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Atheroprotective properties of HDL are mediated by several mechanisms, including their activity 
as cell cholesterol acceptors, their anti‐inflammatory and anti‐oxidant effects, and depend not 
only on their circulating levels but also on their composition (Duffy and Rader 2009). 
Macrophage cholesterol efflux is the first step of the reverse cholesterol transport (RCT) process, 
whereby excess cholesterol from peripheral cells, including macrophages of atherosclerotic lesions, 
is transported to the liver for excretion (Fisher, Feig et al. 2010). Cholesterol efflux may occurs 
through various pathways: aqueous diffusion (AD), the scavenger receptor‐BI (SR‐BI)‐mediated 
efflux, the ATP‐binding cassette A1 (ABCA1)‐ and ATP‐binding cassette G1 (ABCG1)‐mediated 
efflux (Zanotti, Favari et al. 2012). The function of HDL as cholesterol acceptor depends at least 
partly on their degree of maturity (Favari, Calabresi et al. 2009): SR‐BI has as a preferential 
acceptors mature HDL (Fu 2010),  ABCA1 promotes efflux specifically to lipid‐free or lipid poor 
apolipoproteins such as the nascent pre‐beta HDL (Favari, Lee et al. 2004); ABCG1, differently from 
ABCA1, does not interact with lipid free apoA‐I, but mediates cholesterol efflux from macrophages 
principally to HDL2 and mature HDL3 and also to pre‐beta HDL (Wang and Rader 2007; Favari, 
Calabresi et al. 2009). An efficient cell cholesterol efflux mediated by HDL particles leads to the 
inhibition of foam cell formation and antiaterosclerotic effects and possibly a reduction of 
cardiovascular risk. Indeed, serum 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 (Favari, Ronda et al. 2013)(Khera and 
Rader 2012). 
Rheumatoid arthrtitis (RA) is a autoimmune disease associated with accelerated atherosclerosis 
and an increased risk of cardiovascular morbidity and mortality, not fully explained by traditional 
risk factors (Shoenfeld, Gerli et al. 2005). The association between dyslipidaemia and 
cardiovascular risk in AR appears to be more complex than in the general population. Lipid profiles 
are variable and modifications in composition and function of lipoproteins, including high‐density 
lipoproteins (HDL) have been extensively reported (McMahon, Grossman et al. 2006). We have 
recently demonstrated that in RA patients an impairment of serum CEC occurs, providing a new 
mechanism forthe increased atherosclerotic risk in these patients, and supporting the 
development of future studies to clarify the relationship between cell cholesterol metabolism 
alteration and autoimmune disease pathogenesis mechanisms (Ronda, Favari et al. 2013). 
Tumour necrosis factor (TNF) is a pleiotropic cytokine with an established role in the pathogenesis 
of RA. It is known to play a role in host defence mechanisms andinitiates the response to local 
injury but, in excess, TNF� leads to inappropriate inflammation and consequent tissue damage 
(Tracey, Klareskog et al. 2008). It has been demonstrated that transgenic mice expressing high 
concentrations of TNF� spontaneously develop an arthritis which is clinically and 
histopathologically similar to RA (Keffer, Probert et al. 1991). In a similar manner, blockade of TNF 
ameliorates the murine disease, and these and additional observations led to clinical trials of the 



monoclonal anti‐TNF� antibodies (Elliott, Maini et al. 1993). Among the TNF� inhibitors available 
for the treatment of RA, adalimumab (ADA) is a fully human antibody, produced using 
recombinant DNA technology. Another agent, etanercept, is a fusion protein of two TNFR2 
receptor extracellular domains and the Fc fragmentof human immunoglobulin 1. The anti‐TNF 
antibodies can be administered with or without methotrexate (MTX), which represent the 
conventional therapy for RA treatment.  
Anti‐TNF agents dramatically improved the treatment of RA, but their possible effects on 
macrophage cholesterol trafficking are still unexplored. The knowledge of patients serum capacity 
to load and discharge macrophages with cholesterol before and after TNF‐alpha blocking agent 
therapy could than provide useful information for both understanding their anti‐atherogenic 
potential and possibly optimizing their use with this respect. The general aim of the present 
project is to obtain information on the potential anti‐atherogenic effect of TNFalpha blocking 
agents adalimumab and etanercept and on the relative molecular and cellular mechanisms.In 
more details the objectives of the present project are:  
1) To measure CEC of sera from patients with RA before and after treatment with the TNF 

blocking agents adalimumab and etanercept or with conventional therapy, analyzing  all CEC 
patways. 

2) To measure the capacity of sera from patients with RA before and after treatment with the TNF 
blocking agents adalimumab and etanercept or with conventional therapy to load macrophages 
with cholesterol. 

3) To investigate the mechanisms involved in TNF blocking agents influence on macrophage 
cholesterol handling. 

In this initial period we focused on the first objective of the project: in particular we completed the 
measurement of CEC on sera from patients with RA before and after treatment with MTX alone or 
with MTX in association with the TNF� blocking agents ADA, analyzing SR‐BI, ABCA1 and ABCG1‐
mediated efflux pathways. At the present time we are completing serum CEC measurement before 
and after treatment with etanercept and we just started the evaluation the capacity of sera from 
patients with RA before and after treatment with adalimumab and etanercept or with 
conventional therapy to load macrophages with cholesterol. 

Study design:  
63 patients, recruited by the Department of Clinical Sciences and Community Health, University of 
Milan & Division of Rheumatology, Istituto G. Pini, Milano Italy (directed by Prof. P.L. Meroni) and 
by the Lillehammer Hospital for Rheumatic Diseases Lillehammer, Norway, Norway, were 
diagnosed according to the American Rheumatism Association’s diagnostic criteria for RA (Aletaha 
et al.  Arthritis Rheum 2010, 62:2569‐81) treated (n= 22) with ADA in association with MTX or 
(n=7) with etanercept in association with MTX, or(n=34) with MTX alone and followed for at least 
six months. Laboratory parameters, including inflammatory and autoimmune markers, and lipid 
profile have been measured before and after 3 and 6 months of therapy with the biologic agent. 

Methods 
Serum CEC has been measured before and after 3 and 6 months of treatment with ADA+MTXor 
with MTX alone, using cell‐based standardized methods (Zanotti, Favari et al. 2012). In all 
experiments whole serum from subjects described above has been used as extracellular acceptor 
in lipid efflux assays on different cell models: J774 macrophages incubated or not with cAMP 
analogues have been used for examination of AD‐ and ABCA1‐mediated efflux  respectively, rat 
hepatoma Fu5AH in the absence or presence of a specific SR‐BI inhibitor (BLT‐1 10μM) for 
assessment of SR‐BI‐cholesterol efflux, and chinese hamster ovary cells (CHO) transfected with 
human ABCG1 gene for ABCG1‐mediated cholesterol efflux (Adorni, Zimetti et al. 2012). In all 



assays cells have been labelled with [1,2‐3H]‐cholesterol for 24h. After an equilibration period in 
0.2% BSA medium, cholesterol efflux has been promoted for 4/6 h to 1‐2% (v/v) whole serum. 
Serum CEC results have been expressed as a percentage of the radioactivity released to the 
medium in 4/6h over the total radioactivity incorporated by cells. All the serum samples have been  
frozen immediately after drawing and stored at ‐80 °C until us; aliquots slowly defrosted in ice just 
before use. 

Statistical analysis 
Each experiment was run in triplicate and data were expressed as mean±SD. 
Specific pathway‐mediated CEC values of the three groups were compared using one‐way analysis 
of variance (ANOVA) and apost‐hoc Tukey multiple comparison test. The same procedure was 
applied to compare the serum lipid profiles of the three groups. The relationship between specific 
pathway‐mediated CECvalues and total serum HDL levels was evaluated by linearregression 
analysis. 

Results 
Lipid profiles of patients before and after MTX alone, or in combination with ADA are reported in 
Table I. As shown in tables, lipid levelsremained basically the same after the two treatments and at 
each time point (after 3 and 6 months), except for a not significant increase in HDL‐C levels and 
LDL‐C levels in the two post‐treatment visits in both the MTX and ADA+MTX group. 
Figure 1 shows the results obtained for the SR‐BI‐mediated CEC. After treatment for 3 months with 
MTX alone, serum SR‐BI‐mediated efflux was unchanged compared to baseline (Fig. 1A); however, 
sera drown after 6 months of treatment displayed a moderate but significant increase of SR‐BI‐
mediated CEC (Fig. 1B). In the ADA+MTXgroup we found an increase in SR‐BI‐mediated CEC ath 3 
months after treatment that resulted significantly different only when compared to the 6 months 
values. Despite such differences, when comparing the two treatments at each visit, no difference 
was found in serum CEC, suggesting no diverse effect for ADA‐MTX combined therapy as 
compared to MTX alone (percentages of efflux before treatment were 2.83% ± 0.75 in MTX group 
compared to 3.06% ± 0.82 in ADA+MTX group, after 3 months were 3.07% ± 0.81 in MTX group  
compared to 3.29% ± 0.86 in ADA+MTX  group and after 6 months were 3.09% ± 0.96 in MTX 
group compared to 3.01% ± 0.77 in ADA+MTX group; p ns). 
No modifications were found in ABCA1‐mediated CEC after either MTX (Fig. 2A) and MTX+ADA 
treatment (Fig. 2B). Also comparing the two treatments at each visit we could not find any 
statistically significant difference (percentages of efflux before treatment were 4.49% ± 0.72 in 
MTX group compared to 4.55% ± 1.10 in ADA group, after 3 months were 4.69% ± 0.99 in MTX 
group  compared to 4.72% ± 0.85 in ADA group and after 6 months were 4.60% ± 0.60 in MTX 
group compared to 4.87% ± 1.13 in ADA group; p ns), indicating that the combination treatment 
did not affect serum CEC through the ABCA1 transporter. 
No significant modifications were found in ABCG1‐mediated CEC of RA sera treated with MTX 
(Fig.3A) or with ADA (Fig. 3B). Comparing the two treatments at each visit we could not 
appreciated statistically significant difference as well (percentages of efflux before treatment were 
4.49% ± 0.72 in MTX group compared to 4.55% ± 1.10 in ADA group, after 3 months were 4.69% ± 
0.99 in MTX group  compared to 4.72% ± 0.85 in ADA group and after 6 months were 4.60% ± 0.60 
in MTX group compared to 4.87%± 1.13 in ADA group; p ns), indicating that the combination 
treatment did not affect serum CEC through the ABCG1 transporter, as compared with MTX alone.   
Analysing with linear regression the relationship between ABCG1‐mediated CEC and HDL‐C levels 
we found no significant relationship for any of the time points (data not shown) in the MTX group. 
The same lack of correlation was seen in the MTX+ADA groupat baseline and after 3 months of 
treatment, but a significant positive correlation was detected between ABCG1‐mediated CEC and 



HDL‐C levels (r=0.43; p=0.047) after 6 months of treatment, Data elaboration for SR‐BI‐mediated 
and ABCA1‐mediated CEC with respect to lipid parameters is in progress. 

Conclusion 
The pharmacological treatment of patients with the TNF� blocking agent ADA did not affect 
ABCG1‐, ABCA1‐ and SR‐BI‐ mediated serum CEC in terms of  absolute values changes. However, 
the appearance of a linear relationship between ABCG1‐mediated CEC and HDL‐C levels after 6 
month of treatment with ADA+MTX might suggest a rearrangement in the HDL particles size or 
composition that deserves further investigations. 
 
Table I. Lipid profile of RA patients before treatment, after 3 and 6 months of treatment with 
either methotrexate alone (MTX, n=34) and methotrexate + adalimumab (MTX+ADA, n=22). 
 

 MTX baseline 3 months 6 months 
    
HDL‐C (mg/dL) 53.5 ±13.90 57.71 ± 21.4 61.06 ± 19.9 
LDL‐C (mg/dL) 128.8 ± 38.1 132.5 ± 36.6 140.6 ± 41.7 
TC (mg/dL) 216.4 ± 41.8 220.2 ± 42.6 234.1 ± 50.6 
Triglycerides (mg/dL) 109.8 ± 41.5 100.8 ± 35.0 107.42 ± 47.6 

 
 
 
 
 
 
 
 
                HDL‐C: HDL cholesterol; LDL‐C: LDL cholesterol; TC: total cholesterol 

 MTX+ADA baseline 3 months 6 months 
    
HDL‐C (mg/dL) 58.7 ± 17.70 64.05 ± 17.6 63.7 ± 20.1 
LDL‐C (mg/dL) 129.8 ± 40.61 137.2 ± 48.9 132.6 ± 30.64 
TC (mg/dL) 225 ± 48.97 233.8 ± 48.7 231.3 ± 48.6 
Triglycerides (mg/dL) 109.1 ± 30.6 107.4 ± 30.8 115.2 ± 30.8 



 
Figure 1. SR‐BI‐mediated CEC of sera from RA patients before and after treatment with MTX (Fig 
1A) and ADA+MTX (Fig. 1B). 
 
 

 
 
 
 
 
 
 
 
Figure 2. ABCA1‐mediated CEC of sera from RA patients before and after treatment with MTX 
(Fig 2A) and ADA+MTX (Fig. 2B). 
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Figure 3. ABCG1‐mediated CEC of sera from RA patients before and after treatment with MTX 
(Fig 3A) and ADA+MTX (Fig. 3B). 
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