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Abstract
Objective

The aim of this study was to evaluate the efficacy of atorvastatin to reduce the plasma levels of TNF system molecules 
(TNF-α, sTNFR1 and sTNFR2) and to assess their association with risk factors for accelerate atherosclerosis and clinical 

disease activity scores in SLE patients. 
 

Methods

In a previous study, 64 female SLE patients received 20 mg/day of atorvastatin and 24 SLE patients (non-treated group) 

were followed for 8 weeks. Plasma levels of TNF-α, sTNFR 1 and sTNFR 2 were measured by ELISA, at baseline and at 
the end of the study. 

 

Results

The plasma levels of sTNFR1 and sTNFR 2 showed a positive correlation with SLEDAI score. We also found a positive 
correlation between TNF-α and sTNFR 1 levels and SLICC score. Patients with current nephritis and patients with anti-ds-
DNA antibodies presented higher sTNFR1 and sTNFR2 levels. Patients with abdominal obesity and arterial hypertension 
also had higher plasma levels of soluble receptors. At the end of 8 weeks, we observed a significant decrease in sTNFR1 

plasma levels in patients receiving atorvastatin [median (percentile), 876.5 (717–1284 pg/ml) vs. 748 (629.6–917.3 pg/ml), 

p=0.03], without difference regarding TNF-α and sTNFR2 plasma levels. The SLEDAI and SLICC scores were 
independent determinants of the plasma levels of sRTNF1. 

 

Conclusion

Atorvastatin reduced soluble receptors of TNF-α. The plasma levels of TNF-α, sTNFR1 and sTNFR2 may play a role in 
SLE activity and atherosclerosis, and might be evaluated as targets for new therapies. 
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Introduction

An increased prevalence of atheroscle-

rosis among systemic lupus erythema-

tosus (SLE) patients has been largely 

reported (1, 2, 5-8). Its pathogenesis is 

incompletely understood and probably 

are multifactorial (1, 4, 7). Traditional 

risk factors for atherosclerosis (dia-

betes, hyperlipidaemia, hypertension, 

obesity and sedentary lifestyle), as well 

as metabolic syndrome are common 

among patients with SLE, however, 

they are not sufficient to explain the 
accelerated atherosclerosis in these pa-

tients (9, 10). Other aspects related to 

atherosclerosis in these patients include 

chronic inflammation, antiphospholipid 
antibodies, use of steroids, high lev-

els of homocysteine and anti-oxidised 

low-density lipoprotein (LDL) antibod-

ies (1, 7-9). Therefore, recent evidence 

suggests that the immune system, with 

immune cell activation, inflammation-
driven plaque formation and subsequent 

rupture, are important in atheroscle-

rosis pathogenesis, what is thought to 

be associated with accelerated athero-

sclerosis in SLE patients (1, 5). Tradi-

tional pro-inflammatory markers as-

sociated with SLE-accelerated cardio-

vascular disease (SLEACVD) include 

interferon-γ (IFN-γ), interleukin-6 (IL-
6), tumour necrosis factor-α (TNF-α), 
interleukin-10 (IL-10) and transforming 

growth factor β (TGF-β). T-cells and B-
cells dysregulation in SLE also plays a 

role in the development of accelerated 

atherosclerosis (1, 11). 

TNF-α is a cytokine that has been pro-

posed as a major player in inflammato-

ry cell activation and recruitment, and 

plays a central role in the development 

of many chronic inflammatory diseases. 
Depending on its receptors and their 

multiple signal transduction pathways, 

TNF-α has both immune-regulatory and 
pro-inflammatory effects. TNF-α medi-
ates its biological effects through two 

membrane receptors, TNF-α receptor 
type I (TNFR1 or p55) and TNF-α re-

ceptor type II (TNFR2 or p75). TNFR2 
is involved in the anti-apoptotic and in-

flammatory effects of TNF-α, whereas 
TNFR1 is involved in both apoptotic/
anti-inflammatory and anti-apoptotic/
inflammatory signalling (5). 
Some authors have described that in 

many SLE patients serum TNF-α lev-

els are increased and this increase cor-

relates with disease activity, anti-dou-

ble-stranded DNA (anti-dsDNA) an-

tibodies and active nephritis (12, 13). 

For instance, Weckerle et al. (2011), in 

a large scale study including 653 SLE 

patients, described that serum TNF-α 
is significantly higher in SLE patients 
than non-autoimmune disease con-

trols, although no association between 

TNF-α levels and autoantibodies, clin-

ical criteria for the diagnosis of SLE 

or age at the time of sampling was ob-

served (13). Levels of soluble TNFR1 
and TNFR 2 are increased in SLE as 
well, and their increase correlates with 

disease activity (3). Therapeutic block-

ing of TNF-α in SLE has showed no 
benefits, while in other autoimmune 
diseases, like rheumatoid arthritis, 

rarely it has been linked to lupus-like 

syndromes (4). Thereby, the physiolog-

ical role of TNF-α and its receptors in 
the pathogenesis of SLE remains un-

certain (13).

TNF-α appears to play an important 
role in the initiation and perpetuation 

of atherosclerotic lesions in the gen-

eral population. It increases adhesion 

molecules expression on the surface 

of vascular endothelium cells and pro-

motes enhanced levels of chemotactic 

proteins, which allows the recruitment 

of monocytes and T cells into the vessel 

wall. In SLE, elevated levels of TNF-α 
have been linked to higher coronary 

calcium scores, cardiovascular disease, 

altered lipid profile and increased levels 
of soluble vascular adhesion molecule 

(VCAM-1), but its exact role on the 

development of vascular injury in SLE 

remains unclear (11). Data on the role 

of sTNFR1 and sTNFR2 in the patho-

genesis of SLEACVD is lacking.

In the last few decades, statins have be-

come one of the most effective strate-

gies in reducing the risk of cardiovas-

cular disease. They inhibit 3-hydroxi-

3metil-glutaril-coenzime A (HMG-

CoA) reductase, an enzyme that ca-

talyses the conversion of HMG-CoA to 

mevalonate during cholesterol synthe-

sis (14). Statins also play a role in the 

modulation of cytokines and cell adhe-

sion molecules, reducing intercellular 

adhesion molecule-1 (ICAM-1), IL-6, 
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TNF-α, and IL-1 levels (15). Statins 
immune-modulatory effects, through 

the inhibition of transcription of vari-

ous genes induced by NF-κB, and the 
inhibition of IFN-γ induced HLA-class 
II expression in endothelial cells, have 

also been reported (16). Ferreira et al. 

(2007) described an improvement of 

endothelium-dependent vasodilation in 

SLE patients after 8-week 20 mg/day 
atorvastatin therapy, independent of 

traditional risk factors for atheroscle-

rosis (17). Ferreira et al. (2010) also 

demonstrated the decrease of CXCL9, 

an IFN-regulated cytokine associated 
with recruitment and retention of acti-

vated T-cells within vascular wall le-

sions during atherogenesis and possibly 

associated to the occurrence of lupus 

nephritis, which confirms the pleiotrop-

ic effects of atorvastatin and suggests a 

possible role for this medication in SLE 

treatment, beyond its lipid-lowering ef-

fects (18).

The aim of this study was to evaluate 

the efficacy of atorvastatin to reduce the 
plasma levels of TNF system molecules 
(TNF-α, TNFR1 and TNFR2) and to 
assess their association with risk fac-

tors for accelerated atherosclerosis and 

disease activity scores in SLE patients. 

Methods

Patients and study design

In a previous study 88 SLE patients, 

with regular follow-up at the Rheuma-

tology Outpatient Clinic of the Medical 

School Hospital of Federal University 

of Minas Gerais, Belo Horizonte, Bra-

zil, were evaluated. The first 64 pa-

tients were allocated in the intervention 

group and received atorvastatin 20 mg/
day. Other consecutive 24 SLE patients 

without specific intervention constitut-
ed the non-treated group. The patients 

were not randomised. Both groups were 
followed for 8 weeks (17, 18). 

Inclusion criteria were: female sex, 

SLE according to the ACR revised 

classification criteria (19), disease diag-

nosis ≥1 year and age >18 years. The 
exclusion criteria were current or past 

use of lipid-lowering drugs in the last 

6 months, serum creatinine >1.2 mg/
dl, pregnancy, myopathy or elevated 

creatinine phosphokinase, liver disease, 

cyclosporine use and acute or chronic 

infectious conditions at the time of 

study visit.

SLE disease activity and damage were 

measured using SLEDAI (20) and 

SLICC/ACR score (21). Renal disease 
was defined as proteinuria >0.5 g/24 h 
or the presence of cell casts, or renal 

biopsy compatible with lupus nephritis. 

In the intervention group, 33 patients 

presented arterial hypertension, dyslipi-

demia and/or obesity and the remaining 
31 had no traditional coronary heart 

disease (CHD) risk factors. 

In order to reinforce and to check ad-

herence to the protocol, phone calls or 

personal contacts were performed 30 

days after the beginning of the study, 

and atorvastatin tablets were counted at 

the end of the study.

At baseline and after 8-week, all par-

ticipants underwent complete clinical 

examination and blood sampling after 

12-hours fasting for laboratory analy-

sis. All plasma samples were kept at 

-80°C until laboratory tests. Medical re-

cords were reviewed in order to obtain 

information regarding all disease mani-

festations and medications used at the 

time of study. All participants signed 

the informed consent form approved by 

the institutional Ethics Committee.

Laboratory tests
The following laboratory tests were per-

formed according to standard routine 

techniques: complete blood count, crea-

tinine, fasting glucose, total cholesterol, 

high-density lipoprotein cholesterol 

(HDL-c), low-density lipoprotein cho-

lesterol (LDL-c), very low density cho-

lesterol (VLDL-c), triglycerides, cre-

atine phosphokinase, complement (C3, 

C4, CH50) serum levels, liver function 

tests and urinalysis. Anti-dsDNA anti-
bodies were detected by indirect immu-

nofluorescence using Crithidia luciliae 

as substrate. Anticardiolipin antibodies 

were determined by in-house enzyme 

immunoassay and were considered pos-

itive when higher than 20 GPL units or 

11 MPL units. Homocysteine serum lev-

els were measured by liquid chromatog-

raphy (reference range <15 mmlo/L). 
The concentration of TNF-α (Quan-

tikine, R&D Systems, Minneapolis, 

MN) and sTNFR1 and sTNFR2 (Duoset, 
R&D Systems, Minneapolis, MN) were 

measured with commercially available 

ELISA kits. All samples were assayed 

in duplicate, and intra- and inter-assay 

coefficients of variation were below 5 
and 10%, respectively. The detection 

limits for TNF-α and sTNFRs assays 
were 0.018 and 5.0 pg/ml, respectively. 

Statistical analysis

Statistical packages Minitab 13.2 and 

SPSS for windows 12.0 were used. De-

scriptive analyses were performed and 

data are presented as mean, median, 

standard-deviation (SD) and percentile. 

The normal distribution of the variables 

was tested by Kolmogorov-Smirnov 

test. Paired and independent Student t-

test or Mann-Whitney tests were applied 

according to the normal or non-normal 

distribution. Spearman and Pearson’s 

correlation analyses were used to in-

vestigate a potential association among 

variables. Multiple linear regression 

models were designed to determine the 

most significant associations. Signifi-

cance level was set as p<0.05. 

Results

Patients were classified as white 
(64.8%) and non-white (35.2%), with 

a mean (SD) age of 32 (8) years and 

a mean (SD) disease duration of 8.9 

(4.8) years. SLEDAI and SLICC scores 

ranged from 0 to 18 (mean 4.16) and 

from 0 to 4 (mean 1.06), respectively. 

The clinical and laboratory abnormali-

ties present at the time of the study 

were: serositis (7.9%), cutaneous vas-

culitis (6.8%), arthritis (9.2%), nephri-

tis (18%), positive anti-dsDNA anti-
bodies (16%) and positive anticardi-

olipin antibodies (11%), without signif-

icant difference between groups (data 

not showed). No patient had confirmed 
coronary or cerebrovascular event. 

Seventy-two patients (88%) were on 

regular use of prednisone, 54 (61%) on 

chloroquine diphosphate and 46 (52%) 

were receiving additional immunosup-

pressive agents (azathioprine (22.7%); 

cyclophosphamide (21.8%); and meth-

otrexate (7.9%)). Eight patients were 

also on regular use of low-dose aspirin. 

The most prevalent CHD risk factors 

were: arterial hypertension (30%), dys-

lipidaemia (36%), obesity (16%) and 

abdominal obesity (32%). Ten patients 
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(12%) had homocysteine above the 

normal levels. Regarding demographic 

and CHD risk factors, we did not find 
a significant difference in most of the 
variables between groups (Table I), ex-

cept HDL-c levels, that were lower, and 

mean diastolic blood pressure, that was 

higher, in the non-treated group in com-

parison with the intervention group. 

The Table II shows the correlations of 

some variables with plasma levels of 

TNF-α, sTNFR1 and sTNFR2 at base-

line in a univariate analysis. The plasma 

levels of sTNFR1(r=0.362; p=0.003) 
and sTNFR2 (r=0.280; p=0.009) 
showed a weak correlation with SLE-

DAI score. We also found a correlation 

between TNF-α (r=0.340; p=0.002) 
and sTNFR1 (r=0.383; p<0.001) lev-

els and the SLICC score. The plasma 

levels of sTNFR1 [median (interquar-
tile range) values, 1163.68 (884.32-

1499.06) vs. 811.12 (629.65–1064.68), 

p=0.003] and sTNFR2 [3537.8±894.16 
vs. 3037±733.32, p=0.029) were higher 
in patients with positive than negative 

anti-dsDNA antibodies.
The associations between plasma levels 

of the TNF-α and its soluble receptors 
(sTNFR1 and sTNFR 2) and clinical 
abnormalities present at baseline in 88 

SLE patients are summarized in Table 

III. Patients with current nephritis pre-

sented higher plasma levels of sTNFR1 
and sTNFR2, while patients with ac-

tive serositis presented higher level of 

TNF-α and sTNFR2 and patients with 
active arthritis presented higher level of 

sTNFR1. 
The associations between traditional 

CHD risk factors and plasma levels 

of TNF-α, sTNFR 1 and sTNFR2 are 
disclosed in Table IV. Dyslipidaemia, 

abdominal obesity and hypertension 

were associated with higher levels of 

sTNFR1 and sTNFR2. 
At the end of 8 weeks, there was a sig-

nificant decrease in the plasma levels 
of sTNFR1 [876.5 (717–1284) vs. 748 

(629.6–913), p=0.032] in the interven-

tion group. In contrast, atorvastatin did 

not change plasma levels of TNF-α 
(p=0.934) and sTNFR2 (p=0.746). No 
difference in plasma levels of TNF, 
sTNFR1 and sTNFR2 was observed 
between baseline and at the end of the 

study in non-treated group (Table V). 

In a binary linear regression model, the 

score of SLEDAI and SLICC were in-

dependent determinants of the plasma 

levels of sTNFR1 (Table VI). In an-

other binary linear regression analysis, 

the plasma levels of HDL, LDL and 

SLEDAI score were independently as-

sociated with high levels of sTNFR2 
(Table VII). 

Discussion

The significance of the TNF-α involve-

ment in the pathogenesis of SLE re-

mains controversial and there are few 

studies assessing the role of its solu-

ble receptors (sTNFR1 and sTNFR2). 
From the genetic standpoint, a number 

of studies suggest that the TNF-α gene 
polymorphisms are involved in the sus-

ceptibility to SLE (22-24). There is a 

close association between TNF-α gene 
expression and clinical manifestations. 

In addition, the increased plasma levels 

of TNF-α are observed in SLE patients 
and associated with disease activity and 

certain systemic manifestations (25). In 

line with the study of Sabry et al. we 

found significant association between 
plasma levels of TNF-α and its solu-

ble receptors (sTNFR 1 and sTNFR2) 
and clinical manifestations, particularly 

with nephritis and serositis (12).

Table I. Demographic characteristics and baseline coronary heart disease risk factors in 
SLE patients divided in 64 treated with atorvastatin (intervention group) and in 24 patients 
not receiving atorvastatin (non-treated group).

 Intervention group Non-treated group p-value

 (n=64)  (n=24) 

Age (years) 32 ± 8 34 ± 7.5 NS
Disease duration (months) 8.5 ± 4.9 8.5 ± 4.7 NS
Height (cm) 158 ± 5.8 159 ± 4.9 NS
BMI (Kg/m2)# 24.7 ± 4.2 26.9 ± 5.2 NS
Systolic blood pressure (mmHg)$ 117 (110-127) 120 (110-130) NS
Diastolic blood pressure (mmHg)$ 74 (70-80) 80 (78-83) 0.01

Total cholesterol (mg/dL) 162.5 ± 36 162 ± 23 NS
LDL-cholesterol (mg/dL) 92 ± 30 95 ± 18 NS
HDL-cholesterol (mg/dL) 47 ± 12 41 ± 8 0.049

Triglycerides (mg/dL) 115 ± 55 136 ± 119 NS
SLEDAI score*  4.4 ± 5 3.3 ± 3.9 NS
SLICC score** 1.1 ± 1.2 0.79 ± 0.77 NS
$Median values (range), #BMI: body mass index. *SLEDAI: Systemic Lupus Erythematosus Disease 

Activity Index. **SLICC:The Systemic Lupus International Collaborating Clinics/American College 
of Rheumatology. Damage Index for Systemic Lupus Erythematosus

Table II. Correlations of variables with plasma levels of TNF system molecules (TNF-α, 
sTNFR 1, sTNFR 2) in 88 SLE patients at baseline.
Variable TNF-α sTNFR 1 sTNFR 2
 r p r p r p

Triglycerides (mg/dl) 0.267 0.016 0.398 <0.001 0.320 0.003

Total cholesterol (mg/dl) 0.031 0.781 0.254 0.023 0.444 <0.001

LDL- cholesterol (mg/dl) 0.032 0.776 0.161 0.156 0.468 <0.001

HDL- cholesterol (mg/dl) -0.114 0.453 -0.24 0.061 -0.257 0.018

Homocysteine (μmol/l) 0.320 0.005 0.280 0.014 0.237 0.033

BMI(kg/m2)# 0.149 0.185 0.191 0.089 0.291 0.007

SLEDAI (score)* 0.103 0.362 0.362 0.003 0.280 0.009

SLICC (score)** 0.340 0.002 0.383 <0.001 0.21 0.058

Current prednisone dosage 0.201 0.066 0.30 0.007 0.246 0.024

   (mg/day) 
Cumulative prednisone 0.010 0.947 0.380 0.008 0.185 0.193

   dosage (mg) 

#BMI: body mass index. *SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.
**SLICC:The Systemic Lupus International Collaborating Clinics/American College of Rheumatology. 
Damage Index for Systemic Lupus Erythematosus.



46

Soluble receptors of TNF-α and atherosclerosis in SLE patients / G.A. Ferreira et al.

SLE is an immune-mediated disease 

with a large amounts of immune com-

plexes deposited in tissues, especially 

in the glomerulus. Immune complexes 

induce macrophages to produce high 

levels of TNF-α (26). TNF-α was found 
to be increased in glomerulus in all 

forms of lupus nephritis, and the level of 

TNF-α expression was correlated with 
renal inflammatory activity (27). Sven-
ungsson et al. showed that high levels 

of TNF-α and soluble sTNFR were all 
consistently associated with previous 

arterial disease and renal disease in SLE 

(28). These findings may justify the 
higher plasma levels of sTNFR1 and 
sTNFR2 in the patients with current ne-

phritis in the present study. 

The knowledge of the cytokine profiles 
in SLE not only provides new insight 

into the disease pathogenesis but also 

presents potential clinical applications. 

Some cytokines, such as interleukin 6 

(IL-6), interleukin 10 (IL-10), inter-

feron alpha (INF-α), and TNF-α can 
serve as biomarkers to monitor disease 

activity and to predict disease severity 

(29, 12). In the current study and that 

of Gabay et al. (30), plasma levels of 

sTNFR1 and sTNFR 2 showed a posi-
tive correlation with SLEDAI score and 

were higher in patients with positive 

anti-dsDNA antibody. These results 
suggest perhaps the analysis of sTNFR 
is better than searching the cytokine 

TNF-α for monitoring disease activity 
in LES patients which goes in line with 

previous report in other inflammatory 
and/or infectious diseases (31, 32).
In addition, the manipulation of these 

cytokines may represent a potential 

therapeutic strategy for the treatment 

of SLE (33). However, the therapeutic 

blocking of TNF-α has showed no ben-

efits in SLE patients and, in other au-

toimmune diseases, it has been linked 

to lupus-like syndromes. Studies in-

dicated that increased availability of 

apoptotic antigens after anti-TNF-α 
treatment might play a role in the au-

toantibody formation and, as a conse-

quence, the manifestation of the lupus-

like syndrome (34). Exposure of ap-

optotic material to the immune system 

has been suggested as a possible trigger 

for the production of anti-dsDNA and 
other autoantibodies in SLE patients. 

Table III. Plasma levels of TNF system in 88 SLE patients with and without clinical abnormalities at baseline.
 Active Arthritis Active Nephritis Active Serositis
 Present Absent p Present Absent p Present Absent  p

TNF-α* 1.28 0.93 0.607 3.49 0.93 0.131 3.94 0.94 0.037

 (0.57-3.8)  (0.47-3.09)   (0.82-7.83)  (0.52-3.07)   (3.90-12.45)  (0.52-3.13) 

sTNFR1* 889.32 728.78 0.043 1397.58 783.91 0.001 1810.44 828.89 0.327

 (711.49-1249.46) (553.73-898.85)  (832.83-1810.44) (626.21-1052.20)  (1163.79-1913.98) (648.39-1103.50) 

sTNFR2# 3147.97 3039.14 0.555 3602.01 3024.73 0.008 4286.23 3084.18 0.008

 (±740.43) (±901.21)  (±1089.58) (±658.58)  (±810.93) (±746.74) 

*Data expressed in median (interquartile range). #Data expressed in mean±standard deviation. Mann-Whitney Test.

Table IV. Plasma levels of TNF system molecules in 88 SLE patients with and without traditional coronary heart disease risk factors at 
baseline.

 Dyslipidemia Abdominal Obesity Arterial Hypertension
 

 Present Absent p Present Absent p Present Absent  p

TNF-α* 1.70 0.87 0.351 1.63 0.91 0.985 1.80 0.91 0.685

 (0.42-4.02) (0.51-3.01)  (0.27-3.94) (0.54-3.38)  (0.52-3.67) (0.48-3.88) 

sTNFR1* 986.98 782.50 0.027 929.79 756.42 0.013 928.67 810.22 0.014

 (661.59-1427.88) (619.30-920.36)  (816.56-1397.58) (626.21-1039.95)  (767.07-1500.75) (633.09-1044.17) 

sTNFR 2# 3451.09 2954.00 0.005 3450.80 2964.43 0.008 3578.85 2926.65 <0.001

 (±816.97) (±691.20)  (±791.62) (±649.40)  (±772.47) (±702.59) 

*Data expressed in median (interquartile range). #Data expressed in mean±standard deviation. Mann-Whitney Test.

Table V. TNF-α, sTNFR-1 and sTNFR-2 plasma levels (pg/mL) at baseline and after 8 
weeks of study. 

 Intervention group Non-treated group
 n=64 n=24
 Baseline 8 weeks p Baseline 8 weeks p

TNF-α* 1.3 1.8995 0.934 0.608 0.621 0.523

 (0.639-3.997) (0.6275-4.604)  (0.282-2.21) (0.27-2.249) 

TNFR 1* 876.5 748 0.032 742.566 732.554 0.089 

 (717-1284) (629.6-917.3)   (526.292-983.853)  (623.106-1091.904) 

TNFR 2# 3120.26±818.15 3090.16±756.28 0.746 3190.76±689.64 3303.88±591.7 0.186

*Data expressed in median (interquartile range). #Data expressed in mean±standard deviation.
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In previous study, markers of apoptotic 

activity correlated with TNF-α activity, 
suggesting that TNF-α can function as 
an inductor of apoptosis (35). In this 

and Svenungsson et al. study, the levels 

of sTNFRs associated with higher lev-

els of antibodies to dsDNA, suggesting 
that enhanced TNF-α--induced apop-

tosis could be one possible mechanism 

behind this association (28).

TNF-α is a pro-inflammatory cytokine 
whose expression and circulating lev-

els are increased with obesity and de-

creased with weight loss. Lower levels 

of adiposity are associated with prepon-

derance of anti-inflammatory cytokines 
and lower expression of pro-inflamma-

tory cytokines (36). In this study the 

plasma levels of sTNFR1 and sTNFR2 
were higher in patients with abdominal 

obesity and the BMI mean correlated 
with plasma levels of sRTNF2.
Inflammatory cytokines such as Il-6 and 
TNF-α stimulate lipolysis and increase 
free fatty acids (37). Elevated free fatty 

acids results in increased concentrations 

of soluble endothelial activation mark-

ers including E-selectin, VCAM-1 and 

ICAM-1. Furthermore, free fatty acids 

can decrease endothelial nitric oxide 

production and increase reactive oxy-

gen species, predisposing to endothelial 

dysfunction, a potential mechanism un-

derlying atherosclerosis and coronary 

artery disease (38). As reported here, 

atorvastatin effect in reducing sTNFR1 
levels can contribute to the control of 

endothelial dysfunction and accelerated 

atherosclerosis in SLE patients.

Preliminary studies showed that many 

SLE patients present dyslipoproteine-

mia, characterised by high levels of 

triglycerides and low level of HDL, 

which is associated with disease activ-

ity (39,40).

Among its multiple effects, TNF-α has 
the capacity to induce dyslipoproteine-

mia, insulin resistance, and endothelial 

cell activation and it is present in athero-

sclerotic plaques (41). In a nested case-

control study, the authors noticed an 

association between elevated triglyc-

erides and enhanced TNF-α activity 
among patients with SLE and previ-

ous cardiovascular disease (42). In the      

Svenungsson et al. study, the serum 

levels of TNF-α, sTNFR1, and sTNFR2 
correlated with increased  level of TGs. 

The levels of TNF and sTNFR2 showed 
a significant correlation with low HDL 
levels, thus demonstrating an associa-

tion with the “lupus pattern of dyslipo-

proteinemia (28).” We confirmed this 
previous report demonstrating a posi-

tive correlation between plasma levels 

of TNF-α and its sTNFRs and triglycer-

ides. Moreover, we found a correlation 

between the total cholesterol level and 

the sTNFRs.
HDL-associated apolipoprotein A-I 

has been shown to decrease TNF-α 
production through its inhibition of 

contact-mediated activation of mono-

cytes by binding to stimulated T cells 

(25). Thus, low HDL levels seem to 

be a consequence of active SLE, but 

may also indirectly contribute to en-

hanced inflammation in SLE. We also 
showed a negative association between 

plasma levels of HDL-cholesterol and 

sTNFR2. These findings suggest a pos-

sible role for these cytokines in tradi-

tional CHD factors and atherosclerotic 

disease in general population and SLE 

patients.

Accumulating evidence has suggested 

that statins exert immune-modulatory 

and anti-inflammatory functions inde-

pendent of their lipid-lowering effects. 

By the virtue of pleiotropic immune-
modulatory properties, statins might 

be applied for the treatment of both 

autoimmunity and atherosclerosis (43). 

Several studies evaluated the effects of 

statins on the disease activity and ather-

osclerosis in SLE patients. For instance, 

Lawman et al. demonstrated that the 

administration of atorvastatin to lupus-

prone NZB/WF1 mice determined a 
significant reduction in anti-dsDNA 
antibodies and proteinuria (44). Addi-

tionally our group demonstrated, in the 

same sample of this study, a surprisingly 

reduction of SLE activity measured by 

SLEDAI, improving of endothelial-de-

pendent vasodilatation and decreasing 

in plasma levels of CXCL9 (an IFN-γ 
regulated chemokine) after an 8-week 

controlled trial of atorvastatin (17, 18).

It has been recently demonstrated that 

atorvastatin directly activates Erk5, 

which results in a potent blockade of the 

TNF-α induced VCAM-1 and ICAM-
1 expression through the inhibition of 

Rac-1 activity, ROS formation and NF-
kB function in endothelial cells, turning 
down inflammation (45). 
Therefore atorvastatin effect in reduc-

ing inflammation, herein evidenced by 
sTNFR1 plasma levels decrease, may 
have a role on control of disease activ-

ity and to reduce atherosclerosis in LES 

patients. 

Table VII. Multiple linear regression analysis of 88 SLE patients considering the plasma 
levels of sTNFR2 as the dependent variable.
Independent Unstandardised  #CI 95%  Standard t p

Variable Coefficient B  Coefficient B  Error  

Constant 2704.384 1953.404 3455.363 377.365 7.166 0.000

HDL (mg/dl) -17.165 -29.130 -5.200 6.012 -2.855 0.005

LDL (mg/dl) 10.938 5.866 16.011 2.549 4.291 0.000

SLEDAI(score)*  49.705 19.754 79.657 15.051 3.303 0.001

R2 = 0.36. #Confidence Interval. *SLEDAI: Systemic Lupus Erythematosus Disease Activity Index.

Table VI. Multiple linear regression analysis of 88 SLE patients considering the plasma 
levels of sTNFR1 as the dependent variable.
Independent Unstandardised  #CI 95%  Standard t p

Variable Coefficient B  Coefficient B  Error  

Constant 6.504 6.382 6.625 0.061 106.205 0.000

SLEDAI(score)*  0.035 0.019 0.051 0.008 4.385 0.000

SLICC (score)** 0.121 0.055 0.188 0.033 3.626 0.000

R2 =  0.31. #Confidence Interval. *SLEDAI: Systemic Lupus Erythematosus Disease Activity Index. 
**SLICC:The Systemic Lupus International Collaborating Clinics/American College of Rheumatol-
ogy. Damage  Index for Systemic Lupus Erythematosus.
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