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 1 Fig 1. a) Optical micrographs of the three samples at two different magnifications (10X and
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 2 Fig 2. Optical microscopy and XRF correlation: Optical microscopy, showing mainly black
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Word count: 562/600 Carcinogenic risk of tattoo inks remains unclear and their composition are poorly regulated.

Various types of carcinogenic compounds can be found in tattoo inks, including primary aromatic amines (PAA), cleavage products of organic azo-colorants, found in colored inks. 1 Many cases of skin cancers occurring within tattoos have been reported, including cases of keratoacanthoma (KA) developed on red ink. 2 Pathogenesis of KA on tattoos remains unclear, and is probably due to multiple factors: trauma induced by the needle during the tattoo itself, inflammatory reactions, ultra-violet radiation, direct carcinogenicity of the tattoo inks and individual background. 2,3 Direct analysis of the composition of tattoo inks at the site of skin cancer could therefore be very interesting, but to our knowledge, this type of analysis has never been conducted before.

We report the precise organic and inorganic chemical composition and distribution of tattoo inks within three cases of tattoo associated KA.

Clinical and histopathological data from three patients diagnosed with tattoo associated KA in 2017 were collected in Bichat H. These data were completed by structural and chemical characterisation of tattoo inks within KA, using Raman spectroscopy, to identify the organic compounds of tattoo inks and Synchrotron-based measurements -including X-ray fluorescence spectroscopy (XRF) and X-ray Absorption Near Edge Spectroscopy (XANES)to identify the inorganic compounds. 4,5 All three patients developed KA on red ink within several weeks following the tattoo set-up procedure. For one patient, black and yellow inks were also used for the tattoo. A typical histopathological aspect of KA was observed in all three cases, associated with the presence of intra-dermal colored pigments, located in the direct periphery of the tumoral mass.

Raman spectroscopy identified the same organic compound on all three samples. This Raman spectrum was compared to previous published data and to a reference dye sample (Kremer), allowing the identification of Pigment Red 170 (PR170). 6 Raman spectroscopy also showed the presence of the rutile polymorph of Titanium dioxide (TiO 2 ) particles for one patient who presented a KA on a lighter shade of red (Fig. 1). 7 Synchrotron-based measurements identified Iron and Zinc oxide in all three sample and Titanium oxide in one sample. A detailed analysis of XRF data showed that the spatial distribution of Titanium was remarkably correlated to the position of the tumor (Fig. 2e). In order to describe the chemical phase of Iron and Zinc oxide and confirm the exogenous origin of these oxides, XANES analysis was performed, identifying zincite and goethite. 8 We report the description of both the organic and inorganic chemical composition of tattoo inks in cases of KA. Our analyses demonstrated the presence of the same red azo pigment (PR170) in all three KA, consistently associated with metal oxide. Spatial correlation between both PR170, metal oxide, and the tumor was found in all cases.

Genesis of PAA from azo pigments such as PR170 in humans is suspected to be the consequence of enzymatic activity, thermal decomposition, or photodegradation, after UV light exposure. 9 Metal oxides are efficient photocatalysts and could have potentiated photodegradation of PR170 in our cases. 10 Presence of PR170 in these three KA raises the question of the carcinogenecity of this substance. Interestingly, PR170 is not listed by the European Council as a carcinogenonic azo-colorants. Analysis of more cases of skin cancer within tattoos using the same techniques would allow a better identification of potential carcinogenic compounds and help render tattoo ink composition safer.