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ABSTRACT
Objectives The marked cardiovascular risk in
autoimmune diseases is only partly explained. The
capacity of high-density lipoproteins (HDL) to promote
cell cholesterol efﬂux is a property with a well-known
anti-atherogenic signiﬁcance, but is also involved in
functional modulation of endothelial and immune cells.
The aim of this work was to evaluate HDL functionality
with respect to cell cholesterol efﬂux in rheumatoid
arthritis (RA) and systemic lupus erythemathosus (SLE)
patients.
Methods We evaluated serum cholesterol efﬂux
capacity (CEC) of apoB-depleted serum, which mainly
reﬂects HDL activity, from 30 RA and 30 SLE patients,
and from 30 healthy controls by radioisotopic ex-vivo
systems discriminating between the speciﬁc pathways of
cholesterol efﬂux.
Results RA patients presented impairment of ATPbinding cassette G1-mediated CEC that correlated with
disease activity. SLE patients showed a more complex
pattern of modiﬁcations unrelated to disease activity,
with marked reduction of ATP-binding cassette G1mediated CEC and impairment of ATP-binding cassette
A1-mediated CEC. The relationship between speciﬁc
pathways of CEC values and serum total HDL differed
between groups and there was no relationship with
autoantibody proﬁle or current therapy.
Conclusions CEC is impaired in RA and SLE, with a
speciﬁc mechanism pattern in each disease not
depending on serum HDL levels. These ﬁndings provide
a new mechanism for the increased atherosclerotic risk
in RA and SLE patients.
Autoimmune rheumatic diseases (AIRD) are associated with accelerated atherosclerosis and an
increased risk of cardiovascular morbidity and mortality,1 not fully explained by traditional risk
factors. Systemic inﬂammation and autoimmune
reactions leading to monocyte and lymphocyte
recruitment and activation, increased lipid deposition and augmented inﬂammation in vascular
intima have been suggested to underlie accelerated
atherosclerosis in AIRD. Indeed, the association
between dyslipidaemia and cardiovascular risk in
AIRD appears to be more complex than in the
general population.2 Lipid proﬁles are variable and
modiﬁcations in composition and function of

lipoproteins have been extensively reported, especially in the case of high-density lipoproteins
(HDL).3 4
Atheroprotective properties of HDL are
mediated by several mechanisms, including their
activity as cell cholesterol acceptors5 and their antiinﬂammatory and anti-oxidant effects,6 and depend
not only on their circulating levels but also on their
composition and functionality.7 Several studies have
shown that anti-inﬂammatory and anti-oxidant
properties of HDL are impaired in AIRD,4 8 but
little is known on HDL functions with respect to
their ability to promote cholesterol efﬂux from
macrophages in these conditions.
Macrophage cholesterol efﬂux is the ﬁrst step of
reverse cholesterol transport, whereby excess cholesterol from peripheral cells is transported to the
liver for excretion,5 and occurs through various
pathways: aqueous diffusion (AD), scavenger receptor BI (SR-BI)-mediated efﬂux, ATP-binding cassette A1 (ABCA1)- and ATP-binding cassette G1
(ABCG1)-mediated efﬂux. Cholesterol transporter
expression differs among cell types and species, but
SR-BI, ABCA1 and ABCG1 are all expressed in
human macrophages and foam cells (for further
details see supplementary material, available online
only). The function of HDL as cholesterol acceptor
depends at least partly on their degree of
maturity.9 10
An efﬁcient cell cholesterol efﬂux leads to the
inhibition of foam cell formation and to regulatory
effects on several cell functions: the interaction
between HDL and SR-BI, ABCA1 and ABCG1 is
followed by the activation of distinct intracellular
signalling pathways both in macrophages and in
endothelial cells, resulting in preservation of vessel
health.11–15 Indeed, cholesterol efﬂux capacity
(CEC) has recently been demonstrated to be
inversely related to intima-media thickness and to
arterial stiffness in healthy individuals, independently of serum HDL cholesterol levels.16 17
On the other hand, the activation of the immune
system itself may lead to modiﬁcations in cell cholesterol handling. For example, tumour necrosis
factor α is able to reduce the expression of cholesterol transporters,18 myeloperoxidase may alter
apoA-I and impair cholesterol efﬂux,19 20 the activation of Toll-like receptors increases cholesterol
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uptake,21 and proliferative stimuli increase cholesterol synthesis
and reduce cholesterol efﬂux.22
In this work we asked the question whether disturbances of
cholesterol trafﬁcking occur in patients with autoimmune diseases and whether they are attributable to inﬂammation. We
analysed serum CEC, that is the ability of a single serum to
promote cell cholesterol efﬂux, mainly dependent on its content
in HDL effectively functioning as cholesterol acceptors.23 CEC
can be measured with standardised methods, discriminating
between the speciﬁc cholesterol efﬂux pathways.24 We have thus
veriﬁed whether serum CEC is altered in patients with rheumatoid arthritis (RA) and systemic lupus erythemathosus (SLE),
and looked for the possible underlying mechanisms comparing
the speciﬁc cholesterol efﬂux pathways relative to SR-BI,
ABCG1, ABCA1 and AD. We have also compared RA and SLE
CEC patterns looking for disease-speciﬁc modiﬁcations in HDL
function as cholesterol acceptor.

MATERIALS AND METHODS
Patients and controls
Thirty patients with an established diagnosis of RA and 30
patients with an established diagnosis of SLE were recruited at
the Department of Rheumatology, Istituto G. Pini, Milan.
Diagnoses were in accordance with the American College of
Rheumatology for SLE25 and the American College of
Rheumatology/European League Against Rheumatism for RA.26
Thirty age and sex-matched healthy subjects were recruited on a
voluntary basis. For further details about patients and controls
and the timing of serum collection see the supplementary material (available online only). In particular, none of the patients or
the controls were taking statins. Informed consent was obtained
from the participants; the study fulﬁls the Helsinki criteria and
was approved by the local ethical committee (Istituto
Auxologico Italiano, Milan; project 20C101-2011/12-10-2010).
Serum samples for the determination of lipid proﬁle and CEC
measurements were obtained and stored in aliquots at −80°C, a
procedure that does not inﬂuence CEC values.27
Patient data are reported in table 1. RA disease activity was
evaluated as the disease activity score in 28 joints (DAS28)
according to Anderson et al.28 Lupus disease activity was scored
according to the systemic lupus erythematosus disease activity
index (SLEDAI).29 None of the patients was under treatment
with biological agents. Overall, the disease appeared under
control with SLEDAI of 4 or less in all SLE patients except for
two cases with 8, one with 14 and one with 16. Serum autoantibodies were measured as previously reported.30
The age (mean±SE) of healthy controls was 42.8±0.8 years
and gender distribution (female/male) was 26/4; C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) (mean
±SE) were 0.19±0.03 and 7.53±0.8, respectively. The lipid
proﬁle of control subjects and of RA and SLE patients is
reported in supplementary table S1 (available online only).

CEC measurement
Precipitation of serum apoB-containing lipoproteins was
obtained as previously described.31 Details are given in the
supplementary material (available online only). SR-BI, ABCG1
and ABCA1-speciﬁc contributions to cholesterol efﬂux and AD
were measured as previously reported.23 32 33 Details are given
in the supplementary material (available online only).

Table 1

Clinical data of patients with RA and SLE

Female
Age (years, mean±SE)
ESR (mm 1st hour, mean±SE)
CRP (mg/dl, mean±SE)
SLEDAI (mean±SE)
DAS28 (mean±SE)
RF
ACPA
RF and ACPA
ANA
aPL
Anti-dsDNA antibody
Anti-ENA antibody
Hypertension
Diabetes
Smoking
Prednisone
Methotrexate
Hydroxychloroquine
Leflunomide
Azathioprine
Cyclophosphamide
Micophenolate
Aspirin

RA N (%)

SLE N (%)

26 (83.8)
47.1±2.4
26.9±3.5
2.5±0.9
–
4.36±0.33
21 (67.7)
16 (51.6)
12 (38.7)
2 (6.4)
0
0
1 (3.2)
3 (6.4)
0
1 (3.2)
24 (77.4)
17
11 (35.5)
8
0
0
0
1 (3.2)

29 (96.7)
45.8±2.2
20.5±3.7
0.36±0.2
2.6±4
–
2 (6.6)
0
0
30 (100)
6 (20)
15 (50)
13 (43)
4 (13.2)
2 (6.6)
2 (6.6)
27 (90)
1 (3.3)
23 (76.6)
0
6 (20)
2 (6.6)
2 (6.6)
5 (16.6)

Hypertension if values greater than 140 mm Hg or 90 mm Hg for Pmax and Pmin,
respectively.
ACPA, anti-citrullinated protein antibodies; ANA, antinuclear antibodies; aPL,
anti-phospholipid antibodies; CRP, C-reactive protein; DAS28, disease activity score in
28 joints; dsDNA, double-stranded DNA; ENA, extractable nuclear antigens; ESR,
erythrocyte sedimentation rate; RA, rheumatoid arthritis; RF, rheumatoid factor; SLE,
systemic lupus erythemathosus; SLEDAI, systemic lupus erythematosus disease activity
index.

was run in triplicate and data were expressed as mean±SE.
Speciﬁc pathway-mediated CEC values of the three groups were
compared using one-way analysis of variance (ANOVA) and a
post-hoc Tukey multiple comparison test. The same procedure
was applied to compare the serum lipid proﬁles of the three
groups. Correlation between speciﬁc pathway-mediated CEC
values and disease activity scores or inﬂammation parameters in
each group was evaluated with a bivariate two-tailed Pearson
test. The relationship between speciﬁc pathway-mediated CEC
values and total serum HDL levels was evaluated by linear
regression.

RESULTS
Patient and control serum CEC
SR-BI-mediated CEC
Signiﬁcant differences in SR-BI-mediated CEC were found comparing the three groups studied (ANOVA F=6.95, p<0.005).
RA SR-BI-mediated CEC (mean±SEM 2.78±0.17) was not signiﬁcantly different from that of control subjects (mean±SEM
3.42±0.24). SLE SR-BI-mediated CEC did not differ from that
of controls, but was signiﬁcantly higher than that of RA patients
(mean±SEM 3.84±0.19, p<0.01) (ﬁgure 1A).

ABCG1-mediated CEC
Statistical analysis
Statistical analyses were performed using Prism (V.5.0)
(GraphPad Inc., San Diego, California, USA). Each experiment
2

Signiﬁcant differences in ABCG1-mediated CEC were found
comparing the three groups studied (ANOVA F=23.95,
p<0.0001). ABCG1-mediated CEC was signiﬁcantly impaired
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in both patient groups compared to that of controls (mean
±SEM 7.14±0.26), being reduced by 15% in RA (mean±SEM
6.04±0.25, p<0.05) and by almost 40% in SLE (mean±SEM
4.36±0.34, p<0.001). Comparing ABCG1-mediated CEC of
the two patient groups, a signiﬁcant difference was found
(p<0.001) (ﬁgure 1B).

ABCA1-mediated CEC
Signiﬁcant differences in ABCA1-mediated CEC were found
comparing the three groups studied (ANOVA F=5.90, p<0.01).
RA ABCA1-mediated CEC (mean±SEM 3.54±0.31) was not
signiﬁcantly different from that of control subjects (mean±SEM
3.39±0.15). ABCA1-mediated CEC was signiﬁcantly reduced in
SLE compared both to controls and to RA (mean±SEM 2.56
±0.16, p<0.05 and p<0.01 vs controls and RA patients,
respectively) (ﬁgure 1C).

AD-mediated CEC
No signiﬁcant differences in AD-mediated CEC were found
comparing the three groups studied (mean±SE 5.15±0.19, 5.5
±0.30 and 5.4±0.24 for control subjects, RA patients and SLE
patients, respectively, F=0.56, not signiﬁcant (NS)).

Serum SR-BI, ABCG1 and ABCA1-mediated CEC/serum HDL ratios
The SR-BI-mediated CEC/serum HDL ratio of both RA and
SLE patients was signiﬁcantly lower than that of controls
(p<0.05) (see supplementary ﬁgure S1, panel A, available
online only). The ABCG1-mediated CEC/serum HDL ratio of
both RA and SLE patients was signiﬁcantly lower than that of
controls ( p<0.05 and p<0.001, respectively) (see supplementary ﬁgure S1, panel B, available online only); the difference
between the values of the two patient groups was not statistically signiﬁcant (see supplementary ﬁgure S1, panel B, available
online only). The ABCA1-mediated CEC/serum HDL ratio did
not differ between RA and controls (see supplementary ﬁgure
S1, panel C, available online only); values relative to SLE were
signiﬁcantly lower than those of controls and RA ( p<0.001 and
p<0.01, respectively) (see supplementary ﬁgure S1, panel C,
available online only).
The results did not change if data analysis was repeated
excluding patients with a smoking habit, diabetes or hypertension (see supplementary material, available online only).

Correlation between CEC, disease activity scores and
autoantibodies

Figure 1 Patient and control serum scavenger receptor BI (SR-BI),
ATP-binding cassette G1 (ABCG1) and ATP-binding cassette A1
(ABCA1)-mediated cholesterol efﬂux capacity (CEC) are shown in panels
A, B and C, respectively. Values are expressed as the percentage
cholesterol efﬂux of total cell cholesterol. CEC values relative to
rheumatoid arthritis (RA) patients with disease activity score in 28
joints lower or higher than 2.6 or relative to systemic lupus
erythemathosus (SLE) patients with systemic lupus erythematosus
disease activity index lower or higher than 7 have been represented
with black or white symbols, respectively. Statistical signiﬁcance is
relative to the post-hoc Tukey multiple comparison test between
groups. NS, not signiﬁcant.
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A signiﬁcant inverse correlation was found between ABCG1mediated CEC values and DAS28 in RA patients (Pearson
r=−0.468, p<0.01) (ﬁgure 2).
No correlation was found between any other speciﬁc
pathway-mediated CEC and DAS28 in RA patients nor between
any speciﬁc pathway-mediated CEC and the activity score
SLEDAI in SLE patients. No correlation was found between any
of the speciﬁc pathway-mediated CEC and CRP nor ESR. No
differences were found comparing speciﬁc pathway-mediated
CEC of subgroups of patients, divided according to the serum
positivity or negativity for rheumatoid factor or
anti-citrullinated protein antibodies in the case of RA, and for
anti-DNA and anti-extractable nuclear antigen antibodies in the
case of SLE. No correlation was found between the speciﬁc
pathway-mediated CEC and any of the pharmacological treatments in RA and SLE (data not shown).
3
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Figure 2 Inverse correlation between ATP-binding cassette G1
(ABCG1)-mediated cholesterol efﬂux capacity (CEC) values and disease
activity score in 28 joints (DAS28) in rheumatoid arthritis (RA) patients.
CEC is expressed as the percentage cholesterol efﬂux of total cell
cholesterol.

Relationship between speciﬁc pathway-mediated CEC and
total serum HDL in patients and controls
A positive linear regression between SR-BI-mediated CEC and
total serum HDL was found in all groups, but was stronger in
SLE patients (controls: regression coefﬁcient 4.54±1.73,
p<0.05, r2=0.197; RA patients: regression coefﬁcient 9.35
±3.40, p<0.05, r2=0.213; SLE patients: regression coefﬁcient
16.12±1.79, p<0.0001, r2=0.742) (ﬁgure 3, left panels).
A weak positive linear regression between ABCG1-mediated
CEC and total serum HDL was found in controls (regression
coefﬁcient 3.07±1.63, p<0.05, r2=0.156) and in SLE patients
(regression coefﬁcient 4.21±1.84, p<0.05, r2=0.158), but not
in the RA group (regression coefﬁcient 4.79±2.43, NS,
r2=0.122) (ﬁgure 3, right panels).
No signiﬁcant linear regression was found between
ABCA1-mediated efﬂux and total serum HDL in patients and in controls (controls: regression coefﬁcient −3.40±2.37, NS, r2=0.068;
RA patients: regression coefﬁcient −1.78±2.13, NS, r2=0.024; SLE
patients: regression coefﬁcient 6.40±4.04, NS, r2=0.082).

Relationship between ABCG1-mediated and SR-BI-mediated
CEC
Signiﬁcant differences in the sum and ratio of ABCG1 and
SR-BI-mediated CEC were found comparing the three groups
studied (sum: ANOVA F=10.23, p<0.001; ratio: ANOVA
F=21.45, p<0.001). A signiﬁcant deﬁcit in the cumulative contribution (sum) of ABCG1-mediated and SR-BI-mediated CEC
was found in RA and in SLE patients with respect to controls
( p<0.01 and p<0.001, respectively), while the ratio between
the two pathway-mediated CEC was signiﬁcantly altered in the
SLE group only ( p<0.001 vs both controls and RA) (table 2).

DISCUSSION
This study shows for the ﬁrst time that the capacity of serum
to promote cell cholesterol efﬂux is differentially impaired in
RA and SLE patients, providing new insights into the mechanisms of accelerated atherosclerosis in these autoimmune diseases. Our data on apoB-depleted serum CEC, mainly
reﬂecting HDL activity as cholesterol acceptor,34 indicate that
HDL dysfunction in autoimmune patients, in addition to the
known impairment of their anti-inﬂammatory properties,4 8
also involves their capacity to counteract cell cholesterol
4

accumulation. This ﬁnding might have a great impact because
HDL promotion of cell cholesterol efﬂux not only opposes
lipid deposition in vessels, but is also crucial for macrophage
and endothelial cell inﬂammatory and immune function modulation.11 Moreover, the data presented strengthen the emerging
concept that the simple evaluation of the serum lipid proﬁle
does not provide information on the functional characteristics
of circulating lipoproteins, especially in selected patient
populations.
RA patients showed a reduction of ABCG1-mediated CEC
with respect to control subjects, and CEC values were inversely
correlated with disease activity. These ﬁndings may be attributed
to a selective alteration of the circulating population of HDL
speciﬁc for ABCG1-mediated efﬂux9 occurring in association
with disease activation. Our work adds complementarily to a
previous report of a reduced capacity of HDL isolated from RA
patients with active disease to induce total efﬂux from macrophages pre-loaded with cholesterol,35 as we describe the speciﬁc
pathway-mediated CEC from apoB-depleted RA serum in cells
not pre-loaded with cholesterol. Our ﬁnding is in line with the
profound modiﬁcations of HDL composition, especially with
respect to protein content, occurring in patients with active RA,
which have been detailed in a recent work3 and include
increased amounts of serum amyloid A, apo J, ﬁbrinogen,
haptoglobin and reduced paraoxonase-1. However, the precise
nature of HDL alteration leading to impairment of
ABCG1-mediated CEC in RA is worth investigating. The signiﬁcant inverse correlation between ABCG1-mediated CEC and
disease activity in RA can be interpreted as the impact of inﬂammation and autoimmunity on function rather than serum levels
of HDL, as in our patients the total serum HDL concentration
did not differ from that of our control subjects, and
ABCG1-mediated CEC did not correlate with serum HDL
levels. Although we did not ﬁnd any correlation with acute
phase proteins (ie, CRP) we cannot exclude the possibility that
inﬂammatory mediators, cytokines in particular, may themselves
play a role in affecting CEC results in RA patients. On the other
hand, as ABCG1 is the cholesterol transporter most implicated
in macrophage and endothelial cell anti-inﬂammatory phenotype maintenance through cholesterol and 7-ketocholesterol
release,36–38 it can be speculated that, taking into account the
extension of the vessel tree, the reduced ABCG1-mediated CEC
itself might contribute to vessel inﬂammation and immune reaction promotion in RA patients.
In SLE patients, ABCG1 and ABCA1-mediated CEC were
reduced compared to both controls and RA patients, despite the
fact that the disease was clinically under control in the large majority of SLE patients. This ﬁnding is consistent with a possible reduction/dysfunction of the small HDL populations speciﬁc for these
transporters9 and with a shift to larger HDL, typical acceptors for
SR-BI-presented cholesterol, supported also by the much stronger
correlation between SR-BI-mediated CEC and total serum HDL
levels that we found in SLE compared to controls and RA patients.
Indeed, HDL structural alterations described in SLE include size
increase.39 40 So, while a similar deﬁcit in the cumulative contribute of ABCG1 and SR-BI-mediated CEC was found in RA and
SLE with respect to controls, the profoundly altered ratio between
these two pathway-mediated CEC in SLE further supports a
complex derangement in the HDL functional pattern speciﬁc for
this disease, even in presence of normal serum HDL levels.
Decreased circulating HDL levels have often been reported,
although not unanimously, in SLE patients with active disease. The
fact that in the large majority of our SLE patients the disease was
clinically under control might explain the ﬁnding of their normal
Ronda N, et al. Ann Rheum Dis 2013;0:1–7. doi:10.1136/annrheumdis-2012-202914
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Figure 3 Results of linear regression analysis between total serum high-density lipoproteins (HDL) and scavenger receptor BI (SR-BI) or
ATP-binding cassette G1 (ABCG1)-mediated cholesterol efﬂux capacity (CEC) in patients and controls (CTR). r2 values and signiﬁcance of the
regression coefﬁcient are given in each graph. In the case of SR-BI-mediated CEC (left panels) a positive linear regression is present in all groups,
but is much stronger in systemic lupus erythemathosus (SLE) patients. In the case of ABCG1-mediated CEC (right panels) a positive linear regression
is present in control subjects and in SLE patients, but not in rheumatoid arthritis (RA) patients. NS, not signiﬁcant.

HDL serum levels, which were higher than those of RA patients
and of our control subjects, selected for having relatively low
serum total cholesterol and consequently possibly restrained HDL.

Table 2

The concurrent impairment of ABCG1 and ABCA1-mediated
CEC in SLE might have a great impact on foam cell formation and
on inﬂammatory activation of macrophages and endothelial

Sum and ratio of ABCG1 and SR-BI-mediated CEC in patients and controls

ABCG1+SRBI (mean±SEM)
ABCG1/SRBI (mean±SEM)

CTR

RA

SLE

10.56±0.37** vs RA *** vs SLE
2.40±0.17*** vs SLE

8.74±0.33
2.49±0.19*** vs SLE

8.20±0.45
1.18±0.09

*p<0.005; **p<0.001; ***p<0.0001.
ABCG1, ATP-binding cassette G1; CEC, cholesterol efflux capacity; CTR, control group; RA, rheumatoid arthritis; SLE, systemic lupus erythemathosus; SR-BI, scavenger receptor BI.
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cells.11 14 Furthermore, CEC impairment might modulate
immune functions critical for disease pathogenesis, such those
depending on T cells.14 Interestingly, a very recent report describes
the modulating effect of ABCA1-mediated cholesterol efﬂux on
T-cell function, possibly through lipid raft rearrangement and subsequent intracellular signalling modulation.41
ApoB-depleted serum CEC is a parameter reﬂecting the
overall HDL function in terms of cholesterol acceptance from
cells, as the result of both the quality and quantity of circulating
HDL particles. However, after normalisation of CEC values for
serum HDL levels, the differences between patients and controls
were the same as those found with not normalised values, indicating that our serum CEC results do not merely reﬂect total
serum HDL levels. On the contrary, a modest impairment of
normalised SR-BI-mediated CEC emerged in both RA and SLE
patients compared to controls; this ﬁnding points to a functional
disturbance in the SR-BI-speciﬁc HDL that is offset by their circulating amount, especially in SLE.
None of the alterations of the speciﬁc pathway-mediated CEC
that we have shown in RA and SLE were correlated to the ESR
or to the CRP values alone. This ﬁnding together with the
marked CEC alterations found in SLE patients, in which disease
clinical manifestations were substantially controlled by therapy
(only two patients had a SLEDAI score >8), suggest that HDL
function modiﬁcations with respect to cholesterol metabolism in
autoimmune diseases are not simply linked to an active inﬂammatory status. It also stands against the possibility that serum
cytokines, as the major inﬂammatory mediators, play a key role
in affecting CEC. It can be speculated that speciﬁc mediators of
immune responses or auto-antibodies42 or even genetic factors
might inﬂuence HDL functions, and that these yet unknown
mechanisms are effective underneath therapy-induced clinical
disease control.
A limitation of the present study is its cross-sectional design,
which does not allow conclusions to be drawn on causality with
respect to the relationship between inﬂammation or autoimmunity and CEC derangement, which should be the object of future
longitudinal studies.
In conclusion, the impairment of serum CEC in RA and SLE
patients that we have reported provides a new mechanism for
the increased atherosclerotic risk in these patients, and supports
the development of future studies to clarify the relationship
between cell cholesterol metabolism derangement and autoimmune disease mechanisms.
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