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RELAZIONE:  
 
 
Background. 

Glucocorticoids are the main prescribed drugs for the treatment of inflammatory disorders and autoimmune 

diseases such as rheumatoid arthritis and systemic lupus erythematosus1. Nevertheless long term treatment 

is associated with increased cardiovascular risk (CVD) and mortality2. It is commonly believed that the 

increased prevalence of cardiovascular events in this context is secondary to well-described adverse effects 

such as hyperlipidaemia, diabetes and salt/water retention induced by glucocorticoids3. Recent population 

based study showed that chronic steroids therapy represents an independent cardiovascular risk factors4, 

thus suggesting that accelerated atherosclerosis in patient treated with corticoids is not completely mediated 

by their systemic metabolic effects. 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 development5. Foam cell formation results from an altered balance between de novo synthesis, 

uptake from circulating lipoproteins, which occurs through low density lipoprotein receptors (LDLr) or 

scavenger receptors, intracellular esterification and cholesterol efflux to extracellular acceptors. 

Interestingly, 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 elimination6. Cell cholesterol efflux pathways include 

passive diffusion and active mechanisms mediated by membrane transporters, namely ATP-Binding Cassette 
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transporters A1 (ABCA1) and G1 (ABCG1), and the Scavenger Receptor class B type I (SR-BI)7. 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 on vessel wall by directly 

modulating signalling pathways involved in intracellular cholesterol regulation.  

 

Results and discussion 

The aims of the present project were to characterize molecular events activated by steroids promoting foam 

cell formation and to research new therapeutic strategies to prevent steroid-induced cell cholesterol 

accumulation and consequently reduce cardiovascular risks. The study was performed in the Laboratory of 

Cardiovascular Pharmacology directed by Professor Franco Bernini at the Department of Pharmacy, 

University of Parma. 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 and cholesteryl 

esters formation were performed using standardized cell models with radioisotopic and fluorimetric 

techniques7,8. Protein expression of cholesterol transporters and receptors were evaluated by western blot 

analysis.  

 

Previous report from our laboratory demonstrated that HC significantly increased the rate of native LDL 

uptake by macrophages. Briefly, first of all we showed that HC act in a dose dependent manner (from 2 to 

1250 M) increasing cholesterol uptake (r2 = 0.848, p<0.01) in THP-1 derived macrophages. We also showed 

that HC-induced increase in macrophage cholesterol uptake is largely mediated by LDLr (cell cholesterol 

content increase were significantly lower in LDLr-lacking versus normal fibroblasts), which was overexpressed 

in macrophages and fibroblasts upon HC treatment, but not in hepatocytes. These findings are interesting in 

that they indicate that steroid can promote cholesterol accumulation of unmodified LDL, physiologically 

circulating, specifically in macrophages and fibroblasts but not in hepatocytes, with an unbalanced effect to 

provide peripheral cells, such as vessel wall cells, with cholesterol. 

Additionally, HC was showed to reduce cholesterol efflux in a dose dependent manner (from 2 to 1250 M) 

(r2= 0.688, p<0.001). The same result was obtained in cells with activated nuclear LXR, a known physiologic 

mechanism increasing the expression of membrane cholesterol transporters9 (r2 = 0.861, p<0.0001). This is a 

very important point, indicating that steroids are able to bypass the physiological mechanism of cell 

protection from cholesterol accumulation. Preliminary results from functional studies showed that HC 

reduced the activity of ABCA1, ABCG1 and SR-BI, principal cholesterol transporters for cell cholesterol efflux 

and their regulator LXR/RXR nuclear receptor. We identified the molecular mechanisms underlying these 

processes, showing by western blotting that HC reduces the expression of ABCA1, ABCG1 and SR-BI 

transporters and also of LXR nuclear receptor in THP-1 derived macrophages. 
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We then looked for possible effects of HC on cholesterol esterification, a fundamental mechanism by which 

cells reduce the toxic free cholesterol concentration, at the price of preventing cholesterol efflux. Indeed HC 

increased significantly cholesterol esterification (226% increase, p<0.0005 treated cells versus untreated 

cells) in THP-1 derived macrophages, showing an additional mechanism for cell cholesterol accumulation. 

Like macrophages, smooth muscle cells (SMCs) express lipoprotein receptors and cholesterol active 

transporters. Moreover, SMCs have been reported to constitute up to 50% of foam cells in atherosclerotic 

plaque, previous activation and trans-differentiation into a macrophages-like phenotype, thus contributing 

to atheroma development 10. We then studied the possible pro-atherogenic effect of HC on cholesterol cell 

homeostasis in a model of human smooth muscle cells (SMCs). We performed functional studies showing 

that HC treatment (250 M) before and during exposition of cells to human serum as cholesterol acceptor 

significantly reduced cholesterol efflux from SMCs  (cholesterol efflux mean ± SEM: 2.8 ± 0.18 and 2.1±0.07%  

HC-untreated cells versus HC-treated cells respectively, p<0.05). Furthermore, we demonstrated that the 

incubation of SMCs with HC (250 M) before and during the treatment with normal human serum used as 

cholesterol donor, resulted in significant increase in cell cholesterol content (g cholesterol /mg protein  

mean ± SEM: 17.65 ± 1.8 and 44.9 ±0.76  HC-untreated cells versus HC-treated cells respectively p<0.001). 

These results indicate that steroid might act also on vessel wall SMC, exposed to circulating lipoproteins due 

to diffusion in damaged intima and possibly to transcytosis, contributing to their trans-differentiation and 

plaque formation. 

To verifying whether the effects of glucocorticoids on cholesterol regulating molecules observed in vitro 

correspond to similar effects in vivo, we planned to analyse biopsy samples from autoimmune patients 

undergoing chronic steroid treatment. Aorta biopsy samples were obtained from  patients undergoing 

coronary bypass grafting (in collaboration with Ivana Hollan, Lillehammer Hospital for Rheumatic Diseases, 

M. Grundtvigsv, Lillehammer, Norway); these patients included a group of patients with rheumatoid arthritis 

(n=16) treated or not treated with steroids and a group of age and sex matched controls (n=15). Section were 

prepared in order to be analysed with immune-histochemical techniques to compare the expression of 

cholesterol transporters for influx and efflux in macrophages and SMCs of the vessel wall in corresponding 

segments. Analyses are currently underway. Results will be cross-matched with clinical data to find a possible 

correlation between the use of steroids and cholesterol homeostasis-related histopathology findings. 

Another issue approached by this project was the research of a new therapeutic tool to prevent steroid 

promotion of cholesterol accumulation in macrophages and consequently reduce steroid-related 

cardiovascular risk. Berberine (BBR) is a natural compound, used to lower cholesterol plasma levels, which 

has been recently shown to exert a direct anti-atherogenic action on macrophages, with mechanisms 

opposite to hydrocortisone11. For this reason, and also for its good safety profile and its anti-inflammatory 

properties, BBR seemed the ideal candidate to be used in association with steroids for the treatment of 

patients which often are inflamed and prone to pharmacologic interactions due to complex therapy 
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protocols.  We thus evaluated the effect of the combination of glucocorticoids and BBR on macrophage 

cholesterol uptake in vitro. Results showed that association between BBR (1M) and HC (250M) inhibits 

HC-induced cholesterol accumulation in human macrophages exposed to human serum as cholesterol donor 

(g cholesterol/mg protein  mean ± SEM: 45.82 ± 1.1 and 34.41 ±1.9 HC-treated cells versus HC/BBR-treated 

cells respectively, p<0.01). This first result seems to confirm that BBR might actually counteract the pro-

atherogenic effect of steroids on macrophages. The other experiments on this topic are still ongoing.  

The project will be concluded evaluating whether other corticosteroid used in therapy share with 

hydrocortisone the capacity to modulate macrophages cholesterol metabolism. 

 

Conclusions 

The work carried out within this project has allowed to deepen the knowledge on the molecular mechanisms 

underlying a newly described steroid pro-atherogenic action, that is the direct promotion of foam cell 

formation.  Indeed, we demonstrated that HC increases cell cholesterol uptake/storage and reduces efflux 

modulating the expression of cholesterol transporters involved in these processes. HC was also shown to 

bypass physiologic homeostatic mechanisms such as the action of LXR. We also showed that HC promotion 

of cell cholesterol accumulation is not limited to macrophages but also involves SMC, thus favouring trans-

differentiation to a macrophage-like phenotype, presumably particularly in vessel wall cells, that are exposed 

to lipoproteins. Finally, this work provided preliminary evidence that the nutraceutical BBR can oppose to 

the detrimental effect of HC on cholesterol accumulation in macrophages. If confirmed, this result could 

represent the basis for clinical trials to evaluate a combination treatment with BBR for the prevention of 

atherosclerosis in patients undergoing chronic steroid therapy. 

 

The results of this work are object of a manuscript submitted to a peer reviewed journal. 
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