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Background and Description of Invention. Oxysterols are 27-carbon intermediates or end-products of 

cholesterol metabolism, structurally characterized by the presence of oxygenated functions such as 

hydroxy, keto, hydroperoxy, epoxy and carboxy moieties. They are produced in vivo through both 

enzymatic- and non-enzymatic (auto-oxidation) processes. A broader definition for the class of oxysterols 

is not limited to cholesterol oxidation products, but includes also steroidal oxygenated derivatives that 

humans can assimilate by diet, either as primary constituents (plants and shellfish sterols) or as storage 

and cooking-derived. 

The past two decades have evidenced an exponential increase in the number of studies on the 

physiological roles of mammalian oxysterols, as well as on their contribution to the pathogenesis of 

different diseases. The major breakthrough was the identification of a specific subset of oxysterols as 

endogenous ligands of Liver X Receptor α and β (LXRs). Thus, given the action of LXRs (α and β 

isoforms) as whole-body cholesterol sensors and key regulators of lipogenesis, oxysterols have the 

potential to assume a key role in the modulation of lipid metabolism and glucose homeostasis. 

LXRs and their ligands can also suppress inflammatory responses, either by activating the genes that 

encode anti-inflammatory proteins or by suppressing the genes that are under the control of pro-

inflammatory transcription factors. The medicinal chemistry of Liver X Receptor (LXR) modulators has 

been so far mainly focused on non-steroidal compounds. Despite some compounds endowed with high 

potency have been discovered, these are characterized by a low or null gene-selectivity, thus actually 

preventing their clinical applications. Indeed, the non-steroidal compounds (i.e. T0901317) induce 

lipogenic effects by increasing liver and circulating triglyceride levels. The lipogenic effects have 

precluded further clinical development of these compounds. To date, few steroidal modulator so far 

reported have shown cell and gene-context dependent activities. There is therefore a need for steroid-

based LXR modulators which are endowed with a better pharmacokinetic properties and lower toxicity 

with respect of LXR agonists of the prior art. 

 

The present invention relates to a novel steroidal stigmasterol and ergosterol derivatives, characterized 

by the precense of oxygenated functions at C-22 and C-23 positions, able to work as potential Liver X 

Receptor (LXR) agonist for the treatment of of diseases associated with LXR, such as cancer, 

inflammation, metabolic and autoimmune diseases. 

Patent information. A European patent application related to the invention was filed (not published yet). 

A scientific article related to the invention has been published on Journal of Medical Chemistry (Marinozzi 

et al., 2017: Side-Chain Modified Ergosterol and Stigmasterol Derivatives as Liver X Receptor Agonists). 

Figure 1. Chemical structures of the most relevant examples of LXR agonist compounds. 

Stage of Development. Out of sixteen different compounds produced and tested by inventors, the 

following compounds are considered the most promising ones in view of their specificity and activity on 

LXR receptor (Figure 1): 

• PFM002 (21), PFM005 (28) and PFM006 (27): selective LXR α agonist; 

• PFM018 (25): a selective LXR β agonist; 

• PFM009 (13): a non selective LXR agonist 

 

 

 

 

 

 

 

 

 

 

  



We seek a potential commercial partner with a strong pipeline in Liver X Receptor modulator 

compounds and small molecule therapeutics in order to develop new therapeutic agents for the 

treatment of LXR-associated diseases. 
 

For further information on this project please contact: 

B u s i n e s s  C o n t a c t  

Paola Vella 

Head, Office of Biotechnology Transfer 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 4281  

Fax: + 39 02 2643 8138 

E-mail: vella.paola@hsr.it 

S c i e n t i f i c  C o n t a c t  

Dott. Vincenzo Russo 

Cancer gene therapy Unit 

San Raffaele Hospital and Scientific Institute 

Tel: +39 02 2643 4793 

Fax: +39 02 2643 4786 

E-mail: russo.vincenzo@hsr.it 
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LXR agonists induce the expression of target genes (i.e. ABCA1), which are involved in cholesterol 

homeostasis. In the liver, LXR activation promotes the biosynthesis of fatty acids, by inducing the expression of  

SREBP-1c, as well as several downstream genes in the SREBP-1c pathway, including SCD1 and FASN. 

Interestingly, the inventors demonstrated that all sixteen different compounds produced and tested were able to 

induce ABCA1 expression, with 13, 19, 20, and 25 able to induce a strong induction of ABCA1 expression 

comparable to that caused by positive control (T0901317). Noteworthy, for all our compounds the level of up-

regulation of SREBP-1c was much lower than that observed for T0901317 and comparable to the level 

obtained with the natural endogenous ligand 22R-HC. No compound up-regulated the mRNA levels of FASN 

and SCD1 (Figure 2). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to all of this evidence, the derivatives 13, 19, 20, and 25, being strong inducers of ABCA1 and poor 

activators of SREBP1c and SCD1 in the U937 cell line, showed to be very promising derivatives. Over the 

time, indeed, substantial efforts have been dedicated to the identification of LXR ligands able to turn on ABC 

transporter genes, without affecting lipogenic genes levels 

In summary, stigmasterol derivatives are the most promising of the whole series; thus, evidencing the potential 

of the stigmastane scaffold as a starting point for designing LXR modulators. 

Figure 2. Regulation of ABCA1 (A), SREBP1c (B), FASN (C), and SCD1 (D) genes by the title compounds assessed by 

qPCR. U937 cells differentiated were treated with the tested compound (10 μM). Non-steroidal agonist T0901317 or the 

endogenous ligand 22R-HC are positive controls. The results show mean ± SD of three biological samples; (n = 3/group); 

*p < 0.05, **p < 0.01, ***p < 0.001. 

Potential Applications and Competitive Advantages. The novel steroidal stigmasterol and ergosterol 

derivatives here described could be employed as potential Liver X Receptor (LXR) agonist for the treatment of 

diseases associated with LXR, such as cancer, inflammation, metabolic and autoimmune diseases. In 

particular, these compounds show (i) high LXR selectivity, (ii) high gene selectivity for cholesterol homeostasis 

rather than for lipogenesis, and (iii) less toxic effect than non-steroidal compounds.  


