunol 2011; 187: 6143-56. 
http://dx.doi.org/10.4049/jimmunol.1101284 

[11] Gracie J, Robertson S, McInnes I. Interleukin- 18. J Leukoc 
Biol 2003; 73: 213-24. 
http://dx.doi.org/10.1189/jlb.0602313 

[12] Vlachopoulos C, Ioakeimidis N, Aznaouridis K, et al. 

Association of interleukin-18 levels with global arterial 
function and early structural changes in men without 
cardiovascular disease. Am J Hypertens 2010; 23: 351-7. 
http://dx.doi.org/10.1038/ajh.2009.256 

[13] Knight J, Kaplan M. Cardiovascular disease in lupus: insights 

and updates. Curr Opin Rheumatol 2013; 25: 597-605. 
http://dx.doi.org/10.1097/BOR.0b013e328363eba3 

[14] Thacker S, Berthier C, Mattinzoli D, Rastaldi M, Kretzler M, 
Kaplan M. The detrimental effects of IFN-  on 

vasculogenesis in lupus are mediated by repression of IL-1 
pathways: potential role in atherogenesis and renal vascular 
rarefaction. J Immunol 2010; 187: 4457-69. 
http://dx.doi.org/10.4049/jimmunol.1001782 

[15] Frieri M, Samih M, Liu H, Balsam L, Rubinstein S. Toll-like 

receptor 9 and vascular endothelial growth factor levels in 
human kidneys from lupus nephritis patients. J Nephrol 2012; 
25: 1041-6.  
http://dx.doi.org/10.5301/jn.5000091 

[16] Kaplan MJ, Salmon JE. How does interferon-  insult the 
vasculature? Let me count the ways. Arthritis Rheum 2011; 
63: 334-6.  
http://dx.doi.org/10.1002/art.30161 

[17] Frieri M. Complement related diseases. Allergy Asthma Proc 
2002; 25: 319-24. 

[18] Belot A, Cimaz R. Monogenic forms of systemic lupus 
erythematosus: new insights into SLE pathogenesis. Pediatr 
Rheumatol Online J 2012; 10: 21.  
http://dx.doi.org/10.1186/1546-0096-10-21 

[19] Gerrity RG, Naito HK, Richardson M, Schwartz CJ. Dietary 

induced atherogenesis in swine: morphology of the intima in 
prelesion stages. Am J Pathol 1979; 95: 775-92. 

[20] Goossens P, Gijbels J, Zernecke A, et al. Myeloid type I 
interferon signaling promotes atherosclerosis by stimulating 

macrophage recruitment to lesions. Cell Metab 2010; 12: 
142-53. 
http://dx.doi.org/10.1016/j.cmet.2010.06.008 

[21] McBride JM, Jiang J, Abbas AR, et al. Safety and 
pharmacodynamics of rontalizumab in patients with systemic 

lupus erythematosus: Results of a phase I, placebo-
controlled, double-blind, dose-escalation study. Arthritis 
Rheum 2012; 64: 3666-76.  
http://dx.doi.org/10.1002/art.34632 



70     Journal of Autoimmune Diseases and Rheumatology, 2014, Vol. 2, No. 2 Sran et al. 

[22] Petri M, Wallace DJ, Spindler A, et al. Sifalimumab, a human 

anti–interferon-  monoclonal antibody, in systemic lupus 
erythematosus: a phase I randomized, controlled, dose-
escalation study. Arthritis Rheum 2013; 65: 1011-21.  
http://dx.doi.org/10.1002/art.37824 

[23] Argos Therapeutics Presents Positive Phase 1a Data for 

AGS-009 in Patients with Lupus at 2012 EULAR Congress: 
Demonstrates Dose-Proportional Neutralization of Interferon-
Alpha Activity. Argos Therapeutics, Durham, NC, 2012.  

[24] Sullivan T, Atiee G, Bhagat L, et al. A novel toll-like receptor 

antagonist for autoimmune and inflammatory diseases: 
safety and pharmacodynamics in a multiple-dose phase 1 
clinical trial. Keystone Symposia Meeting: Immunoregulatory 
Networks, 2011.  

[25] Kahlenberg JM, Lundberg KC, Kertesy SB, Qu Y, Dubyak 

GR. Potentiation of caspase-1 activation by the P2X7 
receptor is dependent on TLR signals and requires NF-
kappaB-driven protein synthesis. J Immunol 2005; 175: 

7611-22.  
http://dx.doi.org/10.4049/jimmunol.175.11.7611 

[26] Hurst J, Prinz N, Lorenz M, et al. TLR7 and TLR8 ligands 
and antiphospholipid antibodies show synergistic effects on 

the induction of IL-1beta and caspase-1 in monocytes and 
dendritic cells. Immunobiology 2009; 214: 683-91.  
http://dx.doi.org/10.1016/j.imbio.2008.12.003 

[27] Komatsuda A, Wakui H, Ozawa M, et al. Up-regulated 
expression of Toll-like receptors mRNAs in peripheral blood 

mononuclear cells from patients with systemic lupus 
erythematosus. Clin Exp Immunol 2008; 152: 482-7.  
http://dx.doi.org/10.1111/j.1365-2249.2008.03646.x 

[28] Zhu F, Yu D, Kandimalla ER, La Monica N, Agrawal S. 
Treatment with IMO-3100, a novel TLR7 and TLR9 dual 

antagonist, inhibits disease development in lupus prone 

NZBW/F1 mice. Idera Pharmaceuticals, Inc., 167 Sidney 
Street, Cambridge, MA 02139, USA.  

[29] Zagury D, Le Buanec H, Mathian A, et al. IFNalpha kinoid 
vaccine-induced neutralizing antibodies prevent clinical 
manifestations in a lupus flare murine model. Proc Natl Acad 

Sci USA 2009; 106: 5294-9.  
http://dx.doi.org/10.1073/pnas.0900615106 

[30] Ichikawa HT, Conley T, Muchamuel T, et al. Beneficial effect 
of novel proteasome inhibitors in murine lupus via dual 

inhibition of type I interferon and autoantibody-secreting 
cells. Athritis Rheum 2012; 64: 493-503.  
http://dx.doi.org/10.1002/art.33333 

[31] Pipeline: Autoimmunity/Inflammation. [internet] 2011. [cited 
2013 Nov 4]. Available from http://www.dynavax.com/ 
autoimmunity.html 

[32] Postal M, Costallat LTL, Appenzeller S. Biological therapy in 
systemic lupus erythematosus. Int J Rheumatol 2012; 2012: 
578641. 
http://dx.doi.org/10.1155/2012/578641 

[33] Kirou KA, Kalliolias JD. A new tool for detection of type I 

interferon activation in systemic lupus erythematosus. 
Arthritis Res Ther 2010; 12: 138. 
http://dx.doi.org/10.1186/ar3114 

[34] Crow MK. Interferon-a: new target for therapy in systemic 

lupus erythematosus? Arthritis Rheum 2003; 48: 2396-401.  
http://dx.doi.org/10.1002/art.11226 

[35] Bauer JW, Petri M, Batliwalla FM, et al. Interferon-regulated 
chemokines as biomarkers of systemic lupus erythematosus 
disease activity. Arthritis Rheum 2009; 60: 3098-107.  
http://dx.doi.org/10.1002/art.24803 

 

Received on 08-03-2014 Accepted on 12-06-2014 Published on 07-07-2014 

 
DOI: http://dx.doi.org/10.12970/2310-9874.2014.02.02.6 


