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PhD topic: Development of ATRA-loaded lipid nanoparticles for effective delivery for cancer treatment
Research discipline in Doctoral School: Biotechnology

Short description of the research problem to be 
solved in the PhD (minimum 1000 characters):

Retinoids are a group of compounds that exhibit activity characteristic of vitamin A, which, due to their 
significant effect on processes regulating cell division, have found wide application in the pharmaceutical 
and cosmetic industries. In this group, all-trans-retinoic acid (tretinoin, ATRA) is regarded as the most active 
retinoid, which inhibits the proliferation and enhances the differentiation of cancer cells by inducing the 
processes of apoptosis or inhibition their growth in a specific phase of the cell cycle. ATRA is clinically used 
to treat acute promyelocytic leukemia, however, this therapy is associated with serious side effects. A 
significant number of patients suffer from develop during therapy retinoic acid syndrome which is 
characterized by fever, respiratory distress, weight gain, hypertension or kidney failure. Sometimes also the 
resistance to ATRA is developed and a decrease of this drug in the blood due to increased metabolism is 
observed.
Hence, the past two decades many new ATRA formulations with reduced side effects have been developed. 
The most promising strategy in this regard is the production of lipid formulations of retinoic acid that could 
also be administered to patients. However, the liposomal, microemulsion forms of ATRA developed to date 
have significant practical limitations, chief among which is the lack of physical stability.
Based on that the study will focus on 1) design and production of new generation lipid nanoparticles, 
customized on the surface for effective targeted delivery of ATRA as well as its derivatives, 2) optimization 
and physicochemical characterization of nanoparticles in order to effective deliver this drug (and derivatives) 
to enhance the oral bioavailability,  3) assessment of the long-term stability of ATRA-loaded nanoparticles 
under different stress conditions, 4) study of the biopharmaceutical properties of fabricated nanoparticles 5) 
in vitro proof of concept using selected cancer cell line models of developed nanoparticles, also in 
combination therapy with other commercially used cytostatics.
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