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Abstract

Background—Systemic Lupus Erythematosus (SLE) is characterized by increased 

cardiovascular morbidity and mortality. SLE patients have increased prevalence of subclinical 

atherosclerosis, although the mechanisms of this observation remain unclear. Considering the 

emerging role of monocytes in atherosclerosis, we aimed to investigate the relationship between 

subclinical atherosclerosis, endothelial dysfunction and the phenotype of peripheral blood 

monocytes in SLE patients.

Methods—We characterized the phenotype of monocyte subsets defined by the expression of 

CD14 and CD16 in 42 patients with SLE and 42 non-SLE controls. Using ultrasonography, 

intima-media thickness (IMT) of carotid arteries and brachial artery flow mediated dilatation 

(FMD) as well as nitroglycerin induced dilatation (NMD) were assessed.

Results—Patients with SLE had significantly, but only modestly, increased intima-media 

thickness when compared with non-SLE controls (median (25th/75th percentile) 0.65 (0.60/0.71) 

mm vs 0.60 (0.56/0.68) mm; p<0.05). Importantly, in spite of early atherosclerotic complications 

in the studied SLE group, marked endothelial dysfunction was observed. CD14dimCD16+ 

proinflammatory cell subpopulation was positively correlated with intima-media thickness in SLE 

patients. This phenomenon was not observed in control subjects. Interestingly, endothelial 

dysfunction assessed by FMD was not correlated with any of the studied monocyte subsets.

Conclusions—Our observations suggest that CD14dimCD16+ monocytes are associated with 

subclinical atherosclerosis in SLE, although the mechanism appears to be independent of 

endothelial dysfunction.
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Introduction

Systemic Lupus Erythematosus (SLE) is an autoimmune disease, characterized by increased 

cardiovascular morbidity and mortality1. Already in the late 1970’s it was noted that 

myocardial infarction and cardiovascular diseases were the most important causes of death 

in patients with SLE, even more than in other rheumatoid disease2. Indeed, the incidence of 

myocardial infraction is over 50 times higher in women with SLE than in healthy subjects3. 

This is a result of increased prevalence of atherosclerosis in SLE4–7. While increase in 

subclinical atherosclerosis translates to increased cardiovascular risk, although the 

mechanism of this observation in SLE remains unclear. Nevertheless, some studies 

demonstrated that atherosclerosis in SLE subjects was only modestly increased or even 

absent8, 9. Recently, it has been postulated that systemic inflammation and the presence of 

auto-antibodies against endothelial cell membrane antigens induces a proinflammatory 

phenotype of endothelium, resulting in endothelial dysfunction 10, 11. While this is an 

interesting possibility, vascular disease appears to be a universal feature of SLE. This is 

already observed at early stages of the disease, in patients with low disease activity and is 

not primarily associated with auto-antibody mediated damage. Therefore, it is very likely 

that a general inflammatory activation leads to initiation of endothelial dysfunction and 

atherosclerosis in SLE patients.

One of the prominent inflammatory features associated with SLE is the dysfunction of 

peripheral blood monocytes12. In particular, imbalance within the monocyte subsets defined 

by the expression of CD14 and CD16 antigens may be important13. Classical, quiescent, 

monocytes are strongly positive for CD14 (LPS receptor) but do not express Fc gamma 

receptor III CD16. In contrast, monocytes co-expressing CD16 and CD14 are 

proinflammatory and pro-atherogenic, although their nature varies depending on the level of 

CD14 expression. Cells with low expression of CD14 i.e. CD14dimCD16+, represent a 

mature macrophage-like monocyte, being an important source of TNF-alpha while the role 

of CD14highCD16+ monocytes is less clear. CD14highCD16+ and CD14dimCD16+ may 

be associated with increased cardiovascular disease14–16 as well as with myocardial 

dysfunction and recovery following myocardial infarction17–19, although their relationship 

to subclinical atherosclerosis is less clearly defined. Interestingly, we have recently observed 

that CD14high and CD14dim monocytes are increased in patients with early rheumatoid 

arthritis20. It has been demonstrated that CD14highCD16-, CD14highCD16+ and 

CD14dimCD16+ are differentially regulated in SLE, but the importance of this observation 

to cardiovascular risk and atherosclerosis remains unknown 21.

Therefore, it is very interesting to postulate that monocyte subpopulations in SLE are 

associated with the development of vascular disease. The aim of the present study was to 

evaluate the relationship between subclinical atherosclerosis assessed as intima-media 
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thickness, endothelial dysfunction and the phenotype of peripheral blood monocytes in SLE 

patients.

Materials and Methods

Patients and controls

Forty-two patients diagnosed with SLE (36F/6M; aged 44±14, range 19-75 years) according 

to the American College of Rheumatology Criteria and 42 non-SLE controls (37F/5M; aged 

41±11, range 22-68 years) were included in the study. Average Systemic Lupus 

Erythematosus disease activity index (SLEDAI)22 was 8.02±8.11. SLE patients were treated 

using typical immunosuppression schedules with prednisone, hydroxychloroquine/

chloroquine, azathioprine, mycophenolate mofetil or cyclophosphamide. Subjects were 

carefully screened for risk factors for atherosclerosis, defined as follows: 

hypercholesterolemia (total plasma cholesterol level >5 mmol/L or treatment with statins); 

diabetes (fasting glucose level ≥7 mmol/L or HbA1c >6.5% or current treatment with insulin 

or oral hypoglycemic agents); hypertension (≥140/90 mmHg or treatment with 

antihypertensive agents), and smoking (current/within last 6 months). Coronary artery 

disease (CAD) was defined by clinical history of CAD, particularly myocardial infarction, 

angina, angioplasty, or coronary artery bypass grafting, previous angiography because of 

CAD or abnormal results of coronary angiography. Characteristics of patients with SLE and 

controls are shown in the Table 1. Control group was recruited from our general medical 

clinic, from subjects attending regular health check-ups and was matched for age, sex and 

major risk factors including hypertension, diabetes, hypercholesterolemia, CAD, PAD, TIA, 

MI. As expected nephritis and proteinuria were significantly more common in SLE subjects. 

All subjects gave written informed consent and the study was approved by the Local Ethics 

Committee of the Jagiellonian University(KBET/28/B/2011).

Flow cytometry analysis of antigen expression on peripheral blood monocytes

Surface antigens were studied on peripheral blood mononuclear cells (PBMC) as previously 

described20, 21. Briefly, PBMCs were isolated by gradient centrifugation using Lymphocyte 

Separation Medium LSM 1077 (PAA Laboratories GmbH, Austria) from EDTA-treated 

blood. PBMC were further suspended in phosphate buffer saline (PBS) containing 1% heat 

inactivated fetal bovine serum (FBS) (Gibco, Life Technologies, USA) and were used 

immediately after isolation. 250000 PBMCs were stained for 20 minutes with fluorochrome-

conjugated monoclonal antibodies: anti-CD14-PerCP (MΦP9), anti-CD16-APC-H7 (3G8), 

anti-HLA-DR-PE-Cy7 (L243) (BD, Pharmingen, CA, USA). After staining, cells were 

washed twice with PBS containing 1% FBS.

Cells were processed in the FACS Verse flow cytometer and analyzed using FlowJo software 

(TreeStar, USA). Monocytes were gated according to FSC (forward scatter) and SSC (side 

scatter) signals as described previously21. Subsequently, cells were gated in a HLA-DR/

CD14 plot to exclude HLA-DR negative natural killer cells. Finally, we analyzed cells for 

CD14 and CD16 expression, which allowed for discrimination of major monocyte 

subpopulations as described23. Absolute monocyte number/mm3 was calculated20.
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Assessment of endothelial function

Endothelial function was assessed by flow mediated dilatation (FMD) measurement of the 

brachial artery diameter, before and after 5 minute long brachial artery occlusion (using 

sphygmomanometer cuff), as described previously5. Measurements were performed in a 

dimmed, temperature-controlled room using a Toshiba Xario Ultrasound System and an 

8MHz linear transducer. Nitroglycerine mediated dilatation (NMD) was measured to study 

non-endothelium dependent vasodilatation by assessing vessel diameter before use of 

nitroglycerine (Nitromint, aerosol, 400μg s.l.) and 1, 2 and 5 minutes after sublingual 

nitroglycerin application5. Images were digitally recorded and analyzed using ImagePro 

Plus software.

Measurement of carotid artery intima-media thickness (IMT)

Intima-media thickness measurements were taken in accordance with commonly used 

standard methods5 at 12 different points (2 cm below common carotid artery sinuses, ca. 

every 1cm, omitting visible carotid plaques), on the right and left common carotid arteries. 

The distance from the border between the artery lumen and carotid artery intima and second 

bright m-line (border between media and adventitia) was measured5. Images were digitally 

recorded and analyzed using ImagePro Plus. Mean and maximal IMT were calculated 

(IMTmean and IMTmax, respectively).

Statistical analysis

Analysis was performed using Statsoft Statistica software or IBM SPSS Statistics. 

Compliance in the distribution of variables with normal distribution was verified using the 

Shapiro-Wilk test. Data are presented as means±SD. Differences of means were compared 

among groups by two-way ANOVA and Bonferroni’s post-hoc test. When appropriate, 

Student’s t-test was used and considered significant when p<0.05. Non-normally distributed 

variables were analyzed using non-parametric Mann–Whitney U test and are presented as 

median [10th–90th percentile].

Analysis of correlations between FMD, NMD, IMT, was performed using Spearman test.

Results

SLE patients exhibit higher intima-media thickness and impaired endothelial function

Studied patients with Systemic Lupus Erythematosus have a higher intima-media thickness 

when compared to healthy subjects (median (25th/75th percentile) 0.65 (0.60/0.71) mm vs 

0.60 (0.56/0.68) mm; p<0.05, Figure 1A). Similarly, maximal IMT was 0.76 (0.70/0.79) mm 

in SLE patients vs 0.68 (0.63/0.78) mm in healthy individuals, p<0.01 (Figure 1B). These 

values were only modestly increased and did not reach the range generally considered 

pathological (> 0.9mm), indicating that we assessed patients at an early stage of carotid 

atherosclerosis.

SLE patients exhibited impaired flow mediated dilatation in comparison to healthy subjects 

(median (25th/75th percentile) 9.71 (6.27/11.20) % vs 13.50 (11.85/15.88) %, p<0.01, 

Figure 1C), representing the presence of a significant degree of endothelial dysfunction in 
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SLE. At the same time, nitroglycerin mediated dilatation did not differ between healthy 

subjects and SLE patients (Figure 1D).

Monocytes from SLE patients exhibit a higher percentage of CD14highCD16+ cells

No significant differences were observed in the number of total peripheral blood monocytes 

between patients with SLE and healthy subjects (426±212 cells/mm3 vs 396±137 cells/

mm3). Peripheral blood monocytes after labeling with monoclonal anti-CD14 and anti-CD16 

antibodies can be separated into three functionally distinct subpopulations: 

CD14highCD16-, CD14highCD16+ and CD14dimCD16+. We compared the content of 

individual monocyte subpopulations between groups of patients and control subjects. SLE 

was associated with an increased percentage of CD14highCD16+ monocytes when 

compared to healthy subjects (8.81±4.24% vs 4.89±1.51%, p<0.01). Similarly, the absolute 

number of these cells was increased (37±24 cells/mm3 vs 19±8 cells/mm3, p<0.01, Table 2). 

At the same time, the percentage of classical, non-activated CD14highCD16- monocytes 

was slightly decreased in SLE (86±5.5% vs 89.1±2.55%, p<0.01), while this difference was 

not sufficient to reach statistical significance when calculated per mm3. No significant 

difference was observed in either the percentage or absolute number of CD14dimCD16+ 

between SLE patients and control subjects (Table 2).

Correlations of monocyte subsets with subclinical atherosclerosis in SLE patients

We next assessed the relationships between monocyte subsets (CD14highCD16-, 

CD14highCD16+ and CD14dimCD16+) and Intima-Media Thickness in SLE patients and 

controls. The percentage and the absolute number/mm3 of CD14dimCD16+ monocytes in 

SLE patients positively correlated with intima-media thickness (r=0.33, p=0.03; Figure 2), 

while other subpopulations did not display a significant relationship. This phenomenon was 

not observed in non-SLE controls, suggesting that CD14dimCD16+ monocytes may be 

specifically associated with the risk of atherosclerosis in patients with SLE. Studied 

population was too small for detecting sufficient effects in multivariate analysis. Type III 

sum of squares ANOVA has shown that after taking into account other possible predictors of 

IMT (smoking, hypertension, diabetes and hypercholesterolemia) only diabetes remained 

independently associated with IMT in this group and CD14dimCD16+ cells showed 

borderline association (p=0.1).

Relationships between monocyte subsets and endothelial dysfunction

As endothelial dysfunction is an important mechanism of atherosclerosis, and is observed in 

SLE, we next analyzed the relationships between individual monocyte subpopulations and 

flow mediated dilatation as well as nitroglycerin induced (non-endothelium dependent) 

dilatation. We did not observe significant correlations between monocyte subsets 

(CD14highCD16-, CD14highCD16+, CD14dimCD16+) and FMD or NMD in either the 

SLE subjects or the non-SLE controls (Figure 3).

Discussion

Patients with systemic lupus erythematosus (SLE) have a considerable risk for premature 

death due to coronary heart disease and accelerated atherosclerosis6, 24, 25, although some 
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investigators have not shown accelerated atherosclerosis 9, while many studies show only 

modest increase8. Thus, the mechanisms of this increased risk remain unclear, although 

recent interest has focused on the importance of immune mechanisms of atherosclerosis and 

cardiovascular disease, which is particularly relevant to SLE in which immune dysfunction 

is of primary importance26. However, the exact nature of increased susceptibility to 

atherosclerosis in SLE is not currently known6, 25. In the studied population, with a 

relatively early stage of subclinical atherosclerosis (judged by IMT<0.9mm), we confirmed 

that SLE was associated with modestly increased carotid intima-media thickness when 

compared to control subjects. This is consistent with previous reports7, 25, although in the 

present study we observed only a modest increase in atherosclerosis, which may be related 

to the comparatively young age of studied patients. At the same time, we have observed that 

patients with SLE have strongly impaired flow-mediated vasodilatation (FMD) in response 

to reactive hyperemia in comparison to age- and sex- matched non-SLE individuals, and is 

particularly blunted in subjects with a high SLEDAI score (data not shown). This is 

consistent with previous data25, 27, 28. El-Magadami et al. have also shown that endothelial 

dysfunction in SLE patients correlated negatively with intima-media thickness and that 

endothelial dysfunction remained a significant predictor of IMT even after adjustment for 

other classic coronary heart disease risk factors29. We have shown that nitrate-mediated 

vasodilatation (NMD) was not reduced in SLE patients, which is in line with other 

studies27. Impaired FMD with preserved NMD suggests endothelial cell pathology, with 

vascular smooth muscle reactivity. Importantly, FMD is considered to be a good predictor of 

cardiovascular complications in lupus patients, but the reduction of FMD does not correlate 

with the extent of atherosclerotic development27. Previous studies have demonstrated that 

FMD decreases with increasing age and is impaired in subjects with hypertension, obesity, 

type 2 diabetes mellitus, hypercholesterolemia and in chronic smokers 30. The incidence of 

the hypertension and other risk factor in our study is comparable between SLE patients and 

control group to exclude the potential influence of those factors that can affect flow 

mediated dilatation. Moreover, it is important to note that our study was not designed or 

powered to compare incidence of hypertension or major risk factors/co-morbidities in SLE 

and general population. Karadag et al. examined novel cardiovascular risk factors and 

cardiac event predictors in inactive SLE patients, who did not have major cardiovascular risk 

factors. They found higher levels of hs-CRP and lower FMD in SLE patients when 

compared with the control group, suggesting that SLE patients without traditional major 

cardiovascular risk factors may have an increased risk of cardiovascular disease31. The 

mechanisms of increased susceptibility for atherosclerosis are complex in SLE and not fully 

recognized. These may include an autoimmune reaction with the generation of auto-

antibodies, overproduction of pathogenic cytokines or formation of immune complexes. 

Recent data indicate that imbalances of monocyte subsets may be related to increased risk of 

cardiovascular complications in patients with acute coronary syndromes or CAD32. Indeed, 

monocyte subsets are affected by SLE, but little is known about how these changes in 

monocyte phenotype may be related to subclinical atherosclerosis or endothelial dysfunction 

observed in SLE patients. Chronic inflammation is closely linked to endothelial dysfunction, 

activation of immune cells and their subsequent migration into intima and sub-intimal layers 

of the vessel wall33. Peripheral blood monocytes constitute a heterogeneous group of cells 

with subpopulations characterized by high proinflammatory potential (CD14dimCD16+), a 

Mikołajczyk et al. Page 6

Lupus. Author manuscript; available in PMC 2018 December 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



more quiescent phenotype (CD14highCD16-) and an intermediate phenotype 

(CD16highCD14+)21, 34. Imbalances between these subpopulations have been defined in 

various disease states including bacterial infections, rheumatoid arthritis, SLE and 

atherosclerosis35. Peripheral blood monocytes phenotype and functions may also change in 

relation to ageing36, 37, chronic inflammatory conditions or obesity 35, 38. Increased 

number of CD16+ monocytes was associated with cardiovascular disease and with the 

development of atherosclerosis16. The relationship between the frequency of CD16+ 

monocyte and intima-media thickness (IMT) as the marker of subclinical atherosclerosis 

was shown in patients with high cardiovascular risk suffering from chronic kidney 

disease14, 39. Recently, it has been described that CD16+ monocytes were significantly 

associated with obesity, IMT and subclinical atherosclerosis in low risk individuals38. 

CD16+ monocytes can be divided into CD14dim and CD14high cells, which display distinct 

phenotypic and functional properties34. The pathogenic role of these monocyte subsets in 

autoimmune disease and increased cardiovascular risk due to accelerated atherosclerosis is 

not fully understood. In the present study, we observed that patients with systemic lupus 

erythematosus have both a higher percentage and absolute number of CD14highCD16+ 

monocytes when compared to control subjects, which is interesting, as increased number of 

CD14highCD16+ monocytes is associated with cardiovascular events and death in a high-

risk population of dialysis patients14 as well as in a population of non-dialysis patients with 

chronic kidney disease (CDK)39. Additional subgroups analysis between patients with 

nephritis and subjects without renal disturbances revealed no significant differences in the 

percentage of monocyte subsets in our study population. However, the limitation of this 

study is a relatively small group of patients with nephritis. CD14highCD16+ monocytes are 

correlated with the number of risk factors for atherosclerosis in patients with CAD32. On the 

other hand, increased levels of proinflammatory CD14dimCD16+ monocytes were observed 

in patients with coronary artery disease (CAD) when compared to controls16. Interestingly, 

increased subsets of CD14dimCD16+ cells were related to coronary plaque vulnerability in 

patients with stable angina pectoris40. Rogacev et al. demonstrated that CD14dimCD16+ 

monocytes were significantly associated with body mass index (BMI) and showed 

correlation with the traditional cardiovascular risk factors, whereas CD14highCD16- and 

CD14highCD16+ cells did not38. Pro-inflammatory CD14dimCD16+ monocytes correlate 

with IMT in renal transplant recipients and are independently associated with subclinical 

atherosclerosis in these patients41. In our study, we observed that both the percentage and 

absolute number of CD14dimCD16+ monocytes in SLE patients, but not in control subjects, 

positively correlated with subclinical atherosclerosis measured as intima-media thickness 

(IMT). At the same time, we have observed no relationship between flow-mediated 

dilatation and any of the three distinct subsets of monocytes including CD14highCD16-, 

CD14highCD16+ and CD14dimCD16+ in neither SLE subjects nor in controls. This 

suggests that pro-atherosclerotic properties of CD14dim cells may provide an additional 

mechanism for increased atherosclerosis susceptibility, which is independent of endothelial 

dysfunction.

CD14dimCD16+ monocytes have been also previously shown to positively correlate with 

serum cholesterol and triglyceride levels in patients with hypercholesterolemia42. 

Interestingly, Mosig et al. demonstrated that CD14dimCD16+ monocytes from patients with 
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familial hypercholesterolemia preferentially exhibit increased uptake of oxidized LDL via 

CD36 and a higher adherence to activated endothelial cells in response to oxidized LDL and 

native LDL stimulation43. This observation supports the previous finding that 

CD14dimCD16+ monocytes show potent capacity to invade vascular lesions. CD16+ 

monocytes are also considered to have a more mature phenotype when compared to CD16- 

and exhibit features of tissue macrophages44. CD14dimCD16+ monocytes have a 

proinflammatory phenotype and they are the main producers of TNF-α in human blood, 

whereas the anti-inflammatory IL-10 is low or absent in these cells45. This is consistent 

with other observations that the serum concentrations of TNF-α were elevated in subjects 

with the highest quartiles of CD14dimCD16+ monocytes16. This provides several direct 

mechanisms, through which CD14dimCD16+ could be involved in the development of 

human atherosclerosis38, 39. It is likely elevated production of pro-inflammatory cytokines 

such as TNF-α in SLE46 is associated with increased IMT and possibly faster progression 

for atherosclerosis. This could explain why we observed association only in SLE but not in 

control population. It is also possible that CD14dimCD16+ monocytes work in concert with 

other pathophysiological mediators in SLE that are not present in controls to promote IMT.

In summary, our study shows that CD16+CD14dim monocytes may be an important 

subpopulation of pro-inflammatory monocytes related to increased development of 

atherosclerosis in SLE. While this is interesting, no clear relationship was found between 

these cells and endothelial dysfunction. This could suggest that pro-inflammatory effects of 

these monocytes on the vascular wall are independent of nitric oxide dependent endothelial 

dysfunction and could be an important treatment target47, 48. This could include direct 

interactions with other vascular cells 42. Future mechanistic studies in SLE subjects are 

necessary to further elucidate the mechanism of this observation.

Acknowledgements

This study was supported by Foundation for Polish Science/European Council Funds (FP7) FNP/Welcome/02/2009 
(to TJG, TM and GO), Iuventus Plus IP 2010 0266 70 and the Welcome Trust ISRF. We would like to thank Dr 
Kevin Luc for help with the preparation of the manuscript.

References

1. Doria A, Iaccarino L, Ghirardello A, et al. Long-term prognosis and causes of death in systemic 
lupus erythematosus. The American journal of medicine. 2006; 119:700–6. [PubMed: 16887417] 

2. Crowson CS, Liao KP, Davis JM 3rd, et al. Rheumatoid arthritis and cardiovascular disease. Am 
Heart J. 2013; 166:622–8 e1. [PubMed: 24093840] 

3. Manzi S, Meilahn EN, Rairie JE, et al. Age-specific incidence rates of myocardial infarction and 
angina in women with systemic lupus erythematosus: comparison with the Framingham Study. 
American journal of epidemiology. 1997; 145:408–15. [PubMed: 9048514] 

4. Roman MJ, Shanker BA, Davis A, et al. Prevalence and correlates of accelerated atherosclerosis in 
systemic lupus erythematosus. The New England journal of medicine. 2003; 349:2399–406. 
[PubMed: 14681505] 

5. Wilk G, Osmenda G, Matusik P, et al. Endothelial function assessment in atherosclerosis: 
comparison of brachial artery flowmediated vasodilation and peripheral arterial tonometry. Polskie 
Archiwum Medycyny Wewnetrznej. 2013; 123:443–52. [PubMed: 24025637] 

6. Telles RW, Lanna CC, Sousa AJ, et al. Progression of carotid atherosclerosis in patients with 
systemic lupus erythematosus. Clinical rheumatology. 2013; 32:1293–300. [PubMed: 23620348] 

Mikołajczyk et al. Page 8

Lupus. Author manuscript; available in PMC 2018 December 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



7. Ammirati E, Bozzolo EP, Contri R, et al. Cardiometabolic and immune factors associated with 
increased common carotid artery intima-media thickness and cardiovascular disease in patients with 
systemic lupus erythematosus. Nutrition, metabolism, and cardiovascular diseases : NMCD. 2014; 
24:751–9.

8. Gustafsson JT, Svenungsson E. Definitions of and contributions to cardiovascular disease in 
systemic lupus erythematosus. Autoimmunity. 2014; 47:67–76. [PubMed: 24228980] 

9. McMahon M, Skaggs BJ, Sahakian L, et al. High plasma leptin levels confer increased risk of 
atherosclerosis in women with systemic lupus erythematosus, and are associated with inflammatory 
oxidised lipids. Annals of the rheumatic diseases. 2011; 70:1619–24. [PubMed: 21670088] 

10. Tenedios F, Erkan D, Lockshin MD. Cardiac involvement in the antiphospholipid syndrome. 
Lupus. 2005; 14:691–6. [PubMed: 16218469] 

11. Cojocaru IM, Cojocaru M, Butnaru L, Miu G, Tanasescu R. Study of anti-endothelial cell 
antibodies in SLE patients with acute ischemic stroke. Romanian journal of internal medicine = 
Revue roumaine de medecine interne. 2010; 48:173–7. [PubMed: 21428182] 

12. Steinbach F, Henke F, Krause B, Thiele B, Burmester GR, Hiepe F. Monocytes from systemic 
lupus erythematous patients are severely altered in phenotype and lineage flexibility. Annals of the 
rheumatic diseases. 2000; 59:283–8. [PubMed: 10733475] 

13. Wong KL, Tai JJ, Wong WC, et al. Gene expression profiling reveals the defining features of the 
classical, intermediate, and nonclassical human monocyte subsets. Blood. 2011; 118:e16–31. 
[PubMed: 21653326] 

14. Heine GH, Ulrich C, Seibert E, et al. CD14(++)CD16+ monocytes but not total monocyte numbers 
predict cardiovascular events in dialysis patients. Kidney international. 2008; 73:622–9. [PubMed: 
18160960] 

15. Shantsila E, Tapp LD, Wrigley BJ, et al. Monocyte subsets in coronary artery disease and their 
associations with markers of inflammation and fibrinolysis. Atherosclerosis. 2014; 234:4–10. 
[PubMed: 24583499] 

16. Schlitt A, Heine GH, Blankenberg S, et al. CD14+CD16+ monocytes in coronary artery disease 
and their relationship to serum TNF-alpha levels. Thrombosis and haemostasis. 2004; 92:419–24. 
[PubMed: 15269840] 

17. Shantsila E, Lip GY. Monocyte diversity in myocardial infarction. Journal of the American College 
of Cardiology. 2009; 54:139–42. [PubMed: 19573730] 

18. Frantz S, Hofmann U, Fraccarollo D, et al. Monocytes/macrophages prevent healing defects and 
left ventricular thrombus formation after myocardial infarction. FASEB journal : official 
publication of the Federation of American Societies for Experimental Biology. 2013; 27:871–81. 
[PubMed: 23159933] 

19. van der Laan AM, Hirsch A, Robbers LF, et al. A proinflammatory monocyte response is 
associated with myocardial injury and impaired functional outcome in patients with ST-segment 
elevation myocardial infarction: monocytes and myocardial infarction. Am Heart J. 2012; 163:57–
65 e2. [PubMed: 22172437] 

20. Surdacki A, Sulicka J, Korkosz M, et al. Blood monocyte heterogeneity and markers of endothelial 
activation in ankylosing spondylitis. The Journal of rheumatology. 2014; 41:481–9. [PubMed: 
24488416] 

21. Mikolajczyk TP, Skiba D, Batko B, et al. Characterization of the impairment of the uptake of 
apoptotic polymorphonuclear cells by monocyte subpopulations in systemic lupus erythematosus. 
Lupus. 2014; 23:1358–69. [PubMed: 24969081] 

22. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation of the SLEDAI. A 
disease activity index for lupus patients. The Committee on Prognosis Studies in SLE. Arthritis 
and rheumatism. 1992; 35:630–40. [PubMed: 1599520] 

23. Sulicka J, Surdacki A, Mikolajczyk T, et al. Elevated markers of inflammation and endothelial 
activation and increased counts of intermediate monocytes in adult survivors of childhood acute 
lymphoblastic leukemia. Immunobiology. 2013; 218:810–6. [PubMed: 23182707] 

24. Bartels CM, Buhr KA, Goldberg JW, et al. Mortality and cardiovascular burden of systemic lupus 
erythematosus in a US population-based cohort. The Journal of rheumatology. 2014; 41:680–7. 
[PubMed: 24532834] 

Mikołajczyk et al. Page 9

Lupus. Author manuscript; available in PMC 2018 December 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



25. Conti F, Spinelli FR, Alessandri C, et al. Subclinical atherosclerosis in systemic lupus 
erythematosus and antiphospholipid syndrome: focus on beta2GPI-specific T cell response. 
Arteriosclerosis, thrombosis, and vascular biology. 2014; 34:661–8.

26. Matusik P, Guzik B, Weber C, Guzik TJ. Do we know enough about the immune pathogenesis of 
acute coronary syndromes to improve clinical practice? Thrombosis and haemostasis. 2012; 
108:443–56. [PubMed: 22872109] 

27. Kiss E, Soltesz P, Der H, et al. Reduced flow-mediated vasodilation as a marker for cardiovascular 
complications in lupus patients. Journal of autoimmunity. 2006; 27:211–7. [PubMed: 17088047] 

28. Lima DS, Sato EI, Lima VC, Miranda F Jr, Hatta FH. Brachial endothelial function is impaired in 
patients with systemic lupus erythematosus. The Journal of rheumatology. 2002; 29:292–7. 
[PubMed: 11842823] 

29. El-Magadmi M, Bodill H, Ahmad Y, et al. Systemic lupus erythematosus: an independent risk 
factor for endothelial dysfunction in women. Circulation. 2004; 110:399–404. [PubMed: 
15262847] 

30. Inaba Y, Chen JA, Bergmann SR. Prediction of future cardiovascular outcomes by flow-mediated 
vasodilatation of brachial artery: a meta-analysis. The international journal of cardiovascular 
imaging. 2010; 26:631–40. [PubMed: 20339920] 

31. Karadag O, Calguneri M, Atalar E, et al. Novel cardiovascular risk factors and cardiac event 
predictors in female inactive systemic lupus erythematosus patients. Clinical rheumatology. 2007; 
26:695–9. [PubMed: 16909327] 

32. Hristov M, Leyendecker T, Schuhmann C, et al. Circulating monocyte subsets and cardiovascular 
risk factors in coronary artery disease. Thrombosis and haemostasis. 2010; 104:412–4. [PubMed: 
20431842] 

33. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. The New England journal 
of medicine. 2005; 352:1685–95. [PubMed: 15843671] 

34. Mikolajczyk TP, Skrzeczynska-Moncznik JE, Zarebski MA, et al. Interaction of human peripheral 
blood monocytes with apoptotic polymorphonuclear cells. Immunology. 2009; 128:103–13. 
[PubMed: 19689740] 

35. Ziegler-Heitbrock L. The CD14+ CD16+ blood monocytes: their role in infection and 
inflammation. Journal of leukocyte biology. 2007; 81:584–92. [PubMed: 17135573] 

36. Franzeck FC, Hof D, Spescha RD, et al. Expression of the aging gene p66Shc is increased in 
peripheral blood monocytes of patients with acute coronary syndrome but not with stable coronary 
artery disease. Atherosclerosis. 2012; 220:282–6. [PubMed: 22100252] 

37. Paneni F, Costantino S, Castello L, et al. Targeting prolyl-isomerase Pin1 prevents mitochondrial 
oxidative stress and vascular dysfunction: insights in patients with diabetes. European heart 
journal. 2014

38. Rogacev KS, Ulrich C, Blomer L, et al. Monocyte heterogeneity in obesity and subclinical 
atherosclerosis. European heart journal. 2010; 31:369–76. [PubMed: 19687164] 

39. Rogacev KS, Seiler S, Zawada AM, et al. CD14++CD16+ monocytes and cardiovascular outcome 
in patients with chronic kidney disease. European heart journal. 2011; 32:84–92. [PubMed: 
20943670] 

40. Kashiwagi M, Imanishi T, Tsujioka H, et al. Association of monocyte subsets with vulnerability 
characteristics of coronary plaques as assessed by 64-slice multidetector computed tomography in 
patients with stable angina pectoris. Atherosclerosis. 2010; 212:171–6. [PubMed: 20684824] 

41. Ulrich C, Heine GH, Gerhart MK, Kohler H, Girndt M. Proinflammatory CD14+CD16+ 
monocytes are associated with subclinical atherosclerosis in renal transplant patients. American 
journal of transplantation : official journal of the American Society of Transplantation and the 
American Society of Transplant Surgeons. 2008; 8:103–10.

42. Rothe G, Herr AS, Stohr J, Abletshauser C, Weidinger G, Schmitz G. A more mature phenotype of 
blood mononuclear phagocytes is induced by fluvastatin treatment in hypercholesterolemic 
patients with coronary heart disease. Atherosclerosis. 1999; 144:251–61. [PubMed: 10381298] 

43. Mosig S, Rennert K, Krause S, et al. Different functions of monocyte subsets in familial 
hypercholesterolemia: potential function of CD14+ CD16+ monocytes in detoxification of 

Mikołajczyk et al. Page 10

Lupus. Author manuscript; available in PMC 2018 December 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



oxidized LDL. FASEB journal : official publication of the Federation of American Societies for 
Experimental Biology. 2009; 23:866–74. [PubMed: 19001052] 

44. Ziegler-Heitbrock HW, Fingerle G, Strobel M, et al. The novel subset of CD14+/CD16+ blood 
monocytes exhibits features of tissue macrophages. European journal of immunology. 1993; 
23:2053–8. [PubMed: 7690321] 

45. Frankenberger M, Sternsdorf T, Pechumer H, Pforte A, Ziegler-Heitbrock HW. Differential 
cytokine expression in human blood monocyte subpopulations: a polymerase chain reaction 
analysis. Blood. 1996; 87:373–7. [PubMed: 8547664] 

46. Yuan W, DiMartino SJ, Redecha PB, Ivashkiv LB, Salmon JE. Systemic lupus erythematosus 
monocytes are less responsive to interleukin-10 in the presence of immune complexes. Arthritis 
and rheumatism. 2011; 63:212–8. [PubMed: 20954190] 

47. Banai S, Finkelstein A, Almagor Y, et al. Targeted anti-inflammatory systemic therapy for 
restenosis: the Biorest Liposomal Alendronate with Stenting sTudy (BLAST)-a double blind, 
randomized clinical trial. Am Heart J. 2013; 165:234–40 e1. [PubMed: 23351827] 

48. Everett BM, Pradhan AD, Solomon DH, et al. Rationale and design of the Cardiovascular 
Inflammation Reduction Trial: a test of the inflammatory hypothesis of atherothrombosis. Am 
Heart J. 2013; 166:199–207 e15. [PubMed: 23895801] 

Mikołajczyk et al. Page 11

Lupus. Author manuscript; available in PMC 2018 December 05.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 1. Subclinical atherosclerosis and endothelial function in SLE patients and non-SLE 
controls
Common carotid artery far wall intima-media thickness mean and max (Panel A and Panel 

B, respectively), flow- mediated brachial artery dilatation in response reactive hyperemia 

(FMD; Panel C) and nitroglycerin induced dilatation (NMD; Panel D) were measured by 

ultrasonography in SLE patients (SLE) and non-SLE controls matched for major risk factors 

for atherosclerosis (CTRL). Boxes represent the 25th and 75th percentiles and horizontal 

lines the median. Dots represent samples outside the 10/90 percentile bars. IMT-Intima-

Media Thickness; FMD- Flow Mediated Dilatation; NMD- Nitroglycerin Mediated 

Dilatation; *, p<0.05 vs CTRL; **, p<0.01 vs CTRL
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Figure 2. Relationship between monocyte subsets and subclinical atherosclerosis
The scatterplots show correlations between monocyte subsets: CD14highCD16-, 

CD14highCD16+, CD14dimCD16+ and Intima-media thickness (IMT) in non-SLE subjects 

(left panels) and SLE patients (right panels). Correlations were calculated using Spearman’s 

rank order test.
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Figure 3. Relationship between monocyte subsets and endothelial function
The scatterplots show correlations between monocyte subsets: CD14highCD16-, 

CD14highCD16+, CD14dimCD16+ and Flow mediated dilatation (FMD) in non-SLE 

controls (left panels) and SLE patients (right panels). Correlations were calculated using 

Spearman’s rank order test.
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Table 1
Clinical characteristics of patients with SLE and control subjects included in this study

Control subjects SLE patients p value

N 42 42

Sex (M:F) 5:37 6:36 NS

Age (mean±SD) 41±11 44±14 0.33

Current disease activity:
Active (SLEDAI≥10)
Non-active and modest activity (SLEDAI<10)
SLEDAI (average)

0
n/a
n/a

15
27

8.02±8.11

Immunosuppression therapy:
Hydroxychloroquine/chloroquine
Azathioprine
Mycophenolate mofetil
Cyclophosphamide
Prednisone/methylprednisone:
<10mg
>10mg

0
0
0
0
0
0

38
8
6
5
16
20

Risk factors:

Smoking (n; %) 4 (9.5%) 2 (4.76%) 0.40

Hypertension (n; %) 14 (33.33%) 13 (30.95%) 0.82

Diabetes (n; %) 2 (4.76%) 2 (4.76%) 1

BMI (mean±SD) 24.13±4.28 24.46±4.53 0.73

Hypercholesterolemia (n; %) 18 (42.86%) 17 (40.48%) 0.85

Cholesterol (mmol/L; mean±SD) 5.31±1.10 5.02±1.17 0.27

CAD (n; %) 4 (9.52%) 5 (11.90%) 0.73

PAD (n; %) 3 (7.14%) 3 (7.14%) 1

TIA (n: %) 1 (2.38%) 2 (4.76%) 0.56

IS (n: %) 0 1 (2.38%) 0.32

MI (n; %) 1 (2.38%) 1 (2.38%) 1

Nephritis 0 10 (23.81%) 0.0009

Proteinuria
>0.5g/day

0 4 (9.52%) 0.04

Main mediators:

Aspirin 6 (14.28%) 9 (21.43%) 0.40

ACE-I 8 (19.04%) 10 (23.81%) 0.60

β-Blocker 7 (16.67%) 11 (26.19%) 0.29

Statin 6 (14.28%) 9 (21.43%) 0.39

BMI — body mass index; CAD — coronary artery disease; PAD — peripheral arterial disease; TIA — transient ischemic attacks; IS- ischemic 
stroke; MI- myocardial infraction; ACE-I — Angiotensin Converting Enzyme Inhibitor.

Lupus. Author manuscript; available in PMC 2018 December 05.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Mikołajczyk et al. Page 16

Table 2
Characteristics of monocyte subsets defined by expression of CD14 and CD16 in SLE 
patients and control subjects

CD14highCD16-
%

(Absolute cell number/mm3)

CD14highCD16+
%

(Absolute cell number/mm3)

CD14dimCD16+
%

(Absolute cell number/mm3)

Control subjects
89.1±2.55
(353±125)

4.89±1.51
(19±8)

4.23±1.30
(17±7)

SLE patients
86±5.5 **
(368±189)

8.81±4.24 **

(37±24) **
3.47±2.44
(15±13.5)

**
-p<0.01 vs control subjects
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