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Background 
Glucocorticoids are widely used for the treatment of inflammatory disorders and autoimmune diseases 
such as rheumatoid arthritis and systemic lupus erythematosus1. Patients chronically treated with high 
dose of glucocorticoid are at high risk of cardiovascular disease (CVD) and mortality2. So far, the 
relationship between the use of corticosteroids and increased cardiovascular events has been normally 
considered as a consequence of the well-described adverse effects linked to their systemic metabolic and 
mineralcorticoid actions3. Recent population based study showed that association between steroids 
therapy and cardiovascular outcomes persists after adjustment for traditional risk factors4. Indeed, 
accelerated atherosclerosis in patient treated with corticoids is not completely mediated by their systemic 
metabolic effects and that steroid therapy represents an independent risk factor for CVD in autoimmune 
disease pathologies. Taking into account these epidemiological observations, we supposed that effects of 
corticosteroids is probably related to a direct pro-atherogenic action on vessel wall. Cell cholesterol 
homeostasis results from the balance between de novo synthesis, uptake from circulating lipoproteins, 
intracellular esterification and cholesterol efflux to extracellular acceptors. In particular, cholesterol efflux 
is the only mechanism opposing to the cell cholesterol accumulation and is considered the first step of 
reverse cholesterol transport, the athero-protective process removing cholesterol from vessels and 
transporting it to the liver for biliary elimination5. We have recently observed that hydrocortisone directly 
promotes the accumulation of lipids in macrophages, leading to foam cells formation, the principal cells 
type involved in atheroma development6. Based on our observation of an increased uptake and reduced 
cholesterol elimination in macrophages treated with hydrocortisone, our hypothesis is that steroids exert 
pro-atherogenic activity by directly modulating signalling pathways involved in intracellular cholesterol 
regulation. 
The aims of the present project are to investigate molecular mechanisms underlying the promotion of foam 
cell formation by steroids and to research new therapeutic strategies to prevent steroid induced 
cholesterol accumulation in macrophages and consequently reduce cardiovascular risks. The study is 
performed in the Cellular Pharmacology Laboratory directed by Prof. Franco Bernini at the Department of 
Pharmacy, University of Parma. 
 
Research performed 
The first part of the project was focused on the characterization of molecular events activated by steroids 
influencing cholesterol metabolism in macrophages. In vitro studies were conducted using hydrocortisone 
(HC) as representative agent of the steroid class according to its solubility in aqueous media and because it 
is active without the need for metabolic transformation in the body. Functional experiments on cholesterol 
efflux and influx were performed using standardized cell models with radioisotopic and fluorimetric 
techniques7. Protein expression of the various receptors were evaluated by western blotting.  
HC was observed to act in a dose dependent manner (from 0.8 to 500 g/ml) increasing cholesterol uptake 
(r2 = 0.848) and reducing cholesterol efflux (r2 = 0.688) in THP-1 derived macrophages. Previous report from 



our laboratory demonstrated that HC significantly increased the rate of native LDL uptake by macrophages. 
To investigate the role of LDL receptor (LDLr)  in HC-induced cholesterol accumulation, we conducted 
functional studies in fibroblasts obtained from patients affected by familiar hypercholesterolemia which are 
deficient in LDLr. Results showed that cholesterol accumulation induced by HC is lower in fibroblast lacking 
LDLr as compared to fibroblast from healthy donors (% increase 138 ± 6.6 versus 296 ± 16.8 % p < 0.001), 
suggesting that the steroid effect on cell cholesterol uptake is mainly dependent from a direct effect on the 
activity of LDLr. Consistently with functional studies, we observed that HC significantly reduces the 
expression of LDL receptor protein in fibroblasts as well as in macrophages, but not in hepatocytes.  
HC inhibited cholesterol efflux both in cells in basal conditions and in cells with activated LXR/RXR, known 
to increase the expression of membrane cholesterol transporters. Preliminary results from functional 
studies showed that HC reduced the activity of principal transporters involved in cholesterol efflux from 
cells. Using western blot technique we demonstrated that HC directly down regulates the expression the 
three main cholesterol transporters, ATP-binding cassette transporters A1 and G1 and the Scavenger 
receptor class B type and of their controller LXR nuclear receptors, explaining the reduced cholesterol 
efflux. Finally, we observed that HC also promotes foam cells formation by inducing the accumulation of 
esterified cholesterol in macrophages (226% increase, p< 0.0005 HC treated cells vs untreated cells), which 
reduces the amount of cholesterol available for efflux. 
Research to be completed. 
The pro-atherogenic effect of HC through the modulation of cholesterol cell homeostasis will be evaluated 
in a model of human smooth muscle cells (SMCs) which have been reported to load cholesterol and 
consequently differentiate into a macrophages-like phenotype, contributing to atheroma development. 
Further studies on the modulation of cell cholesterol metabolism will also be extended to synthetic steroids 
used in therapy. 
The project will be completed verifying whether the effects of glucocorticoids on cholesterol regulating 
molecules observed in vitro correspond to similar effects in vivo, analysing biopsy samples from 
autoimmune patients undergoing chronic steroid treatment. 
Finally, the in vitro basis for new therapeutic strategies to prevent steroid induced cholesterol accumulation 
in macrophages will be sought analysing the efficiency of some natural compounds in counterbalancing HC 
effects. 
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