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Introduction: Palytoxin (PLTX) is a polyether toxin identified in marine zoanthid Palythoa and Zoanthus corals, Ostreopsis 
dinoflagellates and Trichodesmium cyanobacteria. Although the distribution of these organisms has been limited mainly 
to tropical and subtropical areas, blooms of Ostreopsis species were detected also in the Mediterranean Sea during the 
last decades. Concomitantly with their proliferation, episodes of adverse effects have been frequently recorded in humans, 
characterized by respiratory syndromes and cutaneous irritation/inflammation in case of inhalation and dermal exposure, 
respectively. In literature, the mechanism of cutaneous PLTX toxicity has been deeply characterized on HaCaT cells, 
spontaneously immortalized keratinocytes displaying the biochemical and physiological features of skin keratinocytes but not 
the morpho-functional properties of the epidermis, including the barrier one by the Stratum corneum.

Materials and methods: To investigate the irritation potential of PLTX using in vitro models owning the morpho-functional 
features of epidermis, the toxin effects (cell viability, ROS production and cell necrosis) were initially evaluated on HaCaT 
cells cultured at the confluence, in comparison to those on HaCaT cells cultured in standard conditions (sub-confluent). 
Subsequently, the irritation potential of PLTX was evaluated on the Reconstructed human Epidermis (RhE), following the 
Organisation for Economic Co-operation and Development (OECD) test guideline (TG) 439, implemented by histological 
analysis and by the evaluation of cytokines release from RhE exposed to PLTX.

Results: In confluent HaCaT cells, PLTX (10-15– 10-7M) affected cell viability, ROS production and cell necrosis with significant 
lower potencies than those recorded under  standard HaCaT cells culture conditions. Using the RhE model, PLTX (10-9– 10-

6M) did not significantly reduce tissue viability, suggesting the absence of irritation properties. Also histological analysis did 
not show any sign of irritation and no significant release of pro-inflammatory cytokines (IL-1α, IL-6, IL-8and TNF-α) by PLTX-
exposed RhE was recorded as compared to control RhE. On the contrary, increasing PLTX concentration to 10-5M a significant 
reduction of RhE viability was recorded: 47% reduction with respect to untreated controls, a level lower than the threshold 
indicating an irritant compound (viability ≤50%) by the OECD TG 439.

Discussion and conclusions: Confluent HaCaT skin keratinocytes were significantly less sensitive towards PLTX than HaCaT 
non confluent cells. This result may be due to an increased resistance of keratinocytes to external noxious stimuli acquired at the 
confluence, possibly related to morphological features of the cells layer resembling that of the keratinocytes within epidermis. 
To verify this hypothesis, a 3D epidermis model was used to investigate PLTX irritation properties. Following a specific OECD 
guideline for testing of chemicals, PLTX concentrations lower than 10-6M did not significantly reduce tissue viability and did 
not induce morphological alterations visible by the histological analysis or significant release of pro-inflammatory cytokines, 
suggesting the absence of irritation properties. However, the highest PLTX concentration (10-5M), reduced RhE viability at levels 
lower that the threshold of irritants given by the OECD TG 439, indicating PLTX as an irritant compound at concentrations 
higher than 10-6M.


